Antifungal effects of a host-defensive
factor,lactoferrin,and its related compounds
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1. 2720 2ERI AT 2Ty I—

Z7 7R WEEEAETASDFENS DY NV BTH S, HF
127 2 EESNERETS 2 D00—7 (N-O—7, C-O—7) NE—DORYX
TFREELTHEEL, ThENOO—T13 1 BETO=E8k1 4> 2875
(Lonnerdal and Iyer, 1995), 727 b7 x U XN SOMEET 2 JBEY LD
HEMENS S A7) - 77 IU—IZBT S, ERMNIBWT, 97 b7z
J2>ERT AT BN, EEEREEENSKEIEND 5, T
P h7x > OFERITHIOTHD., hI2A 72U >DFNITNS9ITHS
(Malamud and Drysdale, 1978). 727 7 x U > OgIZHT 28 FEIT ~ T > X
7 D) 260 {5 TS (Aisen and Liebman, 1972). 77 b7 = U > OfEH#k
DWEBEL pH2~3 TERZ 2D, FF X721 >OFNUL pHS~6 TR ES, F
Zo I b7 CIRHAEOHN MR PERPICEEL . ARBERET &
LTOREMNEESMWAEEEZ SN TS (Brock, 1995) DIZxlL. b5 A
Tz EEICHEFRICEEL. NENSHBASEERT A ENEDHE
granTna,

1982 %, Jeltsch & Chambon I2&>T. ZU MUDFRKTI ATz D
7 X/ BEFFIANRE 4 (eltsch and Chambon, 1982), TD#%. B h-F T2
7 1Y 2 (MacGillivray et al., 1983). £ b-5 27 F7 21 > (Metz-Boutigue ef al.,
1984). E b AT/ FF 2 AT x> (Roseetal,1986). T -7 h7xl) >
(Mead and Tweedie, 1990) EWS = HMHEMO N> AT 22T 731 —-
NV EBO—RIEENRES N, BEEFMICBNTEL, hZ ¥50F
AT PRERREMTHEAREDONT AT ) RS DNV EOEENI SN T



WM, Bartfeld & Law ICE 2T INIAZXATDO NS> A7 >Ny a—
Z27ENT (Bartfeld and Law, 1990) Bk, FF T+ 71U (Jamroz et al., 1993) .
> F NI (Kuramaet al., 1995). V77 (Yoshigaeral., 1997) EWo 7R
BT, BHEBMO NS A7) > LR ERTEIESIES > /87 BOAK
WTRIESNZ. THLREIENS I AT2U Ty 3 —3ELSFHYR
T D EMNALMNE/R D72, Baldwin ldE FWS NI XX AHICES 8
DOEMETKRS AT U T7IU—0D7 2 ) BEFNERTITAX-T
A A MEICKDHERL ., ZFHEFEEZHERE L7z (Baldwin, 1993). T3UIEL S
E hI AT DORMFEEITELRER E KL, NNO—T & cO—7
WA ERRBO 1 NN BHICEBETFOELEICIDTERZ L, T2
b7 U238 200 ERT HABEEEEN S PNIZRICHEBLEZ S, —F
AT/ I 2AT7 ) VIEHBEEREENROPNSENCTE I ENHERSI N
Tns, 287U EUNDRT AT - T77IU—IDNWTIE. D
BAECREDNSPIEY > NXVBELTHE ZEIEBBITBBTEEN, SEMR
RELAL DBEREDIAFRII D2, LML, P TADNT A7 2 VIZKBHE®
74 U7 RAORBICE > THENTTET 5 2 &M SREARICHT 22
NI EELTORENEREN TS, bS2ZATx - T773IU—IT,

M PR T LR AR EHEY THIRT 2 LRI STFEEL.

FER R BRRP B E R T2 - BE LT, TOREEHSTEZOND
L 37aty,

2. ST DEETF. KB, O
Ebh-Z7 7)) DEEFIIE=ZLREERD 3q21-23 BRICEET 5, hT >

ATz AT )T 2AT7x2 2, bI2AT2 Y2 LETY—D#EET



W& TNENFR CRAARD 3921, 3q24-gter. 3q26.2-qter IZTFEL. I b7 <
DERS AT POBERFVMNTASFECHEBICEE > TWb I &N
RENTND (Tenget al., 1987; McCombs et al., 1988) . 727 h 7 = 1 VBT D
TOE—F—EgIcid, TA MOz L AR ST B a—)b (ERM).
RAb=2z2  LARZZA -2y b (MRU) BRE, EZ<DORIT4 T, &
LWERAT T THRESEBENFEESIN TS (Liu and Teng, 1991; Teng, 1994;
Teng et al., 1998). 77 b7 x U VBEFOREIL, BAERRENIC, 28
M RIICHEENTNS, YUX-F7 b7 21 >0 cDNA. H5WIHik%E
AW HERIAFRICE D, IO ZARKEERBETOI Y 72 D ORE/NY
— ARG NZ (Wardetal., 1998), 77 ~7 £ > OFBIIHRATO 2 #ik
WmsimE D EBIEMICIEES, To%, TREMICI Zo0 FilicB LT
BUOREBENMGE S, T BEE N HEICHETHEED., KW THIE - B
TEZ 5, REMICT 7 b7 2 U i3k x iR LB O WK THRIE
SNDEDITED, TORBENY —IIRETHH#FINS, 772>
B TZBEELZYT A, BEERBETERT AT TEIENE, &
DORHHICEESND T 7 b7 2 U IRBHNIRE EFEOHEIE & AFICHERY
AR ELTBNTNS I EAREEINTINS (Conneely et al., 1997) .
Z7 b7 ) RO TIIF RO ZKERL RN ICRET 5.

T 872 OGRIZEIEHMER TIZR SN0, BRI KRB O
FRICHE72 - TITb N, Z0HRERIZIEE 0 iFPERKBERP O > R—% > b
ELTHRFESNS (Rado ef al.,, 1984). MPRO % EML & W o 7=, BiEHEKOF
BZERLIZDMELRESEZR DIV 51 213 LF /1 2B E GM-CSF OFl#
SR OFPIROFBEZ > 2fIfICHMEL, FARFICTI 7 v 72U DR HIT

5 (Lawson et al., 1998). MFEFICIT@ERKEBEOS 7 b7 > (01~04



pg/ml) WEEL, JUIEFHPERICH® TS (Sawatzki and Rich, 1989) . &ZL, %
FES EIZK DHFPIERNER (L END EBRICK > TSI 7 b7 oY idfifst
~NEHEN D (Lash et al,, 1983), BEEHFHICIIMAEF DS 7 b7 = U 2 EBHY 200
pg/mliETHIEDH DT EMWEIN TS (Gutteberg et al., 1984)

20 b7z 2R EEMICE - TER- SIS N 72 E DA
T %, £ b (ohansson, 1960; Montreuil et al., 1960) . ™7 (Groves, 1960) .
7% (Roberts and Boursnell, 1975), ¥ X (Kinkade et al., 1976). £V (Baer
etal.,1979). 7% (olles et al., 1984) . U —H X E > F — (Davidson and Lonnerdal,
1986). U F (Dayal etal., 1989) 72 ERRZ IRIHALEMICBNT, AHNMLS S
FT72UDDNEBEBEEINTNSN, ZOEEIEVEB L UOWALFRICX> TR
2%, Ty bOHMIZIEZT 7 b7z BEEAERBEINANS. FTUX
7z MFEET S (Masson and Heremans, 1971). & FOAHFDS 7 h T =
D ARIEFICE <, FIAFDREIL 6~8 mgml IZEL. A T 2 mg/ml 1272
% (Nagasawa et al., 1972)s 7 OHEFIZH 5 mgml DBETHEEL. HAT
/£ 0.02~0.35 mg/ml FTE T 52 (Suzuki e al., 1977). BITHAICIZ 20~100
mg/ml DEFHREIZETET D (Welty et al., 1976) o 7 T FLIR ORI R GEF12 13,
DAY >NV EDRBEITIELLIZWN, T2 b7 > OFIUTEE DL 30
{EIZHEMY % (Harmonet al., 1976). R TOI 7 7z U > OERIETOS 2
FLEE>TRESNSD, TA MDD = > OFEITZIT720) (Teng et al., 1989)

FEMMEFITNL 0.5~1.0 mgml EHEMEBEDS 7 b7 U >REEN
TWd, TORBEIA MO x> E7022257020)NT > Ak > THi
HENTWwd, AP —NEFELEMBOS 2 b7 > 0EkEH
ETDHN, 702 AT 0 EHICHIFIT S (McMaster et al., 1992; Walmer ef al.,

1992), E T2 b T2 IEELBRER (8904~12mgml) FIZE< EEN.



IC DR, MEWR, ST, [ESORIR. B, B, B W, K,
RIS EITHFET % (Levay and Viljoen, 1995) .

3. I b7 OEEKBEIZHBITH%E

527~ 7z i3 in vito THIEHME. SERSER. PSR ELE A
{EMEZRY (Sénchezeral.,, 1992)., 77 7 x ) 3, 1FEAELTOIN IR
HICHIET 2 2 &, BRPEFFICREMEE U TRINICERL T 2PN 51K
HENS I &, in vitro THIEMEZRT ZERENS, HEARDRAICKT S
HERFTh B EEAZS5ND (Levay and Viljoen, 1995) . IFHERF DS 7 ~ 7
T EREBLTWSEFEIIRVERUBPEEZRETLHIENS S, Z0F >
NI EDOBREBEII BT HEEENRE S NS (Boxeret al., 1982), 7
RPN HOFEELRIR—F N THB T LT, BERDRAH,
WRERRMOETHZ0IC, ROBWENL THSHOREIZRZL TSI L
HIMMHE S (Chierici and Vigi, 1994) ,

7 b7 COPEET. BERBKOFEET T, d50WIES%E/E LK
RRTEEBEBINLNIENS, MEYNFEE L THEETIHEFL— T
KOEBIHENRODEEZSNTER (Reiter, 1983), LMALTZ b7 x>
DHE AN ZZALIZEHF L — bEEUADIER b H 5 2 EMOBIZE TR N/,
BEIZDNWTIEERT S0, MBEICOWTOMETIE. 57 b7y ik

KREIWEEES TSI E (Amold e al., 1977), &EHEELTWEVWT IV hT T
V> (PRI -7 [ 3RERIHIERTSZE (Amold ef al., 1981), 7
T LRBREEICH L TR ZEEL YRR IS Y T4 R (LPS) ZiEEE® 5
Z & (Ellisonetal., 1988) AVRE NIz, EEOEKNITIT. Z<OVIEME. B
MBENFEEL INSBHHL T, BRANICEABEMOREHRIE. REZT-o



TWhWaEEZON, INSOHEERZMNAZEIZEETHD, 7772l
AR RSP E S 5 )/ F— A (Perraudin and Prieels, 1982; Ellison
and Giehl, 1991). 732 1gA (Rogers and Synge, 1978) . §F# ¥k (Okutomi et al.,
1997) DIEA. B-defensin 2 (Bals et al., 1998) . bactenecin (Skerlavaj et al., 1990)
IREDHIEARTF R EAMA, &5 WITHENICREHOREZMH T2 &
2 in vitro DEABRICK DS NIZIN TN B,

S0 b7 ) V3R EMRICEBEZEE L. IS OB MEERST S,
0 h7x ) > OEERNDIERIZDWTI in vitro TIEFITE < DRFFEN L S
NTWBEN, FELTROELIBRBDONDH 5., BHIRZRTIE, FHEROEEE.
IEMEREFPEERE (Gahreral, 1991). B RAE (Miyauchietal., 1998) Z@EH 5, B
BRICH L Cid, LPS THEINHREMY 1 MU > IL-1. IL-6. TNF-aDE4E
Zi#3 % (Zucali et al., 1989; Machnicki et al., 1993). 7 b7 x 1) 2 I3HEERIC
HROA TN THINZF LR OB ZIIH T 5 (Byrd and Horwitz, 1991). Y /¥
ERABRIIHT B1EH & LT, CD4CDS RO CD4*CD8 N\ IL/S—T HifE~ D
5% (Zimeckietal., 1991). PURPL YA b—2x ITkT B U 2 /NEREEFEROS D
il (Zimecki et al., 1996; Miyauchi et al., 1997). 7O 11 v ZIRBEE& U /%
ERBG D1 (Slater and Fletcher, 1987) 72 E2d 5., RIERFIHFFRERD S
NI b7 0E, BIKRD GM-CSF EA 2 il U T ER7s & i %
MABDENDIRHT AT T4 =N T« LFalL Ay —& L TORENRE
EINTWS (Broxmeyer et al., 1980) 7%, HIZHEMZERD D ENIRELH S

(Sawatzki and Rich, 1989), @& & L Tld, RERICH LU TRENEWS KO
HH72 6 D DIEN LU,

HERZBEOAFNARERY Y - 57 72U EARICERE L TEFDRY

BREER ZRAR S AL, WIOFIRA Gv). H2WITEER (p) ~DKRE#&



A2 LU TITOITZ, Zagulski 5137 ZADKIBEIC L A BIEREDET )L % H
W, BED 24 BERNICT 7 h 72 22 iviR 5T 5 ETIYT ADEFERN
mED I E2HkE Lz (Zagulskiet al., 1989), K HIE. T ORI KBE N
THLPSIZE>THEESNS INFoDELEEEZT 7 M7 ONMETF S €57
D72 EFBAL 7= (Machnicki et al., 1993) . DFE D TNF-atl & % 2 B D KHE DI
Hl, PIRIEERMN SV b7 o) DIC kB KIBERREBHEE EEZ 5N, L
MUTDEIZ, MECHEBNOEABET LTSI ENHSNITRD, £E
DRERDBENEE > TNDE I EARE I NIz (Zagulski er al., 1998) . ITEE.
T 872 OROKEICE > TOREFHBROGSND Z &N, SR
LEYETIINERNEHRICE > THSNI/R> TER, FlZE, YT ABE
NRIGE ORFEHEIE - N5 > A0%5 — 3 > (Teraguchi et al., 1995a; Teraguchi et
al., 1995b) . X7 A D Klebsiella pneumoniae ° KIFH 12 & 2 2 BEY: (Miyazaki et
al., 1991). ESICHETH 55 1 OHFAHREG (Kakuta and Kurokura, 1995) 1
LTI b7 ROAREIZKSHHMENRINEZN, TOAIZZ A
WEEEAERN > TR,

S 872U 20LETEY—3BE MR, Bk w07 y—2, fFh
R U ZNER, A EICEEL. TORMERFARSN TS (Hu er al., 1988;
Birgens et al., 1984; Legrand et al., 1992). LpL. 2NNV EE L THEINZ
o, FFHifE EDL 7% —, LDL-receptor related protein (Huettinger et al.,
1998) & asialoglycoprotein receptor subunit D% Td % (McAbee et al., 1998) .

S0 b7 CHPIBIEESD 2 WA REREES A RITIERBES, ART
DEEREL )&l (] 1), FiEEEOERBEIZIZIEN WK T O
LW E—KT 5, EEQGERGEEOERBEIL. Ao WmmEs L X)) &4
CRIEFOMP L NN T S, SV 7Y 2 E2ROBRLZEEDORE



NTODHEMN, SELDI 7 7 4 =7 1 BESMEIC X DAXRS N/ (Kuwata et al.,
1998), LREBEOT LI M7 ) (490 uM) ZHHBEERLAEZTTAD
BENTRIEENSS Y FT 1) (Bd) SH7I7 A FOBER. B
K77 b7 CNREREEEEZRTIREC TS, Z0Z&ns, &O
BRLEZS VT2 DFERIZEDOT I TA L NIBENT—EDBEL NI
EHERFL . REMRESCREMBICES L TINSIClE S 2., £O7F)L
MEISMDORBEERTE2IRERITHEL T, BEMEERZREL TWSZ
ENEBRENS,

Nutrophil granule Body
Exocrine secretions " level

| pM 10 pM 100pM 1 nM 10 nM 100 nM 1rM 1('l)yM 1(|)0pM 1imM

Metabolic
Fet?es Upper/'Stomazh Ffeed fate when

intestine fed

Antimicrobial effect of lactoferrin
or lactpfgrricin

Hematopoiesis  Nutrophil

regulation activation
Inhibition of MLR Inhibition of lymphocyte Active
proliferation level
CDATcell
induction

K1. 2872 OERNTOEEL )L, EEFEBEE, BILABEON
{LERNL )LD sk

4. STz DFEETSTAN, ST
Z 872U OPEENEMICSEFL — MEAZTICREINS O TIT



BN &L BIEHRUZBOEH, $&F L — MERLSLOHFE A I Z X AN
ESNSHDTHZONFEMIITH > Thadofke 7 b7 > 2BADTS
O77—YTHoEL. TOEEEEREZFANIBET, RTP 0BT o
TT7—RBICLBUL -5 b7 IR R L DR HEE 2R
CEMALMER S (Tomita et al., 1991)s T2 R T U > DRT T 2535
OHNS, PIEEEEZRTXTF RBEEIN., T0O7 I/ BEFINRE SN
7z (Bellamyetal.,1992a), £ ~* I 7 F 72U CHFERDOHFEXTF R, S/ k7
TUYHIE Z7 7Y ONKG 47 RZREITHLET S, U -F7 T
JHEROHERTF R, 57 b7z2UT>Bid. 52 b7 >0 N Kinfll
D2SFRILITHEL, IV b 72U H EHRARBEMNEZET S I ENREINE,
WEINDORTFROFERET I BELZ<EATED,. THETRBEENT
SBEHEMEOHTE T F N EFERIC, EREEERICLDIEE2RETS &
AIRIE S N7z,

Peptide Sequence

Lactoferricin H EAT CriW i~ ~RRKVRG-PPV-SCI KRD . . . .
Lactoferricin B CRRW KKL G++ oI 10V RRA
Dermaseptin | W KKL G7¥AL H1GH A
Magainin | EV KF ‘KF GHAIV-CUINECKRD
Magainin Il EV KF KKF G/ 2"V C¢7I¥% KRD
MCP-1 V. . CRRA “RRA GF(NI I

MCP-2 /V_ ~CRRA RRA - Gr o IvonI

K2. Z2b7zUI 2 EEDMOPBERTF RO - I A TSAIAY
b BUOY X VB GEEME. Bk, BEK Z2R—ILRTRLE,



T 872 EMOHERTF RO TS — 7 L A REOY—3H
SIEVIN, T TV D dermaseptin % magainin. 7 HF D MCP & O THE M
T BRPHKET X BOEFIERENH D (K 2)., THULEETORER
ME—/2D TR <, ELOBETR—DOEIEEEEEL-HEETH D EEDN
%,

S RT7xUT BRI LRE. VT ABEME. BEICH L TUEWHE
AN MIVERL., TOEAERRNBRENTH D, BFRICHEE L. B2
FITDHIENHASNETRoT= (Bellamy et al., 1992b; Bellamy et al., 1993a; Bellamy
et al., 1993b; Bellamy et al., 1994) . FERIFEF IR GYE IR T 2 R NE NN,
INS DN TS 2N BN TEM S NL/ZFEY Advanced glycation end
product (AGE)Y2MLHF THEML TWAB ZENHSNT WS, AGEWZS V7 7l
COPEEEEZHEL, TNIAGEN TV M7 U FHDS 7 b7y
CHEBICHE L TEEZ 70w 7§50 TH3 I E0NMESNT (L e al,
1995), ZOFHEHFIZKD, IV P T2 UIIRRTFRELTHLS EEDIT, T
b7V PEMIMT I b7 ) O TFEEOEERICE > THEELME
BThs I EMNEHINE,

ZORT VTR TI I b7 2 DEBITaNY v 7 X EBT— b
585 TWEMN, I 7222 BIERTFRELTIERREALETY >F /8
LB — MEIEZES Z &M NMR ICX 2T T/RENZ (Hwang et al,
1998), ZOMEDEWMN, 7 KT U T PNTEDY 2T E X DRNPIEE
HZRTIEICEAFRLTWSAMB LN, 7T D Z2BRTSE,
LERNTS 7 b7 S R TF RBERT S (Kuwata et al., 1998) . [EHE:
NTF RBEFERNOMMOETALTHERT DDMN. 57 b7 U DHEMELL

10



M ED LD R AN 2R ONERN /N5,

5. AUIEOH

WIRMEERNIZIE, E MBI A2ROBEEOGVWEIMED—DTH 5 HEED
FRE, RERREC. & N OEERE TH DHEEBERE Candida albicans DA,
Z<OBENASNTNS, MEEERLZD., BOFEREZRTEEFIIDAZN
M, FIROT ACFEFEIC L > TREN DR T LS BYEEEHEICB TSR
REEEE L THENLL TWb, FIZ AIDS BEFETIETREREEL TEVWERT
Candida 73 EDEBRHITERT 2, EBENTOD C albicans O BHHEIENT ~
E—REROEBRF L85 L0, MARKE C albicans & OBEMEH FEH
SNTND, ZOROEBIINT 2 EMEBHEBOMBBE, HL WTFRhE B
EOMWSNLIIEERBETH S,

AAKIES IV b7z SO T U SR T YL EERDE
ARBERK T &L TOREERRD-DIC. EHRREHEZY -7 v hELTE
DERZREFTHIEZEME LT, IZUDICT I T2 DT, E2
B TIIMIBEE D Listeria monocytogenes \IF T 2PEMZHER L., B3 ETIIHRE
HEICBIBHE AT ML E C albicans [T BPIE A T Z XL EHFHNT=,
BABETRI Vb7 2D 9 BREER-ICHFEKREZESHKRL. HE. W
EICHT2PIEERE. TOMOEEEEE U THBEZMEL 2. 251
NEBLFRECBTEI 7 b7 DEHOMEEND 012, 8 5 BT
HEAES 7 72 28D C. albicans (2% % in vitro SEAZNR ZRBE L 7=,
BIRIZH 6 E T in vitro BL W in vivo FIEEEE (Trichophyton) 1ER. &<IC
FREMETIIN TORORE TV 72U > OMBRZHSMILZOIERA AN
ZALIDWTHE L.

11



B2E STV OMEIIHT SER -—HIU AT
U7 iE M

1. 13C®IZ
Listeria monocytogenes {3 BMEEICBNTAEBBEILL TWAHEEETH
% (Fleming et al., 1985; Gellin et al., 1989; Mclaughlin, 1987; Schlech et al., 1983)
COEITHIERCEMESRE DY A5 TIEDORRE TH S (Gellin er al., 1989) .
L. monocytogenes \EEHARIIEE LKA RBRORBRLTMY N SHBE SN
(Fleming et al., 1985; Mclaughlin, 1987; Weis and Seeliger, 1975) . {&iE TH 4 7E,
HETES72% (Rosenow and Marth, 1987; Ryser and Marth, 1987) . ¥R 7E Tl
AR ELFET D ZOHOEEZHILTHDIIATHTH B, TDRHT
DEDHEBFLEFZIL FO—NTEHLWFRERET I ENEETH S,
Z27 b7z L 2N L. monocytogenes DREBRERFEEZI hO—)LT5DIC
NRHINEDMERNDIZDIT, BRDBEREZE DN DNOBEKRICHT S

7 87x1) 22 BOMILEAZF N/ (Wakabayashi et al., 1992)

2. MELEHIE
2—1. I7h7zU > BOHAH

757 b7 1 2id Law and Reiter DAIEIZ L O BAFALN SERIL (Law
and Reiter, 1977) . 5% (w/v) DIRE TREKITEME L. 1N O HCl Z#ML T pH
Z 3.0 I L. T2 > (10 units/mg; #B151, Difco Laboratories, Detroit, MI)
EEESI 72U TR LT 3%DRBETMA, 37°C T 4 B, kD EETT
D7, RINIE80CT IS MBS 2 ZETHEIEL, 1 N D NaOH #2512 T pH %

12



W U7z i (&5 /X7 BED 10%LF) 1. 15,000 x g. 30 73 DR L TR
EU. bEZEIRLU CHAELZE L2 (Tomita et al., 1991) .

b7 2B 2 BREOHHE HPLC ICK D FEH Lz (Bellamy et al.,
1992a) . 1 ERREBTIE, S b7 xV) > - RT3 % . TSK-GEL 120T (6.0
x 150 mm; Tosoh, Japan) 777 AT, EHE A (0.05% V) 7))L A OEEEE) S
W B (90%7ErZbUJI. 005% U 7NVAOEEE) OUZ7- 75T b
A:B = 80:20~40:60. 30 77, X 0.8 ml//MI KD DE Lz, &5 N/iEEED %,
2 BRFEH TId. CSMOSIL 5CN-R (4.6 x 150 mm; Nacalai Tesque, Japan) 1 5 A\ T,
BHEA CBEHKRB DY Y - 75T b AB=100:0~55:45. 40 43, i€ 0.8
ml/7> THE L AEERTF R 2157, XTF Rid. Applied Biosystems Model 470A
[T NIE =7 o —ICKVEELEZ. 97 b7 B OFER
HPLC 2K D 99%LA EZRL 7z,

2— 2. H
LAF D 4 8D L. monocytogenes = {EFA L7z, IDF-1b (%% 1b, International
Dairy Federation, Tokyo, Japan) &. FER7BERK ICM7672. JCM7673. JCM7674
(FNETNMIER 2, 3, 4a, Japan Cellection of Microorganisms, RIKEN, Wako,

Japan)

2— 3. HiEE%ORIE

L. monocytogenes 3 1% Bactopeptone (Difco Laboratories). pH 6.8, £7213 PYG
#31 (1% Bactopeptone, 1% glucose, 0.05% yeast extract) . pH 6.8, 37°C Ti&# L /=,
KBRIZED, BLORAKY. 72NV E, HEBMITMAZ. BOREIL
600 nm DENEZRETHIE TR L, 7 b7 > BIZEEKIZE

13



L4V —BELEbDEA My 7IRE L TEMICINA 2, FEEHIEESE
DREDZOIZ. BLDBEDT 7 b7 x> B(0~60 ug/ml) ZFHRML 7= 2 ml
DDA 72 F 2 =71, MEHIOMEE (10° CFU/mD) 28R L. 16~20 R
HELIZ. R/NEBHIERBE MIC) BEFLZ2ICHEIELEZRBENT 2 T
TV BOEEE L BETEEORE D02, BEEEIN % 1% Bactopeptone
BEHNIINA ., RBIMIEM T 37CTHELL, —ERBRIC, BEREEIL .,
1% Bactopeptone C 10 fEHRARFIZIED . FEUERKELH (Eiken Chemical Co.,
Japan) LICEA, HEL. J0Z—KEFHBELE. TNTNOERIE =2 UL

Tfro 7=,

3—1. HBMHEILESE

R DIBEESRM T T L. monocytogenes DREBEZEMIET HDITNERT T KT
)2 BOER/NREZRIEL . 1% Bactopeptone HEHIE /213 PYG 51T
7 h7x1) 2B D MICIHE, BEkkEFAEMICK > T 0.3~3 ug/ml OHEER
Uiz (R2— 1), kkR7smAKIEY. 5 2/ E, % 1% Bactopeptone 1 H1iZ
MAT, 227 872> B®D L. monocytogenes IDF-1b {53 2 HIEEIREAD
WEERNZ, JIVIA—A, HSUV =R, FIVI b=, %> /)—A, F
=X, Y)Vh—A, a—r0—-A, IV =X, T>721310 mg/ml £T
b7 BOERICESHEEZESZT. MICIZ06ugml DEETH-
2o ¥IF 2. BSA Z 10 mg/ml A2 & ED MIC IZENTN 3 ug/ml & 1ug/ml
TH0. EIDIsh -7z, —H. NaCl. KCl. NH,Cl ZZHNZ 100 mM. MgCl,.
CaCLL ZZNEN S mM IRINTHET 7 72U > B OMRIZLIOETLA
(£2—2), pH OHEEFND/2DIT, & O pH IZFHE L 72 1% Bactopeptone
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BT IDF-1b #4285 #%& L7z, pH % 5.5, 6.0. 6.5, 7.0. 7.5 EL7Z&EZED MIC
EWTND 0.6 ugml ThHo7z. TD pH L DKW, F/2idE 0 pH TIIENH
BTERNHTZ,

&2 — 1. L. monocytogenes D=7 87 V)T > BIZHd HEE M

MIC (ug/ml)
L. monocytogenes 1% Bactopeptone PYG medium
IDF-1b 0.6 3
JCM-7672 NG* 2
JCM-7673 0.3 1
JCM-7674 0.6 3

a BEEY

#®2—-2. 7277222 BOD L mocytogenes IDF-1b \CX 9 B RHIEEMEICH

TREEOME
MIC (ug/ml)
Salt 2.5 mM 5.0 mM 25 mM 75 mM 100 mM
NaCl 0.6 1 3 6 6
KCl 0.6 1 3 6 9
NH,CI 0.6 1 3 6 9
MgCl, 3 3 NG* NG NG
CaCl, 3 6 NG NG NG
a REET

15



3—2. PiEiEH

T b7 x> B D L monocytogenes \I R T HIREEEEFARD0HIT. 4
DDiRBERFR Z 1% Bactopeptone H5ICERE L . 37C. 60 73 DEEZ O AW % 5t
LTz, £2-3I1TRTEDIT, 77 b7 > B OERITENRENRD
DTHO. ETOKRICKHL THEKEEZER S B2, BREEEOIAxT 10 v
A% IDF-1b ZAWTHAN, K2 - 1ITRT LI, 7 72U 2 BICk
LREIEHITEID, BEIKEL TWi,

£2-3.77F7xY B3l ugml (10 uM) T 60 3 ULEE D L. monocytogenes

DHFRR

Survival* (CFU/ml)
L. monocytogenes Control Lactoferricin B
IDF-1b 2.5x 10° <100
JCM-7672 2.0x10° <100
JCM-7673 1.3x10° 300
JICM-7674 5.2x10* <100

aControl 1357 b7 V) o EERM. BHESRIZ 100 CFU/ml.
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CFU per m!

A "
| { { T
0 30 60 90 120
Time (min)

2—1. 2 b7x 2 BITKS L monocytogenes IDF-1b DFRE 11 X T
14 v 27 Xs 1% Bactopeptone AT 37CTHEEL . &ML= b7 U

> BIBEIL 0ug/ml (@). 6ug/ml (M), 31 ug/ml(A),

4. BE

ARBIT LD L monocytogenes 18T 7 S 7 U 2 BICH L TEEEDOE
ZEMNRENE, 772U B OMOMBEITHT S MIC 1E 1%
Bactopeptone 3% it THERA Bug/ml TH V. L. monocytogenes X9 % MIC
0.3~0.6ug/ml 1M DKW, BERMICERAINTVEEZOFHEYEIT L.
monocytogenes DFEE % 10 ug/ml LN TREIES 54 (Larsson et al., 1985). T 7
N7z B OYRIIFRARBEH T TENICHTHHD/E o7, 51T
JR7xUT 2 BIZ4EMETIINL T, RETIEINENZEREDELES]
ERILE. INSOBBERIT. ZOPIEMEND L monocytogenes &5 B
HEROKREEDOREELEFEZI MO THDICERATHAZEETRMLT
W3, LONLEROREFEHELTEDEEDRENVLELZAZNMITFRITER
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Wo pH. @B, 7K. MAEMCRL IR BT DFE/REDE < DRELHD.
ORI BOHRIIHEEZEZ DR H D,

5. £&®

L. monocytogenes \.x4 35527 b7 )2 BOHEMNEEZRNZ, T b
T x> BIE 4 ¥RD L. monocytogenes \ZH LT, Btk EREHIOEEIZLD 0.3
~9ug/ml DIRETHBEZMHILL. BRRICERASNSHIENE LAEOHEE
~UTz. TOEEER. mAK(EMDS DNV BOHEIZ T o720, i D
BIZE>TRRMETL., pH 5.5~7.5 O THWEEERLEZ, 77U
> B ODERIIRHERITH D, £ TORBREKRICHL TERERZIBIEK TS E
7z,
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B3E TFURNTZUICOPFEBRARYT MV EHIER A
F =T

1. IFC®IC

0 h7xU2D invitro PIEEAIZ. EELUTHBEZHWTHARSNTE /-
M, —EROMRIEMEREE., & <IZ C albicans \ITDNWTE L OHIFERENH 5. 1971
FAZ, Kirkpatrick SISRHHF DT 7 h 7 ) DgiEEHESY >N 7B E L TH<
ZEIZEK DT C. albicans DHEEEMHILT 5 & Z2#|E L (Kirkpatrick er al.,
1971, TDH%. 527 b7 U DY C. albicans IEEIZTDNTIE, HEFITHE
GHEED LT TRHR<MBRICEEME TS &b TEDMRAICHEE ZHIE
95 & (Valenti et al., 1986) . FBEBITIEHT 5 Z & (Soukkaeral., 1992).
PREOBEEZE(LIVETY O NNVEOREEF1ERE I3 & (Nikawa et al.,
1993), 7R EMNRLITHME SNz, 2. HFHIRD C. albicans FEEMRIEERITIZ.
EWEBFEOEEDIMT, SN b7 DN KRESHFEL TNWB I &
BIRENTNS (Palma et al., 1992a; Palma et al., 1992b) . & SIZEROAEKRTD
SO b7 COBRENCETOMEEL T, BERAOEFEIIBNT. NEM
D77 b7z VIREE Candida BEVAOHBEZRLEENWIHENDH S
(Tomoda and Takai, 1993) .

b7z BIRWSDONOERIZHL TERABPIEEEZRT Z &
(Bellamy et al., 1994) . C. albicans {28553 5 Z & (Bellamy et al., 1993b) . 2 &
FARE Trichophyton rubrum \ZBF BTN I—ZOWOAAHEHET DI &
(Bellamy et al., 1994) ARSI N TS, KRBT, L&HOKEMHEEICH
5, b7 2022 BIZHT S invitro TORZMZFAN, E-PIEE A
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HZZALZEHSINITBDIZ. C. albicans DY E MIFIEEIC T H S5 R 7

V> B OIERZRBE L7z (Wakabayashi, er al., 1996a) .

2. MEHETTE
2-=1. 277222 BEMEEI ISTY —)LOFAK
77872 BIEE2EIRLAEAETHEUZ, MBI -V —)Lid

Sigma Chemical Company (St. Louis, MO, USA)& D A L 7z,

2—2. Hitk
WHRARFEEREPF L > — (Tokyo, Japan) IZHRTFSINTINS 75 BIkk DI

EMEEHZHRICAW ., BEEEKROA Ny 7 - ANF ¥ —id%tE >y —I12T

TONTNSHETHEL 2 (Itoyama et al., 1993) .

2-3. RhEREHILBE (MIC) ORIE

A T70—- )L a—X-ERKEH (1% Bactopeptone, 2% glucose, 0.75%
isogel agarose [FMC BioProducts, Rocklans, ME, USA], pH 5.0) & it Batgith & L /= %
REFIEZRA Wz, S b7 > BIZEREKICER. 74 )5 —E@EL.
BABRE 031~80 ug/ml £725 K D12, 60CHRIE T TiBREZHITINA /=, WIEME
BERFOMRIIA by 7 - N Fr—no0RL. £EAH/KICHREL -, K
(SMEREF IR 2 AW TEH L 10° MIE/ml ISR L 2 A REORFIZA by &
ANVF v —MEFEL. 005% (woADEBEREKICHREL -, BTREBRIZ
530 nm OWRIEEN 0.02 L/2B LD ITHRBE LD EEEBREKE L, ThTh
DIBRERIEM LI 5 ul OBEWEEEL, 27CTHEELE, REEEBER, S
B, FECHEEREIT 4 HE, TOMORREREIT 7 HEEE L. RARER

20



IERE (MIO) 1. BEMNICEREZEDBNWEROR/NEEL L=,

2—4. BBEANL 2T G OHIE

C. albicans TIMMO144 [T h > -4 —Z h- 7))V O—Z (PYG) 7OR (2%
Bactopeptone. 1% yeast extract. 2% glucose: Yamaguchi et al. (1982)% % %) .
IREMIRE T, 37C. 18 BRI E L=, Hila2 B AREKTHREL. Wik
MERFFERICE DEF L 72, 10° #ifZ/ml O C. albicans HilE%. 0.8 M DVILE
=NV Z2REEZERELTMAZY 70—V )a—X-T0RX (1%
Bactopeptone. 2% glucose) T (Yamaguchi et al., 1982) . 0~80 ug/ml D=7 k7
U BIZKDUEL /=, MRERIZIREEIEM T, 37C. 6 K& L,
Y2TU Uz, BEEA ML ZZEEZ B8, 7Y D/ LM% 4
HABRKPTHRL . PYG BREH (2% Bactopeptone. 1% yeast extract. 2%
glucose. 2% agar) EIZBAM LIz, BEEA ML AZGZIRWEL, 27U >
JUIHIREZREELER EMA - ABBEKFTHERL. BEEREHAD
D PYG KK (2% Bactopeptone. 1% yeast extract. 2% glucose. 2% agar) -
B LT,

2—5. HikeSD pH ZEBIORIE L L7z KEDHIE
EITRUIEHETHRE LU 2 C albicans TIMMO144 Hil0 %, BAEHIRDBEEE 108
MAZ/ml &75% KD ITKICHEB L., 37°C TH# L 7= (Hiratani and Yamaguchi, 1984) .
77 b7 BEBERERKEBE 0.63. 2.5, 10 ug/ml £755 X D IZHIKEE
WITIA 7o, BB O/ —)LiZ DMSO AR L . IR O BB B K -3t
LT2%IZ72 5 X DITMA Tz, DMSO BMHIIERERICHEE RSN, B
BIOFV =)L ORMKIBEIL 2.5, 10, 40 pgml & L7z, MIEEEBK O pH % H
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EL. MERICREER L7z, K MEHBOREDZDIZ. —EDA1 > ¥ —/NLTH
PR Z L., E5IZ 045 ym B O—X-7TEF—h- T4 )VF —
(Advantec, Tokyo, Japan) TIEiEL 7z, EEF O K BISFEHE T T T HK
JeEE & (Leeman labs, Lowell, MA, USA) ZHWTHIE L7z, HIlEND h—% )L
K' id5% b7 OO TSsC, 30 2 OUNEIC L > THIE L7z, EEIZ A7~
ZETmLZ K BITMBEA =)L K BICHT 2%E U TEHELE,

3. fER
3—1. PIEBEARY ML

EROWFRMEBERE EARREITHL T b 72 S O BORERTIBE S
RELZ (B3 — 1), IRWHEIFHD MIC EIREEER & KRR TEZ I N,
WREEEKRICK > TRIRDBEENZR LU, Candida tropicalis. Saccharomyces
cerevisiae. Cryptococcus neoformans. Epidermophyton floccosum V3 HBHIE Y MIC
fE (0.31~25ug/ml) ZRU7. FEAHEREEAEOSZ OEKIIS I T
V2 BITH U THEEIME (MIC: >80 ug/ml) ZRL7=. BEREEH & HHAER

SHRREEORZME (MIC: 0.63~80 ug/ml) ZRL7=,
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#3—1. 27+ 7x2U2 2 BOREMHEREICHT S in vitro FLETEME

Number of MICrange Arithmetic mean MIC*

Fungal specics tested strains (ug/ml) (ug/ml)

I. Pathogenic yeasts

Candida albicans 6 10 to 40 21.67
C. tropicalis 2 0.31, 1.25 0.78
C. parapsilosis 2 20, 80 50.00
C. glabrata 2 80, >80 120.00
C. guilliermondii 2 5, 40 22.50
C. kefyr 2 25,10 6.25
C. krusei 2 10, 20 15.00
Saccharomyces cerevisiae 1 0.63 0.63
Cryptococcus neoformans 2 0.63 0.63
Trichosporon cutaneum 2 1.25,2.5 1.88

II. Nonpigmented hyphomycetes

Aspergillus fumigatus 4 >80 160.00
A. niger 2 >80 160.00
A. flavus 2 >80 160.00
A. versicolor 1 10 10.00
A. clavatus 1 >80 160.00
Penicillium notatum 1 >80 160.00
P. expansum 1 >80 160.00
Fusarium moniliforme 2 25,5 3.75
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III. Zygomycetes

Absidia corymbifera 2 40, >80 100.00
Mucor circinelloides 1 >80 160.00
M. racemosus 1 >80 160.00
Rhizopus oryzae 2 >80 160.00
IV. Dermatophytes
Trichophyton mentagrophytes 5 10 to >80 62.00
T. rubrum 3 >80 160.00
T. tonsurans 2 5,40 22.50
T. shoenleinii 1 >80 160.00
T. violaceum 2 40, >80 100.00
Microsporum canis 1 40 40.00
M. gypseum 2 20, 40 30.00
Epidermophyton floccosum 3 0.31t0 2.5 1.15
V. Dematiaceous fungi
Fonsecaea pedrosoi 2 5 5.00
Exophiala dermatitidis 2 2.5 2.50
Phialophora verrucosa 2 5,10 7.50
Cladosporium trichoides 2 5 5.00
VI. Dimorphic fungi
Paracoccidioides brasiliensis 2 0.63, 1.25 0.94
Sporothrix schenckii 3 251010 5.83

a Arithmetic mean; B, >80 ug/ml 13 160 ug/ml & U TEEL 7=,
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3— 2. Mila0RBEEERYE

77 b7 2BIZKS C albicans DIRED A Z A LNERRB D12,
REEZRELZMEEREEA ML A 25X MR ERNWTERZT- -
(M3-1)e 7 b7z BERMURNT 6 RfREE L2 DI
M0 FITHEMLZ, —H. 57 872> B TUELZS DITBEKEDN
IR DA Z R Uz, Ml ORDRI, BBEEEE L -/ ERBE
APV AZGA M TIEERCTH o2, ZORRIIZ V72U > BN
MIEDOREEICHTOMEEZFHEL NI EERBL TS,

7
* M stabilized
6 cultures
5 O osmotically
— shocked
£ 4 cultures
)
S
S 3 o
o
2 *
| [' [ *
S iR
0 10 20 40 80

Concentration of LF-B (ug/ml)

K3—-1. BEEEZRE, FHIIBBEANLVAZ2E527 C albicans §IfaD 5
Jr7x 2B (LF-B) UEBICX B4R CFU D, T—133 5> 7))
D¥t+SD TELZ. N—D LO*HIZ, BEFZHRE LW EEEEANL

A5 Z 1M ORIT CFU ICHEEZEMNR W I & (P>0.05, Student’s t-test) &R,



3— 3. HIRRRIBI D pH B8

b7 BTHEEINDS C albicans MRFRERD pH EBZ HIE L
7= (B3 —2), FEFREIMATOMIBERD pH 138 53 ThH-o/z. 77 b7
J 2 BHRMERIZ, BECKEL TCpHMNER L. 10ugml G2uM) D
P72 BERMES 2T, pHBK 6.01272>7z. UL NJLD pH A

{LIZREEE X 35 —)b 40 ug/ml (83.5 uM) DIRM TR SNz,

LF-B: miconazole nitrate:
(g / ml) (ug / ml)

v
e 063 M‘V—w"" 2.5
W 25 10
\
10 40

IApH:O.Z

5 min.

3—2. 7 b7z B (LF-B) LHEIIF/ I THEINS C
albicans MRS BI D pH 8. EFIIREITRLUEREATHRMLUE. EAIED
H—TEpH D LR EZRT,
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K" released (%)

o0 0.63 ug/ml

0 5 10
Time (min)

K* released (%)

0 5 10
Time (min)

K3—-3. 7bh7xU>B (A) EHEEIOFY—)L B) IcknaZFEIN
% C. albicans Mk 5 O K. K OETF (ug/ml) 1ZFNFNDOEH D HK
BEZRLTNVWS, =339 > TIVOEH+SD TERLE,
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3—4. Hifgmnso K OFH

T 872U B10ugmlid 257 TIEEAELTOMBEA K O 23]
TEILZ (K3 -3), KOMHBRIIHEMLIZZ 7 b7 2> B OBEICK
Tl W0ugml DI b7 BIZEDDEREDHRIL 40 ug/ml DRY
B IFV-IVETHREIN, KOKRHEEIZS 7 b7 2> B &R,
MR 27— VORBEIZKEL TWiz,

4. B

FRBICBNTS I b 722 2 BOJENEHORREEEEKICH T 2 HH

AR PIVE, FIEEAN XL ERET Lz, 527 N 72U > B D C. albicans

(Bellamy et al., 1993b) EMD W< DNDEEHK (Bellamy er al., 1994) 1IZXT 3
HDRIZDNWTOLIFTO|E TIE, MIC OBIEDZDITHREFTIENAWSNT
Wizo AR TIIERFREZ R Wz, C albicans. Aspergillus fumigatus. A. niger.
Rizopus oryzae. Trichophyton mentagrophytes. T. rubrum \Z%t9 % MIC 1%, PYG 5%
# (1% Bactopeptone, 0.05% yeast extract, 1% glucose) % W= AR DORE & 13T
FUT®H>7=. LML Trichophyton cutaneum 2373 % MIC I3 LART O £ DK
Mmolce ZOBEVWIHWSNZEHKEDOEWVWIZLSHDEEDNS,

C. albicans ZFAWZAEBR T, 57 b7 > B ChEIN-EREORT
WREBERERVFEEL TH T Oy I SN2/, TOTEMS, ST KT
> B OREERIT. MIEBEOMECHIESKROHEEENL T, B
BEA ML ACIDENDTVWHIREZFETLZLICE> TVRBDOTIIARAND
ENRENS,

72 b7 BIEC albicans Ml 5 O KRHZFEL . MR ERK
DpH LRZFIEEI L, TOpH O EFIZ. KOHIBANDTRE &FNIT0E
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1O H OMBEANDIRADERTH 2 EBbND, FEKROERTII IS
J=NDED7A I IIETHIMESINTINS (Cope, 1980), T 5 DK
A EHHIEOBRRNF TH BTN TAFO0—)IVOARERET ST TR
<, BRETIIMBEEEZSIZEREZT, T0ROFRBTIE. S b7V
YBOERZEHEEI O -V EWRELEZ, 272U BIdMEES O
TV 4 & (BIL-R—ZATIIH 26 %) OIEWEERLEZ. ThdDFER
(dZ 7 b7 )2 BAC. albicans MR L CHRWEEEAZRT I &%
REL TS,

MAZSE 20 S HIREN A D H DR AL, MEZD proton motive force ZRIEL . LA
A T rubrum TRENTNS K DIZ, )L T — 272 E D proton motive force 12 fk
FLIE T 2 AR— b Z2MEIT 506235 5 (Bellamy et al., 1994), 57 b7
> B OEWEMIBANDOHS (Bellamy er al., 1993b) ISHKIEEAE DEE A &
MRV DBETHB7EA5, LRiOHEITERZ., 57 87U > B HEE
DIEIERIZAL, autolysis DL DICR A BMEANOBRENOHEBEZ5 &R -T2
EBHRL TS (Bellamy et al., 1993b; Bellamy et al., 1994) . H* OHIKLA 7 AT
B ERMELT 5, ZNAMIIRERNOTOF 7 —ERX 7 L7 —EEEEL.
autolysis Z5|EEL I I DIEA D, BH. EEMIZD autolysis IZHIFTEED lysis &
bz, TOZEET I RT7 U2 BABBEA ML A TENRLT LM
FEEZFE L e o/l & NS D,

AT, LEEOKREEEEICN TSI b7 > B OHEENE % H
N, BEEH. EHER. FREBBOW ONOBEENRZHERT &
EHSMILZ, 5. in vivo TOERRBRRICHTEI27 b7 > BOR
HHREFETD2LENH D, £o. HIRRBEEEZED C albicans ITHT 55
JhT7xU 2 BORBANZALERLIZ, 97 872U BORINCSE
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EFND 6 KEDXTF K RRWQWR-NH, iZHEENE2E T 5 2 ENT TICHE
ENTNDS (Tomitaeral., 1994), TD=HF 7 b7 x> B OB ETEHIC
HEOW#H U WEBESIRER 2791 > 35 2 EA0lges %5,

5. £&®

Z7 b7z BOYERARY MUVEFEBEANZ XL ERE LTz, 75
BHROFFEEEEZ AW THERE AT MV ERAN. KRB & R ERIR
WOZ7 hT7xr BITHT2EME. BREEERICEIDEZ> T,
BEORWHE AR IBRZEERLZ (MICEO&MIT 0.63~10 ugml. I
FOEMEECERAETIE. £ < OBHEMESIEZRL 2 (MIC 813580 ug/ml) .
77 872V BIIRIEEEERE C. albicans (I U CIBEKENNREER %
wUZe 787222 BIIKAREBREIZBNWT, BBEX ML 20T
HMRAEE DIEPIEICE IR S Neh o7z I 872U 2 B 10 ugml i C
albicans 715 DEGETE KOt EMIBESNED pH O LR ZF1 &R I L=, Z 0%
RiT, MREOGHREBEZEET SPIEREA, MBI/ —I)ILED bR
bDIEoTz. TNSD invito TOBEIX, T2 b7 DHEOXRTF KD
DEERHTN U TRVWEREEE 2RI 2 &, in vivo ICB W TEBEBBREIIHNT S
BEAELTHERAMND LW EE2RBLTNS,
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BAE U7V ERKOVER YA ViR
s

1. I ZU®IT

FORTz) BRI IR T YT HLDEWY S JBRESEET S
T b7 x) P VEERTF RNN ONBEIN TS, TOHEEMTEIT
HLEDTI T2 B, HERBENFHGNSBDTHS (Chapple et al., 1998;
Hoek et al., 1997; Kang et al., 1996; Odell et al., 1996) . D7z, B TIELD
PEEOEWSI 7 h 72 ) L VEERTF REGRT A2 A, INE
THIBARTF FOVIEEREOM EDOIC. 72 8. BBk, HEEEY
R BEEBERTDENIHENRSNTE 2, AETIT. IFNEEE LEE W
RTFRIZEATHLENIEHLNWT TO—FIZLD, BEEORMEZSD,
BIRBITRLEX I BEEERICEL2PEEEESO NI EEZZ. 7 b
Tz BOATESDIREXRTFRENT WL, DHRILT DT ETH
FMEMNM LT 52 & %&/RY (Wakabayashi et al., 1999a) .

—%. 22 b7x2U2 2 B BIBEELMIONW DONOEYEEERT T
ENHESN TS, 7 -7 BIIBEEDOESES LPS ICHFEINDH
BRSO IL-6 BEAEZHFHIT 2 (Yoo et al., 1997; Mattsby-Baltzer et al., 1996) . &
NS O IL-8 EEZED S (Shinoda et al., 1996), TS DIEHITT &
7z EERTHRLENDZDBOTHEIENS, IV T UT2NT ok
Tz DR IBHREER KR T HARTF R THLZEWRBINS, £/-57
F7zUHFAOS 7 b7 oY VEMLIEH S BO A E IR E D

fa & ICBdd > T3 (Elass-Rochard et al., 1995; Legrand et al., 1992) o
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INETOMAT, Fe*&E7 AN ECBIZLDFEINDZURY =L >
FEDOBBEALDORIZBNT, I7 b7 U UHBEMFIRERT T EDWE
SNTWS (Gutteridge et al., 1981; Shinmoto er al., 1992). T DRIZHBIT B IEE
BREALDANZZXLIROE S ICHERE NS, FHIZ7 ATNECBIZES T
BILSNT Fe*ilied, 727 h7xV) i Fe*Z&F L — ML THIEERZ 7 O
v 795D, TNLBEORISNIIHEIEN S, F*NEETHE. 0,13 0,°
H,0, ZE4 L. H,0, & LOOH (lipid hydroperoxide) i3 HO-& LOCEHET 2
(Nakano and Sakurai, 1990; Halliwell, 1991), Z 315 OSBRI BNl 304
D& % lipid aldehyde E72 0. FA NN EY —IVEEKIGHE (TBARS) ©~ 1O >
TITER (MDA) ELTHRIHINE XL DTS, Matsue H (1995) 1E~R
T iEOTOUTFT—ETUE LS N Tz U@t S T2
> EFKRIZ, DNA, TLAIA T2, FHERIBT ZAINE D BE2EDBRS
D MDA BEAEZMHITH I LE2HELZ. S/ b7V ES 7Y
DK GEMLZ & 20D, ZBHRENERITRTF RTHSE., 20D, KR
BICBWTH/T ADIVECBEBFEEOY R — LY IFEEBILDRTI V7 b
7z BWNIU b7z UEkk. TBARS EAZIHIT EM0hE D NEEN
iz, FLEEFFIZ, EBL7z 9 REXRTFRET7 VIMELZFEKRIIDOWTD
AEBRRTONREHAXN, LOEBEEORTF RFEENBESNZNE S M

# L7z (Wakabayashi et al., 1999b) .

2. MEE Tk
2—1. XTFROHHU

FHARTHWES b7z D VBEXTFRET bO—)LELTHN
MMOTIEARTF REekR4 - 1ITRT. Vb7 BRE2ETRLE

32



HiETHE L7z, (Ala*")-magainin 1I-NH, (Chen er al., 1988) {3 Sigma
Chemical Co. X DAL=, O XTF RIIEHEN G (433A, Perkin-Elmer
Japan Co. Applied Biosystems Divison, Chiba, Japan) % HWTLZEEMRL 7=, 9-
fluorenylmethoxycarbonyl (Fmoc)iZ &k % EHHIEIZ K D, 4-(2°,4’-dimethoxyphenyl-
Fmoc-animomethyl) phenoxyacetamido-ethyl L' > ¥£7/zi3 7L O0— K HMP L 2 >

(Perkin-Elmer) EIZERLZ, XRTF RO N 7LD =diz, L2
HOBYHBTU TAT)L& U THEMLL BRI TUE L=, L2 &4
HRFEEZREL 2%, 7)V— ROXRTF RZ2YH HPLC THEIL -, RIKE
Y DORIEITE &S (LCQ, Finnigan Mat) ICX DR Lz, 2 TORTF Ri
KB Z R LU T2,

F4—-1. ZRBRICAWERTF RFEROEIE

Peptide name Structure *
LFcin B FKCRRWQWRMKKLGAPSITCVRRAF
LFcin H(25mer) TKCFQWQRNMRKVRGPPVSCIKRDS
(4-12)-NH, RRWQWRMKK - NH,
Acyl6-(4-12)-NH, CH,(CH,) ,CO-RRWQWRMKK - NH,
Acyl10-(4-12)-NH, CH, (CH, ) ,CO-RRWQWRMKK -NH,
Acyl11-(4-12)-NH, CH,(CH,) ,CO-RRWQWRMKK - NH,
Acyl14-(4-12)-NH, CH,(CH,),,CO-RRWQWRMKK - NH,
Acyl16-(4-12)-NH, CH,(CH,),,CO-RRWQWRMKK - NH,
Acyl18-(4-12)-NH, CH,(CH,),,CO- RRHQWRMKK - NH,
D(4-12)-NH, D- (RRWQWRMKK ) -NH,"
Acyl10-D(4-12)-NH, CH,(CH,),CO-D- (RRWQWRMKK ) -NH,"
Ac-RRWWCR-NH, CH,CO-RRWWCR-NH,
(Ala*"*'®)-magainin II-NH, GIGKFLHAALLFAKAFVAEIMNS-NH,

a 73/ BIEIRKFO—XFERILETRLZ, bDIEIDHEIERTF RERT,
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2 — 2. BREK

Escherichia coli 1ID861. Pseudomonas aeruginosa 1FO3445. Staphylococcus
aureus JCM2151 (ATCC6538P) I FEHEZE K 15 it (Eiken Chemical Co., Tokyo,
Japan) AT > b ETHFFL/Z. ANy 7 HIVF v —% 1% Bactopeptone 1243
L. 37C, 7 W& L CHRERE &, Candida albicans TIMMO144 &
Trichophyton mentagrophytes TIMM1189 [diBkaiic, 70— ) 31— 28X
AT b ET2ICTHEEL &,

2 — 3. PiEEsERER

MIC 296 XXM 707 L — b EeHWMERAFREICLODBEL -,
&L T, 1% Bactopeptone & 22— F—t > k> 70 (Difco) ZHIEMIZ.
70— )32 TORAEZEBERICH Gz, M5 R 3R e
10ml £78B KD~ 707 L — MIEmL, 37CT 17 BERg#EL =, C
albicans MAUI A Z > b SEIRUSEHIZHEEB L. 100ml £33 LD <17
07 L— MIEMU 37°CT 17 BefREE U2, T mentagrophytes D3 EFIEA S
> RM5 0.05% Tween 80 A D AEAEKIZEI L, 10¥ml &5 LDIT3A Y
O7L—MIEML 27°CT 4 HEE#E L2, MICI1dn=3 THIEL =,

2—4. P eEiRER

TBARS EEDT v 1L Gutteridge DHEZHREL TIT> 7= (Gutteridge,
1977). 10 mM HEPES. 0.15 M NaCl (pH7.4)"' T 5 mg/ml DI L > F > %285
RRT. 37C. 5 PBL<HEEBL. 4C. 1 HREMET S ETURY —LEE
7Zo EVE 05 ml $OEMBREICHELZ. ABREIZ. 50 il @ 112 uM
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FeNH,(SO,),» 50ul D 532uM 7 A2)VE B, 100 ul DFBRY > T IVIRE A .
SHRBLI vy I AL, BKIZ37CT 1 £ 2 Bl > FaxX—kL
Jzo TNETNORBEIC, 3 ml D 1.0% BEBEAD 29 M HCl ZMA 7. B
BZIv AL, 155, 2500g TiEO L. 3ml DFEBEREEZBREL, 1ml D
0.05 M NaOH ' 1%F A /)L EY — )VERIZIN A . BBk /KH T 15 S REImE L /=,

HHIE., BOZT7 4L —IZL0DBREL. 532 nm OWNEZFETZIET

TBARS {EZ K7z, HEZEMEIL unpaired two-tailed D t EIZ L > TIT> 7=,

2—1. ¥tk
XTPEHFTO 5 BREICHTSES7 h T2 D EEXTF RO MIC
2K4-21T8Y. 77 b7 B EMERT I BEFRMTHIET S
LFcin HRSmen)ld &2 TOHBRWEICHL TS 7 b7 > B K0RKEEEZRL
e 20 b7xU > B FOEEMNY I JEBEOLVEE RRWQWRMKK (R4-
K12 IZHY) 2 EIIRTF RFEREZERL. FEEEZT v 21 L, &
#¥ 6-11 DN 7IMLFEERKITIT I b7 U2 B EA%ENLDEWIENEE
RUTZ. REE 1N OXTF RIBRBEENELS. 787U 2 BD 125
5 1/4 D MIC Z~L7z. (4-12)-NH, D D K T&H 53 D(4-12)-NH, &. Acyll1-(4-
12)-NH, ERZEOEWESZRLZ, LML, D ARTFE%EZ N 72T 3
CETELIERZED D LI TERMNS72. AccRRWWCR-NH, 1A KR T
FREGEIAT 77U —DoRBIIEEDOE N 6 BRERTFRELTRIEEN
(Houghten et al., 1991), 77 b7 x> B ® RRWQWR fEIRE > — 7 T2 A
HME%EZET 2, ZCOXRTFRIITIZFT7UT 2 B EDOREWESEERL
7zo (Ala**"®)-magainin II-NH, 134 Y 27 )L @ magainin II & 0 ¥ E S & LB
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ZRY BREORTF FELTHE SN/ (Chen er al., 1988). ZDXRTF R
DIETEIL Acyll1-(4-12)-NH, ERETH /2. 2 a—F—kb > h>TORHT,

77 b7 BRERICYT T AREEICHT BIEEREE TS EZN N T
IALEBER O EiENE & RFBBICIKE L ZIEHII L 0HBICRI NS (F4 -
3)o Acyll0-(4-12)-NH, & Acyll11-(4-12)-NH, 12527 h 7 U > B &V 4 5

8 KWy MIC 2R L /=,

Z%4-2. RTL-7JOZHTOS 7 b 72U L VEERTF RO in vitro Hi
EIE

MIC (ug/ml)
Agent E. coli P aeruginosa S. aureus C. albicans T. mentagrophytes
LFcin B 6 12 12 25 12
LFcin H(25mer) 25 50 25 100 50
(4-12)-NH, 6 25 6 25 6
Acyl6-(4-12)-NH, 3 25 6 25 6
Acyl10-(4-12)-NH, 3 6 6 25 6
Acyl11-(4-12)-NH, 3 6 3 12 6
Acyl14-(4-12)-NH, 6 12 12 25 12
Acyl16-(4-12)-NH, 6 12 12 50 12
Acyl18-(4-12)-NH, 6 25 12 100 12
D(4-12)-NH, 3 12 3 6 6
Acyl10-D(4-12)-NH, 3 6 3 12 6
Ac-RRWWCR-NH, 12 25 12 50 6
(Ala®">"™)-magainin II-NH, 3 6 3 25 12
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*4—-3. Ta2a—I—tb2h2-TORABRTOITZ 7Y L EHEXRTFR
@ in vitro PIETE M

MIC (ug/ml)
Agent E. coli P, aeruginosa S. aureus
LFcin B 50 >200 25
LFcin H(25mer) >200 >200 >200
Acyl6-(4-12)-NH, 100 >200 100
Acyl10-(4-12)-NH, 6 50 6
Acyl11-(4-12)-NH, 12 50 3
Acyl14-(4-12)-NH, 12 50 12
Acyl16-(4-12)-NH, 25 50 12
Acyl18-(4-12)-NH, 50 100 25
D(4-12)-NH, 50 >200 12
Acyl10-D(4-12)-NH, 12 100 6
Ac-RRWWCR-NH, 100 >200 25

2—2. PiEgk

DR =L U IEED 2 BEA > F a2 X—2 3 Ik 5 BEILOR T,
TBARS EAIIHTH57 b7z VEAEMBEOMREFHRE (M4—-1),
Fe*"&ET AN E BRI DORIZEMT 5T & T TBARS WEA SN/, Feé
TAANWECEBEOEFETT, 9708722 ERDTF o732 vo—)b, DL-
a-h AT O—)VIEINETOHERD (Gutteridge er al., 1982; Shinmoto et al.,
1992) RISZHHL7Ze 27 -T2V > BRI h 72U >k D8IEFTN
7 TBARS EARZK T I8/,
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@0.1 mg/mi
&1 mg/ml
100
X
c
2 75
©
£
L
0 50
o
<
om
(o
25
0
3 ,
< LFcinB  Toco-
P pherol
[}
Y

+Fe®, +Asc

M4—1. URY—ALYU VIEETOTBARSERIZH TSI 7 b7 &5
K7xU Y BOBER, MBWEISFe (A>T AV E U B(Asc) & 3HIT Y
R — LR TR > F 2 X— L7z, ERLUZTBARSIES32 nmDEIEEIC
FOPEL, 57 APMDFHESDE, Fe* 1A ETAINEBROBDOI L b
O— M TB%TERLE., T—F13a > bO—)b & ORI THREFIRITHENT
L7z, * P<0.05. ** P<0.005,
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K4—-4. ST FERTTF RESRBYEDTBARSE RN DR
TBARS formation (%) at indicated

concentration (mg/ml)

Compounds 0.001 0.01 0.1 1
LFcin B ND*® ND 93.1 25.2
LFcin B(14-25) ND ND 129.9 159.9
Acyl6-(4-12)-NH, 102.5 88.1 45.1 12.7
Acyl10-(4-12)-NH, 96.0 40.8 13.3 8.1
Acyl14-(4-12)-NH, 92.0 40.8 9.8 12.1
Acyl16-(4-12)-NH, 91.0 37.3 10.4 12.1
Acyl18-(4-12)-NH, 83.8 243 11.3 14.6
D(4-12)-NH, ND ND 85.5 83.3
Acyl10-D(4-12)-NH, 89.3 49.5 13.9 7.7
Ac-RRWWCR-NH, ND ND 64.6 10.2
DL-a-Tocopherol 49.5 16.7 6.4 4.2
o-Phenanthroline 27.7 31.6 16.9 11.5
Quin 2 47.6 7.3 6.7 6.1
SOD 99.0 109.4 119.5 115.2

ABYEIIFe 1 42 &7 A )VE Bi(Asc) EHITU Ry — AR TR > F
aN—hU7%, £KLTBARSIZS32 nmDEAEICLIDBIEL., Fer 14 &
TADVEBEOHRDOD L bO—LIZHTB%TERL,

aND: HIEHET,

S RT72U L EAERTF ROBILRIGADREZARSZ DI, £4
— LITRLEZGHERARTF RERBLE. £4— 413, 1 BEOA > Fa~x—1
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3 > TOD TBARS EENDINSLDOXRTF REBBYWED)E%E7RT. DL-a- b
aA7xz0—)b& 2 DDEEF L — b, o-phenanthroline. Quin 2 1 §HZE 72 ]
MRERLUIZD, O, AN Dy —D SOD DL ARENRERLE, &%
RTFROHRT, FEEMET I VBODRNST I b 72U B O CKBENZHE
29 % LFcin B(14-25)i% TBARS FEAZMME /=, S/ b7z > B DI
TER 9 BED N T 2 I)EEERIZROSZ D REAITHHI L, TORRITT 7 b+
7z B D100 FREERVBETHHLSNAE >/, ZTHE5DOXRTF ROM
HIARIETY DN EDRFBHEOESITKFEL, ROWREMZEDLONLDEN
HRZESRUTZ. LFcin B(4-12)-NH, 7 2 )ULAED D FIZ LA E RS03R4 R L
lzo ZHEYEE L TRARZEEETIE A TF K. AcRRWQWR-NH, & TBARS
FEAEZHIHEIL /=,

3. £
3=1. I b7z BFEAOHBIERE

N 72IMEICK DS 7 b7 22> B FHEKEMAEYMIARE S OHEER
NEED, BOFIEERICHESDWEEBDbNS, BYRY I/ BOBHRSH
BWATF ROERZERD D ENHSNTNS (Chen et al., 1988; Kang et al.,
1996). LU, HBHEWRTF RZHWE N 7OIFEKRILDOY To—F
HBRHEWARTF REEBEL TERBELERILI TS ENTES, Ca?
EMZ* T A 2mMUETIV F 72U BOERZRTEIES Z &0
5N TS (Bellamy et al., 1992b) A%, ZNS5DAF4E, I 2—F—E> k
e TJOARTOIORTF RO MIC O LR EZEGRRWEEDNS, I 02—
=B bR TOXHD Ca*E Mg DBEIIELS (FNF10.15,021 mM).
1% Bactopeptone D ZNEIFER L TH S, MORPNI 2 —F—E > b
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TOZAFRTOT 7 b7 xY s B OBEHOETICHEbD> T B AREMEMNSH 5.,
TLUTN T7IMEAEERIIZ D LR MIC LB T Oy 2 Vi RicEEs
ZFZ< Wb D LEONS, D KRTF REIMEYN S SIS E 70T T —
TICK ORI NZNIEA S, FRBROMRIILIFIO®ME &Rk D A(LiFEk
DHBEEMIZBIT2E%MHZERL TS (Alvarez-Bravo, 1994; Chapple et al.,
1998; Wade et al., 1990)

11 REDT V7 vT7 2> B 7O ORMEREG MIEMHIZIEEITHNT &
M|ESINTND (Kang et al., 1996). F7=FHEMFEM T, D@4-12)-NH, I3#4E
Y& MY SRETIIBMMICH L TEE R RS Mo, BORER. &
BBROBERZRREATEHEOREGRED 1 DOBEMTH S, N T UL,
D HRILAEAD T T ZAOK O EIE. 100 mgkg body DEy R— 2T HEIE
BRI RI Mo (REET—5).,

3—2. I b7 FEKOPRLIEN

FHRIZBWT, 27 b72U>> BIEI7 b7 > ERBICHEEE
Rl TN INETTREDS > MMOEMEETOMRAE KT 5
(Yoo et al., 1997; Mattsby-Baltzer et al., 1996; Shinoda ef al., 1996) , ZSikBk D% R
ST hTxU M T2 DEEEERAL S ELTH EVWIHR
MEXFFT D, 1 PFOIIRTU BTN TS UL SR D5
BEALT 2 JRFD Fe* 24675, LML, 97 872U VIZBEED Fet %
WP TABICL, 7 T2 OMEHD Fe* 1A 2HEEL D5 T ENH
HEINTWD (Nagasako et al., 1993). £/2T7 7 b7 > ORTL 4@yt
DNA, 7L FARA T 2RT F*ICLDFEIND MDA £ EMHIT 5

(Matsue et al., 1995), ZNSOHRIE, S 72U BAKELEL — k-
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R DHET Fe" EMEEML. IFEDBBILZIHIL TVWE I EEEX
SHD. Matsue SidEE, ST MTzUCHTAINESEEEET ST EMN,
/7 ATV E CBICE DBBALE TOPBILERDO AT =L LD 1 DT> T
WBHZEZRBELTWS (Matsue eral., 1995). 57 b 7Y B OHIEALE
ROANZZLAZEZRASNIT B0, TORTFROBPLT AN E S#EE
DHEERZHNDLENHZ, BRPYEE L TRANZHEEFRBERXTF Ko
Ac-RRWWCR-NH, & TBARS 4zl L7z, A{BRTIZIZ 772U > B
DAY - —2 T A RRWQWRMKK IZB/KMEEE T2 DICDNT il
EIEEZFANTZ. N 7 2B TF Ridi8< TBARS £ EHHILEZ, RTF
FROTIAEIZE > TURY =LY VIFEEBRNT 74 ZF 4 —DEENE T
ENHBELTEASNS, E<OEBEMNICEERRTF K28 28V ElT
EEEZRAHEEGL TWDIEMMSNTHED, 2O &3 LIELITESEN
P MRREDLELHEDLEDITHETH S (Towler and Gordon, 1988;
Branton er al., 1993). IET LR TF RADT DIVEDEA LY S I5E# -
DEWNHEERZFIESE T EMNMEINTNS (Niidome et al., 1996), &
MHRORERILT IUERTF RO ZNE TIZH SN TR WAEYIENE. FiReL
HERTHDTH 5,

5. E&®

U7z B OFEFRERTF RIZONT, BB SR
L7z, 77 72> B HFOEF RRWQWRMKK @ N 7 )k, D &1L
N7 F RFEKT, MESEHICHLTIZ R T2 2 B X0BROWHIEENS
ZRLIC, ROEEOBNWRTF MIRFBHEEK 11 O7 I EEEGSI =D

DT, 72bT7x2UT2BD2M05 8 FENWMIC 2L, —F4. 8/7 23
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IWECEBETHESND YR -0 VIFEBELORIIBWT, 77 h7x Y
Y BIET 7 b7V Ak TBARS DAL ZEMIHIL 7z, TBARS A RO IHIE
EEENT IHUE 9 ERERTF RTHRIN, FOFEEIEIZ 7 72U 2B
100 EFREER VB DZ o 7z,
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HOE T/ M7 VBIEME EHIEREA & ORI
h T HER

1. lEC®IC

C. albicans {3 MIBWTEHMHH 2 NITHEHBEORIYE L5 ZE 24 H
MAERETH 5. MO Candida BHO T, OFEWEEES > 2 5 FEid AIDS B
EOEDBGEARDEFRIIBITIERLZBERELOBEL /> TS (0dds e
al., 1990) o C. albicans \IEEERIRMIRD & BERIRMIML O Z M 2R . C albicans D
HRIRMIAR I3 BERRR AT & O KM AN O BN S W=D, FEXOMBICE
AURRZEILPTNEEZSNS (0dds, 1988). ZDI=DERRFKEET &Y
=7y MELUETEANC L 2B EENKRETH 5,

7 =)V RPTEBEANI RN D X ORI O BEHE DL RIEICR S 15 <
bhd, EELTHENICEBSERNTHS, 135/ IBEETIEH. 1
YV -IVRPERR. FEUTEREMEREICHT AR ELTANS
NTWs, MITV—IREETS M) TV )V RPIEERIL. EIOEEEE
BIEICH T 5RO, EHFEL THLWSNTNWS, BATH MY 7YV — LRI
REAOT7)NaF /= EA bTaF T —)id, TOEPIROE S LENEHE
D7ZDIT Candida BT £ 2 FAEMBRGE DB R IC L <D (Hay, 1990). 7
VIV RPTEERNE. REEMAMICHIET 3 KD R KIBE T C albicans DE
AREBIIHEEEAD ZEMHAISNTNS (Oddsetal., 1985), LML, K#
D AIDS 1B RIS > P IEDO X D IR BE I RIE N DR T L= BE T,
TN AF T —INC K B EGERITI IR RN 2 S OEFNCTED Candida % H5 X
TS (Rexeral., 1995). HDHREOHIEBFNI T/ — IVt C albicans \2E%h
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HERTIENHESNTNEN, INSOMEIRZEE L TEBRICEET S
RUETTRONZHERTH S (Martinez-Suarez and Rodriguez-Tudela, 1996;
Ruhnke ef al., 1997) . BRRICHBE T 2MIICESZ L TEHEN. ZOFED
WREICB T SEEENSKBELEEZ SN S,
HOMOPTEANIEMRBHEN T & BN U CEKICBA LRRE 2 HH 3
KO TH D, MlEMWPCMmMF (RYER) ICEETSS 7 T on, &5
SNZHERAOHRIIHEERIZTTON. STV D20ESERTF
FEVIEREA S OHRBREIENLONERFT 52010, ARBTIE. 9D
\Z C. albicans BGIRTBEROBERPREBE LT T, ST U 2 RFDRTF
R & BSEPRER & DM in vitro HFFAZIE % /X7~ (Wakabayashi et al., 1996b) .
CHUTKD. ST EET VI RPEER OB THEY R R X
Nz, REIWXT IR EE D C. albicans BRRD BEE O BRI R B &
HRT. ST UEENI TV =L RPIEER & ORI R EZ R

(Wakabayashi et al., 1998) .

2. MEIERE
2—1. I7bh7xV s HENE

DI b7z UL RT) - RTUBEY,. SO NT Y
B B2EIRIHETHELE, SVMT U EBYNS T T
T2 BERWEZES. LEQIE. 7 M7 U 08NS HPLC 12 & D i
DRLS7 b7z BERETSHIETHE. 2TOS7 7Y VEE
YIE TIKBE K ISR S Bz,

2—-2. FIEEH
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7 2HRTIU B EI T MUY )L Sigma Chemical Co.k DA L 7=,
FARYF 2 ETIV b2 213 Nakalai Tesque Co. (Kyoto)k D A L7=, 4 kI
FV=Io A MFaF—)b, 7L aF T —)iFFNZERN Nizoral® Cream (Kyowa
Hakko Co., Tokyo). Itrizole® Capsules 50 (Kyowa Hakko). Diflucan® Capsules (Pfizer
Pharmaceutical Japan, Tokyo) 22 Siti L7z, 7> b2 A4 S aF/—)l,
T ATV =)IWEENTHNBETK,. 0.1 N HCl #:41 DMSO. PBS ICiEfE S €7,
OHTEERIL, DMSO IZAEEH7=,

2 — 2. C. albicans ¥
TV VEEME E U TROB R E -, ATCC90028 (National Committee
for Clinical Laboratory Standards document M27-T, 1995 12 & % #£38#%) . TIMM1768
(MEE A OHRRIBER. FRAEEEEME Y > —. Tokyo, Japan). 7/
—IVIER & U TROE K ZE AV, TIMM3164 (FPEEDOMHERK. AIDS B#
L O5RE) . TIMM3315. TIMM3317 (BEMERR. MEREEN S gL TH
A, FAMIEMEZI Ny VN Fr—o8 70—V a1—2&X 1%
Bactopeptone, 2% glucose, 1.5% agar) {28 L 28C THE#E L /=, ZNENOHKRDOH
BEE AN 9 282 M3 document M27-T IZ L 72285 THEZR L 7= (National

Committee for Clinical Laboratory Standards document M27-T, 1995) .

2— 3. BERPREBE RN T TOW Candida IEHEDBIE

FIEERES 7 b7 ) CHEPEOBRREELET TO C albicans
TIMM1768 (2K 3 5 FEFHILE M ISHERERRIZICLDBEIEL = (Uchida,
1991) . C. albicans DEERPRAIfEZ Y T 00— 7)) OI—2ZEKXKZA 5> M5 4E L.

ARBHEKTH®RE, 70— a—2-70x (1% Bactopeptone, 2% glucose,
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pH 6.5) {2 10°HIfZ/ml DEEE THE L 7=, 20 ul D Candida SEEIR. 10ul DT Y
P77V BEEMER by 7K. 2ul OFIEEFZ kv 7K. 168 ul D T 10—+
JIVIA—Z-TAOZXZREL., 37CT 17 HREEELEZ, ARBEDS /7 M7z
U BEYE ORMITEHO pH 200 LB S HE (40.10.2). FIEBESIOR
FRECH W B RO DEM (1%) 13 Candida DFEBICHELUIRNT L%
B0 L7z, EEBRAAARE EAL TREIZ, n=3 OH > 7 )LD 630 nm TOWNEZRFE L,
TDEZE Candida BEBE LTz, C albicans DEBEMIE%IZRD LS ICEHEL
12 [ —FEIFET TD C. albicans BHE /C. albicans BT DHIEE) X 100]
(%) 80%FEBMILIBEZR/NHEEFHILEE (MIC) & L7,

2 — 4. BRRFEERHET TOH Candida IEMEDHIFE

2.5% JF@HE FCS. 20 mM HEPES. 2 mM L-glutamate. 16 mM sodium hydrogen
carbonate Z RN L 72 RPMI1640 % C. albicans DESRIRFEE e T D55 & L
THM L7 (RPmedium). C. albicans DEERHRMIEZ Y T 00— /)L 00— 2 EX
A7 Mo EU., AHEEKTHE. RP medium IZ 10°#If/ml &755 L5
B L7z, 96 RN A 707 L — O 2 )UIZ 20 ul D Candida B, 10
MDZ I RT7x) EREI M T72US > BANY IR, 2 ul DHFEERZ
b 78, 168 ul ® RP medium & /1A, 5% CO, K&H. 37CT. 15 BrfRzsk L
120 C. albicans DERRAEBREZRE T 572010, SKEITRT HETZ U A8 )L -
NAA Ly b (CV) REEZEIT>/ (Abe et al., 1994; Okutomi et al., 1997), %
DHEERELT DL, T HOEEREL, BEL TV Candida DE#
Z270% LY/ —)VTEET S, BHR%E 0.02% CV THREL, KTHET S, <
17— MEFEEL.0.04NHCIAD Y 708 =)L 150 ul & 0.25% SDS

S0ul 20 o)VIZEML . BB 5. n=3 D> 7)VT 550-630 nm DOWEIHE % Hi
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B9 D, INAF/=NVETT N T CEEMEICONTIE, EHERNT
DREBEICH LT 80%HEEZMILL2m/NBEEMIC &Lz, A hIaF/—))
(37— VI C. albicans 123 U TE A MIFBEEEZE Z L/=D T, 90%HK B
IHRBEZE MIC & L =,

2—=5. Frvli—h—RKICKB8HT

PFRZDROFHE D/ DIZ, BRI L N> CF oy I—R— RiEEEAL
7z (Eliopoulos and Moellering, 1991). #H L 7z 3H|F N2 D MIC 1# % &t 2
=)k £iZ7'8y k U7z, fractional inhibitory concentration (FIC) index 12X M &
CERHELZ - (BERATTOER A OfR/NHIEBE /35 A BiTO MIC+ B
FTOEHA B O /N IERE /2% B B TO MIC) . FIC index fEA<1. 1 -4,
>4 ZXTNTIEER., MMM, BHMELE,

3. #R
3—1. BERREBERHT CTOFEBERE S b7 o) D OB AR
3—1Hi/p5 3 - 6HET, BEBIREBSRHETT. C albicans TIMM1768 12
NTD ST ST UCHEN. S7RT UL B E &
BHEEA & OPFRRERE L7z, Candida DFEREZIFEAERHIEL NS 2
b7 2100 ug/ml OFAET T, 2BEORV I E (P> HRFUT 2B, F
AAGF ) VEBEOTNADEYIDVE (TZ)Ans ko)), 28801
IHY-VE (JobhURY )b, TRV =)), 2 BEO N T — )L
(Z)aFry—)b. 4 b5 aFJ—)V) OB Candida IEEEFRT- (FE5-1),
TURTUSY B, FARIFU, TR COMICIRSZ 72U 2%
ATHRILLIEM o Tze —FH. FhaAF—IOMICIEZY b7y VHEHEF
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THEEFTD 16 IET LA, M3 BT —IVBEOMICH T ~T
T K-> TIBITIE T L=,

£5—1. BENEER O Candida IEEANKITT SV M7 ) D OE

MIC (ng/ml)

Antifungal agent Alone +LF

AMPH 62.5 62.5

NYS 1000 1000

5-FC 4000 4000

CTZ 50 12.5 (1/4)

KCZ 50 3.1(1/16)

FLCZ 4,000 1,000 (1/4)

ITCZ 50 12.5 (1/4)

MIC EIZZNZTNDOERID 80%FHFHILBELL TRELZ, 7 T
> (LP) & sub-MIC LUV (100 ug/ml) ML 7=, EHRIBEMEFITHT D57 b
7z CEMEED MIC OEIGZE Ty AMIIRLZ, 7 287U > B (AMPH).
FAAFF 2 (NYS). 7N b2 (5-FO). 7o hyxy—)L (CT2). 7 b

a9 —) (KCzZ). 7)va+F/—)L (FLCZ). 1 k>34 —)L (TCZ),

3-2. fIEEFES 7 b7 ) XM OMFRHR

Candida DREBEEFEAEHIELEWT T b7 Y 20 50 £72i1d 200
pg/ml DFEF TORBHEREAO MICEZ &L (R5-2), 7>HRT Y
SUBEFARIFIOMICIETZ b7 U >R OERIMTE LM Tz,
S5 N7 Y 200 ug/ml DHFRICKD, TNV R E4ABEOT Y —
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NWRITMICA /4705 116 1R F L7z, & 5127)V3F Y — )LD MIC 13 50 ug/ml
DT NT U R EMEETTH 14 1K T L=,

&5 - 2. BSEPTEBRON Candida TEE~KIFT SV N7 U OB DY

&
MIC (ng/ml)

Antifungal agent Alone +LFhyd 50 +LFhyd 200
AMPH 62.5 62.5 62.5
NYS 1,000 1,000 1,000
5-FC 4,000 4,000 1,000 (1/4)
CTZ 50 50 3.1(1/16)
KCZ 50 50 3.1(1/16)
FLCZ 16,000 4,000 (1/4) 1,000 (1/16)
ITCZ 50 50 3.1(1/16)

MIC {EIZZNZENDERID 80%FHHILBEEL L THRELE. 7 M7 Y
> 73fEY) (LFhyd) & sub-MIC L)L (50 E£7213 200 ug/ml) HINL 7=, #EHK|M
MWEFZNT D57 b7 U >R BYERMEED MIC OEI8 %5y IRIRL,

3—3. VIEWAIE SV h 7z UL OBRME

Candida EEICHELISWS 7 b7 222 B3 ug/ml B F T, &REPE
HAID MIC DEBZHRRz (£5-3). STV BEIMCESTY
SHRTUV B FARIF. TV RO MIC WL LUh -7, *ti

BIZ 4D T/ — )V RPEEA O MIC 1T 1/4 1K TF L 7=,
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#®5— 3. SEFAEEOH Candida TEE~NRIET SV F 72U L2 OHE

MIC (ng/ml)
Antifungal agent Alone +LF-B

AMPH 62.5 62.5
NYS 1,000 1,000
5-FC 4,000 4,000
CTZ 50 12.5 (1/4)
KCzZ 50 12.5 (1/4)
FLCZ 16,000 4,000 (1/4)
ITCZ 50 12.5 (1/4)

MIC EIZZENTNDOER D 80%FHEHILIBEE L TREL. 7 KT
> > B (LF-B) & sub-MIC L' ~N)b (3.1 pug/ml) L=, HEHIBMEICHT S

S 872U BERMEED MIC OEIGZ Dy APIZRE LT,

3—4. 7OhIRYVINESTT T YL COBRMBRICHBIT S BEKEE

J7OMIRYV = DOEREFEFTD, 7 b7z, STz %0
. 20 b7 x> B, LEOIZE D Candida REMILERZR R (K5
—lad). 70 K)V—=)VEMTO Candida FEEMILIEPEIX. 12.5 ng/ml T
HRRITH 0. 50 ng/ml T 80%MIEZERL 7z T2 b7 1) ZEMTIE 200 ug/ml
TREWXHEMIELZ, 70 MY —)b 3.1 ng/ml £7213 12.5 ng/ml FEE F T
T b7 FNEN 100 ug/ml. 50 ug/ml DHEHTHRENMEIEENE (K5
—la). 77 7M. 57 72U 2 BEMT, ZHEN 400 ug/ml,
12.5 ug/ml T 80%FEBEMILZFIZE I LZAY 3.1-125 ugml D7 O R YT —
IWEDBRT, TNSE1205 V4ITET L7z (K5 — 1b,0). MEBAIZ LR(-)

o1



(QREIRERIC Candida DHEBEZRBEL. FOMEAIZZONY Y =)L 3.1-50
ng/ml FFE F THRKRICEEZ SN (”5- 14).

0.16

o )
o —
[¢5) n

Candida growth (ODs30)
o
o
B

0 25 50 100 200 400
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800
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o —
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o
o
H

0 078
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=
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o

Candida growth (ODs30)

b
0] 25 50 100 200 400 800
Concentration of LFhyd (ug/mi)
d
f/i/j t

0 100 200 400 800 1600 3200
Concentration of LF(-) (ug/mi)

K5—1. JOMURYV—IVEETFT - FEETFTD, 772> UF. /S

Fva). T2 b7 2 (LFhyd. /S%J)bb). 527 k721> B (LE-B.

NFI )y LR() U3 d) KK BHBEHIEZIR. C albicans TIMM1768 DR E

/& 0D630 DHFEICLDEZY— LTz, T—HIE3 > TIDOFEH+SD THEL

o 7O RUTY—)LREZ 0 (). 3.1 (O). 12.5 (A). 50 (A) ng/ml.

o2



3—5. Fxui—Hk— NEIZLBHAMREOHEN

b7 CBEEYWEEI ORIV EDHAMRIIONTF oy
H—AR—REICEKOE Lz, 57 kT Er7nbhUs/—)LO#RICK
B YL Candida {EVEZ RN, 80%FEEMILZ R TENTNOEF|OREEZLZ T Oy b
L7ze W5 —2alRT &I, 70y bLAEA—TIZTHEERN RS REZR
BT HHDEo7. TOMMITES FIC index 130.187 TH 0. HEHE (<1)
ERIMETH-72. 7 872U > B EZORNIY—)ILIZDWTHREERIC
T0yw hUTERA 2 MIMEREERT I —T &N (K5 —2b). ZDEE
D FIC index 14 0.190 TH O, HEMRZRLZ,

50 ¢, a 50 ¢ b
40 FICindex=0.187 _ 40 b \ FICindex=0.190
E E
230 230
N N
5 20 5 20

10 10

[
0 0
0 50 100 150 200 00 31 63 94 125
LF (ug/mi) LF-B (ng/mi)

K5—-2. 2b7xU> (LF. /S%)Vva), 7 b7 > B (LF-B. /%%
Jbb) o kU~ —)b (CTZ) & DH Candida BRBIREFT = v H—F—R
YETHRAT L 720 C. albicans TIMM1768 I3 5270 b U —)LET I hT 2
SHEOMRKRO 80%MHIEBEZE n=3 THEL. BMZAr—I ETBIEZT DY
L7z, MM EHESINSBEZHEBRTRLZ. TNTho 2 FpAIcO0n
T FIC index Z2EZNEND T T THITRL 7,
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£5—4. CVEEIEICKEBHEERN,. S/ b7 U> QUF. 97 72U

> B (LFcin B) ® MIC O #lE

MIC(ug/ml)

C. albicans strain ~ Amphotericin B Fluconazole Itraconazole LF LFcin B

Azole-susceptible
ATCC90028 0.13 0.25 0.0063  >6400 400

TIMM1768 0.13 0.25 0.0063 6400 400

Azole-resistant

TIMM3164* 0.13 1 0.05 1600 400
TIMM3315 0.25 128 >51 200 50
TIMM3317 0.13 >256 >51 1600 200

a ZOKD MICIE 630 nm TOERAEIZLDBEIEL =,

3—6. PIEEA., S/ hT7xU ST UT Y BILKXBEARREEFD
Hudl

LIFOEIZBNWT, 7V —IVBEEZEB LMD C. albicans RIZDWT, RP
medium P TORRREFTICHTHHERHA. S/ b7z, SV 72U
> B OEBMHEIEZRE CV BEEICKDRIEL 2, 2721, TIMM3164 HRIZHE
ARRICHEBLAEN 12720 630 nm DEHEILLDHEDOESY > FI2L>T
MIC ZIRE L7z (5 —4). TIMM3315 & TIMM3317 @, 7)Va+ =)L &1
FoOFYV—NVICHTH5E5EOMENZOT vEAICIDBEIN:,
TIMM3164 [ZF E DM EZR L 7z, 7/ — VIR D TIMM3164. TIMM3315.

TIMM3317 1295527 b7 >0 MIC 137 — VSR ATCC90028.
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TIMM1768 IZH T 5FNL DN > 7=, TIMM3315 & TIMM3317 I 25 7
F7xU2BOMICHT Y —IVESZHI DN =,

3—7. PUTYV—ILHERHK., 7 b7z HEEMEOHAICELS C
albicans TIMM3317 N\ D5

7= )ViiftEbE TIMM3317 OBERREFO 735/ —IBLUO1 5O
FTV=ICKBHEEHIMERE S b7 2 U > E-IRS 2 72U B OF
EF. FFETTHERELE (K5-3), @BEOTINIF/—IVERIEZA S
AFYV—NVEETTH, ZOBKIIRBESIKKSAREERL, T2 RKA >
MIRSNBh 5Tz SV MT2UFEREFIV TS BIE7)Iary
—NHEZNEA T AF—INEFEETTOZORESIK EDBEFTOESGNE
EREHEZ, FiZ. 7 b7V 2 B100ugml i 3FNEHBEARRE CHE
EESGABMOEN, TIaAF—RA hTaF - EREFTINE
EEICHELZ. S bT7x2U>, E2EIV 72U > B O TIMM3317 %
BICHTOHELEMBICKOBIRLE (K5 —4), EAERINT 15 BREE
ETHEHARTOREZRL ., BERARZBERI N>/, 1 ugml D7
WAFV=IVEET TR, Dla<iso l2H%R & FRICBERRRMIA R 5 s,
7 b7xV 2 200ugml TRAZWEARDEE I Nz 7)VaF =)L ES5 Y
P72 OmETUET S L, TRTNHEMTOLERL D X 5ICERIZD
IB<IE>TWe, 7 b 723> BEMTRIZEALEHARET IHE L
Mo, TN AF =) EHET B EDBOBERRRMIENEE L., BRi2F
EAERDSNIEM o7z, TNS OBEMBIC KL SBRERIT VvV REEICESE
HROEFERMBE (K5 —-3) k<—HLTWE,
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Candida hyphae (ODsso-s30)

A 1.6 5
1.2
1.2
0.8
0.8
).4 0.4
0 0

0 0.13 0.5 2 8 0 013 05 2
Fluconazole (ug/ml) Fluconazole (ug/ml)
1.6 &
D
1.2
0.8
0.4
0 -
0 3.1 12.5 50 200 0 3.1 12.5 50 200
Itraconazole (ng/mi) Itraconazole (ng/mi)

5—=3. b7V FREWEISIVINTIZUSBHEERFTOMN) 7Y —
WVHEBANCK S C albicans TIMM3317 DBE%R EHREFEOMHEIE. 73+ —)

(A) &M bZaFV—Ib (O 2527 ~7x U VEEET (M), HHET (O,
200 ug/ml ; A, 800 ug/ml) TTFTA LUK, Z)IarJy—J)b B) &1 +5aF
V= (D) 257 72U BEFET (M), HEHETF (O, 25ug/ml ; A,
100 ug/ml) TT A ML, {EiL3 7 X bDFH£SD THRLZ,
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M5—4, 7)0aFV V& /ERESI7 b7 EDFEFTD C. albicans
FHEONMAEBEMMETE, (A) BHEARMTOI > bO—)LEEHEITHA EXE
ZRL. BRERMIRIZR SHn ; B) Z)vadry—)b (1 ugml) AHETORE
BIIDILWEAR EBERPIRAIR 2R 9 (O 227 b7 x> (200 ug/ml) ALEET
DRIV BoERERT ; (D) Z)aF/—)b QugmD) +57 7
VU2 (200 ugml) AHOREIIIEFEITDE T2 LBR DR OBERHRANIE
2R9 (B 77b7x2UT 2B Q5ugm) UHOEEBIIFAKRAERTIHES
BEZ7EW(F) FNar =)y Qugml) +527 b7 2B (25 ug/ml) A
HOEEIDLOBRRMEZRL., BRIZIELAERDSNEN, N—iF 50

um Z7R9,
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3—8. &7V —IVERZM, MRS S0 RMROHLE

T IVEEERBROT Y VIR OBSRIREFICH T S0 O2R
Z MIC DT & FIC index DEINS B L (R5—-5), 7 b7z F
J R 7)) BIEENTNOEKD MIC D 1/4 LFEZFRMLZZ, TS5 DR
Mz &> T, 7 aF =)L D MICIET /—)VEEZ PR ATCC90028. TIMM1768
TREL U728, 7 —)VtERE TIMM3315. TIMM3317 TIHE R L 7Z
(#5—4. £5—-5), INSHDME2HKTDOI I FT7 ) 2HBNWEFT b
Jx) B ETIINAFT I EDOPERIE. FIC index N SHERITHS Z &N
REN (TS5 —5). BRHKICHE LZMHENK TIMM3164 TINS5 OHFHAT
MIC DR F & RE Mmoo b T a3 —)UTBIL TR it 3 #k. TIMM3164.
TIMM3315. TIMM3317 T2 b 72U 2 H2WE5 7 b7 U > B EDHH

I2& % MIC DK F & FIC index TOMENRN RSNz,
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®5—5. ZNAFV—IVELRFA NSaFS—NETT R T S EEWE
EDOBFRAT T OV REEICLDHEIE L 7= MIC & FIC index

Fluconazole with the following: Itraconazole with the following;:
LF LFcin B LF LFcin B
C. albicans MIC FIC MIC FIC MIC FIC MIC FIC
strain (ug/mly* index® (pg/ml) index (ug/ml) index  (ug/ml)  index

Azole-susceptible
ATCC90028  0.5(800) 2.06(I) 0.25(25) 1.06(I) 0.0063 (800) 1.06 (I) 0.0031 (25) 0.56 (S)
TIMM1768  0.25(800) 1.13(I) 0.25(25) 1.06(I)  0.0063 (800) 1.13(I) 0.0063 (25) 1.06 (I)
Azole-resistant
TIMM3164° 1(200) 1.13(D) 2(25) 206 (1) 0.025(200) 0.63(S) 0.025(25) 0.56(S)
TIMM3315  0.12(25) 0.13(S) 0.25(6.3) 0.13(S) =<0.0016 (25) 0.13(S) 0.025(6.3) 0.13(S)

TIMM3317  0.25(400) 0.25 (S) 0.25(25) 0.13(S)  0.0031 (400) 0.25(S) 0.0063 (25) 0.13 (S)

a 77722 (LF) £WE527 72U 2B (LFcin B) 1& MIC D 1/4 L

TTIMA., ZOBRE (ug/mD 1357y IWITRL T,

b FIC index (IA&XHDOHETEEL, TOFMEITH v INITRLZ 1 S, HED
(<«1) ; 1. HHME) (1-4)

¢ ZOBEKD MIC 1 630 nm ODENKEDEINMT L DREL /2.

4. EBER

4—1. BRREERETTOI 7 72U D EETV—NEEDBRAE
FJORTzUETI T T2 BIILBHIEIRE T C albicans DEE %

FHIET 2 Z &N SN TN S (Bellamy et al., 1993b; Soukka et al., 1992; 55 3 &),

AL sub-MIC LIV D 57 b7 V) D BEEWMEN TV — IV RPIEER & 3t
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FLTC albicans TRLUTEHS ZELZR/H LA, 57 72U EAEWEORF
ETT, TNENDT/—)IEID MIC 138 1/4 ITET L. 787U 2,
HHWEZI Tz B EIORNIRY =) EDOBRAMEET =y I—R
—RECKOMHRNTH S EHES Nz, —FH, 7>HRTU 2 BPI7ILT b
PIDXIBET YV -IINRPEREKE, ST U CEEOHMTEDL DS
BRI RITBR I N o7z, HBRICAWET YV —)IVEIZE W ELFRE
BMNELES (7 aFy—)VEEKRE. 1 o ary—IbidsokE) 28 27T
DTV =IVEIEZIINITZATO—-)VEGRE 70y 7 T5 I & THIRKEGRZRE
LEHOREZMIET I EMHOGNTNDS, Z0RD. EEREENSEOD
HEMEREEEL T BN,

T =INEIEORRERICESTE T b7 o) CEEYEOEET 2R
— 32 MRS TV TN TH B EEZLND, RRERS, RADRZ
wxLiI7 72U, SORNTUHEY. S 72U 2 BidfAIND
SURTTILr RAL D, HBVETI T U T RTFREFATO
BN, I 7YYy BEKWEES LEQIEEAMREREY, OLAEF
ERELENSE, 7 872 CBEEWED C. albicans [N DERMANTZ
Z I3 o Tz, advanced glycation end products (&5 27 b7 = U
S RAAL KB LTS b7 2D Micrococcus luteus WX S 5 PIETE
METOvrTsZENEEINTNS (Lietal, 1995, ZOHREZ, T2 b
711 > D Candida EWEN T 7 b7 21 2 EMLICR > TS &0 #ERZ
FELTWS, ZNETIC. 97 7Y 2> BN Candida MR\ ERERE G
%2 & (Bellamy et al., 1993b) . M ZEE TSI L (BEIE) WRINL,
Sy 7 EETY —NVENSIIT Candida HIRIRZEE T 5 LITH DB
AMENESNDOMND LNEN.
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AL, POBEERTYTO—- IV O—Z- TOARTHT 72D T,
HOEMFRMHRNERADRICHEEEEA it bH 5. UL, DRER
ST LFOBMD T U b7 U D EEYE SRRSO pH 2R TS B
(A0.1-0.2) OT. BEFRAIRIIEEHD pH BILICE 2 HDTIIRWNWZEA D,

TGO RTzDEHDIEDRT VI LPIEWEIL Kiebsiella pneumoniae &
Salmonellae \Z3 U THRABI R Z R T E0HE SN T 5 (Miyazaki et al., 1991;
Naidu and Arnold, 1994), & 57 —ILEIE )Y F— LHEERRYT Candida
ERERT ZEDMEINTNS (Tansho et al., 1996). ZHNH5D T Eid, 2
BEOMIBIC L - T, MifaEE Y —5y b ET RN DHIRREICTY 72 AL
IR0, HENGIERIEVO DS ZEZRRL TS,

4—-2. BRIREERETTOIZ b7 VEEY Y IR EDBFRAIR

EARRBEERANDZET, () 7V —IVE C. albicans BRISEZMERRK D
SHRT7zUEST TS BIIHLTESZEOSWI &, () 257
Uit S LR IBE D S 7 R 7 2 ) >R T R T ) 2 B DFET
T, ZhaFJ=A hTaFV Ntk IflEZTeTnWI EERLT.
IS DRERIZT Y/ —IVIE C. albicans DBERBOMHENIS 7 b7z 2 &5
JRh7zVIBMRERTHASILEZRLTND,

TN =) TR NS SRR L O S h T 2 T R T U 2 BITRL
TERZWHERLEZEZBEIREZETIERN, THVTATO0—)VEBRIC
BEb2EETHD. 7/ —NHOY—7y FTHDT b7 0OLP-450 ZRIEL T
W3 7))y a+ S —)Viistk Candida glabrata #81% H,0, EHFHFERIC K DFEEITH L
TREZHENEZ> TS (Kanetal,, 1996) . > b7 0L P-450 EHEDRB LT
NI BEZATO-IVOELIEORERIITARGEDLETES S, IU b

6 1



7Y N Candida OHFEERRE EAHEERL. 5 2N BOMRRSN T & KRB
DR EIEZ HE S H % (Nikawa et al., 1993), 77 7 = U 2 > B C. albicans
ORI ZBE T L T ENHSMNIIR> TS (B3, 07D, #Hikd
BRSNDEDH DT — IVttt Candida \JIEHBFESLT 7 b7 ) VB

EMEDOLDIEEE Y —7 v b &T 2 IR RAVERBHE T I8 T 5 B2 N
BESTWBAFESEND 5,

C. albicans D7/ — )Vt ATP Z TV F—L9 5 Cdrl % proton motive
force ZEXE) 71 &9 % Ben' D & 572 multidrug efflux transporter #7957/ —))
BOPFEHEERZD AN ZALEL TS (Ben-Yaacov et al., 1994; Prasad et al.,
1995). 727 R 7 U > B C. albicans DHIRBIENNTD 7 0O b > HJEL & i 12
5 (5 3 &), 7= Trichophyton rubrum O 77 )\ 1— ZAB VA B ZRHE L (Bellamy
et al., 1994). EE O ATP EEZ KTV 5AREENHS2, 7 72U 2B
DZFLTT7 b7 x> OEEEERIE multidrug efflux transporter DIE 1% % [HE
L., 7V =i OEAVWEZETI®R I ENEL5ND, JOAEEREEZHEN
DD DICHEIEDREINBLBETDH S,

Y7 —=IEIES 7 v 72U DEEOHRAMDRIIRET Y —IVIEKRT
BARIRICEEBE LW TIMM3164 TR SN/ > 72, TIMM3164 O 245 D
FANOEREZMEIL, 7YV IVREA T Z L LDENIZE B ONERKICEEL
BN EEBEBRLTWBAOMNEhMSRN, 7V —IVEEEZ MR ATCCI0028 &
TIMM1768 ®F A b TidtARITIR S N/aho7/z. LU TIMM1768 DEEEE
REBFLEET TRADREN RTINS, ZOEVE. BEFGEOENWEEER
BEOEBVWILDEZZALND, FE TIMMI768 IZMT 5 7))L a5/ —)LD MIC
IZ RP medium CERRFEBFZFBLAZEZIT025ugml THSHMN, 70—
NaA—A - TOAh TERREFZFHLEZEEF 416 ugml THo7%Z. T2 b

6 2



7Y BEEMER. Candida 737 —IVENIH U TREBSZ IR S K D044
TTIOERANDOEZNEZZD S EBbN 5,

MEFDT 7 ST U VIFFHERICESL . MABRERICIZZORERD
100 fEICHIEIMT 5 (<200 ug/ml) (Gutteberg et al., 1984). 77 b7 V) I E
TR TR ITAR A TRIRE CTHEEL . MEW D 5 pg/ml (Lenander-Lumikari and
Johansson, 1995) 7 5XEE R D 1000 ug/ml (Masson et al., 1966) X TiRE i
WBIEV. T2 b7 o) DO RREMIIRAEME IR BEE OKQE S m i
BRHIND ZENHE SN TS (Britigan et al., 1993) . HFHERICHRL /=D H
EWWRICEET ST b7 2)) OROTORBEYEY — VAN L 5L E
HEOMBERED. 7/ —)VEHE C. albicans DEZEZHEL THSR]REMEDH 5,
—F. ORERwbOZ 7 b7 U JBEIMES, 2OBNEY/—IViitE C
albicans DEHOHBEL LT WNETHSHZ EMNS (Rexetal,1995). 77 Tz U
SRS 7Y B OROREGMNT YV —IUEFEEEO OBERNTOREDR
EEsl ENMFEEINS,

5. £&®

SORTI P EZTORTFROT Y I RPERFEOHFHICES C
albicans V2T HHHIER &2 BERRETSRG T TREREFIRIEICEDBREL
. HEMEBEC /ORI —IOEEFT, I7b7xU>, 787
T R UHEEY. 57 v 7 x> BIZKD Candida FERILREZE
Tl AXRELTOT Y —IIVRFEREAIO MIC i sub-MIC LX)V DO NS Z
77 CEEMEFEET T, 1/4-1/16 &L, AU R, 748K
JIPORPEFERRBTOLS BERERE RS AL, I 72U 2,
HBWIST r 7B EZO RV =ILOBRIZE ST Candida 1EH
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BHEANTHDZENF oy h—FR— RFEICE > THRINZ. 51T, TV
— VB 3 k& E D C. albicans DERRFEBICDONWT IV b7 2 U 2 EOH)
RE CV REBEETHN Iz SE T — VIR 2 ROBERIZT  — VRS KR &
HELTI 7 R 7202 E50 FT72U vy B L THWEZEERL,
FET Y —IVEtERE 1 BRISESRRICEETE S, RSNk L T, 5271
T @R E I/ N7 BIIBIAEEORSHEZ RLZ, &
Y =)V ERE D TIMM3317 127 )V —)b, HBH0WEA hZaFV—)b
DEETFTTRESIK EIBRFEEEZRLIZMN sub-MIC LNINVDZ 7 Tl 2,
S RT7TUT Y BOFRMIEL> TEORERIZE T L7z, 2D XKD IT sub-MIC
LAWVDSo T, 787222 B OBRME. @EMME 2 %kTDY
VaFy—=)b. 4 hF a7/ =)D MIC 2K T EE/z (TIMM3317 IZXT 57
WaAFT—=IVDOMICIET 7 b 721 2L > T>256 M5 0.25 ugml i 7 b L
72) M BEZMERRD MIC IS E L -7z, BEmMME 2 kTO MY 7V =)
ES57 T EOHAZRIL FICindex KD HEHNEHESNLZ. TN5D
“ERIT. HBHT—IVEME C oalbicans IZBNWT, MUTV=INES T RT Y
CHEOBRANEOREHICEELSEARREFTEANFL 55 LERLTND,
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BOE TV N7V CEEYHEOEEN., 3L KEN
LU 7=91HEEAER

1. lEU®IZ

FHEIZE MIBNTROZWVWEEIED 1| DTHD. TN Trichophyton
mentagrophytes X° Trichophyton rubrum & WO BRI EBFTH2EETH S KER
RE (BEE) DWAFIRATEILETREIS, INSOEBICHT 24640
B e BRI ERE & REHAEIC L > T % (Hay, 1994). JERBR)72HE
WIC, REMROMABD UE, MFFOHTU—F522T7xY > (TR b
FUATE) ) ILBHREEDEM. EHELLEEHROERANEENS.
mFEFOPIABFEIEL. BREICKERHEES TR - I 7 2 2HHES
TWBZENREINTND (King et al., 1975; Artis et al., 1983) . Fr RN
EEBPRICHT S T A2 Lz aEinEOEEEEEATY S, BEDR
BEENSHLZRMY NI BETRICKSRIBUTH LT, IFNy. IL-2,
GM-CSF #EAT B ENHNTNS, —F, BHEOBREE TIIHEEITK
WL AL D IEN-y UL PEAE I 3720 (Koga et al., 1993a; Koga et al., 1993b; Koga et
al., 1994; Koga et al., 1995) . 1BHEORMEZIIE T PE—MHKREZEL TV
T &MY (Hanifin et al., 1974; Jones et al., 1974) . T35 D T &5 BEIZNT
2 R RIS B LTI R, ThBOREIRENEETH S Z LAHVRE
XN 5 (Mosmann and Coffman, 1989). IFN-y® mRNA OFEII £ /- BEFOBG
HALTHEEZIND (Miyata ef al., 1996), BERLUZERTIE, BRLTEH
BEHURAR R T HIIAS IFN.yD X D78 Thl BIY A M 2 2EAL . BELTE
mEMKE,. a7 7P REERESE TS EEON S Miyata et al.,

6 5



1996). DX D/ERNEBEDOKEN S OPRICEFSL TNWHDEA D,

FEEEILE Y MITIEBEA D in vivo TOBREE DM, BEEHE A H =
ALDHAEDIZDHDETIVE L TELEHN TS (Arika et al., 1992; Niwano et
al., 1995; Tagami, 1985) . AKX TIZ. T2 b7 1 > @ in vitro TD Trichophyton
R APEEEE. 27 b2 U CROKBEOAETILE Y MBS in vivo
MREBRE LUz, SHICROKELETZ b T2 JICKBEKBEALZX
LEBHOSMNCIT B0, MiEERZEREOETIVELTY /O 7y —2
Trichophyton 3B R EWEL . Trichophyton TUR TEAEL 7= BV E v b DERZEK
HEEEOZORIINT EHEERAN,

2. MEIEHE
2—1. i3

ST TN UT B B2 EIRT HETHELZ,
ERS 7Y IEBERICHENRER RS T T ORANSERL -
(Sawatzki and Kubanek, 1983), L b hF ATz U EF7UEFTIVE L
Sigma Chemical Co. &k DAL, EINEY b F: T2 AT 2 U 2id Inter-cell

Technologies Inc. (Hopewell, N))& D A L 7=,

2 — 2. invitro ¥1 Trichophyton 1&E D FIE

RKOBEKREY T O— - 7)A— A -BRAT > N THRFLZ. FRREEER
EFEt > ¥ —RED 2 Bk T mentagrophytes TIMM1189 & TIMM2789 id/\ 2
A5 —D RS BEES N, 2 BB T rubrum IFO6203 & IFO32409 |3 FHBETFT
Ff (Osaka, Japan) KV AFLE. 7 h7xUERT AT 205
Trichophyton TEVEIIHMBRAFHIEIC X D FRISRTHETRIE L. ThTh

6 6



DERDODET % 0.05% Tween 80 ADEBAEKIEBL . HBREEHT 5x10°
SEF/mIIZHABELZ, 170 ul OHFTO— - ) I3—2-TaXF7i3 0165 M
Mops A ¥ RPMI1640 55 (NCCLS M27-T, 1995). 10 ul DFRBRZEHR. 20 ul O
PETRERE 96 NEEIM 707 L —MIEBMLEZ, 12707 — K&
27CT 5 HiEEE L 72, MIC IZARTABENRD SN NR/NBEE L TRE
L7z,

2 — 3. Trichophyton D5 FREEH & PR DFRE
yio¥7o—-7)a—2-FXK (0.2% peptone, 0.1% glucose, 0.1% KH,PO,,
0.1% MgSO,, 2% agar) tC 27C. 2. £F & 872 T. mentagrophytes D734+
% 0.05% Tween 80 A D ABBHE/KITHEBL 7z, BBKRD SEREEROWF 2
Br< DI —ETlE L. mERGTEE T 2x10' 5 £ F/ml ITHFHEL. 81
IR B SO DEEEKRE L, ¥/ 07 v — 2D Trichophyton 3R BEIEE D
FHEOZDHIT, OB EFREREZ 10% 7D 20— )VHRICHEL, HHET-
80°C THRFEL 7zo Trichophyton PUR DIRBD=DHIZ. nETREKZ 1,500 xg T
5AMELL. WBRLUEDETFERIKIIBRELZ, 121CT 15 pRA— kK7
L—70L. EEEKEMEEEYE %S DWE Trichophyton TUR & L THWZ,

2—4. BLNEY MDD ET7ZU I ETUEFTINECDEE
Hartley SPF €)L& v & (Japan SLC Inc., Shizuoka, Japan) @ 7~9 %, A A
ERTOBMERICHN, TLEY D 1 DO (FHAR 777>
B)ix. w5 b7 250mgmD %1 H2E, 2.5gkgKE/1 HOET
BOBELE, OB BAE- 787U E 92578720
(100 mg/mD) % 1 A 118, 0.25 ghkg HFE/1 BOBRTROKEG L, RIT 4 7+
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32 ha—)LOFEL. 2% methylcellulose. 0.5% Tween 80 #RIZ 10 mg/ml DIRE T
MELZZ7UBATIVESZ 1 H 10, 0.025 gkg KE/1 HOBTRO®KS L.

2-5. BETEILEY b-EFI

FMELEY M ETINTOROFLE ST h 72 > OFBHHEZITIEEY
NREFHMT D7D 3 BOEBREZIT> /2, KEHEAEE (Yamaguchi and Uchida,
1984) ~DO#RE, ER 1 TIHERABREZIISHED IV b7 2T, EB2
TR&ERAEDZ 7 b7 2 DB TN, EBR 3 TIEEHAE (Uchida and
Yamaguchi, 1994) "DORZEZSGHEDZ 7 b7 U > THRN=,

HREERET IIVOERIIROEL S IZTok, BIEY MEFOEREBEERN
A TSz, 2 cm BEOMIRIZ, #i&ET— T &5, N % 5 EEE DR
Uizo WBEMRELZMRIOLIC, T mentagrophytes 7 FIERBIKE 50 1l B
DTz, TNTNOEYDEEIREDERNWEZHIS-DIT, ERIMZEL T
BHBRLTMEZBRE L. KEREOESVNEROEBETAI7{LL, 0: %
EHERD SR 1+ 0 DEIEO/NS ALBHE RBNBIRICEET R, *
FRIZFHLWREND S ; 2+ ALBEMEEIMMZEEICIEAL. LS EDHICHE
WHLBE, RIE, R EOERDRD SNDIRE ; 3+ 1 BEIALOH TH
SN TRD S5 NDIREE 5 4+ : BOFIE R E 7213 MBS & /s
> THREDHANE L - IREE, REEOEHIIREEA DT OME /AR TE
> TRD,

BHEETIINOERIIROL DT> 7250 ul DR EFIREBRERE/N R
DH—EEMEEZE., TILEY FORBIHET —TICL o THEELZ. #
AN NG 3 BRI LTz,

ERERBICETOBMERL, BRFLOKEEZZ-><DYOHLL. &
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FNSDEET 10 FICYID 37z, RS OEBIIDE R EERTENETN
S IO dlz, ENENDKE /N IE cycloheximide 500 pg/ml.
chloramphenicol 50 ug/ml. sisomicin 50 ug/ml D A->7=8d 70—+ )L I—R «
REBEEHITHEZ A A, 27°CT 14 HMBEL 2. EHORFTOR SN S RE/N
FrEBEGEE Uiz, | DU LOBREGERE /N 28 T 2EHEIRHEZE
B E Uiz, D0 10/0. RODEELE D 5 /N R OREERGMN D KB/
FEICLD> T, BREBEZZTNEN0-10. 0-51CRAIT Y T LT

2—6. GELEZEIEY MO OB EER DB
[F 8D Trichophyton VIR & CFA ZiRE. FALL. 200ul ZEILEY FREHD

BRFICHEHLE, 0% 7HB. 5787202 Q5gkgd ZROKEGLZ,

®ELT 7 Hig, BBEZERO ML, HBSS F1THIZN < LT Falcon cell strainer
(Becton Dickinson Labware, Franklin Lakes, NJ) TIHE#iL. THEZNDOHIZDE 3

TCin & OEIEMEZ 7 — )L Uz, HIBRRERH ORILERE ACK lysing buffer T

A X8 (Kruisbeek, 1993) . Ficoll-Paque Plus (Pharmacia Biotech, Tokyo, Japan) L
CEHEL., iR, 550g T30 MR LLZ. BEIROBEZEI L. HBSS THEH,
20 mM Hepes. 16 mM NaHCO,. 100 ug/m! penicillin. 100 ug/ml kanamycin. 5% ¥

{1t FCS %&£ RPMI 1640 15 (complete-medium) Z#&i& L 7z,

2 — 7. MEEEBIROBEHE

FRIR O BRI complete-medium HR. 5x10° #if@/ml. n=3 T. BEZROLZ
5% C0, F.37CT1. 2. 3 HHER#E L. D& E concanavalin A (ConA, Sigma)
& 7+ 12 Trichophyton PURIE (AN 10%/ml DR & &) 2 TNTI10 ug/ml.
100 ul/ml OEIC/ED XD ICHML 7z, HEORKO 2 K. #liZZ bromo-
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deoxyuridine (BrdU) #&# (Cell proliferation ELISA system, Amersham Life Science,
Tokyo, Japan) T/SIV AU Tz, EA—A—ARTHEICED, HICERDAE
N7z BrdU 251 BrdU £ / 7 O—F )Lk & R TRIE L 7=,

2—8. X707 7—0 Trichophyton FREIEE
il D BEAZER 2 10 wg/ml ConA F 7213 100 ul/ml Trichophyton FURIEE T .

complete-medium H1. Sx10°lIf/ml THEEL 2. &2 A%, BEELHFEZESEL.
X877 =D Trichophyton RENEED T v 21 BIZEHINT 572912-80C T
REFELTZ. T v A I13EARMIC Calderon & Hay DHIEESEIZL TiITH 72

(Calderon and Hay, 1987). 3 VCOIMLET)LE v ~OEERNIZ PBS % 30 ml i+
AL, BEXI 07 7 -2 28 UBEBERZE L 7=, #ildZ% complete-medium &
BMBL. 96 NEETL— T 2 BERER#EL -, EEEROMBEREL.
complete-medium Z M A . Trichophyton 73 *£F7% 10*f8/ml DBETT L — MIH
mi., &~ 07 7 —2 & E/T ratio 0-100 &755 K512, ME L 7= 5% CO,
TFTTn=3 CIOMMIEELE, 7L—r2 =TTV - E2I—ILL., BL<BE
Uz, MIRRRBI 30 ul ZXBUT 4 v 2 ailB L. 4SCTRIBEL TS 20ml
DY TO— ) I—X - EBREBE L. BRTL— & 27C T 2~3 AR
#L,BHIO-—%23¥ L7, Y2707 7 — D Trichophyton BREEMENDE
EEFMT D201, BEIROKFE#E F1E & recombinant rat IFN-y (Genzyme,
Cambridge, MA) & Z D7 A RICIHRML 7z, BEIKEE LEFEHRICHT 5%
FOI/ER % # X 5 /= 1T, polyclonal rabbit anti-rat IFN-y Ab (Innogenetics,
Zwijndrecht, Belgium) % 37°C. 1 Kifil, BiE&ET LA o FaxX—-bLE <7

077y =207 vtA1RICMATz,.
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2 — 9. HREHEET
T—HIEFEHLSD THRRL . 2 BRIDLEED7=DIZ, unpaired two-tailed ¢
test 2172 72 72 3 FEE D LB D 7= 812 analysis of variance (ANOVA) & Fisher’s

PLSD @ multiple comparison test =172 /=,

%6 — 1. Trichophyton \ZXT 2557 h 72U > ESHEEFO MIC

Sabouraud glucose broth RPMI1640 medium

1. mentagrophytes T. rubrum T. mentagrophytes T rubrum

TIMM TIMM IFO IFO TIMM TIMM IFO IFO

Agents 1189 2789 6203 32409 1189 2789 6203 32409
Human LF 400 400  >6400 800 13 13 13 6.3
Bovine LF 50 100 >6400 100 13 13 13 13
Human TF 50 1600  >6400 6400 13 13 13 6.3
Guinea pig TF 3200 6400 6400 3200 100 100 100 25
LFcin B 3.1 6.3 25 13 50 200 800 400
Griseofulvin 0.25 1 0.5 1 0.25 1 0.13 05

T. mentagrophytes & T. rubrum DT NTHNORKZEY 70—+ J)V2—Z -+ 7
O Z F£7-13 RPMI1640 ¥ i T 27C. 5 HRE. TNENOREDS 7 b7zl >,
NS> Z27xU. 527 872U 2B JUBT I ECHEETFTHEL .
MIC (ug/ml) ZHIE THRENRD ST WEROR/NREE L7z,

3. #ER
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3 — 1. Trichophyton D57 ~ 7 2.1 T 5 in vitro M

T. mentagrophytes & T. rubrum {3527 b7 2> E RS2 X721 > OFEER
IEVERICH U TR EZMEERLIE (R6—-1) b7 B3I A7
CEORRHENENLDLE, T/ RT UL B TIEE 3 BOLOHRE
(Bellamy et al., 1994) ERLX)IVOERMRR SN, 7 7> b
27z T 87202 B D Trichophyton W33 % MIC 3B #k & il Bt
WORBBICL > TR > Tz, —F, JIEEROT U4 7ILE > D MIC i
FEAE—ETHo/. 7 -7 2ERT AT ) 2id RPMIL640 Bl
PTloEmEEERLZOICHL, 772U B TOo— - J)LVa—
A TOARTEEETH > 72,

3—2. BILEY FEHBIIHTLAIROKES I b T2 > O%R
FESEBEOEINEY PETIHNTOERL, 2 (K6 —1) ZBL THEREE
BAOAT7V T U, M6 —2A KR 2 TOEEREATT DELZRLT
Wb, RIERES Y b7 URE5HT, BYOREIIESE 4 HETHEN,
REEBIIXRBIZE<S D, BE 13 HETRRLNINCELZ, RLER T
2 19 BHICHRBRENHBE N, 727 b7 DHREFFTRTIUIRS 16
M5 17 BEICEE >z, RUBHES I b2 UREBOFIGHREAIT I
B 18 15 20 BICHAT THERBEERLZ (P<0.05). ZOREEDENL, £
B2ICBUISRNMBRES 7 b7 EREH (%5320 B) OB EE
FEDEEMNS bHERTES (M6 —2B-E), CHSOBEHRIEIII MU
D AR ENEEORAEGHELE L), BREBHEEZRETSIEZ2RLTVS,
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Experiment 1

-7 0 18 21 days
L I 1 |
A% A%
Inoculation on the back Culture study
< >~
N ~

Administration of test agent

Experiment 2

-7 0 3 20 21 days
| | | L
\Y% \%
Inoculation on the back Culture study
< >~
N~ P $
™~

Administration of test agent

Experiment 3
-14 0 7 34 35 days
I I I 1
\Y \Y
- Inoculation on the feet Cugre study
A <

Administration of test agent

M6—1. ENEY NABETIVICXDERT T 1. £B 1 & 2 T T
mentagrophytes D5 ET 100 B2 ERITHEE L. RUHRS 7 b7z U &
FRZUEATIECEROKE LR, BE 21 HEIKER 3 TE. T

mentagrophytes DT 10°EZ BICHE Lz, RULHKZ 7 b7 ol 22
g5 L7, B35 BEIC. BREREOEEZT0HL. RET2EEZRH

TEHEDICEELE,
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Average scores

w

N

—&— Untreated control
——LF(-7 to 20 d post-infection)
—&—LF(3 to 20 d post-infection)

0 4 8 12 16 20
Days post-infection




K6 —2. HEHRAEEDY AL A—ALEKTEFEEINEY NOEERE
GH. MARER2ICBTD, RUBHMm=6), 7 b7V B (B4
7~20 Hi%5. n=6). 7 b7z @R (B4 3-20 BHES. n=7) OKE
WAVIGA T 28T, REREEIZ0~4 TTAITILL . * P<0.05 vs. KA
B AN ERAE T, RIERE®B, D). 77 b7 ) SER (RE3~20
H%5) (C, B DWTmRL7z, B 20 HE T, RUBEIIFZRET 2MEFERKR
ZrRIM (D) 7 b7z CABBIIREOKEERLIE (BE).

BMERDORMKBIC, WA OEEETOEL, BBECLVEFELTVD
Trichophyton ZEB L7z, EB 1T, BAEDOS 7 b7 > (025 gkgd) &
SHEOI 7 hT ) (25 gkgd) ORELELE (K6 —2), 2BHED
REOS 7 h7x) &7 T7IVE NIFRRREERRT I B2, A5
BHOBYEELILKTSE, GRHEOTZ AT 2U D OEIMERED TV b
7 CKXOMRNELS, SHAEBEI OB EOMTEEENRD S
Nz, £ 1 TORRICEDE, UBROEMERTRESAEDS 7 FT Y >~
BV, B2 TIES 7 72U > REOHBOZEZR Nz, 1 DOHTIE
S b7 EBRE 7 BREINSKREGZRBL, MNOBTIEIS 2 o 2%
B 3 HENSHRE Lz, MO THEYRIREIIMET LA, BR%I Y
R7z ) fBE58EI FO—IIBETOHHFERERENDN,

EER 3 TREZRBBELAEVWIENMHSNTVWS BEHBOETIVEAWE, T
DERTIE, I> o= )VEOFEEEREL, EVWAHZHEDOEAOIE DN
DEHEMEOEM T (R6-3). T T UEEE 14 HEihoEL
BT ERICBNWTEESREORBIRETRR SN,
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H6—2. TIEY MEEBABET N TOIZ b7 ) > OBEDHRE (E5 1.

2)

Agent Administration Fungus-positive ~ Average intensity

period rate (%) of infection

Experiment 1

Untreated control 5/6 (83) 6.5
LF (0.25g/kg/d) -7t0 18 4/6 (67) 3.0
LF (2.5g/kg/d) -7to 18 5/5 (100) 1.8*
Griseofulvin -7t0 18 2/6 (33) 0.5*

Experiment 2

Untreated control 6/6 (100) 7.5
LF (2.5g/kg/d) -7t0 20 5/6 (83) 4.0
LF (2.5g/kg/d) 3to 20 7/7 (100) 3.1%*

EILE Y b DEFIT T mentagrophytes EHE L. 27 b7 x> 25g/kg/d
¥7213025g/kg/d. 7 UtEATIVE 2 0.025 gkg/d ZROHKE LTz, H5HEIX
B OHELTRLE. BB 21 HEIZ, WMAESMSYIOH L LB EKRET
ZEEOREOEZDICEE Lz, EEEERIENETNOROEREGEEME
/LB ETRT. PHREREIITNTNOEHO 10 K/ F ORE#BME
INFEIZHEDNWT 0-10 FTRAAT Y > L7z, *P<0.05vs. RAEFRE,
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£6—-3. BILEY FEABEETINTOS Y b7 > DBENR (EE3)

Agent Administration Fungus-positive Average intensity of

period rate (%) infection

Toe portion  Heel portion

Untreated control 12/12 (100) 3.6 4.7
LF -14 to 34 10/10 (100) 3.5 3.2%
LF 7 to 34 10/10 (100) 4.0 4.3

EIE Y NDRIT T mentagrophytes ZRE L. 527 b7 x> 25¢g/kg/d %
FOHFE Lz, H#5HMIIBREOH L TORLE, B35 HREIZ, RERD
SYIDHLI-EEZEETSERORHOZDICEELE, EEGERIETNH
FNOBOEEHBEER 2EEKERT, FHREBRERITNTNO RIS
D 5 EENFROERGHENERICEDNWT 05 ETRAITY LK, *

P<0.05 vs. RULEEE,

3—-3. 57 7z REOBBEBEEHEANOHE

Trichophyton FURICMT B RBREND S b7 o) VREOZEGOREEH
RBPEDIZ,EIVEY b % Trichophyton IR TRIEL 57 b7 1) > % 1 BEK
BL7T-. BfE 1 BEI%IC. <1 b= 1 > ConA £7213 Trichophyton HUR DRI
2ot B IR B ER O RE RS & . 3 BRI O EMEICOD Iz > THNZ (K6 -
3). BrdU OELDAH DN, ConA FIBIT K o TRIE, FERAEB MR DM
. Trichophyton FURHIEIC & > TRAEEMHR OMIB TEIE S Nz, RIBUS
LOMIEZSHETORT, 57 b7V V%5 BrdU RDAADEKT, DX
DIFERIGOE T Z2FE L.
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Non-immunized guinea pigs Immunized guinea pigs

0.6 0.6
e} o
~ 04 = 04
2 S
5 g
: .8 S
No stimulation 5 g
2 02 S 02
: : ii>&\\L
@ &)
0.0 *3;?%1 0.0 =
0 1 2 3 0 1 2 3
Incubation (days) Incubation (days)
2.0 2.0
1.8 1.8
5 1.6 DQ 1.6
C 14 0 14
S 1.2 5 1.2 =
© ©
‘g 1.0 g 1.0
ConA 5 0.8 e 5 0.8 *
Q Q
£ 06 £ 06
o) -]
T 04 T 04
m m
0.2 0.2 *ok
0.0 0.0
0 1 2 3 0 1 2 3
Incubation (days) Incubation (days)
0.6 0.6
: :
;:’ 0.4 Z 0.4
2 8
g g
o (@]
. [o R
T-antigen g 5 *x
g 02 2 02
o) )
2 B
s o) ok
L3
0.0 0.0
0 1 2 3 0 1 2 3
Incubation (days) incubation (days)

6 — 3. BIIROBMBRISE~ADT 7 72 X RESO#E. 6 LOTILEY b
DR Trichophyton PR ZBIEL , 70 D 6 ILIBEL 2D o7z, TNTND
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WO3MLDDIIT /7 72U %27 BEROERSL (@), ROD 3 IKICIIES
Liginolz (O). BfE 7 BEIZ, BEKIRZBEEEL . ConA X/21d Trichophyton
PURRIBS 0. 7a LT, MU T THELE, 1. 2. 3 BHOBEORERD 2 K
. #if2% BrdU T/OLAL. HIRICE DA E 37z BrdU & ELISA £ THIE L 72,
* P<0.05, ** P<0.001 vs. 527 b7 ) 2REFEEHEI > bO—)l, FEROFERIIMO

2EIOERTHE SN/,

3—4. X707 57— Trichophyton ¥ E1&E M D HIZIREE LIFIC K S

RoOO7y—PORBEEERAGITSEBIROL T 275 —HAaEZ.
Trichophyton FURTRBIEL Z 7 b7 > &K 5 LB EY 2RO TERE
U7z AR 1 B, B S BLRE U 7= IR OO BiA%ER & ConA F 7213 Trichophyton
PUREILIC 2 HEEEL, BoNEELEZIOT 7 —2 D Trichophyton
BEEEZARDRINAZ (K6 —-4), T1—TEILEY RS HESNLE
HEDEME~ 7 07 7 — I E/T ratio IR TF U 72 Trichophyton B BETE 2R L 72,
07 7 — P OREEEIIBIEE L IIEBEOT M HIk OBk E LFZE
BMTHIETEE> 2. FIC, BREEHEOSUEIRIELEENDI 7 hTx
D >RSIz BkOBEIREE LIFICBWTEFICR SNz, BIEBY
TOWRREERD &, EHEREE LFICLIREEEOTEIZS 7 b7 ) 23
BEEMED S 7o) DEREEMDIZDNKEN Tz, PURRIBUL L TH
ELEMIBTY, ZOEEEFEIREEEZ&DZ, —H T 278722
158 & IR 5B ORI DE L. Trichophyton TUR THIM U 7= RHAZIC BN T
BHYEETH-. BIELSZ b7 > 215 U8 dsk O B £
Bk savrn7y —REFEEOIER. 2 05 20% 0B THEKAFRNTDH
57 (6 —5). 10% L& 5 TP rat IFN-yHUK 0.1-10 ng/ml DEINT K
S>THZ2N~ (M6 —6). recombinant rat IFN-g {3 1 ug/ml (3,200 U/ml) £ T
OHBHEBETEIEY b 2707 7 —2 O Trichophyton FREEEZ SO 2

(6—17).
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Immunized guinea pigs

Non-immunized guinea pigs
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K6 —4. BEEIKEE EEDOY 707 7 —3 Trichophyton BREEENDHE. 6
EOEINE Y b DRBEI Trichophyton PR ZBIEL . D D 6 ILIZEMEL 785>
2o TNTNOHOD 3LDODIITV7 b7 ) >% 7 HEREO®REL, %KD D 3
PRIZI3FRE L7am o 7z BAVE7 H BT, B K 2 BB U . ConA X7z Trichophyton
PUERIBH O, 72LT, HEL, 2 ABOKE LFEERLE, X707 77—
D Trichophyton FEIETEIZ L7z L (A). T2 b7V > REGEWEKOHM
fBEE10% (O). 77 b7 ERE5EMHEOMIELTE 10% (@) FTTT v
ALz, * P<0.05vs. EiERLOYZOT7 57—, *P<005vs. 77 7zl
>R GEY R ORIIE LI 10%Z2 A7~ 21807 77—, ANOVA & Fisher’s
PLSD IZ K B f#ff. thod 2 BIOERTH RKROFERNE SN,

Supernatant

120 00%
02%
B 5%
B10%
W 20%

100

80

60

40

% viable Trichophyton cells

20

E/T=25
6 — 5. BiEktE®k FElc kB~ 707 77— Trichophyton BBEIEMETHED
BiktEME, 3ICOTINE Y b % Trichophyton FURTRMEL., 7 b7 2% 7
AR O S Lz, BET7 B, BIRREBIKREZEBEL . Trichophyton VURGFET
B L7, B2 AR BEEEIN Lz, Y7 07 7 — PO Trichophyton &
TEMEIT 0~20% D _EIBFRINC & > THANRZ, * P<0.05 vs. TNETND E/T ratio Tk

ErlLoxrzodyr—1,
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—h
N
o

o 120
©
‘c’ 100 ONo sup
g W 10%sup
£ 80 i . % 10%sup+Ab(0.1ng/ml)
S % siE—=! | B10%sup+Ab(1ng/ml)
E 60 i = B10%sup+Ab(10ng/ml)
ko
.'8 40 i =
S =
°\o 20 —
i =
0 =
ET=0 E/T =5

6 — 6.2 07 7— Trichophyton R BEIETE DBEIRIEE LIFICL D TUED
PUIFN-y PURIC K BHE, 3ILDOEIE Y b %E Trichophyton FUR TRBIEL . T2
b7 ) 7 HERORS U RET7 B, IR AZER % BB U | Trichophyton
MURGEETFTHEEL, B# 2 HERELRZENLEZ, 7077 —20
Trichophyton % EIEMEIL 10% EWEE. SRUZBEOKRY 7 0—F )V rat IFN-y
PURTRINC K- THRZ, * P<0.05 vs. TILEND E/T ratio TLIFRL DI O

T7—
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e
D
o

Rat rIFN-y

1% 120 (ng/ml)
Q I oo
g 100 01
g T @10
S 80 @100
5 W 1000
= 60
)
2 40
S
EE

0

ET=0 E/T=5 E/T=25
6 —7. BINEY YO T 7 —D Trichophyton BBEEMEITH T 5
recombinant rat IFN-y D&, IFN-y (3 0~1000 ng/ml DBE TY v 1 RITIA 7=,

* P<0.05 vs. T 3NEND E/Tratio TIFNwy/2L O/ 0O7 77—,

4. BE

KEFEIZBNT, RERIRE Trichophyton \H T HEER. It LAEKREN
L2 b7 ) > OERERANZ, 727 7Y 2 in vio TEZENIZ T
mentagrophytes & T. rubrum DFEEZMHIETZ L, 7 h7 Y > oRO%KE
MENEY PEHBOBBEZEET S EARENZ, 51, I 772U
DEINE Y bADOFGIIREO BRI O BSOS 2 MG U7y, BEERORE#E
biglE< 7 a7 7 — O Trichophyton BRENEMEZEE L 72,

Trichophyton @ in vitro BEMHABR T, S b7 )2 ERT AT 2
RPMI1640 FEH T L DERENE VW E. AT b7 DHERORTF R, 5
7Dy B TO— - VO —A - TOZARTIOEERNGN I &M
RENFE, TOBVWETEFNFNOHEANZALDENWERBRTSHDEED
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N5, 70—+ 7)) aI—Z + TOXTIE Trichophyton \3B2RICEE T 570,
77 b7 BOXIRKRENIYE (53 8) ITRZMHESFHODITH L,
T A—=ZZEHIML TR RPMI640 FTIEP > DRBFL., REICEER
KORBENZ 7 F 72U R R T 2 AT ) k- THIREN S 2 &Ik
ZUNE<BOTNDBDIESS, MBEFRO T2 7)) > LRk, HEICE
ML TEFFEROBRBRICE > THItEN2 I 7 by i3, AETER
$ B Trichophyton ZREIL T B DICEE B XA L TNWD I ENTFRINS,
TRV R EREDWE EREPITER S EFEROBTICLD. ROKRELZS
JhT7x)NEINEY NOBAROEHZRET 5 EAREN, ROKS
L7zo 2 b7zl NEHERT S OBENCHENTIRERZNRIIERBERN
HiT&ES, LML, 2O LN SBENZECATHEEBETIDLD A
BEBRERNED L THSNLONEERNES, 1 DORREHITERLEZS 7 T
U WL THRZRTF R (Kuwata et al., 1998) WHE N SIS N, MR
2O TRREEHAMIGEL., £ TERNAVERERZRTEVIBORE, ¥
Y—ALT7 U —THHALEZBRL TOWRWEREFRNICT A — T OFEKTIE, EBRL
o7 b7z KRR EN, TOEEORFETMIRICIAD, T REFS
>ay 2 U THEERZRYT 2 &EMlE I N TV % (Mehrazar et al., 1993;
leeetal., 1998). LWL ZDEHETIVIZIER ITEBRLHITH 2, EEDEY
ERTIIEBERLUZY D/ ERBAEE S NEXRTF ERBEEN S RINI NS
RIFEFITEL, BLEY PEHAVWETHROERTHE, 77 b7 > OER
#%, ELISA B> THmiEHFDOS 7 b 72U 57 72> BBEEART
FRERHET B Z SRR N > 2. I SITIIEFRD Trichophyton BIEIEMED L
R)WES7 7)) RSB EERGEMETENIRN > Tz (RERT —

&)O
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RORELES7 7o) VIZARICH LT, BEOHEEERTIZZL.
ERORBRIIHET DI ETHEINRERLEAREENS D, TTAANDT
7 h7 ) 2 OBERENRSGE. THZ T L7z NK #IBEOEEICE D b XA
AT AN AR LU THEDRERT I E, ZOEEMA IFNYyENS E >
TNAHZENMEINTWNS (Shimizueral,, 1996), £/2T77 7V > OO
B5M, HIBHIZD ConA RIBIC L 2 IFNAEEZED S I bWEIN TN S,
(Nakajima et al., 1999), 5 L7257 b7z 3B EHRBRANO H 5O M
ERIET 2 ETEEORBERE. BICHRERZEEEN L. T R
DINEIZDRBNBD I ENEZONS, TOXDBKFEILE, ROKES Y b
7zl > OMBEEKOBEERENDOHEERAN, PFURDOEETF. FEFEET
T, ©LATI 72U oREICK D EIBEZIKROEEIZEK T L,

FABRTIEET S, BBEBBKOL Y 277 —#ieL LT, /077 —2
Trichophyton FEEMEEED 2L — M IAIERICHTES5 7 b7z 2 RED
HEEHELE, VIRRELSZ b7 2 &ERELZEIVEY N OBEBIREE
#EHREEFCYIO7 y - ORBEEEE&EDZ. —. PURBIEDAL 2
M, T2 R7 ) ERELEZETOEBYOEKIREE LB WEEERY
BERLE, COZERSI T EROBRETS LN, FREEER
TS OBBEROT T 2 VY —BEEEmD DIt R T FILELT
BNTNBZEERL TS, 207077 —HEHEOTTEERIL. ex vivo
\Z BT ConA R Trichophyton PUR TRIB L 7e /5 L EEEROEE EIETH RS
Nz, HHEEIRY Ty NI, ex vivo TOHIRFBIZEK O YA MAA 225
WTBEDIchoEnd LD, /a7y —UrEHEEIEE5T T2 Y —
YA A EBWTHEDITinvivo TII Y bAZ M ZZIFTWEzEEDON
%, E)NEY MIIL2IFNs Z2EAET DT ENHS5N TS (Martensen et al.,
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1987; Dejean et al., 1987) 7%, BELTIXINS DY A M1 > % ELISAEP
RT-PCRIEICKOERT 5 T LILTERWN, %@sz@ 2. ARBTIIZ O LK
MY OOT7 57— OREEERE&HODHRNH D I & & T OERDH rat IFN-y
FUKICED T 0y 7 3NB T EERLE, S 5ITHBHEBED recombinant rat
IFN-9yIZEINEY b =207 77— D Trichophyton 3% EiE M Z & D7, ConA %l
MUY - MBI LI 07 7 — P OHEERZFET L, £
DIERIEZ IFNyIZER T 5 2 ENH|E TN TS (Fortier et al., 1992) . ZH 5D
ZEMNSTEIINEY NEEEMS WS NET IO T 7 — D &2EHRIET 591 b
KA IS IFNyR YA bAoA > TH B EMRBIND, BRIRKITE S IFN-yik
HAMIA D OEEDFEEZFNCLBZY I OT 77— D Trichophyton \IXT
LEREEMEOUEIL. BRO®BS5 T2 b7z URAREBM TIHREDIRERT D
BLEHB1IDDANZALTHDHEEZ LN D,

IL-2 & IFNYIZEE Thl BH A A > TH S, IL-2 13 T HEOHEIEICH
BICERL TS, —F., IFNyZX 707 7 — 2P &E LT 50 0BEE LT
T — HA ~HA 2 THB (Fortier et al., 1992; Stout and Bottomly, 1989) .
X 51T IFNyI3 U > /SER, KR Th2 MEOBEZMET 5 LA TNS

(Gajewski and Fitch, 1988; Dalton et al., 1993). 727 b7 ) > OFEUTL D,
BEEBROMBKIEORT S, BBEIROT 7275 —HiEDm EOFER. IL-
2 DMEERA - IFNyDEETUEIC X > TRAND L, LML INSDREF
RIS OWT, B A M1 VEARELEHS, BILEY PORDDIIYT A
THAIEEF T CENBRETH D, 51, IV b7z LTS —
XY AONERFEBEICEEL, ENETDI I FT U ERYTA T
PRI ULDLETY —~OEEEHEHETS (Huetal,1988). 727 b7

T L REDWHRTF RN L. EVab— b a5#ilREL
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T/NGAREARR N OME D S Bk S 1= 5,

AFEE, ST T2 OBYEICBIAH L WEESEE RLE, B
ENTORKERT, 57 72U L OROREMEROKELRESES
EMREINTZ (Yamauchi et al., 1999), 527 b7 U VIZEAREHRET H7200
TERIGRMBAT E L TSHANAEEN S Lz,

5. X&®

HEEOERE Trichophyton [T 5T 2 R 7o) > OEBER. 755 NI AEK
ENLUEERZBRE L. EhED O Tz, 787202 B
Id in vitro T T. mentagrophytes & T. rubrum DT ZHHI L7z, T mentagrophytes
B LZENEY NEEBETIILELTHL, W2 - 527 72U 200
BED in vivo WRZFME L7z, HEEBBEILEY MZBWT, 772U >
FRERBOKEREOUFEEEEL. RERIRLEHOBRZEEICETS
iz, BEMEILEY MIBWT, IV b 72U > OREIIROERMICESE
WEEK T8k, 51T, Trichophyton PURTREMEL ZEBILE Y b OBIBEK
ROGEISEHAD, 77 b7 D BREOEEEHNZ, RORE LT Y
h7 o) i3, BE. EBEORFZFOEIE Y b OBEBERBEERISZIHE L7z,
UM L. Trichophyton FECTRIEL 527 F 721 > &R ELEELEY OB
BREEE LiEIL. BIEDS. HDVWET IV T BREDOHEZITIZEINTEY
NEHB L T EEOEES 7 07 7 — D Trichophyton BENEEZEEICED
7zo T DIEMEFUHEIIHA rat IFN2yPUADORIMIC K > THE SNz, EEERKOY
ra7 7y —ENELETAERIE at IENyTHRE SN, 25 O/FERIT. #£
O#ELEIZ F7x) 20, BEMERLD. £AORER, KFiCHilER
BERAG T D& T Trichophyton BEICKH L TREIREZRL TWD I &R
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=
ci>

BTE KR

V]

ARRIET I R T2 L L2 DERT ST AS b, BEERLE LK
PEREITN T 2 IMEERICDE, in vito ZH01T. B2 in vivo THRE L 7=,
F2ET, ST HROHERTFR, S/ RIS 2 BOYS
LBERT L monocytogenes 12Xt S B BRI, 275 NIRYEE Escherichia coli 75 & 12
MIBDERUSHENITH O, —lil1 4> Hic k> THEZ ST 2 En
S5, MBS U TR FEROERER 2] S Z RS NE, 2L,
NEBERILRE MICO) 2 1ugml AFTHD, ZOBENRS Y R Txys>

BIZH L TREZEOE NI ENRIN-,

FIETE, 7 b7z P HEENEOREEEREICHT 2ER2RTS
Ut LT I b7 B OPEEARY ML ERE Lz, ERFERE
L ODIREMER 75 RICHdT55 2 b7 202> BO MIC 2IELE. 20
R TR T2 BICH U TRAREE. R EEEEIT s R
EWERT I & HEMERESE, FEARERIEE Ekickomstioe
WHRSNEZ &, EAMEERNE. BEAEEIRINERTZENbn o/,
KT, SRIRMEEERE C. albicans (T 5T 7 v 7x2) 3 BOWBE AN L%
BEtl7z, 57 b 7xU s> BISHIEOBRBERIIEICIIFES2 523, M
FAA KDttt & MRS O pH O EF. DF 0 HOMBENAOFHEAZB SR -
TIENS, MIBEIAMERSTHD I LRIz,

FAETIE, 772V BHROEREETI VB2 5D 9% T
TEZELT DML, NTIIULICKDERLERTF RFEEOHIER - 5
MEEEEZ 2 7 ORAFIEICK DMLz, D HRLiCk D58 A L

AeFhBRIC & 2 IEHR D MIC (. C. albicans & T. mentagrophytes \ZXt LT, T %
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7TV 2BD12M5 1/4 TH> T, EEROEEDO LFITHESEIIHLTH
RSNz, EIHIT, PRI DOWTHRETLEZ, VRV —2U VIEEDE& 7
ADVECBRIZEDBBILDORIIBNT, 77z BRIV ET7Y
> EFRRICBALZME L7z, ERO R SEEHREIC LS 9 REAFERIL. Z0%K
KBNT, I27 b 72U 2B &0 100 EREERNIREEZRLEZ. TN
TEEMERTF FAOIREOMMIZE D) VIEBE~OHMENZ 2o 72
EEALN, IO L bRt ZEick ofilg~oBfttbm<anEn
PIER - FIMEESE2RETZ LSk Bbh 5,

HEEOHREICIEBOMEHEANERINTWSA, ZORTRONAS
NTWBETY—IRMEERL. 2787202 I3 772U B &HHE
BN C. albicans DFEEZIHITSH I EME S BIZBWTRE N/, C albicans
DFHERTO—DEL THARICHEBTLIBZENB TSN TS, C
albicans ZEHRRICEBE I EHARADREREMIIERTED I YAIINATF
Ly bR @BEEZRANT, 7YV )V RIERAICHEOKR TR LIZEZA. [
HOMBWENBATEL, ZOZEEI V7M7) D EERBROENTFEEHE
ETEMEEOHBRNRESNTHAVNDIIHNLT, 57 72U CHEERD
ENOERNTIE. MHEEOHENMEREL THWa I EDOERZEERI TS,
HBEHEOANZZLEL TR Z b7 o) VEEMEICLSRERICLSE
BIPEHR > T OEENBRL THWDAREELND 5.

SH KT IZAEOERTZHATORERURELED DRI TH 5,
¥ 7Y L EBRTSIEOEEMNERNBMERICKOREBREINT
W3, He=ETIE. 77 b7z UROBROERIEICNT S in vivo fEM 21
MDDSEDIC. ENEY NORBET I ERVWTERE Lz, FRIEREFIZEN
T. 52 h 7Y L IZEREE Trichophyton {2 L T, in vitro THEMIEEEZ
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mUlze =75 0 b 72 > OROBRERABTTIICBNT, BREOEE.
BRI TORFEROBE T EH725 Lz, 2D in vivo TOEA AN =L AIC
DWT, 7 b7 ) COEENSTEERNTS L TS &0 EFES
NIKIN S JZMN Trichophyton FUR TBAES N, 72BN DT/ h 7)) > OK O
BEZILEIEY b OMBREEEKEE EBIY 2707 7 — 20 Trichophyton
REEMEZIHE RO D 2 EbM o7z, E-E3% FIEOEMEAKIL IFNyEY
A RAATHD I ENREINZ, TOT EIZEBICKT 2 LR T
HOMBUEREZS I b7 CROBESNED TWEAREEEZRL TS,

FMRTRONTZHERERETDE. ARKEOSZ 720> HB0WIEE
DIEEET I TALM I 872U BIIEBEBREIIH L CEEEERICK
DPEMET 7275 —nFELTH<EEZSN, ST UL > B ITHE
BADOHKMEREDEAIL > T OBREEORTF RFEEKEORRNATRETH
Bo 2TV —NWHEBERICL2LFREONREERNICHFEET S5 h 7
T 2MEDTWD ERDND, OERACBEND Candida 12X L TIE7 Y —
WVRIES D b7 o) VEOROICKB0EABEEOFEDELHFEINS, —H.
REEREICHL TEROBRLZZS 7 b7 o) I3 ER W LIRS E Z1F
F-AERORE R, FITHIRNE o B X . IR AEARBE EERE & D B 15 E
ZREObDEEIOSNS, LMLBAAERSOSNTVWSHETIE. £+ 753EH
Tid7e <, ERARBEOL D> TV, 8, REFRNLZFEMBRE NV ET
H5.
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EaE

AR EEDDIIHIZD, HEKED TXBENLEEE L EFAAFEKRAS
HAKRIRERLE R RK, AEBIREERTR, R REER EVF
EREBERLKKICEATREHAOBZEZRLET, k. REOSWMITHEEZN
FEELEFERRKEFEERIR T > ¥ -kl OEHEE. RANEBAZR.
FIERREHEA (BN, FRRFEEERLHRBRITREMHILET.
51T, FRKAEMRSH BN EMAMERARERFOERZIEICD, ER
DR, REREZFIN R CEMRERRRT OBRE OBRICIH WL E
F L7z, LIPSREHELET,

BB, ARNZZEDDIIHED, SRKFEEREHBBIRIR IO Z
AN EE L, 2T BESEHOEEZRLET,
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ABSTRACT

The susceptibility of Listeria monocvtogenes to inhibition
and inactivation by lactoferricin, a newly isolated antimicrobial
peptide derived from bovine lactoferrin present in cow’s milk,
was studied in laboratory media. Lactoferricin showed an effec-
tiveness similar to that of many clinically useful antibiotics,
causing complete inhibition of four strains of L. monocytogenes
(serotypes lb, 2, 3. and 4a) at low concentrations varying within
the range of 0.3 to 9 ug/ml depending on the strain and the culture
medium used. The effectiveness of lactoferricin against L. mono-
cvtogenes was not strongly affected by the presence of various
carbohydrates or proteins but was somewhat diminished in the
presence of various salts. The peptide showed potent activity over
the pH range of 5.5 to 7.5. The effect of lactoferricin was lethal.
causing a rapid loss of colony-forming ability with all four strains
tested.

Listeria monocytogenes is a bacterial pathogen which
has emerged as an important problem in the food industry
(1,2,7,10). This organism is the causative agent of listeriosis,
a disease which often manifests itself as meningitis or
septicaemia (2). L. monocytogenes is widespread in nature
and can be isolated from a variety of foods and food
ingredients (/,7,11). It can survive and grow at low tem-
peratures (8.9), suggesting that refrigerated storage is prob-
ably insufficient to prevent its growth in dairy products and
other perishable foods. Accordingly. it seems important to
identify novel means of controlling the growth and survival
of this foodborne pathogen.

We have recently discovered a potent new antimicro-
bial peptide, named “lactoferricin”, generated by gastric
pepsin cleavage of bovine lactoferrin (Bellamy, W., M.
Takase, K. Yamauchi, H. Wakabayashi. K. Kawase, and M.
Tomita, accepted for publication in Biochimica et Biophysica
Acta, 1992), an iron-binding glycoprotein present in Cow’s
milk (3,6). Lactoferricin is a low molecular weight peptide
consisting of a single peptide chain of 25 amino acid
residues having the sequence Phe-Lys-Cys-Arg-Arg-Trp-
Gln-Trp-Arg-Met-Lys-Lys-Leu-Gly-Ala-Pro-Ser-Ile-Thr-
Cys-Val-Arg-Arg-Ala-Phe. It has a quasicyclic structure
owing to the presence of a disulfide bond between its two
cysteine residues. Interestingly, this potently active peptide

contains no unusual amino acids or foreign chemical groups.
In our opinion, considerable potential exists for the wide-
spread commercial use of lactoferricin as a safe and effec-
tive natural preservative, and we have developed a manu-
facturing process for large-scale production of this new
antimicrobial agent, using bovine lactoferrin extracted from
skim milk or cheese whey as the starting material.

Whether lactoferricin might be effective to control the
growth and survival of L. monocytogenes in various com-
mercial applications is unknown. As an initial step, the
present study was undertaken to investigate the susceptibil-
ity of several strains of L. monocyvtogenes, including clini-
cal isolates, to inhibition and inactivation by lactoferricin in
laboratory media.

MATERIALS AND METHODS

Preparation of lactoferricin

Bovine lactoferrin purified from fresh skimmed milk by the
method of Law and Reiter (6) was dissolved in distilled water at
a concentration of 5% (w/v) and the pH was adjusted to 3.0 by
addition of 1 N HCl. Pepsin (10 units/mg; #B151. Difco Labo-
ratories, Detroit, MI) was added to a final concentration of 3% (w/
w of substrate) and hydrolysis was performed at 37°C for 4 h. The
reaction was terminated by heating at 80°C for 15 min and the pH
was adjusted to 7.0 by addition of I N NaOH. The precipitate
formed (less than 10% of total protein) was removed by centrifu-
gation at 15,000 x g for 30 min and the supernatant was retained
and freeze-dried.

Lactoferricin was purified by reverse-phase high perfor-
mance liquid chromatography in two steps. After each step frac-
tions were collected, dried under vacuum in a centrifugal evapo-
rator and assayed for antibacterial activity. Initially, pepsin-hydro-
lyzed lactoferrin was fractionated on a column of TSK-GEL 120T
(6.0 x 150 mm: Tosoh, Japan) eluted with a mixture 80:20 of
eluants A (0.05% trifluoroacetic acid) and B (90% acetonitrile in
0.05% trifluoroacetic acid) for 10 min followed by a linear
gradient of A:B from 80:20 to 40:60 for 30 min at a flow rate of
0.8 ml/min. The active peptides were further purified on a column
of COSMOSIL 5CN-R (4.6 x 150 mm; Nacalai Tesque) eluted
with eluant A for 5 min. followed by a linear gradient of eluants
A:B from 100:0 to 55:45 for 40 min at a flow rate of 0.8 mi/min.

For assay of purity. the lactoferricin obtained was applied to
a column of TSK-GEL 120T eluted as described above. The
absorbance at 280 nm of the eluate was recorded and the relative
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concentrations of sample componenis were estimated from the
areas of eluted peptide peaks, Homogeneity of the lactoferricin
obtained was further confirmed by automated Edman degradation
using an Applied Biosystems Model 470A gas-phase protein
sequencer.

The purity of the lactoferricin used in the present study was
at Teast 99%.

Cultures

Four strains of L. monocytogenes were used: IDF-lb, sero-
type Ib (IDF denotes International Dairy Federation, Toyko, Ja-
pan); JCM-7672, serotype 2; JCM-7673, serotype 3; JCM-7674;
serotype 4a (JCM denotes Japan Collection of Microorganisms at
RIKEN, Wako City, Japan). The latter three organisms are human
clinical isolates,

Assays of antibacterial activity

L. monocytagenes strains were cultured in a basal medium of
1% bacto-peptone (Difco Laboratories), pH 6.8, or PYG medium
(1% bacto-peptone, 1% glucose, 0.05% yeast extract), pH 6.8, at
37°C. In some experiments, the culture medium was supple-
mented with various carbohydrates, proteins. or salts as indicated.
The extent of bacterial growth was determined by monitoring the
optical density of cultures at 600 nm. Stock solutions of lactoferricin
were prepared in distilled water and filter-sterilized before addi-
tion to sterile culture media. For assay of antibacterial activity, a
standard inoculum of logarithmic-phase cells (10° CFU/ml) was
cultured for 16 to 20 h in a series of tubes containing 2.0 mi of
medium supplemented with various concentrations of lactoferricin
(0 to 60 pg/mi). The minimal inhibitory concentration was taken
as the lowest concentration of lactoferricin that caused complete
inhibition of growth. For assay of bactericidal activity, each strain
was incubated in basal medium with or without lactoferricin at
37°C in a shaker-incubator water bath. After the indicated time,
serial [0-fold dilutions were prepared in basal medium and plated
onto plate count agar (Eiken Chemical Co., Japan) for determina-
tion of colony-forming units. Each experiment was performed at
least twice.

RESULTS AND DISCUSSION

The minimal concentrations of lactoferricin required to
cause complete inhibition of L. monocytogenes were deter-
mined using a number of different culture conditions. The
effective concentration of the peptide in 1% peptone or
PYG medium varied within the range of 0.3 and 3 pg/ml
depending on the target strain and culture medium used
(Table 1). Various carbohydrates, proteins, or salts were
added to the basal medium of 1% peptone to determine
their influence on the antimicrobial effectiveness of
lactoferricin against one of the most resistant strains,
L. monocytogenes IDF-Ib. Addition of glucose, galactose,
fructose, mannose, xylose, maltose, sucrose, lactose. or
starch at concentrations up to 10 mg/ml had no effect on
the activity of the lactoferrin peptide against the test strain.
In the presence of these added carbohydrates, a minimal
inhibitory concentration of 0.6 pg/ml was observed in each
instance. In the presence of added gelatin or bovine serum
albumin at a final concentration of 10 mg/ml, the minimal
inhibitory concentrations of lactoferricin were 3 pg/mi and
I ug/ml, respectively. indicating that these proteins have
little effect on its activity. On the other hand, the effective-
ness of lactoferricin was more diminished in the presence
of NaCl. KCI, or NH,Cl at concentrations up to 100 mM.

or in the presence of MgCl, or CaCl, at concentrations up
10 5 mM (Table 2). To examine the effect of pH on the
activity of lactoferricin against L. monocytogenes, strain
IDF-Ib was cultured in basal medium adjusted to various
pH values. In the presence of 50 mM KH,PO,-K,HPO,
buffer at final pH values of 5.5, 6.0, 6.5, 7. 0, and 75 the
minimal inhibitory concentrations of lactoferricin against
the test strain were 6, 8, 8, 6, and 6 pg/ml, respectively. At
the same pH values, in the absence of added buffer salts, a
minimal inhibitory concentration of 0.6 pg/ml was ob-
served in each instance indicating that potassium phosphate
has some ability to reduce the effectiveness of lactoferricin.
Nonetheless, these observations demonstrate that lactoferricin
exhibits potent activity over the pH range of 5.5 to 7.5,
even in the presence of 50 mM potassium phosphate. At pH
values below 5.5 and above 7.5, inhibition of the test strain
occurred in the absence of lactoferricin; therefore, the
effectiveness of the peptide could not be determined be-
yond this pH range.

TABLE 1. Sensitivity of L. monocytogenes strains to inhibition
by lactoferricin.

MIC* (ug/ml)
Strain 1% peptone  PYG medium
L. monocytogenes 1DF-1b 0.6 3
L. monocyvtogenes JICM-7672 NG 2
L. monocytogenes JCM-7673 03 |
L. monocytogenes JCM-7674 0.6 3

* MIC denotes minimal inhibitory concentration.
® NG denotes no growth in this medium.

TABLE 2. Influence of various salts on the inhibitory activity of
lactoferricin against L. monocytogenes IDF-1b.

MIC* (ug/ml)
Salt 25mM  50mM  25mM  75mM 100 mM
NaCl 0.6 | 3 6 6 |
KCi 0.6 1 3 6 9
NHCI 0.6 ! 3 6 9
MgCl, 3 3 NG NG NG
CaCl, 3 6 NG NG NG

* MIC denotes minimal inhibitory concentration.
* NG denotes no growth (or poor growth) in this medium.

To examine the ability of lactoferricin to inactivate L.
monocytogenes, each of the four test strains was suspended
in 1% peptone with or without added lactoferricin, and the
concentration of viable cells was assayed before and after
60 min of incubation at 37°C. As shown in Table 3, the
effect of lactoferricin against L. monoc 'viogenes was po-
tently bactericidal, causing a profound loss of colony-
forming ability in all four of the strains tested. The kinetics
of the bactericidal effect was further examined using strain
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[DF-1b. As shown in Fig. 1. the rate of killing by lactoferricin
was rapid and dose-dependent.

TABLE 3. Survival of L. monocytogenes dafter 60 min exposure
1o lactoferricin at 31 pgiml (10 uM).

Survival (CFU/ml)

Strain Control Lactoferricin
L. monoc¢ytogenes IDF-1b 25 x 10* < 100
L. monocvtogenes JCM-7672 2.0 x 10¢ < 100
L. monocytogenes JCM-7673 1.3 x 10 300
L. monocytogenes ICM-7674 52 x 10 < 100

1+ Control had no added lactoferricin. The limit of detection was
100 CFU/ml.

107

CFU per mi

S —|

0 30 Bb 90 120
Time (min)

Figure 1. Kinetics of killing of L. monocytogenes IDF-1b by
lactoferricin in 1% peptone at 37°C. Lactoferricin was added at
final concentrations of 6 ug/ml (B) or 31 pig/iml (A). Control (@)
had no added peptide.

Our results demonstrate that L. monocytogenes is
highly susceptible to inhibition and inactivation by
lactoferricin. Under the various conditions employed in this
study lactoferricin exhibited an effectiveness similar to that
of many clinically useful antibiotics (5) causing complete
inhibition of L. monocytogenes at concentrations of less
than 10 pg/ml. Moreover, lactoferricin caused a rapid and
irreversible loss of cell viability of all four L. monocyto-
genes strains tested. These observations suggest this newly
discovered antimicrobial agent might be useful in a variety
of commercial applications to control the growth and sur-
vival of this foodborne pathogen.

Our data provide some information about the efficacy
of lactoferricin against L. monocytogenes under various
laboratory conditions; however, they do not enable any
prediction of the concentrations required for food preserva-
tion. Many environmental conditions such as pH, tempera-
ture, water activity, microbial load, and the presence of
certain food components may influence the effectiveness of
lactoferricin.

The mechanism of action of lactoferricin against L.
monocytogenes is unknown. Notably, 8 of the 25 amino
acid residues in this peptide are basic residues and this
feature probably has an important role in determining its
potent bactericidal properties. Certain other antimicrobial
peptides having a high proportion of basic residues are
known to act at the surface of bacterial cells causing an
increase in cell membrane permeability (4). It is presumed
that lactoferricin acts by a similar mechanism. If so, the
susceptibility of L. monocytogenes to various other antimi-
crobial agents and physical treatments may be enhanced in
the presence of lactoferricin. We intend to further investi-
gate this possibility.
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The antifungal spectrum and fungicidal mechanism of an N-terminal peptide of bovine lactoferrin (lactoferricin®
B), an antimicrobial peptide produced by gastric pepsin digestion of bovine lactoferrin, were investigated. The
susceptibility of pathogenic yeasts and dermatophytes to the peptide varied in a species-dependent and strain-
dependent manner. Dematiaceous fungi and dimorphic fungi were susceptible to the peptide (range of MIC
values: 0.63 to 10 ug/ mL). In the case of nonpigmented hyphomycetes and zygomycetes, most strains exhib-
ited resistance to the peptide (MIC: > 80 ug/ mL). This peptide killed Candida albicans dose dependently
without inducing a change in cell wall stability against osmotic stress. The peptide at 10 ug/m! immediately
induced the release of K* from C. albicans cells and pH increases in cell suspensions. These pharmacological
activities were more potent than those for miconazole nitrate, a well-known antifungal agent that interferes
with membrane synthesis and function. These in vitro findings suggest that the lactoferrin oligopeptide has
potent membrane disrupting activity against this yeast and suggests that in vivo LF-B studies would be useful to

INTRODUCTION

Lactoferrin, an iron-binding glycoprotein present at rela-
tively high concentrations in many exocrine secretions,
has broad-spectrum antimicrobial properties and is con-
sidered to be an important component of the non-im-
munological defense system which is active at mucosal
surfaces, and in colostrum and milk.!-3 The antimicro-
bial effect of lactoferrin against fungi has been demon-
strated by several investigators.®3

It was recently discovered that antimicrobial peptides
much more effective than lactoferrin are generated upon
digestion of this protein with gastric pepsin.® The active
peptides of human lactoferrin (lactoferricin® H) and
bovine lactoferrin (lactoferricin® B) were isolated and
sequenced and found to be derived from the N-termi-
nal region of the molecule.” Lactoferricin® B (hereinaf-
ter referred to as LF-B) consists of 25 amino acid
residues having the sequence Phe-Lys-Cys-Arg-Arg-
Trp-Gln-Trp-Arg-Met-Lys-Lys-Leu-Gly-Ala -Pro-Ser-
lle-Thr-Cys-Val-Arg-Arg-Ala-Phe. LF-B has been
shown to have antimicrobial activities against a physi-
ologically diverse range of bacterial species®? and some
fungal species.10:1! It was also shown that [14C]-labeled
LF-B binds to C. albicans!® and that LF-B inhibits up-
take of [3H]-glucose by Trichophyton rubrum.'!

Received Sept. 4, 1995; accepted for publication in revised
form Nov. 7, 1995. *Correspondence and requests for
teprints to: Nutritional Science Laboratory, Morinaga Milk
Industry Co. Ltd., 5-1-83, Higashihara, Zama-shi, Kanagawa
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further understand host defenses and to develop improved therapeutic agents against yeast infections.

J Infect Chemother 1996;1:185-189
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In the present study we have investigated the suscep-
tibility, in vitro, of a wide range of pathogenic fungal
strains to LLF-B.To further elucidate the antifungal mecha-
nism of this peptide, we have also examined the action of
LF-B on the cell wall and membrane of C. albicans.

MATERIALS AND METHODS

Preparation of LF-B and miconazole nitrate

LF-B was prepared by procedures described previously’
and its purity was at least 95%. Miconazole nitrate was
purchased from Sigma Chemical Company (St. Louis,
MO, USA) .

Fungal strains and preparation of stock cultures
Seventy-five strains of pathogenic fungi stocked in the
Research Center for Medical Mycology, Teikyo Univer-
sity, Tokyo, Japan, were tested. Stock cultures of patho-
genic yeasts and filamentous fungi were prepared by the
methods used in our laboratory.!?

Determination of minimum inhibitory concentration
MIC)

The agar dilution method was employed using modi-
fied Sabouraud dextrose agar (Bactopeptone 1.0%, glu-
cose 2.0%, isogel agarose [FMC BioProducts, Rockland,
ME, USA] 0.75%, pH 5.0) as the test medium. Stock
solutions of LF-B were prepared in distilled water, filter
sterilized, and diluted in the test medium at 60 °C over
a final concentration range of 0.31 to 80 ug/mlL. Cell
suspensions of pathogenic yeasts were prepared by sus-
pending in sterile saline cells harvested from the stock
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cultures. Cell numbers were determined using a
hemocytometer and inocula were adjusted to contain
10° cells / mL. Spore suspensions of filamentous fungi
were prepared by suspending spores harvested from
stock cultures in sterile saline containing 0.05% (w/v)
Tween 80. Suspensions of spores used as inocula were
adjusted to have a final optical density of 0.02 at 530
nm. Each test agar plate was inoculated with 5 uL of cell
or spore suspension and incubated at 27°C. Pathogenic
yeasts, zygomycetes, and nonpigmented fungi were in-
cubated for 4 days, and other filamentous fungi were
incubated for 7 days. Minimum inhibitory concentra-
tion (MIC) was defined as the lowest concentration of
the drug at which there was no visible growth.

Testing of osmotic stability

C. albicans TIMMO0144 was incubated at 37°C in
peptone yeast glucose (PYG) broth (Bactopeptone
2.0%, yeast extract 1.0%, glucose 2.0%, a modification
of the reference material'?) in a shaking water bath for
18 hours. Cell numbers were determined using a
hemocytometer after washing the cells with sterile sa-
line, C. albicans cells at a density of 10° cells/mL were
exposed to LF-B at concentrations of 10 to 80 ug/mL
in Sabouraud dextrose broth (Bactopeptone 1.0%, glu-
cose 2.0%) containing 0.8 M sorbitol as the osmotic
stabilizer.!? Untreated control cultures were also exam-
ined. Both treated and untreated cell suspensions were
incubated for 6 hours in a shaking water bath at 37°C
prior to sampling. For preparation of osmotically
shocked cultures, samples were removed, diluted in ster-
ile saline, and plated onto PYG agar (Bactopeptone
2.0%, yeast extract 1.0%, glucose 2.0%, agar 2.0%).
For preparation of osmotically stabilized cultures, sam-
ples were removed, diluted in sterile saline with stabi-
lizer, and plated onto PYG agar with the stabilizer.

Continuous pH measurement in cell suspensions and
determination of released K* content

C. albicans TIMMO0144 cells prepared as described above
were diluted in sterile water to a final cell density of 108
cells/mL and stirred at 37°C.!* LF-B solutions were
added to the cell suspensions to obtain a final concen-
tration of 0.63, 2.5, or 10 ug/mL Miconazole nitrate
was dissolved in dimethyl sulfoxide and added to the
cell suspensions at a volume of 2 %. Dimethyl sulfoxide
alone had no effects. The final concentration of
miconazole nitrate was 2.5, 10, or 40 ug/mL. The pH
of the cell suspensions was measured and recorded con-
tinuously. For the determination of released K*, cell
suspensions were removed at defined intervals and im-
mediately filtered using a 0.45 um cellulose acetate fil-
ter (Advantec, Tokyo, Japan). The K* content of the
filtrates was measured using an inductively coupled
plasma spectrometer (Leeman labs, Lowell, MA, USA).
Total intracellular K* was extracted by treatment of cell
suspensions with 5% trichloroacetic acid at 5°C for 30
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min. The amount of K* released by the added agent was
calculated as the fraction (in %) of total intracellular K+,

Table 1. In vitro antifungal activities of LF-B against pathogenic
fungi.

| ) Number of ~ MIC range  Arithmetic mean
Fungal species tested strains  (ug/ml) MIC* (ug/mlL)
1. Pathogenic yeasts
Candida albicans 6 10 to 40 21,67
C. tropicalis 2 0.31,1.25 0.78
C. parapsilosis 2 20, 80 50.00
C. glabrata 2 80, > 80 120.00
C. guilliermondii 2 5,40 22.50
C. kefyr 2 2.5,10 6.25
C. krusei 2 10, 20 15.00
Saccha.r(?myces 1 0.63 0.63
cerevisiae
Cryptococcus 2 0.63 0.63
neoformans
Trichosporon 9 1.25,2.5 1.88
cutaneum
Il. Nonpigmented hyphomycetes
Aspergillus fumigatus 4 > 80 160.00
A. niger 2 > 80 160.00
A. flavus 2 > 80 160.00
A. versicolor 1 10 10.00
A. clavatus 1 > 80 160.00
Penicillium notatum 1 > 80 160.00
P expansum 1 > 80 160.00
Fusarium moniliforme 2 2.5,5 3.75
Ill. Zygomycetes
Absidia corymbifera 2 40, > 80 100.00
Mucor circinelloides 1 > 80 160.00
M. racemosus 1 > 80 160.00
Rhizopus oryzae 2 > 80 160.00
IV. Dermatophytes
ichoph
Trichophyton 5 10t0 > 80 62.00
mentagrophytes
T. rubrum 3 > 80 160.00
T. tonsurans 2 5,40 22.50
T. shoenleinii 1 > 80 160.00
T. violaceum 2 40, > 80 100.00
Microsporum canis 1 40 40.00
M. gypseum 2 20, 40 30.00
Epidermophyton
floccosum 3 0.31to 2.5 1.15
V. Dematiaceous fungi
Fonsecaea pedrosoi 2 5 5.00
Exophiala .
dermatitidis 2 2.5 250
Phialophora
i 2 5,10 7.50
verrucosa
Cladosporium 5 5.00
trichoides > 0
VI. Dimorphic fungi
Paracoccidioides )
brasiliensis 2 0.63,1.25 0.94
Sporothrix schenckii 3 2.5t010 5.83

" Arithmetic mean; > 80 pg/ml was calculated as 160 pg/mL.



RESULTS

Antifungal spectrum

Effective concentrations of LF-B against a variety of
pathogenic yeasts and filamentous fungi were deter-
mined (Table 1). A wide range of MIC values was ob-
served for pathogenic yeasts and dermatophytes and
susceptibility to inhibition varied depending on the in-
dividual species and strains. Candida tropicalis,
Saccharomyces cerevisiae, Cryptococcus neoformans, and
Epidermophyton floccosum exhibited relatively low MIC
values (0.31 to 2.5 pg/mL). Most strains of nonpigmented
hyphomycetes and zygomycetes were resistant to LF-B
(MIC: > 80 g/mL). Dematiaceous fungi and dimorphic
fungi were susceptible to more intermediate concentra-
tions of this peptide (MIC: 0.63 to 10 pug/mL).

Osmotic stability of cells

The mode of killing of C. albicans by LF-B was investi-
gated using osmotically stabilized or osmotically shocked
cells (Fig. 1). Viable counts of control cultures increased
about 10-fold during the six hours of incubation. In con-
trast, cell counts in cultures treated with LF-B decreased
in a manner dependent on the concentration of the
peptide. The LF-B dose response curves for decreasing
cell numbers in osmotically stabilized and osmotically
shocked cultures were almost the same. These results sug-
gest that LLF-B does not induce osmotically fragile cells.

Changes in pH of cell suspensions
pH changes induced by LF-B in C. albicans cell suspen-
sions were measured (Fig. 2). The pH of cell suspen-

7 R o
| * W stabilized ’
&1 cultures |
5 {J osmotically
— shocked
S cultures
s 4- 1 Jres |
tLJ |
5 3 :
o
21 *
51 [:] | *
e
0 10 20 40 80

Concentration of LF-B (pg/m!)

Fig. 1: Comparison of counts of viable cells indicated by
logICFU/mL] in stabilized or osmotically shocked cultures ot
Candida albicans in the presence of LF-B. Data are means ot
three samples + SD. The asterisks above the bars indicate no
significance (P > 0.05, Student’s t-test) of the CFU ditferences
between stabilized and osmotically shocked cultures.

Antifungal activity of lactoferrin peptide

sions was approximately 5.3 before the addition of the
drug. Soon after the addition of LF-B, the pH increased
in a concentration dependent manner. The pH rose to
about 6.0 within 5 minutes after the addition of 10 ug/
mL (3.2 uM) of LF-B. A similar effect was seen after the
addition of 40 ug/ mL (83.5uM) of miconazole nitrate.

LF-B:
(ug/mi)
\/

miconazole nitrate:
(Mg/ml)

'MV"W 2.5

10

40

Fig. 2: pH change induced by LF-B and miconazole nitrate in
C. albicans cell suspension. The drug was added at the point
indicated by the arrow. An upward detlection of the curve in-
dicates an increase in pH.
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Release of K* from the cells

LF-B at 10 ug/mL caused the release of almost the total
intracellular K* content within 2.5 minutes. (Fig. 3).
The amount of released K* was dependent on the
concentration of LF-B added. Nearly the same effect as
obtained with 10 ug/mL of LF-B was observed after treat-
ment of cells with miconazole nitrate at a concentration
of 40 pg/mL. As was the case for LF-B, K* release de-
pended on the miconazole concentration.

DISCUSSION

We have investigated the antifungal spectrum of LF-B
against a broad range of pathogenic fungal strains and
examined its fungicidal mechanism of action. Previous
reports demonstrating the antifungal activity of LF-B
against C. albicans'® and some other strains of fungi!!
used a broth dilution method for determination of MIC.
In this study, we employed an agar dilution method for
determination of MIC. The MIC values observed for
C. albicans, Aspergillus fumigatus, A. niger, Rhizopus
oryzae, Trichophyton mentagrophytes, and T. rubrum were
nearly in agreement with previously reported values
obtained using PYG medium (Bactopeptone 1.0%, yeast
extract 0.05%, glucose 1.0%). However, MIC values
for Trichosporon cutaneum strains were lower than those
of the previous report. These discrepancies may be due
to differences between tested strains.

In tests of C. albicans, the loss of cell viability induced
by LF-B was not inhibited in the presence of an osmotic
stabilizer. It seems likely, therefore, that the killing ef-
fect of LF-B is not due to the induction of osmotically
fragile cells through damage to cell wall structure or in-
hibition of cell wall synthesis.

LF-B induced the release of K* from C. albicans cells
and caused an increase in the pH of cell suspensions.
This increase in pH may result from a flow of
extracellular H* into the cells coupled to the release of
K* from the cells. Similar effects have been reported for
imidazoles such as miconazole,'> which show not only
interference with ergosterol synthesis of fungi but also
cell membrane disruption at higher doses. Accordingly,
LF-B was compared with miconazole nitrate in our stud-
ies. LF-B exhibited activity corresponding to that of
about a 4 times (about 26 times on a molar basis, be-
cause LF-B has a 6.5 times higher molecular weight of
miconazole nitrate) higher concentration of miconazole
nitrate. These findings suggest that LF-B has a potent
disruptive effect on cell membranes of C. albicans.

Extracellular to intracellular flow of H* may lead in-
hibition of the cell’s proton-motive-force (PMF) and
consequent inhibition of critical PMF-dependent proc-
esses such as glucose transport, as shown in a previous
report for 7. rubrum.'! Binding of LF-B to fungal cells!®
may thus be an initial step leading to disruption of cell
membrane functions. These reports also indicate that
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Fig. 3: K* release from cells of C. albicans induced by LF-B (A)
and miconazole nitrate (B). Final concentrations of each agent
are shown. Experimental conditions are given in Methods. Data
are means of three samples + SD.

LF-B causes a substantial change in ultrastructural fea-
tures of fungi, including a dense aggregation of cyto-
plasmic materials, which looks like autolysis.!®!!
Intracellular flow of H* generates acidic conditions in
the cytoplasm. This may activate proteases and nucleases
and cause autolysis as seen in previous ultrastructural stud-
ies.1011 Usually autolysis of fungal cells do not result in
cell wall lysis. It is in agreement with our findings that
osmotic fragility of cell walls is not induced by LF-B.

In this study we have investigated the antifungal ac-
tivities of LF-B against a wide range of pathogenic fungi
and shown that dematiaceous fungi, dimorphic fungi, and
some strains of pathogenic yeasts and dermatophytes are
susceptible to this peptide. In our next study we would
like to evaluate the effectiveness of the peptide for pre-



vention of fungal infections in vivo. We have further eluci-
dated data that suggest a fungicidal mechanism of the LF-
B peptide against C. albicans, a mechanism that appears
to involve disruption of the cell membrane. It has been
already determined that RRWQWR-NH,, a 6-mer
amide peptide in the sequence of LF-B, has antibacte-
rial activity.!® It should therefore be possible to design
new membrane-disruptive antimicrobial agents based on
the structure and activities of LF-B.
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Abstract: The effects of lactoferrin (LF), an antimicrobial protein secreted in body fluids, and its peptides
in combination with azole antifungal agents were investigated by the micro-broth-dilution method in a study
of Candida albicans. In the case of LF, its pepsin hydrolysate (LFhyd) or the LF-derived antimicrobial pep-
tide Lactoferricin® B (LF-B), the concentrations required to inhibit the growth of Candida decreased in the
presence of relatively low concentrations of clotrimazole (CTZ). The minimum inhibitory concentration
(MIC) of all azole antifungal agents tested was reduced by 1/4-1/16 in the presence of a sub-MIC level of
each of these LF-related substances. Polyene and fluoropyrimidine antifungal agents did not show such a
combined effect with these LF-related substances. The anti-Candida activity of LF or LF-B in combination
with CTZ was shown to be synergistic by checkerboard analysis. These results indicate that LF-related sub-
stances function cooperatively with azole antifungal agents against C. albicans.

Key words: Lactoferrin, Lactoferricin®, Azole antifungal agents, Candida albicans

Azole antifungal agents are widely used in the
chemotherapy of mycoses where they act in a fungistat-
ic fashion, however, there is recently a trend of caution
due to the rising incidence of failures in the treatment of
mycoses in the case of severely immunosuppressed
patients on azole therapy. Lately, the isolation of azole-
resistant Candida specics has been reported (11, 15)
and azole antifungal chemotherapy may become insuf-
ficient in the near future. This clinical situation points to
the need for the development of new therapeutic agents
which augment the antifungal activity of azoles.

Lactoferrin (LF) is an iron-binding glycoprotein found
in many exocrine sccretions of mammals and in the
secondary granules of neutrophils. LF is known to dis-
play antimicrobial activity against fungi such as Candi-
da as well as bacteria (5, 12), and is considered to play an
important role in the host defense against infections on
mucosal surfaces. It has been recently reported that
Lactoferricin®, an antimicrobial peptide derived from
the N-terminal region of the LF molecule (2), exhibits
potent disruptive effects on cell membrane and has
fungicidal activity against Candida albicans (16).

It seems likely that some antifungal agents may act

*Address correspondence to Hiroyuki Wakabayashi. Nutri-
tional Science Laboratory. Morinaga Milk Industry Co., Ltd., 5=
1-83 Higashihara, Zama. Kanagawa 228, Japan.
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cooperatively with host defense factors to inhibit fungal
growth in the body, and we have attempted to ascer-
tain whether such natural factors contribute to the ther-
apeutic efficacy of antifungal agents. Here, we have
studied the inhibitory effects of LF and its peptides in
combination with several antifungal agents by testing
their cooperative activity against C. albicans in vitro.

Materials and Methods

LF-related substances. Bovine LF was produced by
Morinaga Milk Industry Co. (Tokyo). Pepsin hydrolyzate
of bovine LF (LFhyd) and the antimicrobial peptide
“Lactoferricin® B” (LF-B), which is derived from bovine
LF, were produced by methods previously reported (2).
The fraction of LFhyd without LF-B (LF (—)) was
obtained by repeated removal of LF-B from LFhyd by

Abbreviations: AMPH, amphotericin B; C. albicans, Candida
albicans; CTZ, clotrimazole; DMSO, dimethylsulfoxide; 5-FC,
flucytosine; FIC index, fractional inhibitory concentration index;
FLCZ, fluconazole; IC80, 80% growth inhibitory concentration;
ITCZ, itraconazole; KCZ, ketoconazole; LF, lactoferrin; LF-B, an
antimicrobial peptide derived from bovine lactoferrin, Lacto-
ferricin® B; LFhyd, pepsin hydrolyzate of bovine lactoferrin:
LF (—). a fraction of LFhyd without LF-B; MIC, minimum
inhibitory concentration: NYS, nystatin; SDB, Sabouraud dextrose
broth.
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the above method (2). All LF-related substances were
dissolved in sterile distilled water.

Antifungal agents. Amphotericin B (AMPH) and
clotrimazole (CTZ) were purchased from Sigma Chem-
ical Co. (St. Louis, Mo., U.S.A.). Nystatin (NYS) and
flucytosine (5-FC) were purchased from Nacalai Tesque
Co. (Kyoto, Japan). Ketoconazole (KCZ), itraconazole
(ITCZ) and fluconazole (FLCZ) were prepared from
Nizoral®* Cream (Kyowa Hakko Co., Tokyo), Itrizole®
Capsules 50 (Kyowa Hakko) and Diflucan® Capsules
(Pfizer Pharmaceutical Japan, Tokyo), respectively. 5-FC,
ITCZ and FLCZ were dissolved in sterile distilled water,
dimethylsulfoxide (DMSO) containing 0.1 N HCI and
phosphate buffered saline, respectively. Other antifungal
agents were dissolved in DMSO.

C. albicans strain. C. albicans TIMM1768, a clini-
cally isolated serotype A strain obtained from the
Rescarch Center for Medical Mycology, Teikyo Uni-
versity (Tokyo), was used.

Assay of anti-Candida activity. The anti-Candida
activities of antifungal agents and LF-related substances
were assayed by the micro-broth-dilution method (14).
Yeast-form cells of C. albicans were collected from
stock cultures on Sabouraud dextrose agar (1% Bac-
topeptone [Difco Laboratories Co., Detroit, Mich.,
U.S.A ], 2% glucose, 1.5% agar) slants, washed in saline
and suspended in Sabouraud dextrose broth (SDB; 1%
Bactopeptone, 2% glucose, pH 6.5) at 10° cells/ml. 20 pl
of Candida suspension, 10 pl of stock solution of LF-
related substances, 2 ul of stock solution of the antifun-
gal agent and 168 ul of SDB were mixed and incubated
at 37 C for 17 hr. We used SDB as a medium since C.
albicans TIMM1768 grew almost completely in yeast
form in this medium but partially in mycelial form in
other medium such as RPMI1640. The addition of LF-
related substances at tested concentrations caused slight
decreases in the pH (A0.1-0.2) of the SDB medium.
The medium containing solvents (1%) used for the dis-
solution of antifungal agents were confirmed not to
affect the growth of Candida. The absorbance at 630 nm
of triplicate samples was measured spectrophotometri-
cally at the start and end of incubation, and the difference
in absorbance was taken to indicate the extent of Can-
dida. The percent growth inhibition of C. albicans was
calculated as follows: [1—absorbance (C. albicans with
drug) / absorbance (C. albicans alone)] X 100 (%). The
80% growth inhibitory concentration (IC80) was taken to
represent the minimum inhibitory concentration (MIC).

Checkerboard analysis. For the assessment of antimi-
crobial combinations, the checkerboard method was
employed and results were evaluated according to stan-
dard criteria (4). Concentrations of each of the drug com-
binations showing IC80 against C. albicans as deter-

mined in triplicate tests were plotted on arithmetic scales.
The fractional inhibitory concentration index (FIC index)
was calculated as follows: (lowest inhibitory concentra-
tion of drug A in combination/MIC of drug A alone +
lowest inhibitory concentration of drug B in combination/
MIC of drug B alone). FIC index values of <0.5, 1.0
and >4.0 represent synergism, additivity and antago-
nism, respectively.

Results

Anti-Candida Activities of LF-Related Substances Com-
bined with CTZ

The growth inhibitory activities of LF, LFhyd, LF-B
and LF (—) combined with CTZ against C. albicans
TIMM1768 were tested (Fig. 1a—d). CTZ by itself caused
marginal inhibition of Candida at 12.5 ng/ml and 80%
growth inhibition at 50 ng/ml. LF alone at 200 ug/ml
completely inhibited the growth of Candida. In the
presence of CTZ at 3.1 or 12.5 ng/ml, LF caused com-
plete growth inhibition at 100 and 50 pg/ml, respec-
tively (Fig. 1a). LFhyd at 400 ug/ml and LF-B at 12.5
ug/ml caused 80% growth inhibition, and the IC80 of
both agents decreased to 1/2 or 1/4 when combined
with 3.1-12.5 ng/ml of CTZ (Fig. 1, b and c). In contrast,
LF () enhanced the growth of Candida dose-depen-
dently, and this tendency was observed even in the pres-
ence of 3.1-50 ng/ml of CTZ (Fig. 1d). These results
indicate that a combination of LF, LFhyd, or LF-B with
CTZ inhibits the growth of Candida more effectively
than any one of these agents alone, and cooperative
effects were evident from the decrease in MIC value
(1C80).

Combinations of Antifungal Agents and LF

The effects of LF, LFhyd and LF-B on the anti-Can-
dida activities of various antifungal agents were inves-
tigated. In the presence of 100 ug/ml of LF, which
scarcely inhibits the growth of Candida by itself, the anti-
Candida activity of two polyenes, one fluoropyrimi-
dine, two imidazoles containing CTZ, and two triazoles
were tested (Table 1). The MIC values (IC80) of AMPH,
NYS, polyene antifungal agents and 5-FC, a fluoropy-
rimidine antifungal agent, did not change following the
addition of LF. The MIC of KCZ, an azole antifungal
agent, decreased by 1/16 in the presence of LF. The
MICs of the other three azoles were also reduced by
1/4 in the presence of LF.

Combinations of Antifungal Agents and LFhyd

In the presence of LFhyd at concentrations of 50 or
200 wg/ml, which just weakly inhibit the growth of
Candida, the MIC values (IC80) of various antifungal
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Fig. 1. Growth inhibitory effects of LF (Panel a), LFhyd (Panel b), LF-B (Panel ¢) and LF (—) (Panel d) with and without CTZ. The
growth of C. albicans TIMM1768 was estimated by measuring ODy. Data are means of three samples = SD. CTZ concentrations were

0 (), 3.1(0), 12.5(A), and 50 (A) ng/ml.

Table 1. Effect of LF on the anti-Candida activity of various anti-
fungal agents

Table 2. Effect of LFhyd on the anti-Candida activity of various
antifungal agents

MIC (ng/ml) MIC (ng/ml)

Antifungal agent Alone +LF Antifungal agent ~ Alone  +LFhyd 50 +LFhyd 200
AMPH 62.5 62.5 AMPH 62.5 62.5 62.5
NYS 1,000 1,000 NYS 1,000 1,000 1,000
5-FC 4,000 4,000 5-FC 4,000 4,000 1,000 (1/4)
CTZ 50 12.5(1/4) CTZ 50 50 3.1(1/16)
KCz 50 3.1(1/16) KCzZ 50 50 3.1(1/16)
FLCZ 4,000 1,000 (1/4) FLCZ 16,000 4,000 (1/4) 1,000 (1/16)
ITCZ 50 12.5 (1/4) ITCZ 50 50 3.1(1/16)

The MIC value was defined as the IC80 of each antifungal
agent. LF was added at a sub-MIC level (100 pg/ml). The ratio of
the MIC value in the presence of LF to that in the absence of LF
is indicated in parentheses.

agents were examined (Table 2). The MICs of AMPH
and NYS did not change following the addition of
LFhyd. Combined with 200 ug/ml of LFhyd, MICs of 5-
FC and four azole antifungal agents were decreased by
1/4 and 1/16 as compared with the MIC of each anti-
fungal agent alone. Furthermore, the MIC of FLCZ

The MIC value was defined as the IC80 of each antifungal
agent. LFhyd was added at a sub-MIC level (50 or 200 ug/ml).
The ratio of the MIC value in the presence of LFhyd to that in the
absence of LFhyd is indicated in parentheses.

decreased by 1/4 in the presence of only 50 pug/ml of
LFhyd.

Combinations of Antifungal Agents and LF-B
In the presence of LF-B at a concentration of 3.1
ug/ml, which scarcely affected the growth of Candida,
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Table 3. Effect of LF-B on the anti-Candida activity of various
antifungal agents

MIC (ng/ml)
Antifungal agent Alone +LF-B

AMPH 62.5 62.5
NYS 1,000 1,000

5-FC 4,000 4,000

CTZ 50 12.5 (1/4)
KCZ 50 12.5 (1/4)
FLCZ 16,000 4,000 (1/4)
ITCZ 50 12.5 (1/4)

The MIC value was defined as the IC80 of each antifungal
agent, LF-B was added at a sub-MIC level (3.1 ug/ml). The
ratio of the MIC value in the presence of LF-B to that in the
absence of LF-B is indicated in parentheses.
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Fig. 2. Anti-Candida activity of the combinations of LF (Panel a)
and LF-B (Panel b) with CTZ were analyzed by the checkerboard
method. For each combination, the IC80 of CTZ and LF-related
substance against C. albicans TIMM1768 was determined in
triplicate tests and plotted in closed circles on arithmetic scales.
A putative additive effect is represented by the dashed line. The
FIC index calculated for combinations of the two drugs is indi-
cated on each panel.

the anti-Candida activity of various antifungal agents was
tested (Table 3). No change in the MICs of AMPH, NYS
or 5-FC was observed following the addition of LF-B.
On the other hand, in the presence of LF-B, the MICs of
four azole antifungal agents were decreased by 1/4 as
compared with the MIC of each azole alone.

Analysis of Combined Effects by the Checkerboard
Method

The combined effects of LF-related substances and
CTZ were characterized by the checkerboard method.
The anti-Candida activity of combinations of LF and
CTZ at various concentrations was examined, and points
representing each concentration giving 80% growth
inhibition of Candida were plotted. The plotted curve
suggests the existence of a “synergistic” combination
effect as shown in Fig. 2a. The FIC index of this com-
bination was 0.187, and this value indicates synergy
(£0.5). In the case of varied concentrations of LF-B and
CTZ as well, the plotted points create a synergistic curve
(Fig. 2b). The FIC index of this combination was 0.190,
indicating synergy.

Discussion

LF and LF-B, at relatively high doses, are known to
inhibit the growth of C. albicans (3, 12, 16). Here, we
found that LF-related substances at sub-MIC levels
function cooperatively with azole antifungal agents
against C. albicans. The MIC of each azole antifungal
agent tested decreased by about 1/4 in the presence of
LF-related substances. The effects of LF or LF-B com-
bined with CTZ on the inhibition of Candida were char-
acterized as synergistic by checkerboard analysis.
Although LF, LFhyd and LF-B showed no cooperative
effect with non-azole types of antifungal agents such
as AMPH or 5-FC, all of the azoles tested showed sig-
nificant combined effects. The azoles tested differ from
each other in physical features (e.g., FLCZ is hydrophilic
and ITCZ is hydrophobic) but all azole antifungal agents
are known to inhibit fungal growth by interference with
cytoplasmic membrane synthesis through the inhibition
of ergosterol synthesis. Therefore, we speculate that
such interference with membrane synthesis may have a
role in the cooperative inhibitory effects observed here.

The active component of each of the LF-related sub-
stances contributing to the cooperative inhibitory effect
with azoles against C. albicans is assumed to be lacto-
ferricin (LF-B), since LF, LFhyd and LF-B each contain
the LF-B domain or the LF-B peptide. LF (—), which
was removed from LF-B, did not inhibit but rather
enhanced the growth of Candida even in the presence of
CTZ. The mechanism of action of the LF-related sub-
stances against C. albicans has not been fully elucidated.
Advanced glycosylation end products which bind to the
lactoferricin domain are reported to block the antibac-
terial activity of LF against Micrococcus luteus (6).
This finding tends to support our assumption that the anti-
Candida activity of LF depends on the lactoferricin
region. We have shown that LF-B directly binds to
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Candida cells (3) and is highly effective to disrupt the
cell membrane of Candida (16). Therefore, the combi-
nation of LF-related substances and azoles may cooper-
atively inhibit the growth of Candida by causing the
dysfunction of fungal membranes.

Since our experiments were performed using SDB
medium known to be relatively acidic, it is possible that
the cooperative effects of LF-related substances and
azoles may be influenced by the biochemical character-
istics of SDB. However, we believe that the combined
anti-Candida activities were not dependent on the pH
change of the medium because non-effective LF (—)
caused a slight decrease in the pH (A0.1-0.2) of the
medium, similar to that of other effective LF-related
substances.

LF and some B-lactam antibiotics are reported to
have cooperative antimicrobial effects against Klebsiel-
la pneumoniae and Salmonellae (8, 10). More recently,
azoles and lysozyme were shown to have synergistic
anti-Candida activity (13). These findings also suggest
that agents having different modes of action, each caus-
ing damage to microbial cells, can exhibit synergistic
antimicrobial effects,

The levels of LF in exocrine secretions have been
reported as: 0.5-1.0 mg/ml in cervical mucus (7), 0.4-1.2
mg/ml in tears (1) and 22 mg/ml in milk (9). These lev-
els of LF arc higher than 100 pug/ml, which is the con-
centration required to exhibit a synergistic effect in com-
bination with azoles as demonstrated in our assays.
Therefore, it is conceivable that LF in exocrine secre-
tions, such as vaginal mucus, may contribute to the ther-
apeutic efficacy of azole antifungal agents against Can-
dida infection. Moreover, we hope that combination
therapies using azole antifungal agents and LF-related
substances, especially the low molecular weight pep-
tide LF-B, prove to be therapeutically cffective in clini-
cal trials. In our future studics, we intend to investigate
the combined effectiveness of LF-B and azoles against
pathogenic fungi other than C. albicans, not only in
vitro but also in vivo in animal models.
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The effects of bovine lactoferrin (LF) or the LF-derived antimicrobial peptide lactoferricin B (LFcin B) on
the growth of Candida albicans hyphae, including those of three azole-resistant strains, were investigated by a
crystal violet staining method. The hyphae of two highly azole-resistant strains were more susceptible to in-
hibition by LF or LFcin B than the azole-susceptible strains tested. One moderately azole-resistant strain was
defective in the formation of hyphae and showed a susceptibility to LF greater than that of the susceptible
strains but a susceptibility to LFcin B similar to that of the susceptible strains. The highly azole-resistant
strain TIMM3317 showed trailing growth in the presence of fluconazole or itraconazole, while the éxtent of
growth was reduced by the addition of LF or LFcin B at a sub-MIC. Thus, the addition of LF or LFcin B at
a sub-MIC resulted in a substantial decrease in the MICs of fluconazole and itraconazole for two highly azole-
resistant strains; e.g., the MIC of fluconazole for TIMM3317 was shifted from >256 to 0.25 pg/ml by LF, but
the MICs were not decreased for the susceptible strains. The combination effects observed with triazoles and
LF-related compounds in the case of the two highly azole-resistant strains were confirmed to be synergistic by
the fractional inhibitory concentration index. These results demonstrate that for some azole-resistant C. al-
bicans strains, LF-related compounds combined with triazoles can inhibit the growth of hyphae, an important

form of this organism in pathogenesis.

Candida albicans is an opportunistic pathogen that causes
systemic and mucosal infectious diseases in humans. Among
mucosal Candida infections, oropharyngeal candidiasis has be-
come a serious clinical problem in immunocompromised hosts
such as AIDS patients (18). The hyphal form of C. albicans is
more capable of adhering to mucosal cells than the yeast form
and, thus, is more likely to invade host tissues and initiate
clinical disease (16). Therapeutic strategies should include
agents that target hyphal development.

The triazole antifungal agents fluconazole and itraconazole
are widely used to treat infections caused by Candida spp.
because of their demonstrated efficacy and low levels of toxicity
(8). Azole antifungal agents are known to affect the develop-
ment of C. albicans hyphae at doses that result in only a rela-
tively small degree of inhibition of the growth rate (17). How-
ever, in severely immunocompromised patients, such as those
with late-stage AIDS or chronic mucocutaneous candidiasis,
repeated treatments with fluconazole have led to the appear-
ance of Candida isolates resistant to these agents (21). Al-
though several antifungal agents have been reported to have
efficacy against azole-resistant C. albicans, studies with those
agents have dealt mainly with cells growing in the yeast form
{12, 22). Studies focusing on cells growing in the hyphal form
are essential considering the importance of this form in patho-
genesis,

Lactoferrin (LF) is an antimicrobial protein found in various
exocrine secretions of mammals and in the secondary granules
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oratory, Morinaga Milk Industry Co., Ltd., 5-1-83 Higashihara, Zama,
g(anagawa 228-8583, Japan, Phone: 81-462-52-3045. Fax: 81-462-52-

049,
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of neutrophils. Many investigators have reported on the anti-
Candida activities of LF (15, 19, 23). The antimicrobial peptide
lactoferricin is derived from the N-terminal region of the LF
molecule (2), and this lactoferricin region is responsible for the
antimicrobial activity of LF (11). Lactoferricin B (LFcin B),
derived from bovine LF, exhibits potent disruptive effects on
the fungal cell membrane and has fungicidal activity against
C. albicans (25).

From studies with yeast forms, we have reported that LF or
LFcin B combined with azole antifungal agents has synergistic
antifungal activity against C. albicans (24). To assess the value
of combination therapy, we have studied the susceptibilities of
hyphal forms of azole-resistant C. albicans to LF or LFcin B
alone or in combination with triazole antifungal agents.

MATERIALS AND METHODS

Materials. Bovine LF was produced by Morinaga Milk Industry Co. (Tokyo,
Japan). The antimicrobial peptide LFcin B was produced by the method re-
ported previously (2). Amphotericin B was purchased from Sigma Chemical Co.
(St. Louis, Mo.). Fluconazole and itraconazole were extracted from Diflucan
capsules (Pfizer Pharmaceuticals Inc., Tokyo, Japan) and Itrizole capsules (Jans-
sen Kyowa Co., Tokyo, Japan), respectively.

C. albicans strains. The following azole-susceptible C. albicans strains were
used: ATCC 90028, recommended by National Committee for Clinical Labora-
tory Standards document M27-T (14), and TIMM1768, a clinically isolated
scrotype A strain (Teikyo University Institute of Medical Mycology, Tokyo,
Japan). The azole-resistant strains were as follows: moderately azole-resistant
strain TIMM3164 was isolated from an AIDS patient with oropharyngeal can-
didiasis, and highly azole-resistant strains TIMM3315 and TIMMB3317 were
sequentially isolated from a patient with a hematological disease. Stock cultures
were transferred onto Sabouraud glucose agar and were incubated at 28°C
before use. The susceptibilities of the strains to antifungal agents were confirmed
by the standard method described in document M27-T (14).

Measurement of hyphal growth. RPMI 1640 medium supplemented with 2.5%
heat-inactivated tetal calf serum, 20 mM HEPES, 2 mM t-glutamine. and 16 mM
sodium hydrogen carbonate (pH 7.0) was used as the hyphal growth-promoting
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TABLE 1. MICs of antifungal agents, LF, and LFcin B determined
by the CV staining assay

MIC (pg/ml)
C. albicans
strain Ampho-  Fluco- Itracon- LF LFcin B
tericin B nazole azole

Azole susceptible

ATCC 90028 0.13 .25 0.0063 >6,400 400

TIMM1768 0.13 0.25 0.0063 6,400 400
Azole resistant

TIMM3164“ 0.13 1 0.05 1,600 400

TIMM3315 0.25 128 >51 200 50

TIMM3317 0.13 >256 >51 1,600 200

“The MIC for this strain was determined by measuring the increase in the
optical density at 630 nm of the culture.

medium (RP medium) for C. albicans. Yeast-form cells of C. albicans were
collected from cultures on Sabouraud glucose agar, washed with saline, and
suspended in RP medium at 10° cells/ml. Each well of a 96-well flat-bottom
microplate received a mixture of 20 pl of Candidu suspension, 10 pl of a stock
solution of LF or LFcin B, 2 wl of a stock solution of antifungal agent, and 168
pl of RP medium, and all microplates were incubated at 37°C in a 5% CO,
atmosphere for 15 h. To determine the extent of growth of C. albicans hyphae,
the crystal violet (CV) staining assay was performed as described previousty (1.
19). Briefly, the medium in the wells was discarded and the adhesive Candida
mycelia were sterilized by treatment with 70% ethanol. The mycelia were stained
with 0.02% CV and washed with water. After the microplates were dried, 150 pl
of isopropanol containing (.04 N HCl and 50 pl of 0.25% sodium dodecyl sulfate
were added to the wells and mixed. The absorbances at 550 to 630 nm of trip-
licate samples were measured spectrophotometrically, For fluconazole and LF-
related compounds, the MIC was defined as the lowest drug concentration that
reduced growth by 80% compared with the growth in the drug-free well. For
itraconazole, the 90% inhibitory concentration was chosen because this drug
caused partial inhibition of azole-resistant C. albicans.

The fractional inhibitory concentration (FIC) index was calculated as follows
(6): |(AYMIC,] +[(B)MICy] = FIC index, where MIC, and MICg arc the MICs
of drugs A and B, respectively, determined separately, and (4) and (B) are the
MICs of drugs 4 and B, respectively, when the MIC of the combination was
determined. The effects of the drugs were interpreted to be indicative of synergy
or indifference when the FIC index was <1 or 1 to 4, respectively.

RESULTS

Inhibition of hyphal growth by antifungal agents, LF, or
LFcin B. The cffects of antifungal agents, LF, and LFcin B on
the growth of the hyphae of the test strains in RP medium were
quantified by the CV staining method except in the case of
TIMM3164, for which the MIC was determined by monitoring
the increase in the optical density at 630 nm of the culture
because of the defective growth of the strain’s hyphae (Table
1). High levels of resistance of TIMM3315 and TIMM3317 to
fluconazole and itraconazole were observed in this assay, and
a moderate level of resistance of TIMM3164 to these agents
was observed. The MIC of LF for the azole-resistant strains
TIMM3164, TIMM3315, and TIMM3317 was lower than that
for the azole-susceptible strains ATCC 90028 and TIMM1768.
The MIC of LFcin B for TIMM3315 and TIMM3317 was also
lower than that for the azole-susceptible strains.

Effect of triazole antifungal agents combined with LF-re-
lated compounds against C. albicans TIMM3317. Inhibition of
the growth of the hyphae of azole-resistant strain TIMM3317
by fluconazole or itraconazole was observed in the presence
or absence of LF or LFcin B (Fig. 1). At higher concentrations
of fluconazole and itraconazole, the isolate showed trailing
growth, as indicated by disappearance of the endpoint. The
addition of LF or LFcin B decreased the extent of trailing
growth in the presence of fluconazole or itraconazole. In par-
ticular, LFcin B at 100 pg/ml with fluconazole or itraconazole
completely inhibited hyphal growth, although the peptide alone
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had almost no effect. To examine the effect of the combination
of LF or LFcin B with fluconazole, the growth of TIMM3317
treated with these agents was monitored microscopically (Fig.
2). After 15 h of incubation, the strain grown in drug-free
medium showed substantial development of hyphae and yeast
cells were not evident. In the presence of fluconazole at 1 ng/
ml, some hyphae and yeast cells were observed. In the presence
of LF at 200 pg/ml, fewer hyphae were seen. When exposed to
the combination of fluconazole and LF, the strain developed
significantly fewer hyphae than were observed in the presence
of each drug, although some yeast cells were evident. When
fluconazole and LFcin B together were added to the culture, a
few yeast cells but almost no hyphae were observed, although
LFcin B alone had little effect on the development of hyphae.
These microscopic observations corresponded well to the re-
sults of the quantification of the hyphae obtained by the CV
staining method (Fig. 1).

Comparison of the effects of combinations against azole-
susceptible and -resistant strains. The effects of the combina-
tions on the development of hyphae by azole-susceptible and
-resistant strains were compared with respect to reduction of
the MIC and the FIC index (Table 2). The MICs of fluconazole
for the azole-susceptible strains ATCC 90028 and TIMM1768
did not decrease upon the addition of LF or LFcin B at con-
centrations of less than one-fourth the MIC, whereas for the
azole-resistant strains TIMM3315 and TIMM3317, decreases
in the MICs were evident (Tables 1 and 2). From examination
of the FIC indices for both strains, it was interpreted that the
combination of fluconazole and LF, as well as the combination
of fluconazole and LFcin B, was synergistic (Table 2). With
strain TIMM3164 growing in the yeast form, a reduction of the
MIC of fluconazole was not evident after the addition of LF or
LFcin B. In tests with itraconazole, a decrease in the MIC and
a synergistic effect were observed when itraconazole was com-
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FIG. 1. Inhibition of growth of C. albicans TIMM3317 hyphae by triazole
antifungal agents in the presence of LF or LFcin B after 15 h of incubation.
Fluconazole (A) and itraconazole (C) were tested in the absence (M) or presence
(0. 200 ug/ml; A, 800 pg/ml) of LF. Fluconazole {B) and itraconazole (D) were
tested in the absence (M) or presence (OJ, 25 wg/ml; A, 100 pg/ml) of LFcin B.
The values are the means * standard deviations for three determinations.
ODyssy0a0 Optical density at 550 to 630 nm.
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FIG. 2. Phasc-contrast micrographs of C. albicans TIMM3317 grown in the presence of fluconazole and/or LE-related compounds. (A) Control culture with no drug
showing substantial development of hyphac and no yeast cells; (B) culture treated with fluconazole (1 pg/ml) showing some hyphac and yeast cells: (C) culture treated
with LF (200 pg/ml) showing fewer hyphac: (D) culture treated with fluconazole (1 pg/ml) plus LE (200 pg/ml) showing significantly fewer hyphac and some yeast cells:
(E) culture treated with LFcin B (25 pg/ml) showing unchanged development of hyphae: (F) culture treated with fluconazole (1 wg/ml) plus LFcin B (25 wg/ml) showing

a few yeast cells and almost no hyphae. Bar, 100 pm.

bined with LF or LFcin B in the case of strains TIMM3164,
TIMM3315, and TIMM3317.

DISCUSSION

By examining hyphal growth, we have found that (i) azole-
resistant strains of C. albicans are more susceptible to inhibi-
tion by LF and LFcin B than azole-susceptible strains and (ii)
some azole-resistant strains are inhibited by fluconazole or
itraconazole to a greater extent in the presence of relatively
low concentrations of LF or LFcin B. These findings indicate
that LF or LFcin B may play a valuable role in the inhibition
of the mycelial form of azole-resistant C. albicans.

The finding that azole-resistant strains showed higher sus-

ceptibilities to LF or LFcin B than the azole-susceptible strains
is not surprising. Fluconazole-resistant Candida glabrata strains
lacking cytochrome P-450, an enzyme involved in ergosterol
biosynthesis and the target of azole action. are highly suscep-
tible to killing by H,O, and human neutrophils (9). The ab-
sence of cytochrome P-450 activity and the resultant mem-
brane sterol alterations may be associated with membrane
perturbations in these azole-resistant strains. LF interacts with
the cell surface causing extracellular leakage of proteins and
the formation of surface blebs in Candida spp. (15). and LFcin
B has been found to disrupt cell membrane functions in C. al-
bicans (25). Thus, some azole-resistant Candida spp. which
have alterations in their cell membranes appear to be more
susceptible than other strains to nonspecific host defense fac-
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TABLE 2. MIC and FIC index of fluconazole or itraconazole in combination with LF-related compounds
as determined by the CV staining assay
Fluconazole with the following: Itraconazole with the following
C. atbicans LF ~ LFcin B LF LFcin B
straimn
MIC (pg/ml)” FIC index” MIC (pg/ml) FIC index MIC (pg/ml) FIC index MIC (pg/ml) FIC index

Azolc susceptible

ATCC 90028 0.5 (800) 2.06 (I) 0.25 (25) 1.06 (T) 0.0063 (800) 1.06 (T) 0.0031 (25) 0.56 (S)

TIMM1768 0.25 (800) 113 (1) 0.25 (25) 1.06 (I) 0.0063 (800) L13 (1) 0.0063 (25) 1.06 (T)
Azolc resistant

TIMM3164¢ 1 (200) 1.13(I) 2(25) 2.06 (I) 0.025 (200) 0.63 (S) 0.025 (25) 0.56 (S)

TIMM3315 0.12 (25) 0.13(S) 0.25 (6.3) 0.13(S) =0.0016 (25) 0.13 (S) 0.025 (6.3) 0.13(S)

TIMM3317 0.25 (400) 0.25(S) 0.25(25) 0.13(S) 0.0031 (400) 0.25 (S) 0.0063 (25) 0.13 (S)

“LF or LFcin B was addcd at a concentration of less than its one-fourth its MIC, and the concentration (in micrograms per milliliter) is indicated in parentheses.
 The FIC index was calculated as described in the text, and its interpretation is indicated in parentheses: S, synergy (<1); 1, indifference (1 to 4).
¢ The MIC for this strain was determined by measuring the increasc in the optical density at 630 nm of the culture.

tors such as active oxygen and LF-related compounds that
target the cell membrane.

Azole resistance in C. albicans is correlated mainly with
enhanced azole efflux mediated by multidrug efflux transport-
ers such as Cdrl energized by ATP and Ben' energized by the
proton motive force (4, 20). It has been demonstrated that
LFcin B dissipates the proton gradient across the cell mem-
brane of C. albicans (25} and inhibits uptake of glucose by
Trichophyton rubrum (3), suggesting that it may reduce the
levels of ATP production in fungi. Although these effects of
LFcin B and those of LF may inhibit the activity of multidrug
cfilux transporters and thereby reduce the extent of azole re-
sistance in the resistant strains, further studies will be neces-
sary to clarify this possibility.

An effect of the combination of triazoles and LF-related
compounds was not observed against the moderately azole-
resistant strain TIMM3164, which is defective in the formation
of hyphae. It is unknown whether the low level of susceptibility
of TIMM3164 to these agents compared to those of the other
strains examined is indicative of a difference in the mechanism
of azole resistance or whether it results from a defect in the
formation of hyphae. Upon testing of the azole-susceptible
strains ATCC 90028 and TIMM 1768, no effect of triazoles and
LF-related compounds combined was evident, although an ef-
fect of such a combination was demonstrated for TIMM 1768 in
our previous study (24). This discrepancy may have been due
to the different culture conditions and differences in the growth
form of the organisms tested. In fact, the MIC of fluconazole
for TIMM1768 was 0.25 pg/ml when the MIC was determined
by quantification of hyphal growth in RP medium, whereas it
was 4 to 16 ug/ml when the MIC was determined by measuring
growth in Sabouraud glucose broth, in which yeast-form cells
are dominant. LF-related compounds may enhance the suscep-
tibility of Candida to azole agents under growth conditions that
make the organisms less susceptible to these drugs.

Plasma LF is derived from neutrophils, and during microbial
infections the levels of LF in plasma may increase 100-fold (up
to 200 pg/ml) (7). LF is also present in mucus secretions at
variable concentrations ranging from 5 wg/ml in saliva (10) to
1,000 pg/ml in cervical mucus (13). The presence of LF pro-
teolysis products in bronchoalveolar lavage samples from pa-
tients with inflammatory lung diseases has been reported (5).
LF derived from neutrophils or mucosal surfaces such as the
cervix uteri and active fragments of LF may have the potential
to augment the efficacy of azole antifungal chemotherapy and
thereby inhibit colonization of the host by azole-resistant C. al-

bicans. The LF concentration in oral mucus is low, and the oral
cavity is the primary site of infection in the case of azole-
resistant C. albicans (21). The therapeutic effects of LF-related
compounds against experimental murine candidiasis due to
azole-resistant C. albicans are now being assessed.

ACKNOWLEDGMENTS -

We thank Katsuhisa Uchida for providing azole-resistant C. albicans
and Kazunori Maebashi and Michinari Kudoh for useful discussions.

REFERENCES

1. Abe, 8., T. Satoh, Y. Tokuda, S. Tansho, and H. Yamaguchi. 1994. A rapid
colorimetric assay for determination of leukocyte-mediated inhibition of
mycelial growth of Candida albicans. Microbiol. Immunol. 38:385-388.

2. Bellamy, W,, M. Takase, K. Yamauchi, H. Wakabayashi, K. Kawase, and M.
Tomita. 1992. Identification of the bactericidal domain of lactoferrin. Bio-
chim, Biophys. Acta 1121:13(0-136.

3. Bellamy, W., K. Yamauchi, H. Wakabayashi, M. Takase, N. Takakura, S.
Shimamura, and M. Tomita. 1994. Antifungal properties of lactoferricin B,
a peptide derived from the N-terminal region of bovine lactoferrin. Lett.
Appl. Microbiol. 18:230-233.

4. Ben-Yaacov, R,, S. Knoller, G. A. Caldwell, J. M. Becker, and Y. Koltin.
1994. Candida albicans gene encoding resistance to benomy! and methotrex-
ate is a multidrug resistance gene. Antimicrob. Agents Chemother. 38:648—
652.

5. Britigan, B. E., M. B. Hayek, B. N. Doebbeling, and R. B. Fick, Jr. 1993.
Transferrin and lactoferrin undergo proteolytic cleavage in the Pseudomonas
aeruginosa-infected lungs of patients with cystic fibrosis. Infect. Immun. 61:
5049-5055.

6. Eliopoulos, G. M., and R. C. Moellering. 1991, Antimicrobial combinations,
p- 432-492. In V. Lorian (ed.), Antibiotics in laboratory medicine, 3rd cd.
The Williams & Wilkins Co., Baltimore, Md.

7. Gutteberg, T. J., B. Haneberg, and T. Jorgensen. 1984. The latency of serum
acute proteins in meningococcal septicaemia, with special emphasis on lac-
toferrin. Clin. Chim. Acta 136:173-178.

8. Hay, R. J. 1990. Overview of studies of fluconazole in oropharyngeal candi-
diasis. Rev. Infect. Dis. 12(Suppl. 3):334-337.

9. Kan, V. L., A. Geber, and J. E. Bennett. 1996. Enhanced oxidative killing of
azole-resistant Candida glabrata strains with ERG1] deletion. Antimicrob.
Agents Chemother, 40:1717-1719.

10. Lenander-Lumikari, M., and L. Johansson. 1995. Effect of saliva composi-
tion on growth of Candida albicans and Tordopsis glabrata. Oral Microbiol.
Immunol. 10:233-240.

11. Li, Y. M., A. X. Tan, and H. Vlassara. 1995. Antibacterial activity of lysozyme
and lactoferrin is inhibited by binding of advanced glycation-modified pro-
teins to a conserved motif. Nature Med. 1:1057-1061.

12. Martinez-Suarez, J. V., and J. L. Rodriguez-Tudela. 1996. In vitro activities
of semisynthetic pneumocandin L-733,560 against fluconazole-resistant and
-susceptible Candida albicans isolates. Antimicrob. Agents Chemother. 40:
1277-1279.

13. Masson, P. L., J. F. Heremans, and C. H. Dive. 1966. An iron-binding protein
common to many external secretions. Clin. Chim. Acta 14:735-739.

14. National Committee for Clinical Laboratory Standards. 1995. Reference
method for broth dilution antifungal susceptibility testing of yeasts. Tenta-



VoL. 42, 1998

tive standard M27-T. National Committee for Clinical Laboratory Stan-
dards, Villanova, Pa.

. Nikawa, H., L. P. Samaranayake, J. Tenovuo, K. M. Pang, and T. Hamada.

1993. The fungicidal effect of human lactoferrin on Candida albicans and
Candida krusei. Arch. Oral Biol. 38:1057-1063.

. Odds, F. C. 1988. Candida and candidosis: a review and bibliography, 2nd ed.

Balliere Tindall, London, United Kingdom.

. Odds, F. C., A. Cockayne, J. Hayward, and A. B. Abbott. 1985. Effects of

imidazole- and triazole-derivative antifungal compounds on the growth and
morphological development of Candida albicans hyphae. J. Gen. Microbiol.
131:2581--2589.

. Odds, F. C., J. Schmid, and D. R. Soll. 1990. Epidemiology of Candida

infections in AIDS, p. 67-74. In H. Vanden Bossche et al. (ed.), Mycoses in
AIDS patients. Plenum Press, New York, N.Y.

. Okutomi, T., S. Abe, S. Tansho, H. Wakabayashi, K. Kawase, and H.

Yamaguchi. 1997. Augmented inhibition of growth of Candida albicans by
neutrophils in the presence of lactoferrin. FEMS Immunol. Med. Microbiol.
18:105-112.

. Prasad, R., P. de Wergifosse, A, Goffeau, and E. Balzi. 1995. Molecular

cloning and characterization of a novel gene of Candida albicans, CDRI,

EFFECT OF LACTOFERRIN ON AZOLE-RESISTANT C. ALBICANS

21.

22.

23.

24,

25.

1591

conferring multiple resistance to drugs and antifungals. Curr. Genet. 27:320—
329.

Rex, J. H., M. G. Rinaldi, and M. A. Pfaller. 1995. Resistance of Candida
species to fluconazole. Antimicrob. Agents Chemother. 39:1-8.

Ruhnke, M., A. Schmidt-Westhausen, and M. Trautmann. 1997. In vitro
activities of voriconazole (UK-109,496) against fluconazole-susceptible and
-resistant Candida albicans isolates from oral cavities of patients with human
immunodeficiency virus infection. Antimicrob. Agents Chemother. 41:575-
571.

Valenti, P., P. Visca, G. Antonini, and N. Orsi. 1986. Interaction between
lactoferrin and ovotransferrin and Candida cells. FEMS Microbiol. Lett. 33:
271-275. :

Wakabayashi, H., S. Abe, T. Okutomi, S. Tansho, K. Kawase, and H.
Yamaguchi. 1996. Cooperative anti-Candida effects of lactoferrin or its pep-
tides in combination with azole antifungal agents. Microbiol. Immunol. 40:
821-825.

Wakabayashi, H., T. Hiratani, K. Uchida, and H. Yamaguchi. 1996. Anti-
fungal spectrum and fungicidal mechanism of an N-terminal peptide of
bovine lactoferrin. J. Infect. Chemother. 1:185-189.



ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, May 1999, p. 1267-1269

0066-4804/99/$04.00+0

Vol. 43, No. 5

Copyright © 1999, American Society for Microbiology. All Rights Reserved.

N-Acylated and p Enantiomer Derivatives of a Nonamer
Core Peptide of Lactoferricin B Showing
Improved Antimicrobial Activity

HIROYUKI WAKABAYASHL,'* HIROSHI MATSUMOTO,? KOICHI HASHIMOTO,?
SUSUMU TERAGUCHI,! MITSUNORI TAKASE,' anD HIROTOSHI HAYASAWA!

Nutritional Science Laboratory' and Biochemical Research Laboratory,?
Morinaga Milk Industry Co., Ltd., Zama, Kanagawa 228-8583, Japan

Received 2 September 1998/Returned for modification 8 January 1999/Accepted 7 March 1999

N-acylated or p enantiomer peptide derivatives based on the sequence RRWQWRMKXK in lactoferricin B
demonstrated antimicrobial activities greater than those of lactoferricin B against bacteria and fungi. The most
potent peptide, conjugated with an 11-carbon-chain acyl group, showed two to eight times lower MIC than

lactoferricin B.

Lactoferricin B (LFcin B) is a 25-mer antimicrobial peptide
generated by pepsin digestion of bovine lactoferrin (LF) and is
more potent than lactoferricin H (LFcin H), a 47-mer peptide
similarly derived from human LF (3). LFcin B shows activity
against a wide range of microorganisms including bacteria and
fungi (2, 15), and its mode of action is microbicidal via mem-
brane perturbation (4, 15). The peptide shows synergistic ac-
tions with other antimicrobial agents such as azole antifungal
agents (13, 14), Nuclear magnetic resonance studies have re-
vealed that the three-dimensional structure of LFcin B is an
antiparallel B-sheet and that hydrophilic and positively
charged residues surround the hydrophobic surface, suggesting
interactions of this peptide with the biological membrane (9).
Although several LFcin analogs with amino acid sequences
shorter than LFcin B or LFcin H have been reported, their
antimicrobial potency seems to be similar to or weaker than
that of the original LFcin (5, 7, 10, 11). Therefore, this study
was performed to produce more potent LFcin analogs and
demonstrate improved antimicrobial activities displayed by N-
acylated or p enantiomer analogs of nonamer peptides based
on a core sequence of LFcin B.

Preparation of peptides. The structures of the LFcin-related
peptides and reference antimicrobial peptides used in this
study are shown in Table 1. LFcin B was purified from a pepsin
hydrolysate of bovine LF as described previously (3).
(Ala®'*®Y.magainin 1I-NH, (6) was purchased from Sigma
Chemical Co. (St. Louis, Mo.). Other peptides were chemically
synthesized on a 4-(2'.4'-dimethoxyphenyl-9-fluorenylme-
thoxycarbonyl-aminomethyl) phenoxyacetamido-cthyl resin or
preloaded 4-(hydroxymethyl)phenoxymethyl-copoly(styrene-1%
divinylbenzene) (HMP) resin (Perkin-Elmer Japan Co. Ap-
plied Biosystems Division, Chiba, Japan) by a 9-fluorenylme-
thoxycarbonyl strategy and solid-phase methodology by means
of an automated synthesizer (model 433A; Perkin Elmer). For
N-acylation of the peptides, the resin was treated with the
desired fatty acid activated in situ as an HOBt/HBTU ester.
After removal of the resin and the side-chain-protecting
groups, the crude peptides were purified by reverse-phase high-

* Corresponding author. Mailing address: Nutritional Science Lab-
oratory, Morinaga Milk Industry Co., Ltd., 5-1-83 Higashihara, Zama,
Kanagawa 228-8583, Japan. Phonc: 81-462-52-3045. Fax: 81-462-52-
3049. E-mail: Hiroyuki_Wa@msn.com,

performance liquid chromatography. The structures of the final
compounds were confirmed by mass-spectral analysis (LCQ,
Finnigan Mat). All peptides including N-acylated ones were
soluble in water.

Microorganisms tested. Escherichia coli IID861, Pseudomo-
nas aeruginosa IFO3445, and Staphylococcus aureus JCM2151
(ATCC 6538P) were maintained on plate count agar (Eiken
Chemicals Co., Tokyo, Japan) slants. The stock cultures were
harvested in 1% Bacto Peptone (Difco Laboratories Co., De-
troit, Mich.) and incubated for 7 h at 37°C to obtain inocula.
Candida albicans TIMMO0144 and Trichophyton mentagrophytes
TIMM1189 were grown on Sabouraud glucose agar (1% Bacto
Peptone, 2% glucose, 1.5% agar) slants at 27°C before use.

Antimicrobial susceptibility testing. MICs were determined
by the microdilution method using flat-bottom 96-well micro-
plates. As culture media, 1% Bacto Peptone or Mueller-Hin-
ton broth (Difco) was used for bacteria and Sabouraud glucose
broth (1% Bacto Peptone, 2% glucose) was used for fungi.
Bacterial cells were inoculated into microplates at a final cell
density of 10° cells/ml and incubated for 17 h at 37°C. C.
albicans cells were harvested from a slant, suspended in the
culture medium, inoculated into microplates at 10° cells/ml,
and incubated for 17 h at 37°C. Microconidia of 7. mentagro-
phytes were harvested from a slant in saline solution containing
0.85% NaCl and 0.05% Tween 80, suspended in the culture
medium, inoculated into microplates at 10* cells/ml, and incu-
bated for 4 days at 27°C. The MIC for triplicate samples was
determined.

The MICs of LFcin-related peptides for the five microor-
ganisms in peptone-based broth are shown in Table 2. LFcin
H(25mer), which has an amino acid sequence homologous to
that of LFcin B, was substantially less active than LFcin B
against all microorganisms tested. We synthesized several pep-
tide derivatives based on the cationic-amino-acid-rich region
RRWQWRMKK (corresponding to positions R4 through
K12) of LFcin B and assayed the antimicrobial activity of each.
N-acyl derivative peptides having a carbon chain length of six
to eleven carbons showed similar or higher activities compared
with LFcin B. The most active peptide had an 11-carbon acyl
chain and exhibited two- to four-times-lower MIC than LFcin
B. p-(4-12)-NH,, a D enantiomer derivative of (4-12)-NH,, was
also highly active and showed MIC similar to that of Acyl-11-
{4-12)-NH.. N-acylation, however, did not further augment the
activity of the p enantiomeric peptide. AccRRWWCR-NH,
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TABLE 1. Structures of the peptide derivatives used in this study

Peptide name Structure

LFcin B..ocvcvricrecnnnns FKCRRWQWRMKKLGAPSITCVRRAF
LFcin H(25mer)...ccccovceeee TKCFQWQRNMRKVRGPPVSCIKRDS
(4-12)-NH,......... RRWQWRMKK -NH,

CH, (CH,) ;,CO-RRWQWRMKK - NH,

CH, (CH,) 3CO-RRWQWRMKK-NH,

CH, (CH, ) ,CO-RRWQWRMKK-NH,
CH, (CH, ) ; ,CO-RRWQWRMKK-NH,
CH, (CH,) ; ,CO-RRWQWRMKK-NH,
CH, (CH,) | §CO-RRWQWRMKK-NH,
D-(4-12)-NH,......... . p- (RRWQWRMKK ) ~NH,"
Acyl-10-D~(4-12)-NH, ......CH, (CH, ) 4CO-p- (RRWQWRMKK ) -NH,*
Ac-RRWWCR-NH/“ ....... CH,CO-RRWWCR-NH,
(Ala*!*'¥).magainin

IENH, e

Acyl-6-(4-12)-NH,
Acyl-10-(4-12)-NH,.
Acyl-11-(4-12)-NH, .
Acyl-14-(4-12)-NH, .
Acyl-16-(4-12)-NH, .........
Acyl-18-(4-12)-NH; .........

GIGKFLHAALLFAKAFVAEIMNS-NH,

“ See reference 8.
b Sce reference 6.
* These are the p enantiomer derivatives of the peptides.

was previously identified as the most potent hexameric antimi-
crobial peptide in synthetic peptide combinatorial libraries (8)
and showed sequence similarity to the RRWQWR region in
LFcin B. This peptide showed slightly lower activity than LFcin
B. (Ala*'*'*)-magainin 1I-NH, is a peptide consisting of 23
amino acid residues reported to display antimicrobial activity
up to two orders of magnitude stronger than that of the orig-
inal magainin 1I (6). The activity of this analog was similar to
that of Acyl-11-(4-12)-NH,. In tests using Mueller-Hinton
broth, in which the activity of LFcin B, especially against gram-
negative bacteria, was decreased, improvement of antimicro-
bial activities and carbon chain length-dependent activities for
N-acylated analogs were clearly indicated (Table 3). Acyl-10-
(4-12)-NH; and Acyl-11-(4-12)-NH, showed four- to eight-
times-lower MIC than LFcin B.

N-acylation resulted in an increase in the interaction of
LFcin B analogs with microbial membranes and may have
caused enhanced antimicrobial activity. Appropriate amino
acid substitution is known to increase the activity of antimicro-
bial peptides (6, 10). The N-acyl derivatization approach using
a relatively short peptide, however, can simplify the peptide
synthesis process compared to synthesizing larger peptides.
Although Ca** or Mg** ions (>2 mM) are known to reduce

TABLE 2. In vitro antimicrobial activity of LFcin-derived
peptides in peptonc-based broth

MIC (pg/ml)
Agent E P, 8. C T
coli aeruginosa  aureus albicans mentagrophytes

LFcin B [ 12 12 25 12
LFcin H(25mer) 25 50 25 100 50
(4-12)-NH, 6 25 6 25 6
Acyl-6-(4-12)-NH, 3 25 6 25 6
Acyl-10-(4-12)}-NH, 3 6 6 25 6
Acyl-11-(4-12)NH, 3 6 3 12 6
Acyl-14-(4-12)-NH, 6 12 12 25 12
Acyl-16-(4-12-NH, 6 12 2 50 12
Acyl-18-(4-12)-NH, 6 25 12 100 12
D-(4-12)-NH, 3 12 3 6 6
Acyl-10-D-(4-12)-NH, 3 6 3 12 6
Ac-RRWWCR-NH, 12 25 12 50 6
(Ala*"*1¥).magainin 3 6 3 25 12

11-NH,

ANTIMICROB. AGENTS CHEMOTHER,

TABLE 3. In vitro antimicrobial activity of LFcin-derived
peptides in Muelier-Hinton broth

MIC (pug/ml)
Agent
E. coli P. aeruginosa S. aureus
LFcin B 50 >200 25
LFcin H(25mer) >200 >200 >200
Acyl-6-(4-12)-NH, 100 >200 100
Acyl-10-(4-12)-NH, 6 50 6
Acyl-11-(4-12)-NH, 12 50 3
Acyl-14-(4-12)-NH, 12 50 12
Acyl-16-(4-12)-NH, 25 50 12
Acyl-18-(4-12)-NH, 50 100 25
D-(4-12)-NH, 50 >200 12
Acyl-10-p-(4-12)-NH, 12 100 6
Ac-RRWWCR-NH, 100 >200 25

the activity of LFcin B (2), these ions were not likely involved
in the increased MIC of the peptide in Mueller-Hinton broth,
because the concentrations of Ca** and Mg?* in Mueller-
Hinton broth were low (0.15 and 0.21 mM, respectively) and
similar to those in 1% Bacto Peptone. Other constituents may
be responsible for the diminished activity of LFcin B in Muel-
ler-Hinton broth, and N-acylated derivatives may overcome
such blocking effects of medium ingredients. D enantiomer
peptides can survive digestion by proteases secreted by micro-
organisms. This and previous studies (1, 5, 12) indicate advan-
tages of D enantiomer derivatives in antimicrobial applications.

The hemolysis activity of the 11-mer LFcin B analog is re-
ported to be very low (10), and p-(4-12)-NH, did not exert a
toxic effect against animal cells at concentrations active for the
inhibition of microorganisms in our preliminary evaluation.
Oral application is a possible route for the therapeutic uses of
the derived compounds, because oral administration of the
N-acylated and b enantiomer derivatives in mice resulted in no
lethal toxicity at doses as high as 100 mg/kg of body weight
(unpublished data).
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Bovine lactoferrin (LF) and lactoferricin B (LFcin B), an
antimicrobial peptide derived from bovine LF, inhibited
thiobarbituric acid-reactive substance (TBARS) formation
in a iron/ ascorbate-induced liposomal phospholipid perox-
idation system. The inhibition of TBARS formation oc-
curred with N-acylated 9-mer peptides with a core sequence
of LFcin B and, compared to LFcin B, their antioxidant
effect was clearly observed at a concentration almost 100
times lower.
lactoferrin; lactoferricin; antioxidant;
TBARS; acylation

Key words:

Lactoferrin (LF), an iron-binding protein belonging
to the transferrin (TF) family, is present in many exo-
crine secretions of mammals and in the secondary gran-
ules of neutrophils. It has a variety of biological activi-
ties in vitro and in vivo including antimicrobial activity,
immunomodulatory effects, and antioxidant activit-
ies."? Antimicrobial peptides much more effective than
LF were found to be generated upon digestion of this
protein with gastric pepsin or other aspartic pro-
teinases.” The active peptides of human LF (lactoferricin
H) and bovine LF (lactoferricin B, LFcin B) were isolat-
ed, sequenced, and found to be derived from the
homologous N-terminal regions of the molecules.”
Later, it was reported that both LFcin B and LF effec-
tively inhibit tumor metastasis® as well as the LPS-in-
duced IL-6 response in monocytes,” and stimulate IL-8
release from neutrophils.” Other studies have shown
that an N-terminal region of the LF molecule overlap-
ping the LFcin sequence is responsible for the an-
timicrobial activity of LF® and the binding of LF to
several biological substances and cells.>'” LFcin may be
a peptide or a region with the integrated functions of
LF.

Previous studies have shown that LF inhibits lipid
peroxidation'"'? with an assay system of liposomal phos-
pholipid peroxidation induced by Fe*" ion and ascorbic
acid. The mechanism of lipid peroxidation in this sys-
tem could be assumed as follows. Fe®* is reduced to
Fe?* by ascorbic acid (a), where LF chelates Fe’* in a
noncatalytic form, and thereby blocks this and the fol-
lowing reactions. When Fe?* is present, O, produces Oy

or H,0,, and H,0, and LOOH (lipid hydroperoxide)
are converted to HO- and LO-, respectively (b)(c).'>'¥

(a) Ascorbic acid +Fe3*

—Dehydroascorbic acid + Fe**
(b) H,0,+Fe?*—>HO-+OH +Fe3*
() LOOH+Fe**—»LO-+0OH™ +Fe**

These products eventually yield cytotoxic lipid alde-
hydes, detected as thiobarbituric acid reactive sub-
stances (TBARS) or malonedialdehyde (MDA). Matsue
et al. reported that LF hydrolysates treated with pro-
teases such as pepsin, as well as LF, inhibit MDA forma-
tion in a solution containing DNA, bleomycin, and Fe?*
or ascorbic acid."

We studied the effects of LFcin B on TBARS forma-
tion in the iron/ascorbate-induced liposomal phos-
pholipid peroxidation system, because LFcin is likely to
be a multi-functional peptide, but it does not have the
iron-binding motif of LF. In addition, 9-mer peptides
from LFcin B were chemically acylated to confer
hydrophobicity and were tested for antioxidant activity
in an effort to develop more potent peptide derivatives.

Bovine LF was produced by Morinaga Milk Industry
Co. (Tokyo, Japan) and its iron-saturation was almost
14%. LFcin B was prepared from bovine LF pepsin
hydrolysate as described previously.? Using a 9-
fluorenylmethoxycarbonyl (Fmoc) strategy and solid-
phase methodology, peptides were synthesized on a
4-(2’,4’-dimethoxyphenyl-Fmoc-aminomethyl) phenox-
yacetamido-ethyl resin or preloaded HMP resin
(Perkin-Elmer Japan Co. Applied Biosystems Division,
Chiba, Japan) using an automated synthesizer (433A,
Perkin-Elmer). For N-acylation of the peptides, the re-
sin was treated with the desired fatty acid activated in
situ as a HOBt/HBTU ester. Crude peptides were
purified by reverse-phase HPLC. The synthesized pep-
tides are shown in Table 1. Assay of TBARS formation
was done by the method of Gutteridge'® with some
modifications. Liposomes were prepared by vigorous
agitation of a mixture consisting of 5 mg/ml egg yolk
lecithin in 10 mm HEPES and 0.15 M NaCl (pH 7.4) for
5 min at 37°C under oxygen-free nitrogen and the mix-
ture was then left at 4°C for 1 h. The supernatant in 0.5-

* To whom correspondence should be addressed. Hiroyuki WAKABAYASHI, Fax: +81-462-52-3049; E-mail: Hiroyuki Wa@msn.com
Abbreviations: LF, lactoferrin; LFcin, lactoferricin; TBARS, thiobarbituric acid-reactive substances; MDA, malonedialdehyde; SOD,

superoxide dismutase
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ml portions was dispensed into a number of tubes.
Then, 50 ul of 112 um FeNH,(SO.),, 50 ul of 532 um as-
corbic acid, and 100 ul of test compound solution were
added to the tubes followed by vigorous mixing for 5 s.
The samples were incubated at 37°C for 1 or 2 h. Three
ml of 2.9 M HCI containing 1.0% sodium arsenite was
added to each tube. The tubes were mixed and cen-
trifuged at 2,500¢ for 15 min, 3 ml of the clear super-
natant was carefully removed and added to 1 ml of 1%
thiobarbituric acid in 0.05 M NaOH, and each sample
was heated for 15 min in a boiling water bath. After
cooling, the turbidity was removed by filtration, and
TBARS formed in each sample was measured pho-
tometrically at 532 nm. Statistical analysis was done us-
ing the unpaired two-tailed ¢ test to compare two
groups.

Effects of LF-related compounds on TBARS forma-
tion were assayed in the system of liposomal phos-
pholipid peroxidation during 2 h of incubation (Fig. 1).
Fe** ion and ascorbic acid added to this system caused
considerable TBARS formation. In the presence of Fe’*
and ascorbic acid, LF and a positive control, DL-a-
tocopherol, had an inhibitory effect on the reaction as
shown in previous studies.'"'¥ LFcin B also decreased
the levels of TBARS formation with a lesser effective-
ness compared with that of LF.

To examine the effects of LFcin-derived peptides on
oxidation reactions, the synthesized peptides shown in
Table 1 were tested. Table 2 shows the effects of these
peptides and reference compounds on TBARS forma-
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Fig. 1. Effects of LF and LFcin B on TBARS Formation from

Liposomal Phospholipids.

Test compounds were incubated with Fe** ions and ascorbic acid
(Asc) in a liposomal system for 2 h. The TBARS formed was meas-
ured photometrically at 532 nm and the results are presented as
mean+SD of 5 tests in percent relative to the control containing
only Fe'* ions and ascorbic acid. The data were statistically ana-
lyzed comparing control values and values obtained in the presence
of the indicated concentrations of each test agent. *P<0.05,
**P<0.005.

Table 1. Structures of the Peptide Derivatives Used in This Study

Peptide name Structure

LFcin B

LFcin B(14-25)
Acyl6-(4-12)-NH,
Acyll0-(4-12)-NH,
Acyll14-(4-12)-NH,
Acyll6-(4-12)-NH,
Acyl18-(4-12)-NH,
D(4-12)-NH,
Acyl10-p(4-12)-NH,
Ac-RRWWCR-NH,’

FKCRRWQWRMKKLGAPSITCVRRAF
GAPSITCVRRAF

CH,(CH,), CO-RRWQWRMKK-NH,
CH,(CH,); CO-RRWQWRMKK-NH,
CH,(CH,),,CO-RRWQWRMKK-NH,
CH,(CH,),,CO-RRWQWRMKK-NH,
CH,(CH,),sCO-RRWQWRMKK-NH,
p-(RRWQWRMKK)-NH,*

CH,(CH,); CO-p-(RRWQWRMKK)-NH,*
CH,CO-RRWWCR-NH,

Peptides were chemically synthesized except for LFcin B which was purified
from a pepsin hydrolysate of bovine LF.

2 p indicates D enantiomer derivative from the peptide.

b Reference from [17].

Table 2. Effects of LFcin-derived Peptides and Reference Com-
pounds on TBARS Formation

TBARS formation (%) at indicated
concentration (mg/ ml)

Compounds
0.001 0.01 0.1 1
LFcin B ND?* ND 93.1 25.2
LFcin B(14-25) ND ND 129.9 159.9
Acyl6-(4-12)-NH, 102.5 88.1 45.1 12.7
Acyl10-(4-12)-NH, 96.0 40.8 13.3 8.1
Acyl14-(4-12)-NH, 92.0 40.8 9.8 12.1
Acyl16-(4-12)-NH, 91.0 37.3 10.4 12.1
Acyl18-(4-12)-NH, 83.8 24.3 11.3 14.6
D(4-12)-NH, ND ND 85.5 83.3
Acyl10-p(4-12)-NH, 89.3 49.5 13.9 7.7
Ac-RRWWCR-NH, ND ND 64.6 10.2
DL-a-Tocopherol 49.5 16.7 6.4 4.2
o-Phenanthroline 27.7 31.6 16.9 11.5
Quin 2 47.6 7.3 6.7 6.1
SOD 99.0 109.4 119.5 115.2

Test compounds were incubated with Fe3* ions and ascorbic acid in a
liposomal system for 1h. The resulting TBARS formed was measured pho-
tometrically at 532 nm and the results are presented as a percent relative to the
control containing only Fe3* ions and ascorbic acid.

4 ND: not determined.

tion during 1 h of incubation. DL-a-tocopherol and two
metal-chelating agents, o-phenanthroline and Quin 2,
had significant inhibitory effects, while an O; scaveng-
ing agent, SOD, had a promotive effect in this system.
Among the peptides synthesized, LFcin B(14-25), a pep-
tide corresponding to the C-terminal half of LFcin B
with few cationic amino acids, increased TBARS forma-
tion. On the other hand, N-terminal acylated analogs of
the 9-mer core region of LFcin B effectively inhibited the
reaction and their activity was evident at a concentration
almost 100 times lower than that shown by LFcin B. The
inhibitory effectiveness of these peptides appeared to be
dependent on the carbon chain length of the acyl group,
with those with longer carbon chains showing higher
effectiveness. An acylated p enantiomer derivative of
LFcin B(4-12)-NH, inhibited the reaction with the same
effectiveness as the corresponding L isomer peptide.
Another cationic antimicrobial peptide tested as a



Antioxidant Activity of Lactoferrin Peptides

reference compound, Ac-RRWWCR-NH,,'” also in-
hibited TBARS formation.

In this study, LFcin B and LF had similar antioxidant
effects, consistent with those shown in other biological
activities.®” This supports the hypothesis that the LFcin
region is a multi-functional domain of LF. One molec-
ule of LF binds two Fe** ions at binding sites different
from the LFcin region. However, it has been reported
that LF effectively solubilizes excess Fe?* ions in test so-
lutions, suggesting binding of higher numbers of Fe?*
ions to LF'™® and that LF pepsin hydrolysate inhibits
Fe**-induced MDA formation in a DNA and bleomycin
system.'” These findings imply that LFcin B interacts
with Fe** ions not in a strict chelating manner and in-
hibits lipid peroxidation. Matsue et a/. proposed that LF
also binds ascorbic acid and this is one of the antiox-
idant mechanisms of LF in the iron/ascorbate-induced
oxidation system.' To clarify the antioxidant mechan-
ism of LFcin B, investigations involving interactions of
the peptide with iron ions or ascorbic acid are necessary.
As a reference peptide, a cationic antimicrobial peptide
Ac-RRWWCR-NH, was tested and inhibited TBARS
formation. This peptide has been identified as the most
potent 6-mer antimicrobial peptide in synthetic peptide
combinatorial libraries'” and shares sequence similarity
with RRWQWR in LFcin B. We adapted hydrophobic
motifs to a highly cationic sequence, RRWQWRMKK,
of LFcin B and examined the activity. The N-acylated
peptides examined significantly inhibited TBARS forma-
tion. Acylation of the peptide may result in a higher
affinity for liposomal phospholipids. A number of phys-
iologically important peptides and proteins are known
to have a covalently linked fatty acid which is often es-
sential for their biological activity and for stable associa-
tions with cellular membranes.'*? It has been reported
that introducing an acyl group into a non-acylated pep-
tide led to strong interaction with a phospholipid mem-
brane.2 Our observations revealed a novel biological
role for acylated peptides.
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