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A Study on Application of Human Salivary Peptides with
Antimicrobial Activities to Healthcare Products

Toshiki OHTAKI™, Nobuteru TAKAHASHI™*, Norinobu TAKEI***,
Masayuki TANIGUCHI™ *** and Eiichi SAITOH™ ****

Human salivary histidine-rich polypeptides, histatin 1 (38 amino acids) and histatin 3 (32 aa) are
major antimicrobial peptides harboring potent fungicidal activity against Candida albicans. This study
was undertaken to examine the activity of four short peptide fragments, histatins 5 (24 aa), 8 (12 aa), 9
(14 aa), and 11 (8 aa), derived from histatin 3 against Porphyromonas gingivalis (periodontal bacteria).
By determining the concentration of ATP synthesized by microorganism, histatins 5, 8, 9, and 11 were
found to inhibit the growth of P. gingivalis with 50 % inhibitory concentrations (ICsys) of 33.4, >800,
9.7, and 294.1 uM, respectively. Cytoplasmic membrane depolarization of P. gingivalis by the peptides
was elucidated using the membrane-potential-sensitive dye, diSC;-5. All of the fragments of histatin 3
caused membrane depolarization of 10.4 - 43.9 % at 33.4 uM in a good’s buffer (5 mM HEPES, pH 7.2,
50 mM glucose) and of 3.5 - 25 % in physiological condition (4 mM NaH,PO,/Na,HPO,, pH 7.0, 30
mM NaCl), respectively. Taken together, it can be concluded that even shorter peptide fragments
derived from human histatin 3, show potent antibactericidal activity against P. gingivalis. Thereby,

antimicrobial peptides reported here appear to be excellent candidates for oral healthcare products.

Key words: human saliva, histatin 3, short proteolytic peptides, Porphyromonas gingivalis,

antimicrobial peptide, membrane depolarization
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AR FUAEME OELINC X 2 ZAIMMERE O HBLA ERBLY CRBER SN TV D, 1> T,
PIAME L1387 28 CERT 2EAIOBRBEPAFFE I TS, ZOEME LT,
Yy, BEFHEEY, B O LRSS TF R BEE AR O TV S, BRI THWD
NHXTF FEOPAEWER ) IF T B RV 7 I vV SITHER LT AEERBHA~T T

RIEMPER 2 £ Tie< < RIS LTI aEREm < JUl A7 PABIEnE mﬁﬂ
BB H D, ZOXIRREREHEE L, HEHOIIOAR (AED TP FE) ORKE
(Candida albicans) %% T1EROH 5 & MR E 2 Z F B3 (CHIR Ui, Bk & I%E‘J
FIRME A2 ZRE LT, F& I35 C albicans (FRH OB HE A X F (BT F R) o7ar
FYV AR TRAELESTF Rl (FHTFR) 26 L7z, KmLTiE, B X
B2 F 2 DIRGr X T7 T R 3 JE R E (Porphyromonas gingivalis JCM 8525 1) D HEFEAN
FHWERZ RS 52 L 2HALTOTHRET S,

FR1. EREFUEBRTF R ETORFDBEDDOT = / BEEFI

13 § 10 15 20 25 30 35 38
Histatin 1 DSHEKRHHGYI?'RKFHEKHHSHREFPFYGDYGSNYLYDN

Histatin 2 RKFHEKHHSHREFPFYGDYGSNYLYDN

i} : 5 10 15 20 25 30 32
Histatin 3 DSHI-\tKRHHGYI?I?KFHEKHHSHRGYI?SNYLYDN

Histatin 4 RKFHEKHHSHRGYRSNYLYDN
Histatin 5 DSHAKRHHGYKRKFHEKHHSHRGY

Histatin 6 RKFHEKHHSHRGY

Histatin 7 DSHAKRHHGYKRKFHEKHHSHRGY

Histatin 8 KFHEKHHSHRGY

Histatin 9 RKFHEKHHSHRGYR

Histatin 10 KFHEKHHSHRGYR

Histatin 11 KRHHGYKR

Histatin 12 KRHHGYK

t SUROEMMBRICL OV % U BMEEE
2. MHEEAREL

2.1 RTF RO THA U EERK

b A% F 3 (DSHAKRHHGYKRKFHEKHHSHRGYRSDYLYDN; 32 7% 58) O3 figsEi ¢
H%He A%TF 5 (DSHAKRHHGYKRKFHEKHHSHRGY; 24 7 %%), & A% 5 9 (RKFH-
EKHHSHRGYR; 14 #%3), v X &% F > 8 (KFHEKHHSHRGY; 12 #%%5), B A ¥ F 1 11
(KRHHGYKR; 8 7% &%t LT, ®HST DA~ TF NE bl > A7 A A = Ak
KEDOZ ARy —E AL VA LT,
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P. gingivalis JCM 8525 ¥R DEGE IIMaxHBRMESME T, 37 CIoTHEM Lz, @ O HIEIC
EVN, C. albicans % 37 ‘CTH:# L 7=, BacTiter-Glo kit (Promega G8231) B3 L OV 7 = 7
—E ATP {HERI (Kikkoman 60254) Z{EH L7 fbFRMIEIZ IV e AZF -5, 8, 9,
11 @ P. gingivalis JCM 8525 |Zxt3 2 ¥ HE MR 2 BB L, AR A~ A 7 0L — R
— % — ARVO™ (Parkin-Elmer) = X v ZHI L 7=,

2.3 HERERERR 7> 48 4E FA D 5T
EAZF 5, 8, 9, 11 D P. gingivalis ICM 8525 AR 2 il /0 WA EF /B i3
WetaFE 3307 m EALF T AR LT = (diSCs-5) Ha FIV T ERE L 7=,

3. HREEE

3.1 ORRIZE TS IER I F DR FRA

F1LICE FPOARENICHEET D AZF U OHRATF R LV HERTF FoT7 2
FRECH 2 LT, E AZF 1 &b AZF 3 TR (B TR D ONSEE T AR o
HISI 5172 5N HIS2 BT DA S, MBRICEEND T a7 7 —EBIZ L > THr
Flbans, 72k, HISI #1725 HIS2 Bkt ME 4 ko R
(4ql1-13) ICHFET D, EAFF U I, L RAFF U3 L REF U S ITTERSFRETH D,
ZO3FECHERICAFIET D AXF UKD 85 -90 % % 5 L, H FIRMEERICK T 517
T 3:1:3 Th D,

3.2 FHRTF KD P gingivalis JOM 8525 [Zxt9 5 50 % 1EIERERE
PUETEMEOBEEBRIC L W KD =K TF RO P. gingivalis ICM 8525 (2535 50 %
HREILERREE (ICs) ZRDIZEZ A BEAXF L 5,89, 11 D ICsy 1EENZH 33.4,> 800,
97,2941 uM TH D L HH SN, B AXZF L 9D ICsy X4 FETF ROHFTHR/NTHD
Z LD, P. gingivalis JCM 8525 2% T 5 HFHILETE R IIRR CTH L LB BILD, £ A
2F 9 OF 27 (N-)EREGHAZR 5 N B VR 2 2 W(C-) R 2> HHEFEET 2 R Arg (R)
ZlrELIZe A X F 2 8 TiX P. gingivalis JCM 8525 (2% 3 2 HAFHPEEIGMENTE LT D 2 &
Dol BN L2, e AZF 2 11T 8 FREDORD THWRTF R THDHIZH )
LT, P. gingivalis ICM 8525 (Zxt3 2 HAGEMAEVEMEZ 4T 5 Z L3 bk e o7,
BB, EAXTF L IDTHARTF RCThDHE RAZ T 5135 C albicans TEPERTO %% i
HZENBRIZAmBIN TG,

3.3 FWMRTF KD P, gingivalis JCM 8525 M I&FEHNHI4E
X 1T T F K (e AXF25,9,8, 11) O P. gingivalis ICM 8525 HEFEHNH|/EH % 7
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RIEFERTH D, ZOEBRFEREITE ZZF 2 5,8,9, 11 D ICsy 2 P. gingivalis JICM 8525 @
HREPHETE M IS K< RIST 522 LD LTS, TIZLOHLEERIC, BERAZF 9
23 P. gingivalis JCM 8525 Ol % BT Bl b i< HET 2 2 LA L, ZOEBRT
X, BERAZF 8 O EIEH Z B TE 2oz,

ATy FEBEERICBITDERAFUREE L P gingivalis JOM 8525 0 #AGFERR 745 L
NIILDOER

X 21%7 > FiEER (5 mM HEPES, 50 mM glucose, pH 7.2) HFIZBITH A X F 5
L 9oL P gingivalis JCM 8525 OHRIRAIFENL /31 L~V DRALR A TR TH D,
o HBD LA E 50 pM 77 S PV U I S BT & & D P gingivalis JCM 8525 Al
5 ? diSCy-5 A& (100 %) Zxtf e LTHRI Lz, ZOERIZLY, e 22 Froh
BAEHCT & diSCs-5 OHESENT 5 Z ENRH SN, X2 O T — 213t 24
F 5 RAFF 98 P. gingivalis ICM 8525 OFINAIEICZEFL$ 5 Z L2 Xk 0 MINICE
AL TBW8 W (diSCs-5) 2t SB7- 2 L Z2Rgd 5,

120 — 120 T
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E1. EXR2FUHRAICK 5EEREAOERENH R

3.5 & MEFHRIEMBEERICHITHFERTF KD P, gingivalis JOM 8525 [Zxt3 5
R R Bst 53 48 4 FA

N TR O R L S O BT IS T, B RAZF U7 F NN b b EERIR &
AR U 7= AR B 00 FR C b o B 93 1R Lk LGRS /0 WY 1 & R C & D i & et L
7o b MR 2R L2 b AR E LT, AR Y CERREETE (4 mM NaH,PO4/
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Na,HPO,4, 30 mM NaCl, pH 7.0) Z3&R L7z, Z OFEEIRITE SR O A 4 58E & pH &2 —
BEIHZHLOTH D,

X 2 (A) &B) IZLHTEHIT, 1Cso DIEA /NS UWE E AR D & i S35 858w
B (diSC;3-5) DENEZNZ MRS, B 2 ZF 2 9 O N-Kili/e 5 NS C-RUMZAELE
LTWeArg ZBRELTCE AZF U817 NIEMEIHR 72 © ONZ MEIRHE R D ASLHORE Bk R
IZBWTH, MED diSCs-5 it Sz, DL O R a4 iud, TEBICHL
T2ATOE AY T UM DS OFBCRICEB W T O HERE 2 275 LffmIh
Do ZOMEIL GREAZFUNANVATTHEOHBICALTHL] T 2WiEbd,

(A) (B)
" Add diSC.-5 = Add diSC.-5
1555 @ Histatin 5 l B30 @) Histatin 5
70 r @ Histatin 9 70 r @ Histatin 9
) Histatin 11 | @ Histatin 11
60 @ Histatin 8 60 @ Histatin 8
y
S '| Add 33.4 uM 50 r Add 33.4 z M
| histatins histatins
40 At 60 sec 40 | At 60 sec

S i
30 D 43.9%

50 u M gramicidin D
{100 %)

30 r D 25.0 %

Fluorescence intensity [-]

50 » M gramicidin D

Fluorescence intensity [-]

20 | 20 L | \(100 %) ©10.7 %
10 10 S
@ 10.4 Y —
it 3.5%
D T T T L) T [l T T T s T
0 100 200 300 400 3500 600 0 100 200 300 400 500 600
Time [sec] Time [sec]

E2. ERX5%F2 59,11, 8 DEEAREMN S DiSC,-SHHEE
(A) O FO—JL#E&E# (5 mMHEPES, 20 mM Glucose, pH 7.2)
(B)t RO EIEEE (@ mM NaH,PO, / Na,HPO,, 30 mM NaCl, pH 7.0)

4. FEOH

b AL TF U ATME OMAaEE 2L L CRET D, ZOMEAZE L T, Fx iXmEICH%
Licte MEEE 77 Y v 7T RV SR ECHALEOREER 72 Y VX TF K7 7 2
V= (NI TRYy, Tudz=y, ARV VT, PR3 ARS)EN Limmana Ty 3 B
FIOMRAMEZ LT Z 2R L, &7 a ) X7 F RiL7 T ARE O 2 @i
U CHIRSINAREER Z LT 5 2 & THEEAP 2 R8T 2 LRESh TS, Z08%
BlE L7y b, A%, & MRS 71 Y X7 F FOPLETEMEIC OV THMRELizv,
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