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ANTIBACTERIAL EFFECT OF POLYPHOSPHATE ON
ENDODONTOPATHIC BACTERIA

Jeong-Hee Shin, Sang-Jin Park, Gi-WWoon Chor*
Department of Conservative Dentistry, Divisicn of Dentistry, Graduate Schocl of Kyung Hee
University

This study was performed to observe the antibacterial effect of pelyphesphate (pelyP) with various chain
lengths (P3~P75) on virulent, invasive straing of P. gingivalis ATAT 28 and W50, and multidrug resistant
E. faecalis ATCC28212. P. gingivalis strains were grown In brain heart infusion broth (BHI) containing
hemin and vitamin K with or without pelyP. PelyP 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
meaguring the absorbancy at b40nm of the grown cells. Viable cell counts of the culture and releage of
intracellular nuclectide from F. gingivalis were measured. E. faecalis was grown in plain BHI with antibi
otics alone or in combination with pelyP(calgon: 0.1~1.0%) and the bacterial absorbancy was measured.

The overall results suggest that pelyP has a strong antibacterial effect on the growth of the virulent
straing of P. gingivalis and the antibacterial activity of polyP seems largely bactericidal, accompanying bac
tericlysis in which chelation phenomesnen is not invelved. Although polyP does not exert antibacterial activ
ity against E. faecalis, it appears to increase antibacterial effect of ervthromyein and tetracycline on the
bacterium. Therefore, pelyP alone or in combination with antibictics may be developed as a candidate for
the agent contrelling oral infections including endodentic infection.
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He Ay TR F9 A=Y gled) oF @714 A
T fREE 249 F2E 45 &9 black plg
mented anaerobic rods (FAFEEA 7|7 ¢t <]
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AR BH=EE F8g 44T E0] 31&%%4/‘15
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1) Agas

g A48 HE FFE P gingivalis ATA1 2859
W50, E. faecalis ATCC 202128 =38t} WERT
29 P. gingivalis 5 yeast extract(5 mg/ml),
hemin(f we/ml) 3 vitamin K(0.2 wg/ml)2] F71E half
strength(18.5 ng/nl) brain heart infusion(BHI: Difco)
A uR] o) F7)H (80% Mo, 10% Hez, 10% CO2) 2.2 Hj
WA, E. faecalise American Type Culture
Collection(ATCC) =4 FE3IF 20 vk BHI A
o @71 H 0% W FstE T,

2) HEAE

A&l P3, P, P15, P25, P35, P45, P85, P7ES
sodium pelyphosphate(glassy: Sigma, USAJ$} Calgen
(P13~P18: Sigma, USA), 28la ET2E orthoph
osphate(Pi: NazHPOs), pyrophosphate(PPi: Nas
P20n)8 AHEstE
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YHAE= ampicillin, erythromyein, gentamicin,
kanamyein, penicillin G, tetracycline(¢l’d Sigma,
USA), 283 cefotaxime(American Pharmacentical
Partners, Inc.)S AHE3HE T

2. e

1) P. gingivalis®) g polyPs] S 8.5 B3

D PolyPY P, gingivalis 2373 HA)14 €

EHI HAHAe 3648412 B2t P gingivalis
2004F AEE 10m BHI YA A1) HF & Pi, PP
FE O Aol pelyP(0.03—0.07%)E 27135
g7 48412 5 87138 o= w)oka o P gingivalis9
A s BT (B40nm) Aol EEE =319
];\|,S3J‘

1, 10w BHI HAWiAe) P gingivalis® 538l
polyP 8ol %% 0.4~0.6717 49 43 o5,
polyP756% 0.03—0.07%4 22 A7l AEE AT
AN I TBTE =] BEA3IET

PolyPS F. gingivalis=] g s am7t Fozt-gof o
g AR Ee Al 93 2907 #9381 98 A
TFE ZH3EY. &, P gingivalisZ 10 =l BHI 424
2ol FZ3 FTFE 0406708 4 F, 7] o
pelyP75% 0.03—0.07%2 A7 o 712 6, 12, 24
A7 ks ey, WiE P gingivalis® 24tE e
H5(PBS, pH 7.0)E 2AFH (101098 F 5% ¥
SAYrL AN AFAA o] F4FY 1004 F H3)
31 glags bead$t 7 TS WiR| 9o TY3A =L}
Avt. =2 F 934 wix g 1522 593t w43t
el ABRE S TS AdsiE

@ PolyPY P. gingivalis ¥4142

PolyPSl F. gingivalisell & I 8371 42 Gram%
AATAA AF ol &3] chelationd] 23 AT =]
A4 EAZ B A8, AAE 0.16M NaCl44
(AR S FHF 05 o] £ polyPE HEFE
7Y 0.06%, EDTAE 3.4 mMe] H 22 4304171 & pHE
§.0% 8.08 ZAT ¥ filter 23T 3 EGTAR
3.4 mMe| H== £5% F pH 8.02 238 o filter
gasidct. @8 10m BHI HAuR o) FF3led 540 nm
A FB= 067 g F AFE P gingivalis T
pelletZ 10mie} " A9 palyP T EDTA
E5E A ) FiAlA GFAZE B W o
10,000% g2 433 F 399 FLZE 260nm)Ad =
Asted felg AL v gstdnt. §9 polyP £
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0.4M3 0.6M NaClE 713 § feld 4= Aelg
DA, T3 ek chelationd] 98] A x5 7} o] F
oL A% of¥ %e]-&3 chelatione] o] FoF =712 &
HE7] A48 ATHEY FEHA) ERFH o] &9 Catt
(CaCla)® Me**(MeClz - 8H0) 2 3% %7 10mM =
Al B2 A7V el P4t fE01 A= eRE Bdst
99\]:}53{

2) E. faecalisdl] & pelyPS] RHa T B3

@ PolyP4 E. faecalis 449448

Aol et 2ol BHI AR o A71w)43 E. faecalis
2004 & AEL 10m BHI dAwAd F=35 F
Calgon(0, 0.1~1%)% 718t 247253 713422
3 T E faecalis? AGHEHE SUEE =G
=3

@) E. faecalisell 3 polyP permeabilizer 849

PolyP7t 34 A)) W3 E. faecalis®] 2542 =9 &
31 permeabilizerst 82 & &= 9l A2 BEBEHS.
EHI A=l 12412t a3t E. faecalis T4 S04F Al
BHI WAl Emiel] H53 §F Calzgon(0, 0.1~1%)3 47
(ampicillin, cefotaxime, erythromycin, gentamicin,
kanamycin, tetracycline, penicillin G)& 84 37}k
627t F E. faecalis®) 447442 40nmed =S
=489

. J\[é:-l{/\-[?i-[

1. P. gingivalisell Tt polyP% a1 2.3

1) PolyPl P. gingivalis 47394 &5

P. gingivalis ATAT 28 AF A4 polyPE 718t &
7 2402k wjotsla SREE =38 A5 polyPE 0.05%
HA7rES o ATAT 28] o] A AAEAT 5] A
Z20[7} 7l polyPE A7t e ofn] 27|FFA £F
(F%% 0.010)4) A 717k F== ATAT 289 A2
AA B4 PalyPE 0.07% A718H6 S de 20EE &
F EE I oFE $4Fe AU, AEZde] 37
pelyPERH 71 2122019 polyP 25 FEEH7} e
oy ApeZeld] wE S En Aol FHIA Lyt
W 2T L2 A4E P, PPis iy} 83ER &
S Fig. 1).

P. gingivalis Wh02 FE3I3 palyPE 37 F7teta
247 7F WieFgl 2 ATAT 233 Tl E P, PRI 3
TESE LF A L3t PolyP7t 0.05% A71= 94 o)



BE 38 A9 22EY LY 9% polyPe _?_7]
HE FELEAA Whis 4FE AT £ e A
wERET} (Fig. 2)

2) F49 P gingivalisol] e polyP75s 4894 &
e

AEE palyP el olA P gingivalis 256105 T
g polyPel GFEH A7 AlgEe 2 AdAn
AFAY ¥ @7} 7VEE pelyP 758 AHEl AE3iE T

F. gingivalis® polyP75%°] tFZA717k7] o aFsle]
FFH= 0.4~0.69) ©18 WA P gingivalis® £&
25 F7MZ ool el SAE AN FRY
palyP758 #718E W= QA3 P. gingivalis] 4742
AAE 5 2R/ BEBAT.

W5E4719) P gingivalis ATAL 289 polyP75% 3

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

Fig. 3. A changs in the growth of P ginvivalis ATA1-28
with poly P75 added in the early exponential phase

SR LiE poprosprates] BT EI

7¥akal ekl S o) 0.04%04 = pelyP7s §lel &7}
s WA, el A&H LR Fog. 2ey
0.05%%HE polyPT5% 27117 A8 EHE(0.578)%
12727 A #A 37T 18212 ) 0 6742 4 715}
Aot 28y 0.06% A7t S 9 6410 H A £
BTy Zh4317] AlEskd 18412 Fells 04058 <F 30%

ZA3E g, 8).

WrFA 712 P gingivalis W50 polyPT5E 718t
18412 MRS o 0.03%4e 27 8=
O 475)R0} 492 F71819 2 0.768) 0. 05/ A7

= W 6, 1207 FolE A v FB=, 1820E
04528 oF 5% &g, 0.07% A7} Aldls 0.05%
A7h AlE $BErt 25 o ZAsigag & Aele 8
Har 1847 9= 04112 2718980 o 18%
FEEHFig. 4).

Fig. 2. Inhibitory effect of polyP with various chain
lengths(FA~FT75) on the growth of P, gingivalizs W50

Fig. 4. A change in the srowth of P ginvivalis W50
with polyP75 added in the early exponential phase
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3) PolyP2}l A1 2%

Hell st Zo] YeFA2R] FNAF P gingivalisE
polyP75%t 24 6, 12, 184132 BHI &H3HA «f W%
B M FAE AR JarE S48 pelyP754
AEE H7E A

P. gingivalis ATAL 28& polyP757t A7IE9S o
0.04%¢) M polyP758e] Friuokals Ay A7
A F71ete St A1 e} g o 2.2x10°
W) S8k 28\ polyP758 0.06% &713har St
oAl 12412 7RRE ATAT 289 X370 F1stEL 18
A Zhel] ARt 27) ATy 66.1%E FE50] 33.9%
ZATE . PolyP763 0.06% A718ta S0 AT
7} ZA A4 6, 12, 1842 27] Aol 44
101, 3.8, 1.9%E2 Weht 1822 of HFHLE &5

Fig. 5. The viable cell counts of B ginvivalis ATA1-28
in the presence of polyF75

o] 98.1% 2439t {Fig. £)

F. gingivalis W50 polyP75%8 0.07% A7Ista 571
WS wf) 6412 FATFI A2 AR 4,59 SIS
ovg 1207 FRHE ATt A 24k 12, 184
7l 271 Aoee) 27 1.8, 0.01%2 et 18413 o
HETH L E PEE0] 909.00% ZASEHFig. 6).

4) PolyP2} chelation &%

Mg P. gingivalis ATA1 282 polyP75s} &7 o)
WA #ElEE Hatde] 50% FotetEaL, o] e
HEE AMES EDTAY 218 #else &4 2nt 2 2188
VERTE o7]e) Mg, Catt o]l 3 HkE A%
£ 54 UE2TY vsg AR adRer AAEAY
(Table 1).

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

Table 1. Leakage of intracsllular nudectide from P. gingivalis ATA1-28 in the presence of polyP75?

) 3.4 mM EDTA {(1.06% polyP75 with. :

Incubation 3.4 mM oA 06 M 10 ol TR,
timelh) EGTAEHS.0Y pHG.G  pHSO  Nome NaCl NaCl CaCL MeCle
1 (.076 1151 (1125 1zl i 1103 (1143 (1092 {1093

2 0.081 1161 0.131 (1193 113 3111 (1152 113 (1122

3 11z (1167 1142 (195 163 (166 213 (123 (1132

4 ¢121 (r192 (.162 (1213 (1163 (1173 (231 (1128 (1147

5 (0.157 (1231 {1,236 (.28 (.29 (.259 (1255 0.127 (1172

* 1 Cells grown up to thelr optical density of 0.6 at 540 nm were further incubated with various reagents alone or in
combination and then intracelldar nucleotide release from the cells was determined by measuring the absorbance at

264 .
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Table2 | szkage of intracellular nucleatids from £ gingivalis WHD in the presence of palyP7E

eubation o4 3.4 mM EDTA 0.07% polyPT5 with

time(h) EGTAGHS.0) pHGEO0 pHSO None  CAM  08M10aM o 10mM
NaCl Nafl CaClz MgClz

1 0.083 0114 0054 0062 0.097  0.088 0091 0045 0072

2 0.101 0128 0093 0099 0113 0.099 0093 0123 0,095

3 0132 0,130 0101 0158 0127 0104 0121 0131 0,100

4 0138 0143 0118 0161 0155 0109 0140 0132 0112

5 0142 0168 0135 0181 0176 0124 0146 0139 0118

» 5 Cells grown up to their optical density of 0.6 at 540 num were further incubated with warious reagents alone or in

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

260 nm.

Table 3. Effect of polyP (Calgony on the growth of
E. fascaliz ATCC 292120
PolyP (%)

Optical density at 540 nm

{ 1.623 (100%)
1 1.496 (98%)
1.2 1.445 (35%)
.3 1.391 (91%)
4 1.356 (29%)
1.5 1.334 (88%)

1 1.412 (93%)

*1 Calgon af the concentrations of 0.1~1.0% was added
to an inoculum of E. fascalis in BHI at the very begin-
ning of the culture and incubated for 12 b anaeroblcally.
Change in the growth of the bacterial cells was deter-
mined by measuring the optical density at 549 nm.

AAE P, gingivalis WE02 polyP75% B# #j Al &
2= = Fitote] 24% FUI8IESL, o] b2 W HEE A
43 EDTAC 24 frel=le 43 vssiA v @& slez
vEn 71 Mgtt, Catt elde] 97 A At
4 HE2TH H=g A2 Yite] fE UrHTable
2).

2. E. faecalis®) 3t polyPY P aT

1) PolyP4l E. faecalis 3394 &1}
E. faecalis2 AF33 Calgons 0, 0.1—1%71 A7}

St 12412 WlFE F E. faecalis®) 473 EE SHEE
BESEY. IHY E. faecalise Calgon & A9 o
A=A Fe}, Calgons 0.5%7K2] A7 Calgonii©]
ujFelS wiof] W) 38%E 12%9 A FAE Jehd
o}, Calgon= 1%7HA] A7) 98] A3 47 £35 o
7%} 24T EET (Table 3).

2) E. faecalis™) W&t polyPS} permeabilizer 8-

Ao HE A E. faecalisel g polyPe St 857}
Azt Gt Z37] 42 oE Aol BEE A9
Zol GgAY BFF EAI]E permeabilizerE4 9
B4 E. faecalisd] W= WeEhEA BAE
=

Calgon®l A7ME WS 9 S84 ampicillin (0.5ue/
ml), gentamicin(1.75ue/m), kanamyein(1.Bug/ml) =]
BT ETH] GRS vlA A FArh 9 cefotaxime(0.2
wg/ml)2} A4 Calgonel A/HERS 9 0.3%74 & E.
faecalis?] 474¢] ZA JAE cefotaxime BE A
AET 78% AR vEbdS, 28 Calgond 7
=7t =01l 5E oM E. faecalis®} 4374 AAA 1%
ME polyPrt 810l cefotoxime™ 3= o) TS 443
=8} 80% T2/ HEEAT Erythromycin(0.05
wg/m)S} YT BEROE Calgon® 2o F7ME AL
Y Calgon® F= 0.3%7AE E. feaecalis?l 440
oA =R A AA=FA 2 0.5%7K = BEsT gt
7} 1% Calgon©l 312 W= erythromycin @5 Al ¥
=3 PELE 4] FHEEHYC T3 penicllin G
tetracycline< Calgon®l 37 271595 W penicillin
G2 A5 Calgon 0.4%%H, tetracyclined 0.1%5H
A&l Aol A ZAs o|F BYA 85 HP
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o HFH LR 47 oF 90, 94%2 A7 94 a9E v
R} Table 4).

YAA Y 42 2dE w8 Akt WA 4 E. fae
caliso] tE AT EHNE BE W) gentamicin,
kanamyein, tetracycline® H71o] o) 7oz &
TEHE WA 2o, ¥ ampicillin, penicillin G=
95 AEE 22 B8 E AL g iwrt ZA 18
£ Ao 2 Jepdrt. g8, o371 Calgonel F71=E%E 9
o3 A5 gentamicin, kanamycin® FTEFA = GLL
B33 ke, Ampleilling 22138 Calgon®] 84 2
W SFErt 23] 0.2% Calgend7t Al E. fae
calis?} A7) 2.24) F71314T. TH cefotaximel( dug/
mlie AL 0 Qug/miFel g 2ol Calgone] & A7}
A 0.3%7RE E. faecalis?} 4473 ZA JAE cefo

taxime ©% AME Al BT T7%9) A4 Yed T O
# Calgon® FE71 01852 T4 E. faecalis®) 4378
o] ARAA 1%0E palyP7t 81l cefotaxime™ 31 o
o §I%FELR FAEHYUT W, 49 AR R
Calgone| 87 A7 U S 9 erythromycind o) 96%,
penicillin G(1.0ug/ml)= 58%, tetracycline (2.5ug/ml)
< 90%2 F71E0 AAG9AEHE el ey
tetracycline (2.5ug/m)S} S 1.20w/m% 71t
Calgon® &# W42 92 g Wasd Arzy
Calgon®ld e AAZT7E A ZA &2 Calgene] 2
T2 ANEAE AH(10%)= 22 =29 Calgond
1.25ue/ml tetracycline®] @4 ZH7IEAS A5 v wsh
of 238 YA B} ZA3EcHTable ).

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

measured the hactenal optical density at 540 N

Polyp None AP CFX EM GM KM PHN-G TC
(%) (. 5ug/mly (O 2ugfmld  (0.08pg/nl)  (1.75pe/m}  (1LOug/ml)  (0.5ug/ml) (1260 m)
{} 1.531 1.218 1.203 1.3652 1.5628 1.551 {+.914 1.404
{11 1.538 1.242 1.155 {+.321 1.349 1.21 1.148 {1.513
.2 1.463 1.2428 {1,430 {1,166 1.31% 1.351 1.131 {1 44¥7
(1.3 1.400 1.367 {1.267 (1. 156 1.311 1.285 1.172 {1.360
4 1.364 1.212 (1435 157 1.320 1.525 1219 (1.316
(15 1.360 1.307 {1476 {159 1.422 1,406} {(+.223 {1299
10 1.401 1.178 {1,742 1.283 1.250 1.321 {1,087 {1.088

* 1 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 F. faecalis cells was determined at 540 nm,
Abbreviation: AP, ampicillin CFX, cefotaxime: EM, ervthromycin: GM, gentarnicing EM, kanamycin: PN-G, pencillin-

G TC, tetracwcline,

Table 3. Permeabilizing effect of polyP on sensitivity of E. fascalis to wvarious antibiotics at higher congentrations as

measured the bacterial optical density at 540 n®

Polve None AP CFX. EM G EM PN-G TC
(%) (1.0wg/m}  (Qdug/m) (O leg/m) (3oug/m) Q0w (LOw/m)  (2.5ug/mi)
{ 1.581 (.426 1.106 1.251 1.560 1.543 (1132 1.241
0.1 1.535 (0.718 (1.826 (.097 1432 1.485 (1123 (297
0.2 1.463 (1,934 (1,348 (1058 1.467 1.428 (1153 (1265
0.3 1.400 {.466 (1259 (1053 1.355 1.327 {(1.098 (1206
(0.4 1.364 {1.627 1,323 (1.056 1.272 1.2596 (1098 (1232
(0.5 1.360 (.578 {1,308 {1,084 1.219 1.203 (.087 (1176
1 1.401 (.347 (.737 01 1.263 1.308 (.056 G126

* 1 The experiment was performed as described in Table 4 axcept that the amount of antibiotics added was doubled,
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