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ANTIBACTERIAL EFFECT OF POLYPHOSPHATE ON
ENDODONTOPATHIC BACTERIA

Jeong-Hee Shin, Sang-Jin Park, Gi-Woon Choi*
Departnent of Conservative Dentistry, Division of Dentistry, G aduate School of Kyung Hee
Uni versity

This study was performed to observe the antibacterial effect of polyphosphate (polyP) with various chain
lengths (P3~P75) on virulent, invasive strains of P. gingivalis ATA1-28 and W50, and multidrug resistant
E. faecalis ATCC29212. P. gingivalis strains were grown in brain-heart infusion broth (BHI) containing
hemin and vitamin K with or without polyP. PolyP was added at the very beginning of the culture or dur-
ing the exponential growth phase of the culture. Inhibition of the growth of P. gingivalis was determined by
measuring the absorbancy at 540nm of the grown cells. Viable cell counts of the culture and release of
intracellular nucleotide from P. gingivalis were measured. E. faecalis was grown in plain BHI with antibi-
otics alone or in combination with polyP(calgon: 0.1~1.0%) and the bacterial absorbancy was measured.

The overall results suggest that polyP has a strong antibacterial effect on the growth of the virulent
strains of P. gingivalis and the antibacterial activity of polyP seems largely bactericidal, accompanying bac-
teriolysis in which chelation phenomenon is not involved. Although polyP does not exert antibacterial activ-
ity against E. faecalis, it appears to increase antibacterial effect of erythromycin and tetracycline on the
bacterium. Therefore, polyP alone or in combination with antibiotics may be developed as a candidate for
the agent controlling oral infections including endodontic infection.

Key words : Endodontopathic bacteria, Polyphosphate, Antibacterial effect, P. gingivalis, E. faec-
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He A He 39 AlgH sled ol #7114 Al
T e S e %‘43}—‘5 9] “black-pig-
mented anaerobic rods(Z¥ A &7|7Ht) ot} o]
Z X% Porphyromonas®t Pr evote]]a—‘—(genus) o] &3}

© Alte]l F=2 UehuH, 53] Porphyromonas gingi-
valis(°l3} P. gingivalis)7} <8492 22¢ Wi} #
Asle] Yehue T2 AldE9] shuata d3A drye?,
P. gingivalise 98 AFHAA 28], AL 2|5
A3} #ste] ol AFEol girh. <2 Rupf V& A
Ao LAY = F83 AU TS| FHAFANE
Yeldtta 21890, Rocas §79% 5359 AFHd
A Bol #EH = ATl red complex o &dt
gingivalis’} A Hol| = F2E AT Hsle]
P. gingivalise X|FA% #ut olye} 287349
Aoz Z03F 9L 3l= Aoz =" oan 37t
Aglo| A P. gingivalis®] 94°] B AR 1L 8 E}
P. gingivalis®] <% W 28 444 ?”Jﬂr &
=83 9 1% Zt=th. Sundquist’' &
7t Zukgle 2oty BalAol]
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P. gingivalis #55< &8, Agetd, 34, §4
o g gofet A 7R 3 TP | P, gingivalis F
2561014 3812 miced] Sl F3FALE FY 5P FAE
ot sk FAsAITE, ATAI-28 (ATCC 53977)°1u
W50 (ATCC 53978)& 2-& R Fshd By o]
23l 54S FAFT miceS £Y F&E Y= AoE B
AT} o] & Qg 2561, 381S AAA 07 A& Ik
g SHdA vEA, AR FF2, Wi ATA1-28,
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W50 5= 54, 154 #5F=2 752 o Genco
5% 73} chamber model ©]-&3t] 23+ micel 4]
T W500] ATTIC 33277Rt} FHL g F34
HF HAS FE331L, miceE AL FE YE 5
] Mu a EJ—O}qu 131‘/} o ;q o= 7_%_}?&'9‘ U:H rat
oﬂﬂ” 38101} ATA1-28 &5 B9 2249
& freste Ao YeEo, aev 381 744 Az
= B 5, ATALI-28E 784 A 2= 39 E 3ttt
P. gmg]vallsJ ZA 33 = ratEt micedlX o A Y
e Aog Hol=d® miced|A P. gingivalis 152
=AEe A7A1*28, W50, 2561, 3819 22 Yeh}
I JTFY. F 2 specific pathogen-—free micellAl 381
Az A E FEskA] @GR ATAT-28% W50
o & T"rEoP: Aoz #EE Y. Amano 50
2} Z XFISANA P, gingivalis® #4439 E¥
£ XA 23 A7A1 280] &3fle Al 4 Eo] 71
FASA et thge] Wh00] &3llsle Al IVAdd,
% H &S Ho|x 712 381, 25610 &3t
+o Tt UJFF/}H A7A1 28 W50 EH
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257} Jelga 1 oA % Enterococcus
faecalis(°|8} E. f: 2

I
aeca]zs 7} 7}72, o ] ‘ﬂﬁﬂ olepes

L

E. faecalist

_‘_‘
Oﬂbj ON e

'5} ]‘:} 131‘4
, L T
]’\1 71547“’3 BE\_ dNAA S /R g,
E. faecalise ¥WHH o= %%ﬂoi AX7VE FA A
2730 Aoz Siselo] Holql B49)
A5 A, x]z"ﬂoﬂ Ae dudgda™e 432 U
1:/‘r‘/L & Atk E. faecalise E. faecium® v thekah
A ot S 2ta Qlo] AHA7L off & Aoz
dHA glth. dubA 02 penicillin, ampicillin, clin-
damycin, metronidazole, tetracycline®l A&s}aL, ery-
thromycin, vancomycin®l& #ZAoltl . 18y g3
GAA WA Algtel] AHE-E= vancomycinel WS 2
= E. faecalis7} Z2@3ta )™ AA| e Al A biofilm
= 348t e W B A Ader] H? E
faecalis®] 7@ o] WS x| 27} o2zt

=3 ATEE AAN] sl e 213, 2344 o
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T Hoks A3 E. faecalisE AASH] $3
& A4 NaOCI# chlorohexidine &2 A|ZAl &
Ao A Feo we} 37} xfol7} itk 1
i chlorohexidine gel¥} chlorohexidine@} Ca(OH)2%&
Egste] 2l Heko = Al EHH R AAY F 3
o a8y E. faecalise THE Alit €] o2
Aol Ao ofaf A=A ¥ collagendl| thet F2H=
o] F7Ito R oAl R HAYste Aol tlS &olsfA|
1% w2 AZE W Zlo] AR 4 H . Ca(OH)2E 2
S A E. faecalis7t “FoFauol QoW E. faecalis
G EHE EI A Kot 2387 Aol o3
Ca(OH):29] =3P} JdsE Aoz daAn Y. o
Ze ol wEel Ca(OH):Z T#E YA FHs =
et AL8lA g 3 g3 ¢l E. faecalise Al
H2] @3 AESL] AEHH 0 R Holgl S TP,
A 5717k0] 2 7f Ee GAVMES oA S A 2
| 492 7ksAol =0t E. faecalisdll A2 4 Ak,
E. faecalise 73t #d o] 712 AEs] wfol <3
FAA ] tatgo] AxE 1 ot AgThy A 2
HZ5AA E. faecalisel W ddE 2= Cal(OH)29
ZOE A€e #5747} hexamethylenetetramine©]
A7FE resin AG9 AH26ET &37t Qo agla
ZOE A9 2#AZFAM = Ca(OH)2 AIES] HFHAE
o @Azl = g EAs oy 7Y o3l A IR
7} Do/ 28y glass ionomer cement A|AE
7O0E AA e ZRFAA Y @77t Fdadrt 4
st ZOE Al9e] 2#H3dA7E o 28 ASHET, A3
T dgeMe= Ca(OH)2 AGe 2@FAA7E 24 5
Sl AjFte] AtE W dra it yehd 4 sloy 4
A SRl e FEAH LA Adop| T el A Aol
& gyt 4AE 4 93 -OH7I7F 4 E Aol
2 ko] Sol7kA] Raby| wiite] AARE I Est
LA %8 7k . 22y Ca(OH)2 A€
SHFAAE AEoR aIt o AgY 2HF
ARl vle] WojAPY W& gt gt = 2uE
Ao 7F- iAo m Ao tig 52 AT e &
o] ATk, webA Ap=o] gloA ZRFAA ] PR
g =49 F U= AR o] AlF3] o] Fo#fof g,
P. gingivalis &< tetracyclineZll 3AAo] 220l
A Aoz deiA o AA dielA EelEa sle
P. gingivalis®] HF%-2 tetracyclineo] tigh WA F4X
£ Ztu g Aeg BHuHa P, E. faecalise &
St A} o] tiF-ie] A tal WS Za
of 2RAAS oW, X7, FANE T A WX
FAAE AHEshe Aol Fowe = 9la, AAL &
tete et 4717 AHs7 = A o2 ofH
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Polyphosphate(polyP) = 44 == %] orthophos-
phate(Pi)7} 12ol142]¢] phosphoanhydride 2322
28 AFFA T, oA Al Wl WA= polyPE
LAl AZazA, oA dAb A Q14ke] B, 1]
1 o5 Alate] o] 744 G E SAAY stressE AT Ul
T A% 2L 7R AELTE A w8 9 dopr,
PolyPe 2] 71 5245 98l 4% 53] &7, f7+s Al
ol H7kebe vl F57g0] g QA Falgt AF37t
EEAT FE 9 AR 4], 4F 9 HAe] ], st
£ BHo7 AMEH A Y. PolyP+ Staphylococcus
aureaus™ 9} Listeria monocytogenes™ 22 215t
gt e Aoz g¥A Ao, =3 polyPe
mutans streptococcidll € AB@A S At FA|
E JAlsle Aoz deA 1 du. HIde 2R X F
o] At Prevotella intermedia™, Z12]1 P. gingi-
valis 5 < IS4, HIAFA 759 25617 tieiA =
polyP7} 73t st & 2hE 3] stk Aol gej At

2 AN AFASAMAT ZHEE Al Bol &
g Zlor didEe F40] Aot 7Y #579 P
gingivalis ATA1-283 W50, Lg]a YA, ZFAH 4|
S Ay 7] dEol W YERll= E. faecalisol Wi
polyPe] st &35 #2sI3iTh

I. 4

]

A=z gl gt

= O

i

1) Add3
Yo Alge AE FFE P, gingivalis ATA1-28%}

W50, E. faecalis ATCC 292125 Aejaiglc}, Jgus
%9 P. gingivalis 5% yeast extract(5 mg/ml),
hemin(5 ug/m)Z} vitamin K(0.2 ug/ml)°] %4 7F8 half-
strength(18.5 mg/ml) brain heart infusion(BHI; Difco)
AR ol #8714 (80% Nz, 10% Hz, 10% CO2) .2 Hj
Y349 t. E. faecaliss American Type Culture
Collection(ATCC) el FZat5l o™ dxk BHI A 7]
o] @714 o2 v stk

2) 43As

AREZe] P3, P5, P15, P25, P35, P45, P65, P759)
sodium polyphosphate(glassy: Sigma, USA)<} Calgon
(P13~P18; Sigma, USA), 28|11 |27 22 orthoph-
osphate(Pi: NazHPO4), pyrophosphate(PPi: Nas
P207) & AHE3H3
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GAYA 2= ampicillin, erythromycin, gentamicin,
kanamycin, penicillin-G, tetracycline(¢]’ Sigma,
USA), 28]3 cefotaxime(American Pharmaceutical
Partners, Inc.)& AH-3F5

2. AU

1) P. gingivalis®| gt polyPe| S &2 &2

@ PolyPe| P. gingivalis 37 A| 4 ¢

BHI Aol 36~48A1%F A71ul et P. gingivalis
200M% M2 10ml BHI HAA] el HEe & Pi, PPi
T et A2 ol polyP(0.03~0.07%) &5 718t
A A8AIZY Bt E71H o= ket vy P. gingivalis®]
AR E EFFEA (540nm)FelM FEEE S48
q_ﬁ?)).

o, 10ml BHI AWiR|ol P. gingivalise 33t
polyP $lo] F3% 0.4~0.6714 49 w3t o3,
polyP75% 0.03~0.07%4 212+ Arkelel Ak = Al
AAA AHE SRS 2ol BFE )

PolyPe] P. gingivalisoll tg+ 3 237} 28 ¢
St AR T At abgel ofgk AR el s A
5 2439t &, P. gingivalise 10 ml BHI 934§
2 %, o714 T
polyP752 0.03~0.07%% A7} the 27}2 6, 12, 24
AIZE vkttt wieket P. gingivaliss Q4teHE AE] 4]
A+ (PBS, pH 7.0 2 SAIX(10"~10°)F F 5% |
FHE L A7hE B bdu Aol ST 1004 E A8t
slo] glass bead9t g7 € WA §lo] FLHA =Tt
ot &2 & A3 w2 gr)H o7 5U7t v oksto]
Uehd JgrE S3 st AdrE ALteialt.
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@ PolyPe] P. gingivalis A2l

PolyP2] P. gingivalisell tg+ &=t &7} B2 Gram%
gAatell A A7 oFol 23}9] chelationdl| ¢ gk Aldte} 1}
% B E #Es] A8l AAME 0.15M NaCl&d
(AAAT) = TR o o] &9 polyPE HEEE
7} 0.06%. EDTAE 3.4 mMe] H == &3)A]7] & pHE
6.0} 8.02 243 % filter B3I} 3 EGTAE
3.4 mMe] H =5 &3¢ & pH 8.02 2 e th filter
sttt $HH 10ml BHI AAIA] o] 3 Eate] 540 nm
AM F2% 0.670A vkt & AFe P. gingivalis
pellete 10m 9] Eit A2 EY polyP = EDTAZ
2 A AT FHAIA dHAIRE Bt wf ket o
10,000 g= A3 & AAH A FREE 260nmeolA =
gt freld datEE vlwsith. 4 polyP &
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0.4M3 0.6M NaClE #7H $ fejd datde] Aols
#2598k ek chelationdl] o8l Al E3k 7} o] %
A& A $ oW o] &3 chelation®] o] FolHE71E A
HE7] sl AdAze] FRFAA BFA o] 2l Ca™”
(CaCl2)@ Mg™* (MgClz - 6H20)= #ZE5%=7 10mM ¥
Al 2tz A7ver el A A 7t Al s =AE Bt
9}]\1—4_63).

2) E. faecalis®] tgt polyPe] 3t &2} o2

@ PolyP9] E. faecalis 37 A4| 48

QoA e} o] BHI Ao E7|wjdet E. faecalis
200M< MZE 10m BHI dAlmAd 2% &
Calgon(0, 0.1~1%)< #7lste] 24x7HEet d718 o
vj kel o2 E. faecalis®] AANEHE SH=E 2359

o,

@ E. faecalis®] t3F polyP2] permeabilizer &4

PolyP7} g AAlol tiet E. faecalis®] 4de =Y &
) permeabilizer?] 9e& & F e A S AH3HT,
BHI #iA ol A 12417 Wi Fet E. faecalis T 504E A
BHI wlA] 5miol] HE3 F Calgon(0, 0.1~1%)2 A
(ampicillin, cefotaxime, erythromycin, gentamicin,
kanamycin, tetracycline, penicillin-G) & 7 H7}s}]
6AIZE = E. faecalis®] 77 3HE 540nmoA §3EE
ey

MA

I. &sds

]

1. P. gingivalis®ll tF polyP2] 322}

1) PolyP2l P. gingivalis 3314 &3}

P. gingivalis ATA1-28 & Al polyPE #7}sta &
A 2477 v st FREE 543 A3 polyPE 0.05%
A7FS W ATA1-289 A%o] A9 A=A 53] A
£40]7} 2 polyPE A7HlE wWe on 271HFA F+
(F3% 0.010)91 A9l 7Pk == ATAI-289 A<

ATt PolyPE 0.07% A7kloE e 27133 5

MY 12
s
rr
[
o,
_0|L
fiu
=]
oX,
o3
o,
12
B
)
2,
TQ
S~
>
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o,
ww
rC

polyPEH-E 1 AFEZ0]9 polyP E5 &zt ekt
on Al&Aold uh2 gatEate] ol FalahA] &ttt
Hhd ) 270 2 AMd Pi, PPiE ) 3R &
ATHFig. 1).

P. gingivalis W50 &3taL polyPE &7 H7ksta
2477 WS ATA1-28% nl7IA| 2 Pi, PPiE &
FEHNES D3)6kA] E9tth. PolyPrl 0.05% A7HE A0S o)



218 P. gingivalis®l Wgt polyP752 7394l &

AHE-E polyP FllA o] P. gingivalis 256135l tf
3t polyPe] &t &d AFTelA AREE O] 2 AR T} e}
A9 ¥l w7} 7} polyP7hE A Elsle] A3l T,

P. gingivalis€ polyP75%le] tlg521717kA] ul oFated
F4%7} 0.4~0.69 ©| 2 W7 P. gingivalis® 45 %
3] S7HAIZ thell flelA SHE AFdA TR
olyP758 A7Hle W 3] P. gingivalis® 8%<
AE 4 Q=R AEEA

F3S2719] P. gingivalis ATA1-28 polyP75% #

l"-lE o

123

L

Fig. 1. Inhibitory effect of polyP with various chain
lengths(P3~P75) on the growth of P. gingivalis ATA1-28

Fig. 3. A change in the growth of P. ginvivalis ATA1-28
with polyP75 added in the early exponential phase

212+l i3t polyphosphateS] &re iz}

Nl

Vet F7h S W 0.04%14 = polyP75 §lel 37t
HFE A", Bl ASH oz IrlekiTh. 2eu
0.05%%H< polyP75% A7Fet7] del F4=(0.578)%
12/ A @kekzt 18413 el 0.674% <k S7tat
Aok 28 0.06% H7kskle W 6417 E A FH=
wr} gHael] AlFstel 18217 Fell= 0.405% ¢ 30%
st eh(Fig. 3).

F52719) P. gingivalis W50l polyP755 d7}eta
6~18A1 F7h RS W 0.03%04= 27 3%
(0.475) Bt} 9F7F Z7Fet1 21H0.768) 0.05%% #71
= ™ 6, 12413 Folle 79 v 3%, 1823l
0.452% °F 5% #23ch. 0.07% 7t Aldle 0.05%
A7F AEY FHET 28 O gasslon 2 Aol ¢l
AL 18717 FHE 04112 27153 =HT} o 13%
Haatglth(Fig. 4).

(=

I‘l‘l‘l.“..

Fig. 2. Inhibitory effect of polyP with various chain
lengths(P3~P75) on the growth of P. gingivalis W50

Fig. 4. A change in the growth of P. ginvivalis W50
with polyP75 added in the early exponential phase
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3) PolyP9] At &3

el el 2ol dFA 717 S2AZ P, gingivalise
polyP75¢F 317 6, 12, 18A1ZFE<H BHI g uf=]o] 1l F
ota WA PA4E Jgoz AarE S48t polyP759
A AE -8 dEST

P. gingivalis ATA1-28< polyP757} 71+ %S o
0.04%°1M = polyP75%1e] F7hldd& WA 7ol
A& S7Vete] F7hlE A2 wje] Airret of 2.2x10°
v S7kekatt. 23y polyP755 0.05% A 7FekaL 714
FAl 1247 7B ATAT-289] AAe] F7kslg oy 18
AlZbell Aatr7E 27] Ao 66.1%% AEE0] 33.9%
289t} PolyP75% 0.06% A7Vekal 7Rl A At
7% A ask] 6, 12, 18A17el 7] Awge 22t
10.1, 3.8, 1.9%= Ueht} 18A17F uf] HFH o2 A&

Fig. 5. The viable cell counts of P. ginvivalis ATA1-28
in the presence of polyP75

°] 98.1% #2&3tsith(Fig. 5)

P. gingivalis W50 polyP75% 0.07% #7}etxa 37}
AL ) 6217 FATFI H2F AR 450 718k
o 1247 TREE AFS7F A aste] 12, 184
ol 27) A9 247k 1.3, 0.01%= Yeht 18412 o
2 FH o7 PE8o] 99.99% st tH(Fig. 6).

4) PolyP9] chelation &3}

A e P. gingivalis ATA1-282 polyP75< €7 uf
GA FElEE ko] 50% Sk, o] % Uy
W2Z AHES EDTAC &l frelsle o 2o 2 3o =
UERStTh of7]dl Mg, Ca™* o]&°] &7 #H7td 4%
= 24 UzeY vs3 2 dikger JA AT
(Table 1).

Fig. 6. The viable cell counts P. ginvivalis W50 in the
presence of polyP75

Table 1. Leakage of intracellular nucleotide from P. gingivalis A7A1-28 in the presence of polyP75°

) 3.4 mM EDTA 0.06% polyP75 with :
Incubation 3.4 mM

tme) " EGTAGQHS.0) pH6.0 pHS8O None M 06M 10mM o 10mM
NaCl NaCl CaClz MgCl2

1 0.076 0.151 0.125 0.181 0.101 0.103 0.148 0.092 0.093

2 0.081 0.161 0.131 0.193 0.113 0.111 0.152 0.113 0.122

3 0.112 0.167 0.142 0.195 0.163 0.166 0.213 0.123 0.132

4 0.121 0.192 0.162 0.213 0.163 0.173 0.231 0.128 0.147

5 0.157 0.231 0.236 0.28 0.291 0.259 0.255 0.127 0.172

*; Cells grown up to their optical density of 0.6 at 540 nm were further incubated with various reagents alone or in

combination and then intracellular nucleotide release from the cells was determined by measuring the absorbance at

260 nm.
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Table 2. Leakage of intracellular nucleotide from P. gingivalis W50 in the presence of polyP75°

. 3.4 mM EDTA 0.07% polyP75 with :
Incubation 3.4 mM

time(h) one EGTA(pH8.0) pH6.0 pHS8.0  None 0-4M 0.6 M 10mM 10'mM
NaCl NaCl CaClz MgCle

1 0.083 0.114 0.054 0.062 0.097 0.088 0.091 0.045 0.072

2 0.101 0.128 0.093 0.099 0.113 0.099 0.093 0.123 0.095

3 0.132 0.130 0.101 0.158 0.127 0.104 0.121 0.131 0.100

4 0.138 0.143 0.118 0.161 0.155 0.109 0.140 0.132 0.112

5 0.142 0.168 0.135 0.181 0.176 0.124 0.146 0.139 0.118

*; Cells grown up to their optical density of 0.6 at 540 nm were further incubated with various reagents alone or in

combination and then intracellular nucleotide release from the cells was determined by measuring the absorbance at

260 nm.

Table 3. Effect of polyP (Calgon) on the growth of
E. faecalis ATCC 29212°
PolyP (%)

Optical density at 540 nm

0 1.523 (100%)
0.1 1.496 (98%)
0.2 1.445 (95%)
0.3 1.391 (91%)
0.4 1.356 (89%)
0.5 1.334 (88%)

1 1.412 (93%)

*; Calgon at the concentrations of 0.1~1.0% was added
to an inoculum of E. faecalis in BHI at the very begin-
ning of the culture and incubated for 12 h anaerobically.
Change in the growth of the bacterial cells was deter-

mined by measuring the optical density at 540 nm.

A e P. gingivalis W50= polyP759 & vl Al &
25 & a)akako] 24% Z71e9la, o] e A Yz R A}
43 EDTAC 98l frelsle 4 vlsaiAy e Rlog
Yebgt}, of7]e] Mg ™, Ca™ o]2o] 3 H71d A&
4 dzE vlsa A= dato] H2lHUtH Table
2).

2. E. faecalis®l| gt polyP2] &+t a7}

1) PolyP9l E. faecalis 23744 &3}
E. faecalise F%3taL Calgons 0, 0.1~1%71A 27}

ato] 12A12F w3 B E. faecalis®] AAHEE FHERE
#FEsa9tt. 28U E. faecaliss Calgonell 28 A<l <
AL A Tt Calgong 0.5%7H4 A7FA] Calgon$io]
wj ¥ S wol Wg) 88% % 12%<) A% #AE UYehi9d
o} Calgons 1%7HA 744 2818 48747} E3)s of
7% 728 YERSIT (Table 3).

2) E. faecalis9ll ™+ polyP2] permeabilizer 24

Aol HAEo|M E. faecalisql gt polyPel & &7}
A YeA] ¥7] wfZoll T AldellA #EE A7
2ol A9 5IE I 7= permeabilizer2A 2
27d%0] E. faecalisdl WX = UeheA] #E9
123

Calgon®] H7FERS w A ampicillin (0.5ug/
ml), gentamicin(1.75ug/mi), kanamycin(1.5ug/ml)<]
g gl g n|AA gskrh. WA cefotaxime(0.2
ug/ml)e] 735 Calgone] #H7}=I%1E wl 0.3%7H= E.
faecalis®] A7o]l 2A GAE o] cefotaxime T= AHE-
A BT 78%2] 3327 vEbsH. 22y Calgon®l &
7t mold S YA E. faecalis®] 7ol AMAM 1%
A+ polyP7} §1°] cefotoximeRt 1< wf et 744
&9 89% T 24| S HH AT Erythromycin(0.05
wg/ml)e] AS= TEETUE CalgonZ 2o H7HEHAE
4 Calgon® ¥% 0.3%7MA < E. feaecalis®] %37l
89%H == AA JAEHAY 0.5%7HA = W7t gl
7} 1% Calgon®] 9= W& erythromycin @5 A9} H]
=T FEer Aol AEHAT. £ penicillin-Gt
tetracycline Calgon®] &7 7= Wl penicillin-
G9 735 Calgon 0.4%%E, tetracycline 0.1%%H
AL Ag7ge] A Fastd ols YA ©= HIM
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Ho} Aoz 7
EFATHTable 4).

FAA ] k= 22 52 MUkt WA A E. fae-
calisol Wit A e EHE ¥S v gentamicin,
kanamyecin, tetracyclinee H7}o] 24 71T &
TEI= WA ZUTh ¥ ampicillin, penicillin-G=
o= Ak 202 EX S AT daEt 24 57};
o2 Yept &9, 971l Calgon©] H71ES o

L oS
1<

3] gentamicin, kanamycin® -t EI}ol|=

0] XA 4T}, Ampicillin® 2318 Calgone] & &
g aIrt aste 0.2%9 Calgond7t Al E. fae-
calis®] “37¢o] 2.2v) 718ttt dHA cefotaxime(0.4ug/
nl)®) 7% 0.2ug/m*s =AM ¢} 2+o] Calgone] 3 A7t

Al 0.3%7HA€ E. faecalis® #37o] A A= cefo-

747k o 90, 94%9) 4% 94 EAE U

L

_&F

f.:

taxime T AR AJETE 77%9] A4A7F YERTE 1
2y Calgon®] =7t #old45 A K. faecalis® 437
o] AXA 1%IM+= polyP7} §h¢] cefotaximeTt 1< ]
o] 67%TTo 2 3] HE AT v, floA e} mz7 A =
Calgon®] &7 #7159< Wl erythromycin ) 96%,
penicillin-G(1.0ug/ml) = 58%, tetracycline (2.5ug/ml)
< 90%9 F7HE9 AZGAERE Jepdo. 28y
tetracycline (2.5ug/mi)] 75 1.25ug/miTt Z7FetaL
Calgon®} &7 wiFE S wfo} vuwsld AFze
CalgondlM = 9A &7t o ZA Yo} Calgone| i

22 AHEAE A5(1.0%)e 2L %29 Calgon®t
1.25ug/ml tetracychneO] A A7 ERNE A9 vlwst
o] eo]e] A EA7} A48t THTable 5).

Table 4. Permeabilizing effect of polyP on sensitivity of E. faecalis to various antibiotics at lower concentrations as

measured the bacterial optical density at 540 nm?

Polyp None AP CFX EM GM KM PN-G TC
(%) (0.5ug/mi)  (0.2ug/ml)  (0.05ug/ml) (1.75ug/ml)  (1.5ug/ml)  (0.5ug/ml)  (1.25ug/mi)
0 1.591 1.218 1.203 1.369 1.568 1.551 0.914 1.404
0.1 1.538 1.242 1.155 0.321 1.349 1.21 1.148 0.513
0.2 1.463 1.248 0.430 0.166 1.315 1.351 1.191 0.407
0.3 1.400 1.367 0.267 0.156 1.311 1.295 1.179 0.360
0.4 1.364 1.212 0.485 0.157 1.320 1.325 0.219 0.316
0.5 1.360 1.307 0.476 0.159 1.422 1.400 0.223 0.299
1.0 1.401 1.178 0.742 1.283 1.250 1.321 0.087 0.088

*; Antibiotics at lower concentrations with or without Calgon (0.1~1.0%) were added to the culture and incubated as

described in Table 3. The optical density of growing E. faecalis cells was determined at 540 nm.

Abbreviation: AP, ampicillin; CFX, cefotaxime: EM, erythromycin: GM, gentamicin: KM, kanamycin: PN-G, pencillin-

G: TC, tetracycline.

Table 5. Permeabilizing effect of polyP on sensitivity of E. faecalis to various antibiotics at higher concentrations as

measured the bacterial optical density at 540 nm?

Polyp None AP CFX EM GM KM PN-G TC

(%) (1.0ug/m) (0.4ug/ml)  (0.1ug/ml)  (3.5ug/ml)  (3.0ug/ml)  (1.0ug/ml)  (2.5ug/ml)

0 1.591 0.426 1.106 1.251 1.560 1.543 0.132 1.241
0.1 1.538 0.718 0.826 0.097 1.489 1.495 0.123 0.297
0.2 1.463 0.934 0.348 0.058 1.467 1.428 0.153 0.265
0.3 1.400 0.466 0.259 0.053 1.355 1.327 0.098 0.206
04 1.364 0.527 0.323 0.056 1.272 1.296 0.098 0.232
0.5 1.360 0.578 0.308 0.084 1.219 1.203 0.087 0.176

1 1.401 0.347 0.737 0.19 1.263 1.308 0.056 0.126

*; The experiment was performed as described in Table 4 except that the amount of antibiotics added was doubled.
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Uehte 57 dAF R g Ade FAE ol
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BT T 437t E. faecalisttol WAFAAE A
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z0f| LHSF polyphosphate®| Btaa 2t

GAA HAAZAL] polyPe] AHE- 7FsAdS ERISH
A8l P. gingivalis ATA1-283F W50l that polyPe] -+
BHE BAsISIT. vk 2719 polyPE H7HA71aL 7
wjekald S o 0.06~0.07%<0A thiEe] polyPr} oS
P. gingivalis®] 37¢= 79 dstA AAE F = AL
=Ygyt 28y Piv PPie 37 deh A gk
t}. o|d AFNME P endodontalis™, P. intermdia™
o talA polyPE 0.05% A% i A7k e o EHH o
2GS dAT F de AL TAsH Y. Mutans
streptococciol gt polyP/] Yo EnsE FES e
polyP7} Streptococcus mutans GS59 tiaiA= 0.08%,
Streptococcus sobrinus 67159 talX = 0.17% E=o
A s @8] dAE 4 Ak Easglt. ol H]st
A SA-EEd 7172 polyPol wl$- ARl Ao
23

3 39 P gingivalis 25611 tiat polyP2] &+t &3}
=gt ‘E}'S]'Oﬂ‘jr P3~P75 AR&Z0l9] polyP ®5F P. gin-

25619 tial] et o adE B 0.05%°1%

37go] &% 5‘] o ]ﬂ Ao 2 YesT Al&dold e
3 = Z Ao} §le Aor YEyiTh ot AR
% "M E polyP3e] &

202 eyt B AFA] & A
4 Hog =& FEHdA & 71
A& o] 9 polyPEE‘r g aart =4 JeEETH(Fig.
1.2). o] @2 P. endodontalis NM % #HZ= At v
™ mutans streptococci™dl WA= Ft AFEZ o]
(polyP15)9] polyP7} HlwA o 7tet it &5 By,
8539 Candida albicans®] WA= 53~ &2
°ol9] polyP7} AiA o8 Wt} e FEEHE Bt
o] & Ay} o] oW EAel| wte} tE e} wsy
A Aol SolAo] Yehvde A= A et
I8y Gram Y7 o] gt polyPe] S azs
#&3 Knabel™”, Zaika®t Kim™'9] ¢ &2 AlEZol9
polyPET}E 71 AE9] polyP (¥ A&l AR polyP<}
H w3l S e 7 AEZold dl9) 7t dulde s gt d
H7} A YEhd A= U]—?—"i doR o B AdF
W3 polyPe] EHE ST Al&Zo|o} it &I}
AW E & T A 7T wiAE 5 it

Auk WA wtol| o3t polypd] S EIE Gram=/9Al
T Hohs Gram A ol moﬁ o ZsH veide e
2 H3¥3 v} o3& AEE Ee A2 g2 9
d Hadg Mg ol Gramﬁ*“ﬂﬂ?ii} Gram %A Al ol
T} @o| 9lo] polyP9| chelation 2-&¢l 2&) A7 =0l &
QA7) Wizl M a=7] wiiEe] #e AREZHo|Hrhe=
chelation?t-&-] & 71 AF&Z 09| polyP7} o] 2 &7}
S T3s] wolgta et ok, 28y Gram
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SAAEQ P. gingivalis 2561%7, £ Ao M A3k P,
gingivalis ATA1-28, W50, 228lal P. endodontalis
ATCC 35406™, P. intermdia ATCC 49046% & =57}
FAMTY mutans streptococei™ ET} polyPell H 7+
Aol 7HE #-& A& o] polyP?! polyP3el <]&l] A
2 ] ol A=A A, Ao AT 5 polyPY
=t a7} polyPell 9@ chelation 2H4-0.2 g€ &3
a4 W Zolgta dE wak FAZF YA ekgkon,
H<-0] chelation AE &l FoAg Mg ™, Ca™* o]2°]
T o] falddS ATV e 28] &9
ALE S7/MAY. out B Ado|A P gingivalis
ATA1-282 chelation®] 94 dl=E 918l AHE-E EDTA
ot e g9 dfEE =St a(Table 1) Mg',
Ca' ol22 A7HIE v a7t A=A Wl
o] #FNE polyPY chelation& & A8 & A=
AoRE Hth WhOdFAAME frelse dqkeke] ozt
S7Vete o] HolAg g2 FAA TSN #EEHAA
A3 ztol= st 32714 polyPE 7t W
W503} 2] ATA1-28 F8%=7t A3t whet @8] 2t
adhe Aoz Yehd A2(Fig. 3, 4) chleationel] 2%t
A&l s A3ste Aoz &
polyP2] chelation&¥}, polyP2] Al&2
polyPE o] 2ol Fol| #af Bt FH 9t A7} At
of polyPe] 715 olald 4= & A= e,
Micrococcus luteus (Sarcina Iutea)™ ol Wt polyP<]
Fase T2 OAAAE T FEAE Yehv= W
™, Staphylococcus aureus™ ™l A= A £ Al
TE&a48-2 B3l Uehve Aoz Busdet, & A
A Z71M < Al H7kste] ATA1-28%F WH09] 4782
A1Z1°0.06, 0.07% =% polyPE tl227]d
15 Alitol A7kslel $3=2 248 B8 A3} polyP
o]E < 2ol § o4 dojuA] E3stA Al
Bt ofe} o8] sy 7HA] stitHFig. 3, 4). ©f
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= T Ut AME Arfete], A S A9 AR
polyPE 7Zet AdEwte 23 e ASE Yyt
PolyPe] Ataz= flolA dge 7244 EFdAa=
oln| Fzkel u} 9t} kATl 3t polyPel Atz
S. aureusdl gt AKXt DR I Uebgth wfZo
polyP= 77 7983 g ml$ TE&AQ JAA = A
e £ & AR A4

P. gingivalis ATA1-28% W50 ZAx &0z 7+d-&
o7 A5 i S Aol A AT TR Q1A H
AT Mouse modelolA] o] F #5+= 256159}
2] s w4, A, A HAE st
Aol AnY AxE & fFEdshe A oE HEy

[y B ST
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A, T35 AFddde o5 22 FHYd &3h=
P. gingivalis7} 2 Yefue 202 n]Fo* ATAT-28
I W50 AR 7 23l 49& 4o 739 B 4le
229 2 Qle A2 WA g4o] Lolajd Aol
ddo] 7hsatet. o] AHellA o] F #EFof el etk &
TRIE Hole polyPE +34 3t 3

A= AHEE F s st

A2d WAE ke 28X 8 A Kol 7H Eol
LA E. faecalise ¥4 A7 3 vl 2o] o8 F/e
at, A Mgt 2 ARk Aides g2
A G502 EAgtde F28] A& U2 F e 5 9
43t A A3 wito] B4 ASHA A5YERe 28
A AAZE A& wj7F Brp* & AFolA P, gingivalis
ATA1-28% W500] el DE2 AR polyPeH BT
& H<l practical grade®] polyP{l Calgons AF-8-3te
E. faecalisl Wgt It &E #Fs. EYsHAE
Calgone 0.1~1%7H 7ketar wlekatglovt gt st
= Al YehtA] ekskth(Table 3).

Ayres 5L polyP7} Grame 2 Alite] 9]dtel] ¥g S
doA e, FAA | gt Ao Wsks 2T
T Utk Baslnh. & dAFelA dA4A 9} Calgon (0,
0.1~1%)< I FAsIHE W E. faecalisol tgt 4
Ao FaIed vAe FeFE FE3AH(Table 4).
Ampicillin, gentamicin, kanamycin®l thajA 3 gk
< UIAA] ko erythromycin (0.05 wg/ml)2} tetra-
cycline (1.25 wg/ml)e] thalx= Calgon 0.1, 0.2%%H
ol A B Tl FSEHE UEi
Ayres % polyP7t 2473 YA erythromycinel
3t Pseudomonas aeruginosal A< S7M71E
Aoz Bk},

3 penicillin-G (0.5 wg/ml)= 0.1~0.3% &&=
Calgon &4 3l E. faecalis®] 374°] 23]8 <kt
7kt Calgonel 0.4%°17d A7bsH 7ol 2A
#a57] AT Cefotaxime (0.2 wg/ml)e] 7-$-&
0.1~0.3% FZ4+ Calgon®] FAAe] gHaHE A
A BsAZHoY 0.4%5E Hah oA agade] FsE
o] Z+AaE7] Al 1.0%MM e cefotaxime ©5 3
7} Ao}t HIS B, faecalis’d A< BT o] @42 ery-
thromycinol A= #ZE ATt webA polyPell €3t o5
FAA 9] FeEIHE 78] A= polyPH 7R
B Tt ded Zlos Helr,

& Calgon#7t =M FAAY] 5E 2812 S7F
A7 & W (Table 5), AAAQ] FF& F& =2 YA
g /KIS o} v stk AL 28R S o
erythromycin, penicillin-G= H3H22% E. faecalis
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97go]l AL 4o YA E A7HEe W Bo o fashe
Ao 2 YERT Tetracycline Calgon®] 0.1~0.5%7}
A A AN AE d B AsEt ey
Calgon®] 1.0%7H #7tse ZAfde A2 &9 tetra-
cyclines polyPet 7 H7F=& 79 Hlwste] tha
FegIe] Zo| FhaE et wekA YA polyP7t 2
o] AMg-E W= A} Calgond= A% =, AQv&
2 Aisle Zlo] 298 Aoz At

Calgon® 3| TS o] F= F7tel| what 74 by
=] A ‘:9‘r H] glsto] A I aAE FSAATFL

7V 733 st 3 HolE AL tetracycline©] A}, ©]
AL 7 } o= - Fa% on|7t Qe AL R vk
o} ks, tetracyclinel A= P. gingivalis &

= el ~% 1} T L 9 Wk op g} thE e
oM FEE e collagenase, LEla FZAEE| col-
lagenase A4S AT 2ZH XF22 93]S et
935y 229 A FAAI= EAHRE 2 7] Wil
o8 g0l polyPe IS A= 98 2tn
Ao o] T g wigte 2, 59 AT W
&aE Tkt A%, aga A F4% F e a2
kel A5 A F-8-3t
gt

V.4 E

o3 7] WyI-d Q23 P gingivalis 5 S4,

90 ATA1-28% W50, 18] 23X 8 A
%93 89l E. faecalis #5¢1 ATCC 2921241 o

o Pt RIS HEste] o3 2 AHE AUt

1. P. gingivalis ATA1-282 W50 wljF27]9l 0.06~
0.07% 7Y A2 745 BT polyPd| ¢J3f 7o o
A= At

2. U352719 P. gingivalis ATA1-283 W502 0.06
~0.07%9] polyP757} 27kskal 6~18X7F F=7hilj <
Al T o] de] A JAE A okt

3. PolyP75% 0.06~0.07% #7FskaL wiFat P. gingi-
valis ATA1-28% W50 18717t 7Rl S w) A
F57} 247t 98.1,99.99 % % el

4. wiF, A3 T P. gingivalis ATA1-28% 0.06%
polyP75%} 5‘7/1] WAl el s e dakeko] A4 7t
stglom CaClz, MgClg H7H freles datde
2asiar.

5. wl%, A3 & P. gingivalis W50< 0.07% polyP
759} A vl FA] fElE e Akl ot ek
U CaClz, MgClzg H7HA] frel¥]= diqkee] 718
= A3%S HY

Nl
I'l-.l

0l CHEF polyphosphateQ| &hm 2t

6. E. faecalis ATCC 29212+ hexametapolyphos-
phate?! Calgon= 1%7H A 7FstaL v sl = 4378
A 7F vehdA] eksket

7. Calgon 0.1~1.0%<F 7 wlFA] GAA] tetracy-
clineZ E. faecalisell W3t &7} A7 F7tato]
Calgon®] 93 tetracycline®] ¥t As&37} T4
A Jebgth. ¥bE ampicillin, gentamicin,
kenamycin®l & Calgon®| d’dsade #2Y
2] 3%t

8. Cefotaxime2 #¥E9 Calgon¥ 7 wlUA E
faecalis?l W3t St &I} A FEE AT .Tl%‘
9] Calgon?} 3 $l& We Hak FsEI7} iy
o] HFHOZ cefotaxime T2 &t a e} Bl S8t
Al VT

9. AFEY erythromycine A&%9 Calgon 7
WAl E. faecalis®] %37¢°] erythromycin T Hj <}
AlBTE ZHAEUT7) Calgon 1%9F 2] H7HE A<
A5 Al ol A3 EEUY. 1F5E ery—
thromycin® Calgon (0.5~1%)°] #7}= A& 7
T Aol 3EE Sl o o x| AgAl S JJr“ Z
Ao & Vet

10. Penicillin-G+ As%=9 Calgon¥} e wikalS uf
E. faecalis® 37| penicillin-G &5 ¥ A Bt} g
a7} AR 0.4%5FE daadrr A 3
SH AT
o’ A= n|Fof polyPE E47#F P. gingivalis

ATA1-28% WH0°l| thall 2t et g a7t 1o, of a4t

A= polyPe] AAHE-g Bl Uehve Aoz F34H

o, ol T APEH} &3l polyPY chelation 2H-

EE obA WA B2 71K 01—?—0151 S Aow ddd

t}. PolyP A= E. faecalisdl thet gtahe-2 glovt

FAA 9 dHEHE AT AR e polyPH

i A

=, T A polyPY AA e 232 FHALS N E
gl thekgl 7t Akl 843514 AFeE 4 92 Aoz A
.
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