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— ABSTRACT

EFFECT OF POLYPHOSPHATE ON THE GROWTH OF ORAL BACTERIUM,
PREVOTELLA INTERMEDIA

Hee-Joung Kong, Ho-Young Choi, Byung-Soon Min,
Sang-dJin Part, Jin-Yong Lee, Gi-Woon Choi

Department of Conservative Dentistry, Division of Dentistry, Graduate Sthoo! Kyung-Hee University

Prevotella intermedia has been known as one of the important bacterial species involved
in the endodontic infections and various periodontal diseases. Polyphosphate has been wide-
ly used to prevent decomposition of food and known to have an inhibitory effect on the
growth of gram positive bacteria. The purpose of this study was to evaluate the effect of
polyphosphate on the growth of Prevotella intermedia, a gram negative bacterium,

Prevotella intermedia G8GK3(ATCC 49046) was grown in the presence of polyphosphates
with different chain lengths, Inhibitory effect of each polyphosphate, which was added at
the beginning or at the early exponential growth phase of Prevotella intermedia, was de-
termined by measuring optical density of the bacterial cells at 540mm, viable cells and ly-
sis of Prevotella intermedia.

The results from this study were as follows
1. Polyphosphate inhibited the growth of Prevotella intermedia.
2. The minimum inhibitory concentration(MIC) of polyphosphate appeared to be 0,05%.
3. Polyphosphates with chain lengths of 5 and 65 demonstrated the greatest inhibitory ef-
fect on the growth of Prevotella intermedia.
4, Polyphosphate was bactericidal to Prevotella intermedia, demonstrating the growth in-
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hibition of the bacterium.

5. Polyphosphate induced lysis of Prevotella intermedia.

The overall results suggest that polyphosphate has a bactericidal effect on Prevotella in-
termedia, causing the lysis of the bacterium.
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2l3H ARt ARE7A 2dE A Prevotella
intermedia7} ¥ ®o| AFE AR eI 3]
o} B3 v} 2] X5 (peri-implantitis) ] L X o}uf 2]
&9 AgAdx Bo] TAHMH ZHJFEA A
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AR EFH7} AP0y GHAZ Yo,
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Tz A28 44 EFAEA M, 23|, ¢
HEE, AL THeE 59 A9 EE A=A
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gdn Aoy AAnA BAHAW, JA7FY
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P Eol| A WA= F polyphosphate® TS 7]
g AT Qe AR RIHT Yk F
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Ao 2N NEAY S FAoLFEE YA A
FANA o 2EH 20 gig WA A F
23 988 ¥ B oplg W8S I FH,
AEEe] FANECEME FL23 & 3,
B8 A AEYY Fad AL Ca,
Mg” 59 o] 2¥% ofz} Zn™, Fe, Cu®,
Cd" 53L& deold ¥-g& Fo®,
Polyphosphate= 1Aloll Fajst22 A EFH7ME
2 go] o]&H] gt=d, S4ES REYA 4
SR AY 8 fFAANTIH 2 55 W
Ast7] A3l AHEHAR. 53] SHA F7tEHA
TEFA, Abstol] o3t obF oF WAl e] wkx], FA|
Al AZE FAANZE BHLE AMEEHI T,
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mutansg HZFIHL Xoh-AF FEE A3 AT
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3 FAUY, AP Fe] FAHL 48] A
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I. d8M=
1. AR =

1) AddF 2 i

AJFFZE Prevotella intermedia G8GK3
(ATCC 49046) & AM&3tA3L, WA & half-
strength brain heart infusion(BHI ; Difco) §]ul
AE ©]4-31 ) viAo) Prevotella intermediaE
e ¥, 9714 wdI(85% N, 10% H 5%
COz) ol A 29 7F vl 3l eH™,

2) APAE & 7+
A EE 938te] half-strength BHI 4] H} =]
o] yeast extract(Smg/ml), hemin(Sug/ml), vitamin



K(02ug/ml)E H7}13le] AF2-3)59t}. Polyphosphate
= AkeZolr} Zkzt 5, 15, 25, 35, 45, 65, 7591 sodi-
um polyphosphate crystal®} A}&Zo] 133} 189 &
TE9 Calgong A3 ZH2H) polyphosphate
g 75 2342 &, 045m2) syringe filter 2
o FE 73T

Polyphosphate®} M#& 374 wl¥A F,
polyphosphate®] HAYZFHAFE (minimum in-
hibitory concentration ; MIC)E& ZAA3}7] ¢I3) &
A 1nlE cuvetted] WL FFF=A (Ultraspec 2000,
Pharmacia Biotech Co, England)& AH&-8}ed 540
nm Bl A F-F = (optical density) & &4 31k
Al F98 £ Y3 vortex mixer(Vortex-
2 Genie, Scientific Industries Co, US.A.)E A3}
ARt

A" MICHA polyphosphate?} A &S 7}
AeXE #8237 9438 phosphate buffered
saline(PBS)S ©]-8-3}l4 Prevotella intermedias 3]
st em, BHI QAR agar 15%9 Y &
Y1 5%E H/Me AR AE A F3o
Prevotella intermedia®] Ad4+2 A s

Polyphosphate?] A#&8% HALE €3] 015M
NaCl €9, 006% polyphosphate, 34mM<¢] ED-
TA(pH80)E F4]35ld Prevotella intermedia &
BHA7 2 QAEF7)(Sorvall MC 12V, Dupont,
USA)E HAAN & 4399 FIEE 260m
oA &3t

2. M@

1) MIC 2A4E

<4 BHI JANMIAE EH181, Z242H9] polyphos-
phateE FHFl LA F 045m] syringe fil-
terE o] &3ty o} FF3I k. BHI AR &
10l H7}3k tubedl] Prevotella intermediagS 32
8+ ¥, polyphosphateE 212+ 003, 004, 005%% 3
7FSHAL 48, T2A|7HEet H1H 02wt 1
& 7} polyphosphate Fxo W A74d A=E
&3ty MICE 27337 15t 540mell A F3
TE A4
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2) gaaz Ay
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phateE H7}ete] A7 A EHE g Hby, o]
W& polyphosphateE Prevotella intermedia®]
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A AFE Md-& PBSE o]&ste] 10'~107}A]
SAZCE SNg T, FAgHu Ao 3]
100 & gol=dl &, Fd3 £ 8 -+
& (glass bead) & 7 B3 & EE0] AL ul
A ol Fd3HA EE3ATE 1A wigF7I¢lA
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® Polyphosphate?] Hl#-&3% AA

kel Prevotella intermedia®l] ™3 polyphos-
phate’} AFEAE 7HTH, ol a3t Ald
Lol 93 AJARAE Lol $3l, Prevotela in-
termedia®} A4S EFF A& 4 o
ZF#0 2 33 EDTAY Prevotella intermediaS 5
FA1Z A& S dEFLE g5

0.15M NaCl &9 ) polyphosphater HE =&
7} 006%7} Y =&, EDTAE 34mM(pH80)°] H
TE §3A7 F AFdAst) 30M7 vk F
7000xg0 2 AR FIF M A S Prevotella inter-
mediaE A YIS, 006%2 polyphosphate,
34mM¢] EDTA (pH80)ol ZHzt R-{-A17]7 ) 2
AlZbelc} 7000xg 02 YA I F A2
o FREE 260mel EFA FHH FUFL
LI RTAS S 4=



1. MIC ZH

Bk AlZke A9l polyphosphate® 3 718HE 48
A7 W) kst ZA$-(Table 1), tiZ7o Hl5) 003,
004, 005%¢] polyphosphatedl]X] E5 Prevotella in-
termedia®] & 4% A EIH7E YegEd,
0.03%X e 1 dAZE7L "Ry
polyphosphate F=7t S7184E o & A A

€ Bt} 72A17H5¢t v Fg A 9-(Table 2)d%
003, 004, 005%°1A B 4% A&7} et
$on, BAZH vjFAIS HE S BT 48
NZrZ 72A7F Wl gA] EE 003, 0.04%Et}
005%04 o A JAEZHE BH T, 005%0
A ER3% FRET MG A" A 792 gy
o WAnlal 2% F3w9) Ao 7 FHE U
BT & 005%A & Aol A3 A
UGS W} e FFOE AAo] JAHIYLE
2, MICE 005%% AART 4 Ut &4 A&

Table 1. Inhibitory effect of polyphosphate on the growth of Prevotella intermediaa
Concentration Chain length of polyphosphateé
(%) 5 15 25 35 45 65 75 Calgon
0.03 0442 0.495 0.546 0.649 0632 0530 0.569 0535
0.04 0.080 0.251 0.248 0.219 0132 0.244 0.188 0.200
0.05 0.010 0.025 0.028 0.021 0.028 0.019 0.024 0.012
Optical density of the control at the end of the experiment was 0.947.
a . Polyphosphates were added at the beginning of the cell cultures,
b ; Optical density was measured after 48 hours of the cell cultures.
Table 2. Inhibitory effect of polyphosphate on the growth of Prevotella intermediaa
Concentration Chain length of polyphosphate
(%) 5 15 25 35 45 65 75 Calgon
0,03 0482° 0.595 0.608 0.743 0,680 0.595 0.624 0.608
0.04 0.092 0.279 0.258 0.302 0.184 0.328 0219 0.224
0.05 0.004 0015 0,016 0.010 0.012 0.008 0011 0.005

Optical density of the control at the end of the experiment was 0,980,
a . Polyphosphates were added at the beginning of the cell cultures,
b ; Optical density was measured after 72 hours of the cell cultures,

Table 3. Inhibition of the growth of Prevotella intermedia increasing concentrations of polyphosphates added
in the exponential growth phase of the bacteriuma
Incubation time after

Polyphosphate : P5 Polyphosphate : P65
polyphosphates added ~ ©ontrol
(h) 0.03% 0.04% 0.05% 0.03% 0.04% 0.05%
0 0.600 0.600 0.600 0.600 0.600 0.600 0.600
12 1.002 0974 0.843 0512 0942 0.783 0454
24 1142 1121 1.052 0544 1101 0.852 0.389
48 1124 1.021 0.931 0.462 0.920 0.741 0.242

a ; Polyphosphate was added when the optical density of Prevotella intermedia reached 06 at 540mm, Changes
of optical densities were measured with the lapse of time in the presence of 0,03, 0,04, 0.05% polyphos-
phates,
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Z0] 59} 659 polyphosphate7} 713 =& AAF <
AEFE B

2. ETE

1) th5Z47]9] & Prevotella intermedia®] 4
3 A &3

MIC 234NN 71 & 3% AAEHE B
9l A& o) 59 652 polyphosphateS A Gl o]
S3l5ith F22rt 060l E wizkx kst ¥ 003,
004, 005%9] polyphosphateE ztz} H7¥8ty &%
E ¥3E #AF ZH(Table 3), 003%M= A
&3 FEE7 F18t i 2EH vsd FA

2) Bag &4

FHE7t 7243 ©]#7} Prevotella intermedia
off ¥t polyphosphate] A& 3} W EQAXE &
A8t7] A, B AAET PN A&
7} 7¥¢ A verd AlE7 ] 659 polyphosphate
¢} Prevotella intermedia® ¥ I A Aol =2
% F A4TE SH3IAHTable 4). I A3} 003,
004% polyphosphate® H7}3 WA M= ZF A
SEO AAF7E solBAR, gz v E
7t A=/ EA3) @A veEbsto) ¥hE 005%
polyphosphateE 7}t A= Ad7t 24 2
A8t 4817 Tl 08%9 AHldTro] &Y
=3

£ Bk v 004% = ozl vis) &3
Z7F iy 2 AR S8, 0.05%°)
M 3A ZA3[Th E AlEZo] 5ETE 6500
A F3% X7 o B@A Jesitk(Fig. 1).

3) Polyphosphate®] Al#£3]%5 ZAA}
o] 21§t polyphosphate®] A&7} Ml +-£-3 ol
% RAJAE gotrr] 93 A2 E<, 34mM

1.2¢
1.1
1.0}
0.9
o.8f
o7}
0.8
0.6}
0.4
0.3}
0.2}
0.1 0.03%
0.0 . .

Optical density at 540m

0.05%

0.04%

o 12 24 « 48 0 12 24 48 ] 12 24 48
Time (h)

Fig. 1. Changes of optical densities with the lapse of time in the different concentrations of polyphosphates

Table 4. Viable cell counts of Prevotella intermedia with increasing concentrations of polyphosphate(P65) added
in the exponential growth phase of the bacterium®

Incubation time after control Polyphosphate : P65 (%)
polyphosphates added (h) (%) 0.03% 0.04% 0.05%
0 1000 100.0 100.0 100.0
12 451.4° 269.0 1269 96.9
24 8714 4077 3000 173
48 10914 3500 2577 0.8

a ; Polyphosphate was added when the optical density of Prevotella intermedia reached 0.6 at 540nm, Viable
cell counts were determined 0, 12, 24, 48 hours after the addition of polyphosphate(P65).

b ; The number was expressed as relative at 12 hours of the experiment to viable cell counts determined
at the time polyphosphate was added.
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Table 5. Degrees of lysis of Prevotella intermedia after polyphosphates addeda

Time P65 EDTA
control

(h) (0.06%) (pH8.0, 34mM)
0 0 0 0

2 0.062 0,095 0.084

4 0.097 0.162 0.183

6 0,141 0237 0.265

8 0174 0.288 0341

a ; Optical density of the cell supernatant was measured at 260nm,

ol «PSO% EDTAHR0, S4n0
Gy
Q.
3 o: -
: e
& -
® 0%
=
Y]
[ o
% 015 "
g o /
05 2l
" . o
0 2 4 § 8
Time(h)

Fig. 2. Degrees of lysis of Prevotella intermedia af-
ter polyphosphates added(Optical density of
the cell supernatant was measured at 260
m.)

9] EDTA(pH80), 006%2] polyphosphate Z}Z}o]|
Prevotella intermediaE 83l 9IANN F 1
AEdY FAEE 260molA SA%S fE A
bS] Boktk I A3 polyphosphateE ¥
A< W Prevotella intermediaol A §8]¥ ek
< EDTAE 0|43t ¢ dixFrde 47 A%
Agk A FFTHE AFES 24 UiRFRTE o
2 B ttH(Table 5, Fig. 2).
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Op

=g o 0t

Prevotella intermediax FE<# ¥ o8 714
AFAEA] Yee 8 AFFo g geA
)t} Prevotella intermedia®] A3} YA 2=
tetracycline, rokitamycin, quinolone, metronidazole &
02 RYHY Yo T2y ol# g dAAE
340l By WAl £88 + e T @3
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ol Jerng QA FaHey FHLo] U=
gAQ] Aol Aegd AR A,

Polyphosphatet Q1A 3l &80 §l& ¢HA
¥ EFEA AF Bo] o]gHY, HZ g o
TFEAA FFEFHE 7RI JE ASE ¥EHA
I itk Polyphosphate®] 383 17 ¥4 Al
TAAM FEHAA et e, I ofe
polyphosphate7} o] 21&F 13 A Mz AxH
e WA ol 2ES o)A W E
A Aoz BT whd I A Al W)
Me dutdo s a3t gle 28 BIHY 3l
om“ metd If &4 MFlA polyphos-
phate®] SFE o] FF AFE WU Aol
ojof] B AN 1 4 A<l Prevotella
intermedia®l] W& FHEFH GRS BEA3AT

Mg 271, & Add A3FA 5 AZREY)
(lag phase)oll polyphosphateg #7131 §7]3 o
2 uj ¥t A3}, 48A17H 72417 F 003, 004,
006%9] polyphosphated] 4] B5F A3} oA &3}7}
UEREY, 53] 005%91AE ek AR A F9E
el Waluizl £33 FIE 9 A9 7
< BAEE %] JAHFLEE, Prevotella in-
termediac] th@ polyphosphate®] MICE 005% %
AAE 4 UUH(Table 1, 2). o] FE] YL =
EINE ALt YUCEE, polyphosphate
UFHCZE ARRE 7ol 23 ASTER F
AZFESH AFAR dAEHE 9& F AL AL
Z Alggrn

MIC ARAFA= g3, Aol 3 &z 3l
© U434 7] (exponential phase)dll 0.03% 2
polyphosphate® #H7}3t1 & wo]X polyphos-
phatet= Prevotella intermediadl] tha] 73 HA&



FE Bk 003% EEAAE A7) X u}
2} Prevotella intermedia®) §3%7} 273 A
9 H&d FXZ AL F7HAS Y, 004%<]
polyphosphateZ F71519-& Wole F4=7} n)y)
A 2718493, 006%HEE S4%rt A8
Ha3tStH(Table 3, Fig 1), B AFeZ o] SR
65914 FFT X7 WA YEHOER 65
A AFRY dAEH7L o Avke Ae & F
ARATh o123 AE F8iA] polyphosphate™ MIC
Arel Yo =2 T Prevotella intermedia®] 4
A& AT & A& VW oY) Fo] T Aek
T QAN F F7F B2 Wiz AFE IAT F
A71 W&ol polyphosphateE AFH SR AM-E 73
S, 9 278 ol ofn] AWE ZHA o
E ERHOE o]&¥ & Y& ALE Azbdrt.

Polyphosphate”} Prevotella intermedia®] A&
A QAN AFERT THAEA, o H A
FEIAE 7 ERY GRE F3E SHVoRE
U g fleng AP AFTE S5t 7o A
Al RE BRlETh T A3 005% polyphosphate
g A7 AR RN E Agerr 3A i

=4, o] AL polyphosphate”} Prevotella inter-
mediad] 8l AFEAE 7IKT Y& HAFE
Ao},

AEZo)g} FFas Jre A aME 7
7] gt Ao FESIAL Utk Sofos (1986)°+=
A&7 o] 7} 70 polyphosphate?} -2 A E.Th Ca™,
Mg#*3} 2 F& ol Zdeojdel o 2 &
T2 B3 vhA, Trani9} Callis(1962)™= Al&d
o7} FH< Ao o AFAHoE A AT £ AY
ANME AkgAo|7t FoXAY A9F o dF&
F7t dAEA F7 B TAEHAE %A,
Tt AR o) 58} 659 Al AR &7} 7}
A JEsT ol AMAE uFo] Kol A
FEFY A9z A E AFEFeld e
polyphosphate?] 4% A &ZFAE 2A vehdoh
T AR,

Polyphosphate®] Al#&3l% ZAAMIAE 34
mM¢] EDTA(pH80)E Ah&-3t<dl, EDTAT
AEHY Y F& Fol & AASE 7 4ol
BE 43A gtk 2 Ao AHEH EDTA ¥
To} $A0|2ETE Lee 5(19%4)79 Ao uwh

o957

E Zeit). #3¥ YA v ws] B, polyphos-
phateg #7138 797} EDTA &HT= 1 9
o] Ho} AFAITFHETE BT oe
Prevotella intermediaZ} polyphosphateo] <J3) 23]
HALL gn)dith. Knabel S(1991)“0) o3}
polyphosphateE A7131S Wl EDTA #H7MA9}
H|3 ko2 yehdoly gl B a1
A= polyphosphate® H71E <] A3 a1
o] EDTART} %7+ o Atk & EDTA H7HA
FaEE gAFRE o ATEWS v B
ol I <ko] #A3A HUr) wEkA Prevotella
intermedia®l] THEt polyphosphate®] &3+ THE 1
& G4 AlFolMAE Lol 28 Aol &
EE R 2R For, o YRR &
we o2 7)de o3 2o Helt)

2 Q¥ polyphosphate”t 1 54 Al#
Prevotella intermediad] ™3t FEH7} Y&
o, olgfst #A-& E3l polyphosphate
g g 22 SHNEAR ARSI R
HEAAA A, 5% 7 AFG 254 ©E §
&3 YA E sl AREE 4 le Ao A
ZHE )y, 23y Y] AAZ AL 98)
M FF AW Y A9 SHAA B
ZRe A7 AgFolor & Ao F ALZHT,

V. E
B ¥ polyphosphate”} Prevotella intermedia
o] A wAe FFE FFI7 Yty

Prevotella intermedia®l AAFE71¢ 424
719 polyphosphated 7}t th&3} 722 ZAE
< 4k

1. Polyphosphates= Prevotella intermedia®l] th3}<]
g2 A7 AU

2. Prevotella intermedia®] 3%} polyphosphate®] &
24 YA FE(MIC) = 005%°1 4 Th.

3. Prevotella intermedia®] & 3= polyphosphate
o] AbgZo] 59 659l A 7HE AA Ut

4. Prevotella intermedia®ll th$F polyphosphate®] 3
FEIE A&l 95 Aol

5. Polyphosphate= Prevotella intermedia®] &3] &
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ojAre]l A#E uwlFo] £ Wl polyphosphates
Prevotella intermedia®l] th3l] &9 AFa37}
90, Prevotella intermedia®] ™3 polyphos-
phate?] &35 ol g HFEAAE Wgs=
Ae.g AgHoh
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