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human /3 -defensin-2 (hBD-2)

American Type Culture Collection (ATCC)

Gifu Type Culture Collection (GTC)

Institute for Fermentation, Osaka (IFO)

brain heart infusion (BHI)

tryptic soy broth (TSB)

sodium phosphate buffer (NaPB)
3.4-Dichloroisocoumarin (3,4-DCI)
tosylphenylalanine chloromethylketone (TPCK)
4-(2-Aminoethyl) -benzenesul fonyl fluoride hydrochloride (AEBSF)
dimethylsulfoxide (DMSO)

human primary foreskin keratinocyte (HFK)
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
6-carboxy-fluorescein (FAM)
6-carboxy-tetramethylrhodamine (TAMRA)

Toll-like receptors (TLRs)
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pathogen-associated molecular patterns (PAMPs)
fluorescence generation (ARn)

threshold amplification cycle (Ct)
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TRRHISIEREE & B ICHIE R V50 B2 T 28 X CITAK (%
RE) REESD D, & PORERTF FEE->TWD I EAMLAT
w%oﬁﬁ%ﬁ%ﬁmﬁﬁf%ku\%bﬁﬁx7&/@%&\vzw7
1 FORBIZED 42D T V—=THH 0, Bl WA, BHEE X U4 %
HIFIIB VT, 70 D LS F25ME SN TV 5 (Table 2)o ZOH
2 OESFIREMER 7T MFIZEARICL oM L, K& 0 416558
DAHZZXLE LTHILLTELLEZZLRTVS (2, 3),

747 x v (Defensin) E#FR SN ZHABYOHEM~TF Fid
M RE OEEB IS B W CHEEL&EHEH-> TWb, defensin &, 1
TFREMMENRTF FO 1 7V — T LT EN, B -sheet HiTE L 2,
SHEDTFANYANT 4 FEFOWNFF o HORTF FE L THEROITS
TV % (Table 3)o defensin (&, MEXTF FOSEEEFEEZ L
TEYH, 1980 FIIHRMCER SN TrOL 2 UL LHABWOR
BB F MK KRR ETRO22 > TwW3a 4),

defensin (&, HFHET D6 DDV AT (4 VREDEET 232DV AN
74 FEEEOHMABGDLEDEND S, KD o -defensin LIFINS LD
&L 191 F XD TT P ORENS BLO% > 72 8 -defensin & LT3 b
DIZKELGEENS, B Db D defensin (3. o -defensin &£ LT 6
TR (5, 6). B -defensin & LT 6 A BET TICREENTVS(7-12),

t b B -defensin-2 (hBD-2) &, 1997 4E (8 8HE B E O R H 5 5 58k



Table 2. Cationic antibacterial peptide classes based on structure and source._

Peptide Source
Amphiphilic _a —helix, with cysteine residues
Cecropins insects, pigs
Magainins frogs
LL-37 humans
CAP18 rabbits

Extended helical, with cysteine, with high content of an amino acid

Apidaecins insects rich in pro arg
Drosocins insects pro
Bac-5 cattle pro arg
Bac-7 sheep, goats pro arg
Indolicidin cattle trp
PR-39 pigs pro arg

Loop structure, with one disulfide bond
Brevinins frogs

Esculentin cattle

/3 -sheet, with 2-3 disulfide bonds

a -Defensins humans, rats, guinea pigs, rabbits
3 -Defensins humans, cattle, mice

Protegrins pigs

Tachyplesins crabs

Insect Defensins insects




Table 3. Amino acid sequences of the human ¢ - and @_ - defensin families.

Human ¢ -defensin

HNP-1 RIPAGTAGERRYGTJIYQGRLWA
HNP-2 RIPAGTAGERRYGTTYQGRLWA
HNP-3 RIPACTAGERRYGTIJIYQGRLWA
HNP-4 RLVHCORRTELRVGNGL IGGVSFTYCGTRV
HD-5 ARA RTGROATRESLSGVGEISGRLY R
HD-6 TRA RR-SOYSTEYSYGTIQTVMG INHRECGL

!

disulfide bond # *

@)

Human p -defensin
PIFTKIQG

HBD-1 DHYNQVSSGGQULYS
HBD-2 GIGDPVT(LKSGAIQHPVHGPRRYKQIG

| Kap} |

HBD-3 GIINTLQKYYQRVRGGROAVLSCLPKEEQIG
HBD-4 GYGTARCR-KKIQRSQEYRIG
HBD-5 KLGRGK(OR - KEGLENEKPDG
HBD-6 NKLKGTIGK - NNIGGKNEELI
disulfide bond # * ! *

| K |
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ERBREBRDOIREN & 2 RBFEHEHREL BB Lie IO DOE

B C TABROESIHFET LI LWL L 2o 1,



BTE b MIEANRTF FOOEME T 250H

¥—Hi S

defensin & #FF SN L HILENY DOHLRMER T F FITHE G O 4R
HMICBOWTEEREE 2o T D, BEIHT a%%ﬁmﬁﬁ&%éﬁ
THHINLDRT T FIZIdkk4 G EOSHENFEL, ARz
ERz M e EREOMB THEAE SN TV S,

defensin 7 7 3 Y —i 6 D cysteine HHED 3 HOFTHI AN T 4
FHEEEERTE2H T+ o HORTF FELTHEEOSIFORTWE, Ih
LD cysteine BRED I AN 7 4 FFEEEOMARIZL Y| human defensin
773 = a-REB-O2OH 7773 —II5HEN 5,

1985 4R (2 Ganz 52 & D #1&H TR S 72 human o -defensin (21X BIFE
6 B isoform mBFEINTWV5 (5, 6)s #DH T, Human neutrophil
peptide-1 #*5H-4 (HNP-1~-4) &FpEN5 4 FFIEEMKIBOT X— v
L2 JRIET o Human defensin-5 &-6 (HD-5 &£-6) &Fp&h b 2 o
a -defensin &, BB D Paneth MDD R DA E O LK
MBS ICAFAES B (23) 0

1995 #E121X, o -defensin & 13§ 7% o 72 human defensin 2%, il
A B 57 HES N (10), B -defensin E /DT H NIz, £ Human S
-defensin-1 (hBD-1) (IEM&. MR, RE. 8. £OMEFEO LA
THREMICERIN TS (T-11),

T2 41 TIJEBREPORLYATA VICELAF A U HUARTF FT



& % human [ -defensin-2 (hBD-2) 1£ 1997 4EiZ bk MM & ) B & (13),
TRAZHE, CIREREE, W 7 E02 b FAAEDHERR STV 5, hBD-2 134 4kAS
MR R RIEED T A M A P ITBESNABICE L CHFEMICRB NS
tﬁﬁ%éhtwéu&w%hmqttf&LfﬁaA@ﬁ%@%ﬁt%
LTHITHY (13, 14, 17, 18), ZDOiEHIE, 1 defensin L h) b
10 FEDMETEZ AT 2R/ MEIN TS (14, 19),
ETNODEHEIZHEEEICMA T, defensin (213 BAKIE L ISR
BEISEDBOIRZIIBWTEEREHER O LRI NTETV S,
B 213, hBD-2 1& CCR6 7 EH A ¥ LT ¥ — %A L CHERMINL % filigg L
TV 5 (24) 45, BRRMIRIZ I O B RIS IS v T, JusfeRfiia s L <
HEELEEHERIZL WS, TOHET, H/-% human B -defensin TH
% hBD-3 & hBD-4 AEE S, KM RUBKEREE (hBD-3) LHERTHO
KPR (stomach pyloric antrum) (hBD-4) 28T % Fi 6 OHIBELFRAY
FBAHME SN (25, 26). FIZ hBD-5 & hBD-6 A5k b7/ AfEHA LD~
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ERLLOEMEEOHHIIBWTEETH S,

AHFFE% B L Ty hBD-2 A% S. mutans X S. sobrinus \Zxf L THIEADH
D, BEBISTLTIEIEALRELS 2T, 3612, KEoEEL v 4
ERIEAThBD-2 KM CH L L2 AL, £ v 7u 77— EHEAIC X
B 7 a7 7 — CEEOHEA hBD-2 123§ 2 Bk BN % & 5
LV ZENHERTE

ARFFETIIINE ) Sl L > ERE I § 2 hBD-2 DR ENE, RO
hBD-2 MfMEA H =X AL TR LETBY., OEFEEREOBEIIHT S
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TF FEMEA L7, WEREHKOKEIIIX Difco (Mzchiggn, USA) Bab
DAV, RS 7 #a— 2% Gibco BRL (USA) %\ 7z IR
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£TH WEEREMR
FERIZH 7B ERE ML, American Type Culture Collection (ATCC).
Gifu Type Culture Collection (GTC) & % i Institute for Fermentation,
Osaka (IFO) HDfa /Sy 7 ) AF L, %ﬂ%w@ﬁezci Table 4 (2

~L 7,
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Table 4. Strains used in this study.

Strain

reference

Escherichia coli TFO 15044

Staphylococcus aureus ATCC12600
anginosus (milleri) group
Streptococcus anginosus ATCC 33397
Streptococcus constellatus ATCC 27823
Streprococcus intermedius ATCC 27335
mitis group
Streptococcus gordonii ATCC 10558
Streptococcus mitis ATCC 6249
Streptococcus mitis GTC 495
Streptococcus oralis GTC 276
Streptococcus pneumoniae GTC 261
Streptococcus sanguis ATCC 10556
mutans group
Streptococcus cricetus ATCC 19642
Streptococcus downei ATCC 33748
Streptococcus ferus ATCC 33477
Streptococcus macacae ATCC 35911
Streptococcus mutans ATCC 25175
Streptococcus mutans MT8148
Streptococcus rattus ATCC 19645
Streptococcus sobrinus ATCC 33478
Streptococcus sobrinus 6715
pyogenic group
Streptococcus agalactiae GTC 1234
Streptococcus pyogenes GTC 262
salivalius group
Streptococcus salivarius ATCC 9759

IFO , Institute for Fermentation, Osaka
ATCC , American type culture collection
GTC, Gifu Type culture collection

T, Type strain
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$£=IH BHIEMIC X % hBD-2 OHE G

hBD-2 DMIE (23§ 5 A HHEEMIE, Lehrer 5@ radial diffusion
assay method(28-30) B2 L7z, M#ISHER5 &, #B# % BHI broth
PC—BEERE L, W L7 10 M Y VT b wm%iéﬁ@z (pH7.4) i
D& D 2 FERREE, WEE 43CICIBEDTH DY VEEF N Y AEEK
RIBWE (1% AL R agarose, 0.03% TSB.0.02% Tween 20) 12 Ag,A%0.0015-0.01
ELBE)ICBE L, DL X ) ICHB L EEEH, 6 nl @2y
Y=L 1ImOESELRD L )IIHELL. P HFEIE L 12,
U= b EIZEE 3 mm OREZET, 4.5 pl 00 hBD-2 i (KikEH
0. 1.74, 3.47, 6.94, 13.9, 27.8, 55.6. 111, 222 pg/ml) ZFHML 726
37CT 3 WEfIA v FaxX—Ta vy L%, EEICIELTE»LE 6%
(w/v) TSB FEXWME B L1so 20%, +AMALEE L TO— > 49
BEND ETI8-24 REABEE L7z, ROEF L 2VERHLZHEIEMNOERZRE .
FHAIL . EFHIEEEZ KO/, hBD-2 OABHILFEREI TR L I ICE
gL

1 unit of inhibitory activity = (diameter of clear zone in mm minus

3.0) X10
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BMUE o7 T—YHERO LY
LR =IO EFRIL AR O LTI LT, WEEE L) v %%
TR IS, DMSO (2@ L7z 15 Fio 7 a5 7 — E[HEHR (AEBSE,
Amastatin, Antipain, Aprotinin, Bestatin. Chymostatin, 3,4-DCI, E-
64.EDTA, Leuhistin, Leupeptin, Pepstatin, Phosphoramidon, TPCK, Trypsin
inhibitor) % 10 nM-10 mM DFEEEHRE TN, WMAEWHKO 707
7l EHEL 2. AWzHEROAFIC L b 8 T Table 512

ARL72e DMSO DA EMZI-b D xR TR E L/,
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Table. 5 Inhibitors used in this study.

Inhibitor
AEBSF
Amastatin
Antipain
Aprotinin
Bestatin
Chymostatin
3,4-DCI
E-64
EDTA
Leuhistin
Leupeptin
Pepstatin

Phosphoramidon

TPCK
Trypsin inhibitor

Inhibition

serine proteases

aminopeptidase and leucine aminopeptidase
trypsin, papain, and cathepsin A, B
Kallikrein, pancreatic trypsin

aminopeptidases
chymotrypsin, papain, and cathepsin A, B, D

serine proteases

thiol proteases
metallo-proteases, metal-activated proteases
Aminopeptidase M
trypsin, plasmin, papain, and cathepsin B

pepsin, cathepsin D, and renin

thermolysin, Neutral Endopeptidase-24.11 (ANP
Degradation Enzyme), and Endothelin Converting Enzyme

chymotrypsin-like serine protease

trypsin

Supplier
Roche Diagnostics GmbH
PEPTIDE INSTITUTE, INC.
PEPTIDE INSTITUTE, INC.
Roche Diagnostics GmbH
SIGMA
PEPTIDE INSTITUTE, INC.
SIGMA
PEPTIDE INSTITUTE, INC.
SIGMA
PEPTIDE INSTITUTE, INC.
PEPTIDE INSTITUTE, INC.
PEPTIDE INSTITUTE, INC.

PEPTIDE INSTITUTE, INC.

SIGMA
Roche Diagnostics GmbH
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I L HIEREICHT S hBD-2 DG

L EREEE, MEFE90 8L 16S-rRNA DIEIERHI oML X O
finger-printing (2 & 274220V TC, anginosus (miileri)‘ mitis.
mutans, pyogenic, salivarius. bovis group ® 6 2D 7 — FIZ55H &
N5 (31, 32), Fxld, ZOHT bovis group % BV 7z [OREIZHVT & <
RO OFEHEKD L HEREIHE LT, BIEMBIC & % hBD-2 ~D %
S ERE Lco ARBRICHIEFIERELZRA Lok, ZoRER5EH
PLARTF FOEHENEICL b TEH (28, 29, 33, 34), /-, &
bEEHOEEN TCHEVCEREL A L, hBD-2 ORI ¥ 2 BRI E % ik
ETLEPURLINLTH S,

Escherichia coli & Staphylococcus aureus % 75 LBRWE L 7T A
BRIy ba—n e LTHWAZOEEBRT, hBD-2 13, 0-250 pug/ml
DHFHE T, MHF I L CGRERFHICEFTHEEE LR L7 (Figure 1),
TNETND hBD-2 (X T S HERB OEZ M & By 2 72012, EBEHRIC
%t L C hBD-2 i BEAEF R ETEMED 20 units (Inhibitory Concentrations
at 20 units : IC,) ZARTIEEL LA, ZOMEIIELICHE SR TV S A
B (E. coli) BXUEET FVIRE (S. aureus) (2319 % hBD-2 O LDy (13)
E—HLTVWBIETH S, E. coli 2535 hBD-2 @ ICyid 4.2 pug/ml T
S. aureus &, 244 pg/ml TH > 7=,

21 MEOOKEL Y HREIIHT2RBROKER. S nitis BLU
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Figure 1. The hBD-2 susceptibility of Escherichia coli and
Staphylococcus aureus.

The radial diffusion assay was performed to determine hBD-2
activity in inhibiting growth of Escherichia coli IFO 15044 (BLACK)
and Staphylococcus aureus ATCC12600 (WHITE).

The linear regression lines were drawn by the least square method
using the average values of triplicate determinations.
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anginosus group @ 3 WHiZ RV /213 & A &4 TOWERK 126 LT, hBD-
213Kk 4 RIRFECORHM P %R L7z (Figure 2~4), 72, M50 hBD-2
W OB L A B HEGEOM G, EHEsBE I,
MBRKE R G RD 72 21 Btk 1C, % Table 6 12 % &&Sf:o BRI
RELT, e MOOBETEREL)MEMEL LTSN TS S, nutans
& S. sobrinus \Zxf LTI, hBD-2 D IC, 13 S. mutans Tid. EH#ekk: (ATCC
25175) T21.6ug/ml, #HKEXT L {HVHN TV 2 MT8148 BT 57.1 pg/ml
&Y. S sobrinus TIX, FE#ERR (ATCC 33478) T 18 pg/ml. HKERT
ECHWOLNRT WS 6715 BRT 23.8 pg/ml L2 0, EWESEHERL:
(Table 6 $ & U Figure 2 e, f, h, i)o & MHHED mutans group NH

BHRCTEVWEZMTH S (Table 6 B L U Figure2) O3 L T, mutans
group ICE I N D NVHROEEE (S. downei B LU S. macacae) i I1Cy
A% 230 pg/ml R CTESMAED -7 (Figure 2 b, d)o S. salivarius
b hBD-2 (23 L CEBEEZMTH o7 (Table 6 B & U Figure 3 ),
EMOOBETEENICEEL TV I2EIAONTWIHEETHS S,
mitis(35)id, HEHERR (GTC 495) 3 & UTATCC 6249 # 2 B D Wk E ]
P L72AS, oD hBD-2 120 L TREICIEESZETH > 7= (Table 6
BL U Figure 4 b, ¢)o LA L%AH, mitis group @ S. pneumoniae %
Bt S mitis DAAORHEIX, hBD-2 120 L TEZMTH -7 (Table 6 5
X U Figure 4 a, d, e, f)o & 5IZ, anginosus group ¥ K T2LTH

SHEDEHREMRIIFFEZMTH o7 (Table 6 B L U Figure 3 a, b, ¢)o
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Inhibitory activity (unit)

Inhibitory activity (unit)

Inhibitory activity (unit)

a. S. cricetus ATCC 19642

s sanl

0 ST |

1 10
hBD-2 conc. (ug/ml)
d. §. macacae ATCC 35911

100

60

20 +

i

0 PUBEPCRE P 1
i—lpl-Lig

1 10 100
hBD-2 conc. (ug/ml)

g. S. rattus ATCC 19645

1 10

100
hBD-2 conc. (ug/ml)

Inhibitory activity (unit) [nhibitory activity (unit)

Inhibitory activity (unit)

60

40

20

60

60

b. 8. downei ATCC 33748

“ /
o iigl 0 s il o
Sl—ipiiig

10 100
hBD-2 conc. (ug/ml)
e. 8. mutans ATCC 25175

10 100
hBD-2 conc. (ug/ml)

h. 8. sobrinus ATCC 33478

10 100
hBD-2 conc. (ug/ml)

 Inhibitory activity (unit)

Inhibitory activity (unit)

Inhibitory activity (unit)

60

60

60

c. 8. ferus ATCC 33477

! 10

100
hBD-2 conc. (ug/ml)
f. §. mutans MT8148

1 10

100
hBD-2 conc. (ug/mi)

i. S. sobrinus 6715

i 10
hBD-2 conc. (ug/ml)

100

Figure 2. The hBD-2 susceptibility of 9 oral streptococci strains included
in the mutans group.

The activity of hBD-2 in inhibiting bacterial growth was determined

by radial diffusion assay on (a) S. cricetus, (b) S. downei, (¢) S. ferus,
(d) S. macacae, (e) S. mutans ATCC 25175, (f) S. mutans MT8148,
(g) S. rartus, (h) . sobrinus ATCC 33478, and (i) S. sobrinus 6715.
The activity was expressed with an arbitrary unit as defined under

Materials and Methods.
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Inhibitory activity (unit)

Inhibitory activity (unit)

40

20

60

a. 8. anginosus ATCC 33397

hBD-2 conc. (ug/ml)
d. S. pyogenes GTC 262T

asasnl

100
hBD-2 conc. (ug/ml)

Inhibitory activity (unit)

Inhibitory activity (unit)

60

20

60

20

b. 8. constelltatus ATCC 27823

1 10 100
hBD-2 conc. (ug/ml)

e. S. agalactiae GTC 1234T

1 10

100
hBD-2 conc. (pug/ml)

Inhibitory activity (unit)

Inhibitory activity (unit)

60

20

¢. 8. intermedius ATCC 27335

1 10

100
hBD-2 conc. (pg/mli)
[ S. salivarius ATCC 9759

I J

L]

wd . *
(4

RN TETT B UTICETITT, B

1 10

100
hBD-2 conc. (pg/ml)

Figure 3. The hBD-2 susceptibility of oral streptococci strains included
in the groups of anginosus (three strains), pyogenic (two strains)
and salivarius (one strain).

The assay condition was the same as that for Figure 2;

(a) S. anginosus, (b) S. constellatus, (c) S. intermedius, (d) S. pyogenes,
(e) S. agalactiae, (f) S. salivarius.
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Inhibitory activity (unit)

Inhibitory activity (unit)

60

40

20

60

40

20

a. S. gordonii ATCC 10558

L
L)

- e/ &

s aaad Stk bedatal i

1 10 100
hBD-2 conc. (ug/ml)

d. 8. oralis GTC 276T

il PSR TEY

v

1 10 100
hBD-2 conc. (yg/ml)

Inhibitory activity (unit)

Inhibitory activity (unit)

b. S. mitis ATCC 6249 c. 8. mitis GTC 495T

60

40

20 =

60 -

Inhibitory activity (unit)

40
20 -
} 0 R TTIT I tt:/g
10 100 1 10 100

hBD-2 conc. (pg/ml) hBD-2 conc. (ug/ml)

e. S. preumoniae GTC 261T f. 8. sanguis ATCC 10556

60 -

40 F

20

60 |-

40

20

Inhibitory activity (unit)

FENPATRY (171 BT TR T B 0 FETTEITI L AAUTEUTETT IR

10 100 1 10 100
hBD-2 conc. (ug/ml) hBD-2 conc. (ug/ml)

Figure 4. The hBD-2 susceptibility of 6 oral streptococci strains included
in the mitis group.

Assays were conducted under the same conditions as Figure 2;
(a) S. gordonii, (b) S. mitis ATCC 6249, (c) S. mitis GTC 495T,
(d) S. oralis, (e) S. pneumoniae, (f) S. sanguis.
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Table 6. Strains used in this study and their resistances to hBD-2.

Strain

Resistance to

hBD-2 (jg/ml)

reference

Escherichia coli TFO 15044

Staphylococcus aureus ATCC 12600
anginosus (milleri) group

Streptococcus anginosus ATCC 33397
Streptococcus constellatus ATCC 27823
Streptococcus intermedius ATCC 27335

mitis group
Streptococcus gordonii ATCC 10558
Streptococcus mitis ATCC 6249
Streptococcus mitis GTC 495
Streptococcus oralis GTC 276
Streptococcus pneumoniae GTC 261
Streptococcus sanguis ATCC 10556

mutans group
Streptococcus cricetus ATCC 19642
Streptococcus downei ATCC 33748
Streptococcus ferus ATCC 33477
Streptococcus macacae ATCC 35911
Streptococcus mutans ATCC 25175
Streptococcus mutans MT8148
Streptococcus rattus ATCC 19645

Streptococcus sobrinus ATCC 33478

Streptococcus sobrinus 6715
pyogenic group

Streptococcus agalactiae GTC 1234

Streptococcus pyogenes GTC 262
salivalius group

Streptococcus salivarius ATCC 9759

e e B R e R K R B e e R T A e K

~ =~

4.18
244

>250
>250
>250

8.31
>250
>250

449
18.8
13.2

7.82
233
544
229
21.6
57.1
12.6
18.2
23.8

101
9.87

9.75

IFO , Institute for Fermentation, Osaka
ATCC, American type culture collection
GTC, Gifu Type culture collection

T, Type strain
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pyogenic group (Z2WTIE, & MIAL Thtd iy CILHEH I 04
TOHEMHOEEDO 1 DL LTHLENRTWE A BELHEKED S.
pyogenes 3. hBD-2 23t L C 9.87 pg/ml TIEZMTH o 7245, S.
agalactiae (3 101 pg/ml & REVEAMEA 5 72 (Table 6 B J: U Figure 3 d.
e)o

LEOHERP S 4 id 21 BHO L EKEE (streptococci) % hBD-2
W3 BRI O WT, BIESEME (IC, A% 100 pg/ml LAT). @t

(ICy %% 250 pg/ml Lh k) &R SEME (I1C, A5 100-250 pg/ml) @ 3 D
DTN—=TIZHE LT (Table 7)o

anginosus group X 2¥k®D S. mitis OFKIZ hBD-2 1ZxF L CIREEZMT
& % WIHEZ ARPUYE & #50 55°C streptococei T LWHHETH 5 (Table
7o

INLDGERD L, OHEL > EKEIE hBD-2 12307 2 EZ IOV T,
HEBIIKERBODVDH D VR o720 LILOKRS, S, hBD-2 X,
FRENT ) fiRIEME 23D S. mutans & S. sobrinus RHEEMOHEMEE L
THIGNTWA S. pyogenes |24t L CIIHEHMZ R L. BEE L LTHO
EPNICHFAES % anginosus group X 28K S. mitis (23 L CIdZhR % #
W EWRSINTZ, S. mitis BXU' S, anginosus @ hBD-2 (29 5
ERMEICOVWTHIR L TV BT, BARMEOR> 707 7 — ¥l

DOWNWTHILTWw ZEE LT,
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Table 7. Comparison with sensitivites of Streptococci to hBD-2.

Sensitivity to hBD-2

Group ~
Sensitive Intermediate Insensitive
reference
Escherichia coli IFO 15044
Staphylococcus aureus
angIHOSUS
S. anginosus ATCC333977
S. constellatus ATCC278237
S. intermedius ATCC273357
mifis
S. gordonii ATCC105587
S. mitis ATCC6249
S. mitis GTC4957
S. oralis GTC2767
S. pneumoniae GTC2617
S. sanguis ATCC105567
mutans
S. cricetus ATCC196427
S. downei ATCC337487
S. ferus ATCC334777
S. macacae ATCC359117
S. mutans ATCC251757
S. mutans MT8148
S. rattus ATCC196457
S. sobrinus ATCC334787
S. sobrinus 6715
pyogemc
S. agalactiae GTC12347
S. pyogenes GTC2627
salivarius

S. salivarius ATCC9759

Sensitive , under 100 pg/ml
Intermediate , 100-250 pg/ml

Insensitive ,

over 250 pg/ml
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5% JH hBD-2 B OMERE (FuT T —EOHE)

FIFEL & ERE O hBD-2 ESZHOE V2 T 2 4, MEHED 1ga
protease DFk% 7077 — ¥ OEEIH T 5 #EEM (35, 36)1C& 5
hBD;Z PUEEHEDO AEE LD T Iz oW T, Mﬁ%mﬂﬁﬁ%ﬁﬁo
720 FUTT =i, BEBERURCZOMOMIC L > T~ (serine)
Tur7—¥, YA74 > (cysteine) 7uF7—+¥, €& (metallo)
TUTT =¥, TRV T 4 v 2 (aspartic) 7O F 7 —¥, 7 3/ (anino)
TOTT—EDRELSDUEIHEHEINDLD, EOF A FOTSaFr7—EH
PUEEHED ANEEALICE S L TW A 2235780, Table 5 [ZRT L9
LfkA GIERME b o7 15 BEO 7077 - EHER % &2 EikEcH
WCRZ Y == V% To7:L 2%, hBD-2 DB S. anginosus
BIU S nmitis LT, )y 7usr7—¥HEANTHS 3.4-DC1 %
M7z & &2 hBD-2 (23§ 2tk 4% L <K T L7 (Figure 5, 6)o %
7y FRkicE) »7ur 7 -EHERTHS TPCK, AEBSF 2 w2 & §S.
anginosus D AIEHIEAE L (KT L7 (Figure 6)o

WMRD® o 1 HEORERNIZOWT, S. anginosus & S. mitis (23 L
T hBD-2 B MDE W S, mutans & VT L7 (Figure 7~9), FHE
F D 7% vy DMSO D ARG L 7244 Tid, hBD-2 (23 L CHESUTH S S.
mitis B LU S. anginosus #%.3,4-DC1 FFAE F CTRESZM L % - 7= (Figure 7,
8)o F7z. S. anginosus {22\ Tld AEBSF % TPCK THESEM L o172

(Figures 8)o S. mitis BLX U S. anginosus 1X, 60 uM @ 3,4-DCI fE1E
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Inhibitory activity(unit) Inhibitory activity (unit) Inhibitory activity (unit)

Inhibitory activity (unit)

DMSO
60
& control
807 v contol
407
307
207
v
104 v
o= T +
1 10 100 1000
hBD-2 conc ag/m )
Bestatin
60
a 30uM
501 v 3um
404
301
201
107 s ®
ot N
1 10 100 1000
hBD-2 conc.fug/m}
EDTA
ol
. 15 mM A
507 v oismMma
40*
30+
207
107
v
. - o v
0 89—
1 10 100 1000
hBD-2conc.tig/m )
Pepstatin
60
A 3uM
507 v o3um
40+
304
207 v
A
101 i
4] R
1 10 100 1000

hBD2conc.uig/m)

inhibitory activity(unit) Inhibitory activity (unit) inhibitory activity (unit)

Inhibitory activity(unit)

A tipain

60

L 30 U
501 ¢ 2 uM
40+
304
201
o
oT* T -

100 1000

1 10
hBD-2 conc.tig/m)

Chymostatin
0

4 30uM
501 3uM
40
30
207
107

100
hBD-2 conc.ug/m)

1000

Leuhktin
60
- 30 uM
501 ¢ L.
404
20-
207 N
v
10 [
) =R & -
1 10 100 1000

hBD2conc.faig/m)

Phosphoramidon
60

4 30uM
507 v aum
40
30
207
10J
ot+-a-—s—am 2=
1 10 100 1000

hBD-2 conc.uig/m)

Inhibitory activity (unit) Inhibitory activity(unit) Inhibitory activity (unit)

Inhibitory activity(unit)

Amastatin
0
. 30 uM
507 ¢ 3 uM
404
30
201
101
.
O+ -t
1 10 100 1000
hBD2 conc.gg/m)
3,4, Dichiorosocoumarin
60
& 60 uM
4 &
50 v 6 uM &
404
& v
v
301
& Vv
201 a
v
101 . v
&
ot a—v—Y¥ .
1 10 100 1000

hBD-2conc.ig/m )

Leupeptin
0
A JouM
507 v 3um
40
304
201
§
10 6
o+
1 10 100 1000
hBD-2 conc.ig/m )
Trypsin inhbitor
ol
& 300ug/mi
507 v 30ug/mi
40+
30-
201
v
10 v
A
o+s—a—ma—u a4
1 10 100 1000

hBD2conc.fig/m }§

Inhibitory activity (unit) Inhibitory activity (unit) Inhibitory activity (unit)

Inhibitory activity (unit)

A potinin
0 X
A 30uM
507 ¢ sum
40+
30-
201
10
& =
o e —F
1 10 100 1000
hBD2conc.ug/m}
E-64
60
& 30 ul
507 v aum
401
304
204
&
101 4 v
PR |
v T 2
1 10 100 1000
hBD2 conc.ig/m }
A BSF
60
507 ¢ qaoum
40+
30«4
v v
20+
104 v
o 5 . s
1 10 100 1000
hBD-2 conc.ig/m )
TPCK
ou
& 30uM
501 ¢ aum
40-
20
207
107 'y
&
0+B—8—R—E—H 9%
1 10 100 1000

hBD2conc.ug/m )

Figure 5. Suppression of the resistance of S. mitis to hBD-2 by Protease inhibitors.

The results of Radial diffusion assays with some protease inhibitors are shown.
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Figure 6. Suppression of the resistance of S. anginosus to hBD-2 by Protease inhibitors.

The results of Radial diffusion assays with some protease inhibitors are shown.
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X DMSO (controt)
~—~ | -
‘-":- 601 v 3,4-DCI,60 uM
3
S’
>
ot
> 40+
el
5]
[4v]
>
o
=2 20-
—
c
L

O+ ————¢ T
1 10 100

hBD-2 conc. (ug/ml)

Figure 7. Suppression of the resistance of S. mitis ATCC 6249
to hBD-2 by 3,4-DCIL

The results of Radial diffusion assays with 3,4-DCI and DMSO are shown.
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X DMSO (control)
~ B60-
ot v 3,4-DCI,60 uM
c
3
Z A AEBSF,130 uM
2 R
ot TPCK,30
S 40- "
-
O
© v
>
S
2 20
2
N
c .

A
10 100

hBD-2 conc. (ug/mi)

Figure 8. Suppression of the resistance of S. anginosus ATCC 33397T
to hBD-2 by Protease inhibitors.

The results of Radial diffusion assays with some protease inhibitors are shown.
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X DMSO (controt)

7~

"é 601 v 3,4-DC1,60 pM X
S

N

>

b

2 40-

]

O

©

>

-

o

2 20-

2

<

£

0] > T T
1 10 100

hBD-2 conc. (ug/ml)

Figure 9. Suppression of the resistance of S. mutans MT8148
to hBD-2 by 3,4-DCI.

The results of Radial diffusion assays with 3,4-DCI and DMSO are shown.
S. mutans was also done as a hBD-2-sensitive control.
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TT hBD-2 IZ/oWnw L TIESEMEE e o 720 PURIEMEE. S, mutans DL,
15 HHDOAEAH & DMSO OADINOBE S LI L% Hh -7 (data not
shown) o
m%%@ﬁETfmm%%&ﬁ%%ﬁﬁ%mxonku>7D%7~
CHEA, HIZFEFNY TP U8 ) 70577 — EHER O &AHS hBD-2
T P Z G50 2 T EDTHIK S, SRS DRSS, nitis R S.
anginosus DR ANEL » HERE D hBD-2 KILHDOBHEIZOWTHFE Y

Ty o) U T T —~BEROBESSHEL N E ko,
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FUE EZ
% —IH  hBD-2 D LIMEMIE 1253 2 HUH &M

LA, L HERE 21 BRI OWTHIEFIEBEIC £ % hBD-2 k&
%ﬁ@ﬁ%%ﬁw\vy%ﬁﬁ%ﬁ@eo%ﬁﬁm%&%m@wﬁ@%:
xR L7 (Table 6)o hBD-2 1375 LFAMER & BERRICK L CRh 12
BEMREROZ EDPBICHRE SN TS (13, 14, 18)75, 4L S.
mutans & S. sobrinus &0V T LABHD D DO L o HEREICH LT
b. hBD-2 IMFERNEEFLTVWDLIEERM LA, $7-. hBD-2 1. 9%
FHMEE LCHSND S, pneumonia R S. pyogenes % |Zxt L TR %
FOZENRhole 7T LBHD ) MMM ICH LT, hBD-2 37 F 4
BRURDNETH S E. coli LREOREMEN DS ELFEICEET
H5,

—77. hBD-2 123 L CHRHUMEDSH B S. mitis X° S. anginosus iE¥F € k
VT k) T uT T —EHEROFETTIE S, nutans & FIREEF
TREME B oz, TOT LI hBD-2 I ¥ BRI DOBEREIC IS 2
7u7 7 —EEEFES L TVwEEEREL TV, TRHEDT E0bK
HEYOFEETHHOBENTIE, SLERTF P4 BN F 208 2 8%
ZUFHEENTOEFLFEREL T EEbR2,
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BIH CMEME#E ST 5 defensin DFEE

41X, S mitis X S. anginosus 7St b DEKMCTHEZET B 720D
hBD-2 2L HTH#E LT, ik A =LA LT Tas7—£D
ﬁﬁ%%waétoL#L&ﬁ%\@@m54135@%¥myx»7
1 FREEEFEOZEFHRESNTE D (37, 38), It Yhko7o7
T — LI L B LTRSS 5 LV HE L H 5 (39) 6

—7. a-defensin T# 5 human neutrophil defensin (&, N-& %\ id
C-KIgDOBFEHEET RISED Z ETHRRAGHIEDLL Z L HE ST
% (40)o $€- T hBD-2 OREMALICIE, IS0 Tu T T —EIZ X b HEE
{197 hBD-2 DR FEDP T EZ HNDLH, ZOMIZ D hBD-2 DHUHTE
WA GET 26 2 \SHE ORRALE L B8 2 BEOEMILDAO 7O £ Y
YT BN B A DU BT O N,

AROOBETIE, RIPLEETIEBEL Y VIERBETHY, HTHS.
mitis B ESTH 5 (35) S. anginosus IZDPWVTH, HDEZ HRIDOTF
HTE3IFD 1 OFHTEE L TV EEIRESN TS (42), FEICH
THIDE) AN =X LOFEIZE ), LRI BT 5 COEM
HEOESHOFIRBEHNSZNS ORBEOMIUEIC L > THHATE, TH
& OWEED hBD-2 I T ABWVIHEIC L > T, ZO®ROENTEER-
TV DILIRATTH L LB b S,

Fx OfERIZ, S, mitis X S. anginosus DFk7: hBD-2 Wit K O 24

BOWEERSFEN) Y i) vy 7usr7—Y¥OEAEIZL S hBD-2 D
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AEHALIZE L) ZEHRBL TV D, RIS HER R ILIR M o L1
WBWT, & P OFEEREOMER R B A LT O hBD-1 33 X U hBD-2 D L X
WZOWTIEHEZI N TR WA, Y JIZonCld RO ERET
m%mﬁ@ﬁman%ﬁﬁ%mwaéma;&ﬁ%%h%w%o
B2, 77 AR AR OEEEOMNAE X ) ZAOETH,
DOHoTWHHE(44)1d, HEEH O hBD-2 IBEDKTICL 20D THL LW
VLB ENVEBILTHD, S anginosus EIHTEBAGH THOM -
TBY, CORBEORDOFEEITNT HHEHIREENTVS (45, 46), =
DT LT, MBOBICH T, S. anginosus DSMHFEME 23 L CTEHE LR
TWIELERLTEY, EEBHEICH L CHERNIC R 2Bl H-oTna 2
EEREMITTVS,
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B=IH SRORE

b D OFEER R, PR CMHEIRE L & 2 M o) hBD-2 I X ET B
7212 ELISA DK 2 % hBD-2 7 v £ {4 ORI LETH S 9, WP
? hBD-2 I3 0.15 pg/ml TH 5B (16, 47) 5. ﬁz/z&) S. mutans (272
VW9 % colony counting assay D#ER (LDy of hBD-2 (X, 0.03 pg/ml B
&£ UV LDy, of hBD-2 (X, 0.5 pg/ml) & 0. MEHH D hBD-2 iR S. mutans
AT BE0) iR D OREFHHTH 2 HEREL TV D,

D& HIThBD-2 F, HEDOFRRERICERLEEIRT I L2 HE
T&5b, hBD-2 WiFEMTHL Z L3O TBY (13-16), HFEDTEE
DT I/EEU)FEIMT A LICL ), OFED WBD-2 DFEHL NV 2 HR
TIEEIWHETH D EER D, hBD-2 FH L WY 5 AMMS OB,
) W EIR O IR BOFRIC BV CORTERICHREYNH 5 L Bbh

%o
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BB PENTT FORMETIC X 2 FEimch R
F—H WS
BARRIZEICHbLZ b 7722 3, MBS T 2 B ok
BHEE L TR0 R EE 35T B S EAHIDR TS (19)s € b
defensin 7 7 IV —d, 6 DDV AT A4 YRREIZL 5 T3IDDHFHT X

V74 FEEE b AN TF FE L THMOST SN RUBH T 7 7

/

I =L EENTw A,

a -Defensin (3 1985 WD TRWAZENTGBO) 2o, BEFTIC 6
DOFFNRERELINTBY (5). FHERDT X— VIR R/NED Paneth's
ML DRI A L. F 7Dl 0 L BRI b FEE L T W
% (23)o £ TD a -defensin (HEEMIZREL T2,

1995 %12, o -defensin 13T AT A YBEIC L DRTHIALT 1 F
fEaDMAEHLENRL S B -defensin A5, & P DILTKEBE,» SO R X
7= (10)0

Human pj-defensin-1 (hBD-1) i, #4 % ERROMBICHERIICREE
LCWa (7, 9, 10)o —H. hBD-2 it FOEFTROMY (13), HIZZ
D%, iy DR, R MOMMBT D Roh o> T3 (22, 51, 52)
ZOBET EIZ 4 DDOH 7% human B -defensin T3 % hBD-3 7> & hBD-6
NREEIN, ZN0OMBIHERNERIRE SN TETVS (12, 25, 26),
hBD-2 13, 77 AREHRECHRE M OBER AT L TR R0 2R EEH % 1

DI EDFHLNT VS (13, 14)o hBD-2 OIEFEHIIMD o -B L U3 -
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defensin & L C 105 LL ETH 5 (14) 6

hBD-2 {3, E. coli. Pseudomonas aeruginosa. S. aureus, Candida albicans
EORFEEOMAEM AL LI HER. MIRESEYA M h A v oEEIz s
ofﬁﬁén%uaiaoL#L&ﬁ%\%ﬁﬁw?s)@v%mﬁﬁw
A, 40 ER R IC BT B -defensin DFFEIIEhREAH 5 (48) LHI LN
TWB UM, ERPEMEFEES L % hBD-2 DFERRIZHE L Tk
PATOHE S vy, 43, BulfE = H RGO RYHE O T B 0 ik
IR OBREM S OB Y HAYE LT hBD-2 OFEMICEH L. HFED
MBI E > T, ZOEAELVNVOMIEEZ 3> b O —V§ 5 THEMEZ KR
L7 BESICE 2 HFK MiRZH @ hBD-2 mRNA L NIV BN % A an Bl b
LU, & & RIGHEOMFERN 2R RSOV TR, TR, A
HEDMAEY O b TR D R b FE S hBD-2 nRNA FEHRERTEE
R L7z, 8512, W KBHEIC X 2 ABIC L Y, hBD-2 mRNA LA

VaEKBREOAOFEHREL ) SEPITEEMS L LD Fho72,
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B_H MEEHE
£ b MoRUEEERE AR H O RNA filiH
b KRR A4k (HFK) #UA2(Z. Human Corneal Growth Supplement
(Cascade Biologics, Inc.. Portland OR, 7 A7) L’i\ AV RN
% (bovine pituitary extract). 7 v b EFEMERF (nurine
epidermal growth factor). /v Fa I+~ (hydrocortisone). 7
¥4 v AY v (bovine insulin), ¥ ¥ FJ ¥ A7 2" ¥ (bovine
transferrin) 2S& 1% b O % #IN L 7zEpiLifel#li (Cascade Biologics,
Inc.. Portland OR, 7 AU #) IZ& 5T, 5% C0, 37°C &M FTHEL
AR
2.5x10° cells/ml DFEET 6 R 7 L — MIEEHE L 72 HFK M2 & 24 K5
BIHEEE L. & 5129 Y TINS5\ IHIRINT 16 FREEL 72 i
75D total RNA OHHIZ, RNeasy Mini Kit (QIAGEN K.K.. HA) %H

WT, MEBER XY PO 27 VIZHE-> TiTo 720
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IR R PCR

AERE DA X DReA B4 FORE L7 HFK Ml & bl L7
total RNA 6, WG RIGIC LY cDNA & L7/, hBD-2 &
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (D cDNA % TagMan
methodology (49) Z #JH L 7z, ABI PRISM 7700 Sequence Detection System
(Perkin-Elmer Applied Biosystems., HA) I2&oTY TV 5 1 LR
PCREIZ & 0 % L 720 % & PCR DIEEIX TagMan Universal PCR Master Mix
(Perkin Elmer Applied Biosystems, Japan) ZHW<T 25 pl A7 —v
TEF > 720 WIRRICHE DR SIFII Y = 2 7 MIZ LhT > TiT o 720 Bl B,
50°C C 2 4RI &, 94°C T 10 FRDOEME, 94°C. 158 & 60°C, 60

WOREY 1 7 Ve 45 E#EDE L,
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E=IH TIA4A7—0DF%E

hBD-2 # M B 72007 v A IV /275 4 < — (forward: 5 -ctt
cca ggt gtt ttt ggt ggt a-3’; reverse: 5’-gac tgg atg aca tat ggc tcc-3°)
BXU7u—7 (5’ -agg cga tcc tgt tac ctg cct taé gag-3') &, Bk
41> hBD-2 E2%Y (Accession No. Z71389) % Primer Express 1.5 Software
(Perkin-Elmer Applied Biosystems, H#A) 1Z& o Tkt L7zo &kdtL
1274 —BL 7o —TDOES| % Table 8 [Z/R L7z, HIZ, Figure 10
(21X, hBD-2 mRNA L 794 ~v—BL S u—-TOMNEBERX2RLe 2D
70— 7135 -5 |2 FAM (6-carboxy-fluorescein), 3 -¥ilZ TAMRA (6-
carboxy-tetramethylrhodamine) D #MGEFEA B SN T 5, GAPDH

%Wl 512 d 72 o TIE TagMan GAPDH Control Reagents (Perkin-Elmer

Applied Biosystéms\ HA) 2HW,
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Table 8. Nucleotide sequence of defensin PCR primers and probe.

Accession Forward Reverse Product
Gene ) ) Probe
number* primer primer length (bp)
5'-cttccaggt S’-gactggatg S’-aggcgatcc
hBD-2  Z71389 gt ttt ggt ggt aca tat ggc tgt tac ctg cct 72

a-3’ tce-3’ taa gag-3’

*Refers to the accession numbers on EMBL database.
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10 20 30 40 50 60
(Hind-Nde-hBD2.£) 5" -GCAAGCTT CATatgagggtcttgtatctectettetegt-3”
ggtgaagctcccagecatcagecatgagggtcettgtatctectettetegttectettca

70 80 90 100 110 120
tattcctgatgcecticttccaggtgtttttggtggtathggecgatcctgttacctgectta
ForwordPrimer Probe
130 140 150 160 170 180
agagltiogagccatatgtecatccagtdttttgecctagaaggtataaacaaattggeacct
ReversePrimer
190 200 210 220 230 240

gtggtctccctggaacaaaatgctgcaaaaagcecatgaggaggccaagaagcetgetgigg
3’ -accttgttttacgacgtttttcggtactAGATCTCG-5" (Xba-stop-hBD2.r)

250 260 270 280 290 300
ctgatgcggattcagaaagggctccctcatcagagacgtgegacatgtaaaccaaattaa

310 320 330 340 350 360
actatggtgtccaaagata

Figure 10. Primers and Probe for hBD-2 mRNA.



%UUIH  hBD-2 SR E DAL

KERRF DY > T IV D cDNA IR DERGE & B § B 728 HO A
2 & 2532 % 0 HFK M2 hBD-2 mRNA L XUV % | hBD-2/GAPDH ®#{n ¥
DAY =D& > TRDAo & 512, hBD-2 cDNA @%@%W%\genomeDNA
Sk D HEIE % B <7212, reverse primer MLY% exon-intron junction

FIZE%Et L. reverse primer #°%/ A® hBD-2 B{Ef LTI 7=—Y >
FTHELZWEHIIZLTWAS, H#RD GAPDH primer (2DWT®H, intron A
HaEEZ Ei2L 5T genome ECOMBHEEEZRC LTHIELIZLT

% Z & T, genome HRDIEIEZ VTV 5,
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$HIH hBD-2 cDNA standard @)%

I V- HlsE ofE#E & LTIV /2 hBD-2 cDNA I3, LT X 9 IcEiE L
720 BANIARIGRE O HFK M & 0 filid U 72 total RNA X 0, #i#E5E 12 &
D CDNA %ML 7 510, Figure 10 1574 & 3 12 0 1- HIREES
A b %EA L7z hBD-2 (Accession No. Z71389) $RML T4 v —I1l &
h. PR &4T o720 HRT T4 v —ORFI% Table 9 IR L7, HilES 1
7T % FIRREBERALEE L TH 5. pRe/CMVvector (Invitrogen) |2 Af%,
1EHEAY % MEZ2 L 720 GAPDH (Accession No. M33197) 22T b kIS

To726 TNHLDTS5AIFDNA L., EEPCROIEHRE L L THW:,
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Table 9. Nucleotide sequence of defensin specific primers.

Accession

Gene number® Fo;ward primer | Reverse primer |
‘ 5-GCA AGC TTC Ata 5’-GCT CTA Gat cat ggc
hBD-2 771389 tga ggg tct tgt atc  ttt ttg cag cat ttt gtt
tcc tct tct cgt-3’ cca-3’

*Refers to the accession numbers on EMBL database.
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ANH Aat IV

KANEKA Corp & W AF L7 Saccharomyces cerevisiae (KANEKA Yeast
Red) & . 100 mg/ml & 72 % & 9 (SHREAKIZIESE L 7o, & & 5L0 58 (15,000
X g 20 min) 1% > CKIHEE RIGHI AT . WEH HEK AR hBD-2
HEAERICH V2, SRS RIGHE R (SIGMA) b FIERIC 10 mg/ml & %
B L& ICAEBAKICEDP L, BREEZRBRICHA,

FERIZ, RKOT<IT VA, 77, F4 X, BLUFT<%, 100mg/nl
WCARAKIZEE L CHE L7, MBRHEEZEDOT T ¥ AKHE (100
mg/ml) %, FEOIL—FT L EMATI—TUVHBIZLY, KgLz—7F
WIBIZHMEL 2o T—FIVEIE, BRI —F IV EREIEIHIC, o
W5 % BTGB L 7zo £NENOMESM, HE L 7% 12 hBD-2 nRNA
DFEARERIAE L 7o KRB IL AR I < 728012, & 512 Baci I lus subtilis
HEDOWEILA amylase (EC3.2.1.1; A bFTH¥ER) 12X 2BRLE (50°C.
3 h, 0.05 mg/ml) %4507z, 7 37— EMEHL, #0558 (15,000 x g,
20 min) WKLo THBELc LiFL gL, ABICBEL A, DEHOHENE

Figure 11 (IR L7,
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Amaranth powder (100%)

Ether extract (20 vol. x 3)

Fat(10%)

. o T e S S i i

Autoclave (121°C, 20min)

Amylase treatment (liquidize form amylase, 50°C, 3h)

Defatted amylase treated amaranth (90%)

Centrifugation (12,000 r.p.m., 20 min)

Soluble fraction (67.5%)

Insoluble fraction (22.5%)

Figure 11. Fractionation procedure.

Amaranth was successively subjected to ether extraction, followed by
amylase digestion after autoclaving, to fractionate the active material(s).
These underlined factions were assayed for the activity of boosting
hBD-2 mRNA induction in HFK cells / in the presence of E. coli powder.
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EHT MR
5—3JH hBD-2 mRNA H&H R DR

aid, MBALEE L 7 KGRk K45, 8548 L7 HFK Mllluo hBD-2 L
NNV FELLHEST LT E(13) % oRNA DBFIEIC LY ﬁﬁﬁ%bf; (data not
shown), KM 2 & % hBD-2 mRNA % E%h % % positive control & LT,
k4 id, HFK MERAH O hBD-2 mRNA LU % BN S 4 % AL it T g ek
BERAZY -V TRTHEET A, UTNT A L%ER RT-PCR Jll5E % %
VL7 SOT vt A THIETREZ hBD-2 nRNA BEOHHIX, 77 X 3
RARY & =27 a—=>% L7 standard hBD-2 cDNA DFHFHRY % HV: %
ZEIWZEoTEHMIL 720

standard hBD-2 cDNA OFBREI% Vi 721 7V ¥ 4 A5ER RT-PCR il
EROREMRIERE, Figure 12 IR L7z, #FIT Tag poiyfnerase )
5'-3'exonuclease {fM:IZ & - T, hBD-2 cDNA IZ#E& L7 O— 7D FAM
& TAMRA DIEFH I N/-WiF S0 S CTA R S L, BB RBIESI L
hBD-2 cDNA DEIZKBEY 5o HEMBSIEATHE & 12D T hBD-2 cDNA Wi A
WMLTWLZEIZED, 5-3 exonuclease KICDEE, 2 F ) HED
HRGRENRKICEY, 7T F—I2#$ 5 (Figure 12, panel A)o T
RS, WEIHE L7 cDNA IBEANEWIEE, HASRETRICLS0
WCBELZBEIEY A 7 VBB L TwW{EEZRL TS, FED ARn
(ARn=2 x 10,2 %Y 5-3' exonuclease {HMD I AITEE D 20%)

ETHWIET A 7 Ve, LA DNA OREOT F3HHEBEERL.
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E=RA RO

Figure 12. Typical results of real-time quantitative PCR assay with
standard hBD-2 cDNA.

The assay was performed with standard hBD-2 cDNA of different concentrations
(8 x 10" -8 x 10-'" M), which were prepared by serial 10-fold dilutions. The
relationship between fluorescence generation (ARn) and amplification cycle is
shown (panel A).

The logarithm of applied cDNA concentration was plotted against the threshold
amplification cycle (Ct) required to reach an arbitrary ARn level

(ARn=2x 10}, i.e., about 20% of the maximal velocity of the 5'-3' exonuclease
reaction; indicated by a horizontal solid line in panel A) (panel B).

Results of triplicate measurements were superimposed.
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HEAREUE r’=0.995 Tdh > 7= (Figure 12, panel B)o TOFERMH.
O T hBD-2 mRNA LNV %, 8 x 10" M (37 4 7 VIglE) BL O
8 x 107" M (13 H A 7 VHAIR) DREFMH T, EMICIET 5 2 LA
KLHEPHLNE L o7, DF 1), standard hBD-2 cDNA %ﬂ%b‘fiﬁﬂ%ﬁ?
52 & oT, M L7 HFK Mila > hBD-2 mRNA LNV ZPET S C
EMTUREE o7,
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% _JH hBD-2 FEHRICBIT L EMBARMED DR R

hBD-2 mRNA L~V % 0 & & 2 SOk 2 fan Bk O A % B+
Llc, FABHAOWMEDE A ) - 7L, RBL-BERHEEOMN
HE O CREIEA R b B 7 HEK AU > hBD-2 nRNA FHMAN R & -
ExREL,

ﬁ@%X%Smymm%%ﬁaw%%%mm;h‘mmmwmmwnz
mRNA DFEE L ~IVIT KRNI & L T, KIGE Colli e gL
(2T 5 40 FEICHEML 7z (data not shown)o hBD-2 mRNA #5305 K
BB TORTEFET L7010, BEHEREZATHE L, EOo08
& o TREMEI T & ANEERESICTHEL. 2 L CEmAIT L TEEEIE
HDOREEEIT > 720 WEOFK . hBD-2 nRNA FHEEEIE A 091 At
W5 AFAE L7 (Figure 13)o BEEEA S hBD-2 mRNA SEUiEMEms % o774
Ld 27200 SO 2 ELHEODPOFEERIC L 2IMEIEIEII L 2 h o 7
C e, MRBBERI 53 & O B P OB B A HFK MR R# o i
MWD TH D Z EATRIR S NIz, MNBSLE L 7-AY OEfe, LT
&tii&%h%@ﬁ@ﬁ@@ﬁ@%@kﬁﬁu‘mmz%ﬁmkhwﬂ
FCAWTIIBAEWIC X ABREICH L TR 2FHGI)Eabh T
(Figure 13), hBD-2 #FHEIZRI5 3 2 A5, MEYOMBE RS % 2
POBWEINDbDL Y SRENHET L2 LIL VAR THD EE 2

% o
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Figure 13. The effects of yeast powder on hBD-2 mRNA induction in HFK cells.

Heat-inactivated yeast powder, as well as its water-soluble and -insoluble
fractions, was examined for activity of hBD-2 mRNA induction. The total RNA
extracted from HFK cells after 16-h stimulation with each test material was
subjected to reverse transcription. The resulting cDNA was quantified for hRBD-2
and GAPDH by the TagMan PCR method. The amount of hBD-2 cDNA
determined was standardized with that of GAPDH cDNA in each test, and the
induction effect was expressed in terms of increment fold as compared with the
nonstimulated level. The stimulation with E. coli was shown for comparison.
The stimulation effects with (a) no additive, (b) 0.75 mg/ml E. coli, (¢) 5§ mg/ml
whole yeast, (d) 5 mg/ml water-soluble fraction of yeast, and (¢) 5 mg/ml water-
insoluble fraction of yeast, are shown. The error bar indicates the standard
deviation for triplicate measurements.
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EoIH KGE EBWIZ L5 hBD-2 FIRIH T 5 R L
Sl B S

SO, KA GREMBRRDA O RS L Y . HFK fifad o> hBD-2
'mMAﬁﬁﬁﬂ%&%m%x9u—:yfttg7v7yz\77\V4
A, BEUTYORGEREEOBW OB K & KGR % . HFK MIfiCx L <
BRI 2312 L D . hBD-2 nRNA L~V & KIBH O R TERT 2 b0 X
DOEPICECIEMERDZ ENTD 572, 0.2-0.5ug/ml DTTT ¥ A,
T, FAX, BXETYHROLFELT L 2 hBD-2 nRNA L~V sEM
3, FRENG6.1, 2.5, 3.3, BLU 3.3THY, KIFHEMTHME X
D bEfE%Z R L7 (Figures 14~17, solid bars)o hBD-2 mRNA L X)L i
RS & B L T, KBBEOATOMMBEIL 10 BRETH L0
LT, HFK #if2ICx§ % E. coli EBBRICL 2ABFMH LML > T
25-33 & eolze L LaASL, LEOBBEOMEKIE, HFK Miioxt
LCKRBRE 2 MMA 2 V#4IE, hBD-2 mRVA DOFEHRIR SN h o7
(Figures 14~17, open bars)o TN OHDFERIZ, BEOBEKIZ., WMEeY
HAF [ 7% hBD-2 mRNA FENEMEZ M T A L 2R L TWwa,
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Figure 14. Effects of stimulation with amaranth grain powder on the level of
hBD-2 mRNA in HFK cells.

HFK cells were cultured with the autoclaved suspension of pulverized amaranth
grain, in the presence (solid bars) and absence (open bars) of 0.5 mg/ml sterilized
E. coli powder. The amount of hBD-2 cDNA determined was standardized with
that of GAPDH c¢DNA in each test as described in Figure 13.

The error bar indicates the standard deviation for triplicate measurements.
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Figure 15. Effects of stimulation with millet grain powder on the level of
hBD-2 mRNA in HFK cells.

HFK cells were cultured with the autoclaved suspension of pulverized
millet grain, in the presence (solid bars) and absence (open bars) of

0.5 mg/ml sterilized E. coli powder. The amount of hBD-2 cDNA
determined was standardized with that of GAPDH c¢DNA in each test

as described in Figure 13.

The error bar indicates the standard deviation for triplicate measurements.
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Figure 16. Effects of stimulation with soybean grain powder on the level of
hBD-2 mRNA in HFK cells.

HFK cells were cultured with the autoclaved suspension of pulverized
soybean grain, in the presence (solid bars) and absence (open bars) of 0.5
mg/ml sterilized E. coli powder. The amount of hBD-2 ¢cDNA determined
was standardized with that of GAPDH c¢DNA in each test as described in
Figure 13.

The error bar indicates the standard deviation for triplicate measurements.
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Figure 17. Effects of stimulation with sesame grain powder on the level of
hBD-2 mRNA in HFK cells.

HFK cells were cultured with the autoclaved suspension of pulverized sesame
grain, in the presence (solid bars) and absence (open bars) of 0.5 mg/ml sterilized
E. coli powder. The amount of hBD-2 cDNA determined was standardized with
that of GAPDH cDNA in each test as described in Figure 13.

The error bar indicates the standard deviation for triplicate measurements.
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$EUIE 77T » AHO hBD-2 HuhiE TR O 5 H

TRT AL D FHERENRSBHAD R TiRb & o 72720 (Figure
14), hBD-2 FHERP R AR T LI L DKL T T v ABKTOEMR
%@%E%ﬁ&to7vay1%ﬁ@z§ﬁ%@\Fyf>(%J%)t
AR (6.5-12.5%) THHB4) I hb, HEHERTODHEDI O, T~ T
AR LCGERMIC - Tl E A - R LT HRDOT I 57—
WMFE 1T o 720 DHIREDOHN%E Figure 11 1IR T, 7T ¥ AHROL
—FIUHIHIC L 2T, EEEOH 10%DIREBEER SV TEE SN, L
Lads, KBHEELo®RHEIcL 2R RT, T— 7 VilHICE > THRbLR
72REAr i, HFK #IBarr o> hBD-2 mRNA DFFEZ M 53 IE 2V
LARENS: (Figure 18),

WIRE R TR 0% % 55 T — 7 MBI & o Tl S e o 725%
Eh, KIBEBELA -2 L—TFLAE, MEkLATr TUIc L DR
VEEY., TOH, ELTHC L2 TERRSOTHPHES N, 73
F— VBRI X > TAH— b7 L— 7L 72T — 7V IEH 55 ORI
BRI L, RO L O RBEUESOSEDSTRETH > 720 7 3
T — L% OREE 5 & KBRS & RFICT I 57— EREFTO X —
FOUHIE 58 & ORI E 20T, KRR O F T HFK Mg
@ hBD-2 mRNA FEOWIMEMLHRL 2o TORRIZLD ., RBEDOA
TORBE KL T, =—F VIIHESO 7 3 5 — EREE L ko

F$2 & 5 hBD-2 mRNA s, FhEN 23 BLXU35TH
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Figure 18. Effects of stimulation with amaranth fractions
on hBD-2 mRNA enhancement in HFK cells. (1)

The ether-extractable and -unextractable fractions of amaranth
powder were suspended in water and examined for their activity

to enhance hBD-2 mRNA level in HFK cells, where the stimulation
of the cells was performed in the presence (solid bars) and

absence (open bars) of 0.5 mg/ml sterilized E. coli powder.

The effects of (a) no addition, (b) 0.2 mg/ml amaranth powder,

(c) ether-extractable fraction, corresponding to (b), and

(d) ether unextractable fraction, corresponding to (b), are shown.
The error bar indicates the standard deviation of triplicate
measurements

61



I Ehmans (Figure19)o [FREC, KBGO A TORG L HEL T,
T— V7 3T — CIERTE O KB 53 & ALl 7 O S £
hBD-2 mRNA FEHGGRIEMEE, 2R EN 3.7 BLT 1.0ETHo7o Th
%G%%#%\%ﬁ@%%ﬁ@ﬁiﬁ%ﬁ$@ﬁ®%ﬁﬁﬁ%ctﬁﬁ@
anr: (Figure 19)o 7T v AR, -7V BL U7 IT—E
WLER{%1Z, hBD-2 mRNA B3804 % N5 A& - 72 (Figures 18

Mig)o
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Effects of stimulation with amaranth fractions
on hBD-2 mRNA enhancement in HFK cells. (2)

The ether-unextractable fraction of amaranth powder was subjected
to amylase digestion, and the soluble and insoluble fractions were
examined for their activity to enhance hBD-2 mRNA level in HFK
cells in the presence (solid bars) and absence (open bars) of 0.5 mg/ml
sterilized E. coli powder.

The effects of (e) no addition, (f) ether-unextractable fraction
before amylase treatment, (g) ether-unextractable fraction

after amylase treatment, (h) insoluble fraction after amylase
treatment and (i) soluble fraction after amylase treatment,

are shown.

The error bar indicates the standard deviation of triplicate
measurements
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LU EE
£ RONFER

P4 1x, hBD-2 mRNA LNV IRT 2iER Y OGO A T ) —=
FEAEL 5. E TR T8 A AR RT-PR W5 RS
L7 W7 V% A L PCR %4572 hBD-2 mRNA D E & =1L, BEIC Lehmann
LIZL o THEIN TS (55) 7%, AL THELTWBHiEE, #Ent
BHELFARICERE L ERELRETI20THL, ZoREFHEL,
Lehmann 5D HEEL ) & 500 fEOBEETH L, 8 x 10 BXU 8 x 107
UM DILVEIPAT O mRNA IREEOWE % 1THEE L7- (Figure 12), reverse
primer ~® exon-intron #& & EBDE AT X o T, genomic DNA H 3K hBD-2
BRTOMIBOTEEMZHER T 5 Z LASTE,| DNase WEZBRW/-fE L
REFEETRRE L

standard hBD-2 cDNA (2L B F ¥ ) T L =2 a3 Y iZ&k - TREBEOEH
M & EREVEAMRIE & N7z, hBD-2 mRNA/GAPDH mRNA M %4 L THIIE % 1T
AT EICEoT, BEEABOERED Yy FESHSWVIEY Z VEIZICBITA,
i L7z total RNA xS & % Z58) & ¢ 2 0] GEM: & B0 WS E5 38 > HFK 41
F&fE 9 Z ORIEFEOME— DS E & AT 2 BJASH K,

hBD-2 mRNA % @{KEEE D HFK A & MLl LICRBC & 2 Millatko i
FKeRALD, R L2 TORIIAWT HFK #ila X » & hBD-2 mRNA @
FEHRBIIE o720 RIERK AL, hBD-2 BIHOFH VT T O HFK HIlOAZE

LR ATWVD,



% _IH HEmBLEREM A SO hBD-2 OFFE

ABFFETIL, T4 1d hBD-2 mRNA FFENEVEL FEO 0 LA w5 EE
AW LTAZ ) =2 TR 472w, £ LT, 5 mg/ml OEEEERFRIC
X 7% HFK AP, RIS A L CH 40 1500 hBD-2 nRNA & S5 %
HSWKDL LR RB L e ORI 2 FEEMEIE. KIBEIC X 50
MEFBEREECTH o7, 22 £ TITHNTE 7 hBD-2 FHEEH R OB,
WREOBAEYICEDLTEY, COFECEL T, HICr T LBRUHE
. WEMOBEE (C. albicans) ERIULC. MRVFH LT ENHMOLNT
W7z (13),

N BERE (S, cerevisiae). @ — 7V F DFLEEH ( Lactobacillus
acidophilus). KEFEOMEE (B. subtilis var. natto) DFEIZHEGR
DEBETOHAYFIAIE, HRPOL LAXILORTRVERYDH 5,
DL L AMBEDHAEW A, hBD-2 BIERET 5 2 L2 &y EE
WIS > TEELBEELTRZLTVERbLNBEVEE) 2 LIF, HicE
D &) RGP OBEY A EREHANT % hBD-2 EAMILY S 5 ORECHAL
BEIZBWTRMEAEV,

COWETHMIND DI, WEEMAEYZIT TR E L N BERIC
DWTH hBD-2 mRNA ZFHETE | BERHIBAEWERGIGT 5 AMEOR#H
DTEZBEMEARORARICE > THLELRRTOHEHTHLETH S, K
E%Km&z%%%?é@ﬁ¢@%ﬁﬁ$%ﬁ@%¢ﬁﬁ&?%:&ﬁ%
Lk ol BiE, TOHEHICHE T HEMIMEREICRET S L &R
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L Twa (Figure 13), EWDRLIIH T HI0E L LT, hBD-2 A5l
PTHFEINDLZ EIIHOENTWDEE(53), LRt Tili7z & 9 %3 F2 5k
DFERL, hBD-2 FHEICED 2 DAY OB E R L & L
HREGET LI L2 FELR RBEL TV,

AWED S ) —OOBERLZFERIE, 7T A, 77, ¥4 X, B&
TR ORR WL OPOBIAN L P OMIILICH L TRIGHE & o 36H#0Ic X
> T hBD-2 nRNA DFECHE M T LI ETH D, REOHKRIZLD
PERzhRIE. RKIBEHOADOTR L LB LT 2.5-6.1 f5D hBD-2 mRNA FHE
Tdh o7z (Figures 14~17)o — /. KIGE ML Tid TN 5 OFHHITI3 hBD-2
mRNA FFERNRIE LD o7z, TNOHDFERIE, IO DOFIEA hBD-2 %3
RIS & o THREMEMED T 2 B EBHHICSMTEL I L ZRIEL T
Wb,

TV ABRHBERICAVT 2TV B L U7 37— YU
BB OFEOMRER, 77T v ABRKOMMIEEIA TR ETERE 5312
B EDbhrosz (Figures 18, 19), DMSO Z 1% & T 25k 4 2l
BT, 77TV ARMOERETOTNHEILDOETORAMIMI L eh o7
B, EHEGOSHESLICHMLED S Z LIZE ), FHMICENEE
W EBLZENHEDLEER D,
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% =IH NF-«B pathway D{f{4 b % #£7- hBD-2 DFHE

E D Toll-like receptors (TLRs) (. Drosophila OHARBLHI
BT K% Toll receptor MHFET— L LCTHREN(56), =@ TLRs
SERRIEO—HETHI LD D E%%#‘;&b key molecule Ei%‘f_é nTw
%o TLRs 4+ THEWX. LPS(57). B-Z VA ¥ (58), #OopD~< > ) — A&
B IRAKAH (59) . RTF K7 5~ (60). B & UHIHE K DNA(61) DHEZ
pathogen-associated molecular patterns (PAMPs) % #ik¥ % Z & T,
REMAEDOBRADTEEELEEICF L CEET AL TMESNT
W,

TLRs - FEEDZEBLBAIC OV TIE, B4 2 IRRMETIIRINT
W5 HDD, JEMEGHRMIE TORMBLRMEREZIZEAL LV, Lk
CAb. b b OM{LMIG . PANPS BKEEL AT H TIRs ERBIT L HH
k% 2 & % &L Song & ASHE L 72 (62),

TLRs FF8HD Y 7 F IZEIHAEERFTH S NF-xB 2 NMT5 L0
) ERAMSENTVS(63)s S 512, hBD-2 BIZTFD L 7O E— ¥ —4H
1121 NF-xB response element AFEAET % (64)0 Bt T MW ORIHY
(& % hBD-2 DFFE L, NF-«B pathway Dtk (65) & FEFICHEEZ 5,

AR OBEEEIC L % hBD-2 mRNA B5EDSSKII LA Z L2k o T, FFiR
T O R O] & 7> PAMPs ARRL A%, AR MG A L BBlo /T
TLRs 3 FHEIC & o TR S TV B WA E VY,

—F. BRI RIIKGEOFELE L 2\ 3546 @ hBD-2 mRNA FFEEMEIE 2
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Mozl Ehb (Figures 14~17), TN O OB K OEES ML, TLRs
FFRICEBR SN TRV EEZ LND, BRI OWREE L5 &R 4 A
A=Ak LT, hBD-2 mRNA DFF#E58IE, TLRs %*5 NF-kB ~D AW A
B 7L T B NyDIS(66). TRAK(6T). 45 & OF TRAFG (68) DAE%:
THROY 7PN FHOBBEICI2ERIELTCHIEEZOND
(Figure 20) o b 9 — 2 OFFIC L 2 WEMILOEM & L TIE,
Krisanaprakornkit DHFEIZ L > T, NF-kB % 70 v 7 L7zH T, MAP-
kinase pathway DIEMALIC X - T hBD-2 3FHEE N 2 HATRENTZ(51)
ZEH,e, NF-xB X &L A p38, JNK B X U ERK OG5 F % A L7z
BT AP-1 OEMHALIC L A, MAP-kinase pathway D{EMEAL (69) 5% 2 &
N5, FEOMICEYRERDO Y 7 VEEFTFOHR T, ANDDOGF 5%

WICk DIEHLES NS 2 LT, HEMBICEb-oTWVDEEL bR,
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Bacterial infection Foodstuff

I
Exogenous stimuli Exogenous stimuli ]
LPS, Lipoproteins TNF-¢, IL-1B 1
Peptidoglycans ‘
TLRs IL-1R
, ®
- -

B-defensin-2 gene

. Epithelial cells

Figure 20. Putative cellular pathways of food-mediated defensin expression.

The diagram shows the putative pathways involved in food-mediated
hBD-2 expression. The schematic was assembled using gene expression
data from food and bacterial treatment and previous literature.
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FEIE AHEOLH

AWFEORERIE, TYIV A, TT. ¥4 X, BEIUOIT<IE, BEY
D7\ AL hBD-2 mRNA D FER R L R WA, BEY O RERA L
LTW5%@Lh%%mMA@%ﬁ%%ﬁﬁ%%l&%mgﬁﬁbtoA
FETIRA M L 5 HFK MEN > hBD-2 mRNA OF5E & EIRIZES %
ZHIX, in vivo TOMREEHATILEEIH S 500, OERHLEE
WA A EEEMERSL 2 s, BB TREFEVWEEZEZLDS
N2, 2% ) INSOFEEMHY AT L 5FIMT 2, OHE. FEE. ML
Z OB OHLEL LV TR B GR L TR Z B % 0 3k 2 Btk
BEROBBOF L TRMEEE GV, ZO L) L EHMENEE OB
Y HEMICERT S L0k o T, BRI TZIREICEH N LARLVD
7% hBD-2 nRNA OFEATRELIREEIIKEMRFT 22 LA TE, AD
MRS I DL EZ LD, 8HIC, INLOBRBPEEOL ) 2R
e % U EROMRN L FENR L FOMAEDLE L HEENT S
Z LT, OFE. BE LEMIAT O hBD-2 mRNA FHERR LIRET 2 FH
KLUEENBNEEZ OND, IOEEICHEET ZEEERMORRER

BT TH %0
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FUE  ARIE

hBD-2 DHMMIZOWTIE, BEICHA Z#EDS R EN TV B D5, PLHIE
HIZOWTIE, VI ARUE L CICABECHIERE, BETEI v V5%
T B BB RS S AT, SR b ORI HH BRI &
CROENDZETHSLZ LD hBD-2 DHFEN B ENFERHES b S, K
W Tid, TNSDHMREUIMIH 72129 BPE L > S ERE I LTIl
EHeRH O LT RE L, —HTEEMO L Y HERE I L T8l %
WZ EAS hBD-2 DAERTOAPMHIIOVWTOHL N E R 572,

& 512, hBD-2 3. FLREMSLALC S BRI RIMES 2 o2 L i D
BRI BT 5 RIZEICE IS BARRIE L EBRIEOBEL L LTEES
BEZHS TVIHENGTLoTVE, INLDT EDH S RN TO hBD-2
B R R D T L BRI L > THAITH ), Borld, BERZ RS
BHUZ & > TZ DR hBD-2 A H O 5 FHHRIVTEEREEIZE 5T
AR RS E LTORBEPTERTHS EEZ T,

%2 T, hBD-2 FEAEZ FRRMBTRETE S in vitro EERREFET
L. BMEFAZ) ==V 7 LAL T A, NUBRRREICHFEMRIEHA
FETHIEPHL D& % o7z BIS BIICRWTIZZ L E & Tid hBD-2
HERHEH R 22 VICO D 6§, BHRMS & FERISRMYT 5 2 &1
SDBEHPROBHE LGSR TER L O LPHEHL L o7, Th
COFEBLUHEEELZAAL T, BAREZGEHILTHIEILL ST
BYDBHEEEEHOTHL LR EEBDRE,
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Stk BARGERLHAICAY . £ OS2 & LIZRENI K
TL., BISEICRBLR T 5 b AMIRTRIBENIZ L) RS EFH
L 7- B GRIEH LM AR OB, WK P I VR L,

REBRETo TV LTEETHH L BDbN b,
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E-3=1

FHIE IR BGABRIC & % hBD-2 OMIR 2K 2 AFHEOKRFIZ L -
T, hBD-2 A POORETERZIMENEFLE E ATV
Streptococcus mutans & S. sobrinus (2%} Lf?ﬁﬁii‘ﬂ%%ﬁﬁ"% Zt
LI LT,

—H. e FOOBETEELEEMETH S S. nitisid, mitis group
M@ S. constellatus. S. anginosus B LU S. intermedius % &
MOFBIBEZUETH L2020 bOT, AFENRLED 2 e R
BRL7-& 2% hBD-2 \2xf L CHItEA S 2 & & AT A > 720 hBD-2 13,
I BEMEDOHE I L TEARBRRERTH, ) EME L~ HEKEIC
MLTEFZHEEL, OBELS ) MOFERERETLZ2HICL > THE
DFBIFIAT X B THEMAH 2

S. mitis BL U S. anginosus ® hBD-2 (Zxt3 % &KL,
3,4-Dichloroisocoumarin (3,4-DCI) D#%k7% proteinase inhibitor
DOFAET CHIEMBRAREZIT) CEICLsTHA L, BRERZHICE
bots, TOHRIL tosylphenylalanine chloromethylketone (TPCK).
%  4-(2-Aminoethyl) -benzenesulfonyl fluoride hydrochloride

(AEBSF) TII§5 W EMEIZSH - 726

o OkERIE, chymotrypsin-like serine proteinase {HEIZ &
% hBD-2 \Ix ¥ 2 OEMEIC BT 2 O RAEZ RIEL TE Y,
MBI IE hBD-2 (I LT >3 R & 2 HOR s € 5 L Tv
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BT EWEZ LN,

Fald, v FREMACHRLFT O hBD-2 L~ % W0 & 4 5 5 FE M O
BRTHEL LA ) — = TR REIZT B, ) TV 1 Lsgas PCR L% i
VL 7zo hBD-2 cDNA % fE#E & LCf) 2 &12k 5 hBD-2 nRNA 058 EARHE
#PHIZ, 8 x 10 M (37-cycle H§l@E) 75 8 x 10" M (13-cycle &)
Tholzo TOWERIZE > T, BEERNOBER KRN &1 Hilfa % 5
MY 52 ETRGRICK 2R L FEROFETH S, £ 40 5 hBD-2 nRNA
LRV OBEINASED b ic, B OMEERSMIKICH L TARBEETH -
725

KBRETRI VA, TI. ¥4 X, IO E OFN %l
(K B LRI & > T, hBD-2 mRNA DFFEII KM HE O ADRIFLI A L
T 6.1, 2.5, 3.3, 3.3 HICENPNEEZECHIBS Nz T~ T ¥ A5k
T A HEROSEOMKR, —— 7V, BXUT7T I 7 —-EHELIC
> TT YT v ABRK DOFERE R FIEIRBROW P H B Z LATRENT,
BRI & B RIS 5 8% % hBD-2 nRNA FFEBERFFIE. O
L RE . RS E SN OMEY RS L TR ERET LI LDTES,
BEEHRERORBEOFH /22 i Z V72,

74



£ 0k

Arai, S. 1989. BEREMERan T OBE LFROBIR. N1 A Y
ALV AEAL VF AR —147:27-30.

Ganz, T., and Lehrer, R.I 1995. Defensins. Pharmacol Ther
66:191-205.

Weinberg, A., S. Krisanaprakornkit, and B. A. Dale. 1998.
Epithelial antimicrobial peptides: review and significance for oral
applications. Crit Rev Oral Biol Med 9:399-414.

Ganz, T., and Lehrer, R.I. 1994. Defensins. Curr Opin Immunol
6:584-9.

Lehrer, R. I, A. K. Lichtenstein, and T. Ganz. 1993. Defensins:
antimicrobial and cytotoxic peptides of mammalian cells. Annu
Rev Immunol 11:105-28.

Martin, E., Ganz, T. and Lehrer, R.1. 1995. Defensins and other
endogenous peptide antibiotics of vertebrates. ] Leukoc Biol
58:128-36.

Zhao, C., I. Wang, and Lehrer, R.I. 1996. Widespread expression
of beta-defensin hBD-1 in human secretory glands and epithelial
cells. FEBS Lett 396:319-22.

McCray, P. B, Jr,, and L. Bentley. 1997. Human airway epithelia

express a beta-defensin. Am J Respir Cell Mol Biol 16:343-9.

75



10.

11.

12.

13.

14.

Valore, E. V., C. H. Park, A. J. Quayle, K. R. Wiles, P. B. McCray,
Jr., and T. Ganz. 1998. Human beta-defensin-1: an antimicrobial
peptide of urogenital tissues. J Clin Invest 101:1633-42.

Bensch, K. W., M. Raida, H. J. Magert, P. Schulz—Knappe, and W.

G. Forssmann. 1995. hBD-1: a novel beta-defensin from human

plasma. FEBS Lett 368:331-5.

Goldman, M. J., G. M. Anderson, E. D. Stolzenberg, U. P. Kari, M.
Zasloff, and J. M. Wilson. 1997. Human beta-defensin-1 is a salt-
sensitive antibiotic in lung that is inactivated in cystic fibrosis. Cell
88:553-60.

Yamaguchi, Y., T. Nagase, R. Makita, S. Fukuhara, T. Tomita, T.
Tominaga,‘ H. Kurihara, and Y. Ouchi. 2002. Identification of
multiple novel epididymis-specific beta-defensin isoforms in
humans and mice. J Immunol 169:2516-23.

Harder, J., J. Bartels, E. Christophers, and J. M. Schroder. 1997. A
peptide antibiotic from human skin [letter] [see comments]. Nature
387:861.

Singh, P. K., H. P. Jia, K. Wiles, J. Hesselberth, L. Liu, B. A.
Conway, E. P. Greenberg, E. V. Valore, M. J. Welsh, T. Ganz, B. F.
Tack, and P. B. McCray, Jr. 1998. Production of beta-defensins by

human airway epithelia [published erratum appears in Proc Natl

76



15.

16.

17.

18.

19.

20.

Acad Sci U S A 1999 Mar 2;96(5):2569]. Proc Natl Acad Sci U S
A 95:14961-6.

Bals, R., X. Wang, Z. Wu, T. Freeman, V. Bafna, M. Zasloff, and J.
M. Wilson. 1998. Human beta-defensin 2 is a salt-sénsitive peptide

antibiotic expressed in human lung. J Clin Invest 102:874-80.

Mathews, M., H. P. Jia, J. M. Guthmiller, G. Losh, S. Graham, G.

K. Johnson, B. F. Tack, and P. B. McCray, Jr. 1999. Production of
beta-defensin antimicrobial peptides by the oral mucosa and
salivary glands. Infect Immun 67:2740-5.

Schroder, J. M., and J. Harder. 1999. Human beta-defensin-2. Int J
Biochem Cell Biol 31:645-51.

Hiratsuka, T., M. Nakazato, Y. Date, J. Ashitani, T. Minematsu, N.
Chino, and S. Matsukura. 1998. Identification of human beta-
defensin-2 in respiratory tract and plasma and its increase in
bacterial pneumonia. Biochem Biophys Res Commun 249:943-7.
van Wetering, S., P. J. Sterk, K. F. Rabe, and P. S. Hiemstra. 1999.
Defensins: key players or bystanders in infection, injury, and repair
in the lung? J Allergy Clin Immunol 104:1131-8.
Krisanaprakornkit, S., A. Weinberg, C. N. Perez, and B. A. Dale.
1998. Expression of the peptide antibiotic human beta-defensin 1

in cultured gingival epithelial cells and gingival tissue. Infect

77



21.

22.

23.

24.

25.

Immun 66:4222-8.

Krisanaprakornkit, S., J. R. Kimball, A. Weinberg, R. P. Darveau,
B. W. Bainbridge, and B. A. Dale. 2000. Inducible expression of
human beta-defensin 2 by Fusobacterium nucieaturh in oral
epithelial cells: multiple signaling pathways and role of commensal
bacteria in innate immunity and the epithelial barrier. Infect Immun
68:2907-15.

Bonass, W. A., A. S. High, P. J. Owen, and D. A. Devine. 1999.
Expression of beta-defensin genes by human salivary glands. Oral
Microbiol Immunol 14:371-4.

Quayle, A.J., E. M. Porter, A. A. Nussbaum, Y. M. Wang, C.
Brabec, K. P. Yip, and S. C. Mok. 1998. Gene expression,
immunolocalization, and secretion of human defensin-5 in human
female reproductive tract. Am J Pathol 152:1247-58.

Yang, D., O. Chertov, S. N. Bykovskaia, Q. Chen, M. J. Buffo, J.
Shogan, M. Anderson, J. M. Schroder, J. M. Wang, O. M. Howard,
and J. J. Oppenheim. 1999. Beta-defensins: linking innate and
adaptive immunity through dendritic and T cell CCR6 [see
comments]. Science 286:525-8.

Garcia, J. R., A. Krause, S. Schulz, F. J. Rodriguez-Jimenez, E.

Kluver, K. Adermann, U. Forssmann, A. Frimpong-Boateng, R.

78



26.

217.

28.

29.

30.

31.

Bals, and W. G. Forssmann. 2001. Human beta-defensin 4: a novel
inducible peptide with a specific salt-sensitive spectrum of
antimicrobial activity. Faseb J 15:1819-21.

Harder, J., J. Bartels, E. Christophers, and J. M. Schroder. 2001.
Isolation and characterization of human beta -defensin-3, a novel
human inducible peptide antibiotic. J Biol Chem 276:5707-13.
Hardie, J. M., and P. D. Marsh. 1978. Streptococci and the human
oral flora. Soc Appl Bacteriol Symp Ser 7:157-206.

Lehrer, R. 1., M. Rosenman, S. S. Harwig, R. Jackson, and P.
Eisenhauer. 1991. Ultrasensitive assays for endogenous
antimicrobial polypeptides. J Immunol Methods 137:167-73.

Qu, X.D., S: S. Harwig, A. M. Oren, W. M. Shafer, and R. L.
Lehrer. 1996. Susceptibility of Neisseria gonorrhoeae to protegrins.
Infect Immun 64:1240-5.

Cole, A. M., and T. Ganz. 2000. Human antimicrobial peptides:
analysis and application. Biotechniques 29:822-6, 828, 830-1.
Kawamura, Y., X. G. Hou, F. Sultana, H. Miura, and T. Ezaki. 1995.
Determination of 16S rRNA sequences of Streptococcus mitis and
Streptococcus gordonii and phylogenetic relationships among
members of the genus Streptococcus [published erratum appears in

Int J Syst Bacteriol 1995 Oct;45(4):882]. Int J Syst Bacteriol

79



32.

33.

34.

35.

36.

37.

38.

45:406-8.

Whiley, R. A., and D. Beighton. 1998. Current classification of the
oral streptococci. Oral Microbiol Immunol 13:195-216.

Cole, A. M., T. Ganz, A. M. Liese, M. D. Burdick, L. Liu, and R.
M. Strieter. 2001. Cutting edge: IFN-inducible ELR- CXC
chemokines display defensin-like antimicrobial activity. J Immunol
167:623-7.

Fernandez, R. C., and A. A. Weiss. 1996. Susceptibilities of
Bordetella pertussis strains to antimicrobial peptides. Antimicrob
Agents Chemother 40:1041-3.

Nyvad, B., and M. Kilian. 1990. Comparison of the initial
streptococcal microflora on dental enamel in caries-active and in
caries-inactive individuals. Caries Res 24:267-72.

Kilian, M., J. Reinholdt, H. Lomholt, K. Poulsen, and E. V.
Frandsen. 1996. Biological significance of IgA1 proteases in
bacterial colonization and pathogenesis: critical evaluation of
experimental evidence. Apmis 104:321-38.

Mandal, M., and R. Nagaraj. 2002. Antibacterial activities and
conformations of synthetic alpha-defensin HNP-1 and analogs with
one, two and three disulfide bridges. J Pept Res 59:95-104.

Raj, P. A., and A. R. Dentino. 2002. Current status of defensins and

80



39.

40.

41.

42.

43.

45.

their role in innate and adaptive immunity. FEMS Microbiol Lett
206:9-18.

Brissette, C. A., and S. A. Lukehart. 2002. Treponema denticola Is
Resistant to Human beta-Defensins. Infect Immun 70:3982-4.

Raj, P. A, K. J. Antonyraj, and T. Karunakaran. 2000. Large-scale
synthesis and functional elements for the antimicrobial activity of
defensins. Biochem J 347:633-41.

Peschel, A. 2002. How do bacteria resist human antimicrobial
peptides? Trends Microbiol 10:179-86.

Smith, D. J., J. M. Anderson, W. F. King, J. van Houte, and M. A.
Taubman. 1993. Oral streptococcal colonization of infants. Oral
Microbiol Immunol 8:1-4.

Huttner, K. M., D. J. Brezinski-Caliguri, M. M. Mahoney, and G.
Diamond. 1998. Antimicrobial peptide expression is
developmentally regulated in the ovine gastrointestinal tract. J Nutr
128:2978-299S.

Senpuku, H., A. Sogame, E. Inoshita, Y. Tsuha, H. Miyazaki, and N.
Hanada. 2003. Systemic diseases in association with microbial
species in oral biofilm from elderly requiring care. Gerontology
49:301-9.

Sasaki, H., T. Ishizuka, M. Muto, M. Nezu, Y. Nakanishi, Y.

81



46.

47.

48.

49.

50.

51

Inagaki, H. Watanabe, and M. Terada. 1998. Presence of
Streptococcus anginosus DNA in esophageal cancer, dysplasia of
esophagus, and gastric cancer. Cancer Res 58:2991-5.

Sakamoto, H., H. Naito, Y. Ohta, R. Tanakna, N. Mﬁeda, J. Sasaki,
and C. E. Nord. 1999. Isolation of bacteria from cervical lymph
nodes in patients with oral cancer. Arch Oral Biol 44:789-93.
Diamond, D. L., J. R. Kimball, S. Krisanaprakornkit, T. Ganz, and
B. A. Dale. 2001. Detection of beta-defensins secreted by human
oral epithelial cells. J Immunol Methods 256:65-76.

Fehlbaum, P., M. Rao, M. Zasloff, and G. M. Anderson. 2000. An
essential amino acid induces epithelial beta -defensin expression.
Proc Natl Acad Sci U S A 97:12723-12728.

Holland, P. M., R. D. Abramson, R. Watson, and D. H. Gelfand.
1991. Detection of specific polymerase chain reaction product by
utilizing the 5'----3' exonuclease activity of Thermus aquaticus
DNA polymerase. Proc Natl Acad Sci U S A 88:7276-80.

Ganz, T., M. E. Selsted, D. Szklarek, S. S. Harwig, K. Daher, D. F.
Bainton, and R. I. Lehrer. 1985. Defensins. Natural peptide
antibiotics of human neutrophils. J Clin Invest 76:1427-35.
Krisanaprakornkit, S., J. R. Kimball, and B. A. Dale. 2002.

Regulation of human beta-defensin-2 in gingival epithelial cells:

82



52.

53.

54.

55.

56.

the involvement of mitogen-activated protein kinase pathways, but
not the NF-kappaB transcription factor family. J Immunol 168:316-
24.

Dunsche, A., Y. Acil, R. Siebert, J. Harder, J. M. Scﬁroder, and S.
Jepsen. 2001. Expression profile of human defensins and
antimicrobial proteins in oral tissues. J Oral Pathol Med 30:154-8.
Wada, A., N. Mori, K. Oishi, H. Hojo, Y. Nakahara, Y. Hamanaka,
M. Nagashima, I. Sekine, K. Ogushi, T. Niidome, T. Nagatake, J.
Moss, and T. Hirayama. 1999. Induction of human beta-defensin-2
mRNA expression by Helicobacter pylori in human gastric cell line
MKN45 cells on cag pathogenicity island. Biochem Biophys Res
Commun 263:770-4.

Guzman-Maldonado, H., and O. Paredes-Lopez. 1998. Functional
Products of Plants Indigenous to Latin America: Amaranth, Quinoa,
éommon Beans, and Botanicals, p. 293-328. In G. Mazza (ed.),
Functional Foods: Biochemical and Processing Aspects.
Technomic Publishing, Pennsylvania.

Lehmann, O.J., I. R. Hussain, and P. J. Watt. 2000. Investigation of
beta defensin gene expression in the ocular anterior segment by
semiquantitative RT-PCR. Br J Ophthalmol 84:523-6.

Medzhitov, R., P. Preston-Hurlburt, and C. A. Janeway, Jr. 1997. A

83



57.

58.

59.

60.

61.

human homologue of the Drosophila Toll protein signals activation
of adaptive immunity. Nature 388:394-7.

Ingalls, R. R., H. Heine, E. Lien, A. Yoshimura, and D. Golenbock.
1999. Lipopolysaccharide recognition, CD14, and
lipopolysaccharide receptors. Infect Dis Clin North Am 13:341-53,
Vii.

Czop, J. K., and J. Kay. 1991. Isolation and characterization of
beta-glucan receptors on human mononuclear phagocytes. J Exp
Med 173:1511-20.

Fraser, I. P., H. Koziel, and R. A. Ezekowitz. 1998. The serum
mannose-binding protein and the macrophage mannose receptor
are pattern recogﬁition molecules that link innate and adaptive
immunity. Semin Immunol 10:363-72.

Jin, Y., D. Gupta, and R. Dziarski. 1998. Endothelial and epithelial
cells do not respond to complexes of peptidoglycan with soluble
CD14 but are activated indirectly by peptidoglycan-induced tumor
necrosis factor-alpha and interleukin-1 from monocytes. J Infect
Dis 177:1629-38.

Heeg, K., T. Sparwasser, G. B. Lipford, H. Hacker, S.
Zimmermann, and H. Wagner. 1998. Bacterial DNA as an

evolutionary conserved ligand signalling danger of infection to

84



62.

63.

65.

66.

67.

immune cells. Eur J Clin Microbiol Infect Dis 17:464-9.

Song, P. 1., Y. M. Park, T. Abraham, B. Harten, A. Zivony, N.
Neparidze, C. A. Armstrong, and J. C. Ansel. 2002. Human
keratinocytes express functional CD14 and toll-like fecepter 4.]
Invest Dermatol 119:424-32.

Belvin, M. P,, and K. V. Anderson. 1996. A conserved signaling
pathway: the Drosophila toll-dorsal pathway. Annu Rev Cell Dev
Biol 12:393-416.

Liu, L., L. Wang, H. P. Jia, C. Zhao, H. H. Q. Heng, B. C. Schutte,
P. B. McCray, Jr., and T. Ganz. 1998. Structure and mapping of the
human beta-defensin HBD-2 gene and its expression at sites of
inflammation. Gene 222:237-44.

Becker, M. N., G. Diamond, M. W. Verghese, and S. H. Randell.
2000. CD14-dependent lipopolysaccharide-induced beta -defensin-
2 expression in human tracheobronchial epithelium. J Biol Chem
275:29731-6.

Burns, K., F. Martinon, C. Esslinger, H. Pahl, P. Schneider, J. L.
Bodmer, F. Di Marco, L. French, and J. Tschopp. 1998. MyD88, an
adapter protein involved in interleukin-1 signaling. J Biol Chem
273:12203-9.

Wesche, H., X. Gao, X. Li, C. J. Kirschning, G. R. Stark, and Z.

85



68.

69.

Cao. 1999. IRAK-M is a novel member of the Pelle/interleukin-1
receptor-associated kinase (IRAK) family. J Biol Chem 274:19403-
10.

Wang, Q., R. Dziarski, C. J. Kirschning, M. Muzio, and DT Gupta.
2001. Micrococci and peptidoglycan activate TLR2-->MyD88--
>IRAK-->TRAF-->NIK-->IKK-->NF-kappaB signal transduction
pathway that induces transcription of interleukin-8. Infect Immun
69:2270-6.

McDermott, E. P., and L. A. O'Neill. 2002. Ras participates in the
activation of p38 MAPK by interleukin-1 by associating with

IRAK, IRAK2, TRAF6, and TAK-1. J Biol Chem 277:7808-15.

86



A

KBk e DI M) | 158D SN D M) E BY 2 2 SHRERIB Y 5%
DBREGZTFS o () BAKERERIETHE BN F b O
o LET. T, BB YA ) KEBIEIC A ) $ LT kg
EBALSERE AN RUAESRIR I B L E T

SO IATIEZ D 5124720 . PR 5 4 & ) T84 T8 S L i
AWV AR (B) RFZCRT SR s IR R 72 2 EATHI%E R hnitE iF
Pt i I AL L P E T,

CUPEHIT O BRI D Tl B SR AT (IR 80 (TR 7 (R e B e
BB ERER) IS Tiib b OTH Y FEE EH ikt FAEE 4
H gL, FFCE L R TH LIS REBIEICRY F L, F70.
WHWS L TBE SV W EARRE &5 B, B RELKTFRY
Kb BF HE BT, BRAAH BIL ISR HE BAKICRS VL
i#oDﬁﬁ%%@@f@%ﬁﬁbi@@ﬂ%Liﬁi¢o

M. AR IS A AR RIS RAT e 1 T
BELTHEERIITONZODTHY, THEZ L TIHE W 272w 265
FEE B HEBLEGD. FERERETAZOREOEE AL L DK
ML FET,

Big1C, AORFZER £ REm Ao 2. BOMBE L LTUBMEL
TLNE, BFICESHVALET,

2004%1H

87



