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ABSTRACT: The antifungal effects of polyphosphates on growth of Candida albican and Trichophyton menta-
grophytes were studied. The polyphosphates with chain length of 15, 45, and 75 were inhibitory to growth of fungi
whereas no inhibition was shown by pyrophosphate. As chain length increase, the more inhibitory effect of the
polyphosphates on fungal growth was observed. The concentration of polyphosphate at 800 pg/m/ completely inhib-
ited the growth of fungus. Supplementation of the mediwm with Mg” and Ca™ reduced inhibitory effect of poly-
phosphate on growth of C. albican. After treatment of C. albican with polyphosphate, the release of nucleic acid
out of cell was observed. When C. albican exposed to polyphosphate were examined, profound changes of cell mor-
phology such as cell swelling and surface blebs were observed. In addition, propidium iodide, membrane imper-
meable dye, stained the nucleus of C. albican cell treated with polyphosphate. Therefore, it is proposed that the
antifungal activity of polyphosphate might be related with its chelation effect to essential cation components of fun-

gal cell wall or membrane.
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Polyphosphate(polyPy= 441 2= 7]l orthopho-
sphate(Pi)”} phosphoanhydride 2322 |ZA¥ A}t
A FFAZAM AFe] 8 o AHE F71], $57F9 4
7 BE 9 A= Fo) 43 AFMEe 34 59 7
5 7HI gleiA AEA/AE g ARgET gl
(Molins &, 1984; Rajkowski =, 1994). Ao} A&
polyPE A EW &} Qi SHEZ T8l 2w, )y
AN ol Rlel} 71 ARG Akl ARSH
Tt 2AHEAM 12 90| ¥ =] Qlr(Konberg, 1995). L
2} polyP7} Al Z2)5-2] #7olA] nd B FFEH &
318 uAE ARAA EAE s A2 BaHe]
3leien &, 1986; Knabel 5, 1991), & Toll= A1F<] v)
AE 29 WA Hzel W S dig P 28-S
o- 881 YUAH Ahgol| Aol mEFH I

PolyP®] 3t 2H4 Q7= 25 F2 Aol disto

& A7t AP=E e, Saphylococcus aureus, Bacillus
cereus, Listeria monocytogen 52 1% kA arol] digt Al
A4 Bl BuE9l2ui(Jen §, 1986; Knabel %,
1991; Zaika 5, 1993), 2% SATINE A4
Porphyromonas gingivalisoll W& AAGA] &3yt 235
AT @ 5, 1999). dubH ez aF SAES 2% %A
ol vt} polyPell Wt Ml AAAA7) 2L Aoz

=
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BT 9]t} (Knabel 5, 1991). Aol <3t polypPe) &
A 25l Hig A7 wif m|EI8ke] Knabel 5(1991)
o 2]&ted polyPe] Aspergillus flavusol W& A7 <Az}
$-o] Baixle} Q& ol

PolyPe] 3t 71ztel] Hsled: o8 714 7FsAdel A
QE 7 9)=d], Sofos(1986)= polyP7} Al E9 447159
AAE Fegcha Badd, H 5 (1999)2 polyP7k
AT R B 53 rAe) i A W sl ot
Z oAl ol 2gt rleAS FAIS. 22y Elliot
Z.(1964)%} Knabel S(1991) polyP7} A 3 o|u} A Eu}
9] A FAd BR3 F4 oFol- &S chelation A2
24 ARAAE A7 AeE FAEHAC. Knabel 5
(19913} F 5(1999)9] H.re] 25 polyP: AREA el
2 o upel Mgl gt St 2 B3 Zel7t ot
s Aoz Buse] glew, Mg¥, Ca¥ §9 %ol
7= polyPd] PIME AR 248l S A= A
oz npuge] glovt AMubHoR polyPe] it 7]zt
W& AE5E wf¢ wE|gk A,

B AF| M Candida albicans$t Trichophyton mentagro-
phytes 53 & AA 2 LA AFFl W polyP
& g BT FAAs, AF H7HEEAME polyp] ¥
AT 7159 7FsAF HAX Aol g G4 o4 7
AL AEF oM, 2 Z47)=e) Hig 7123 A
BE AFsuA sl BArshe vloln.
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Tz oW Yy

oF % A9}

2 APedMe YT fAA 2 ozny T
8 Candida albicans(KCTC 7965), Trichophyton ment-
agrophytes(KCTC 6077) 5-& Ad @52 AH&sigd. ¢
F SDA(sabouraud dextrose agar) ¥ 3ol HEsla] 25°Col)
A} W%¥3}53e}. Polyphosphatet= SigmaAtell A %33t sodium
phosphate glasses type 15(average chain length 15), type
45, type 75% 2zt FF4ol e 4R human
lactoferrin> SigmaAl AlE-E AR&-3lgdo).

PolyP typeo| Zz &% oH|

C. albicans®} ko] A wjR|o|N Ew3oz PR s=
TFE malt extract broth¥Z]ol] AE3le] 25°ColA] 184]
7+ A= wioksh60 rpm) wioFY -2 A oA AYE $3
ATTLE AMgsledch Al xujeks 6-well plates] malt
extract brothZ 2zt welld] 2m/ 738t HF2TFq9)
TEE FHSEAGO nme A HEFEE 02 AE H
A Bzl 2 wellel HE315 . PolyP typeEe] 2
T ARAA ¥mAdPL ZHke] polyP<} pyrophosphated
m/% 200, 400, 600 ug FEZ 0.22 um FAFRE S A28}
of FgHo= wjAe] A st 25°Cel A 18A17F wieka:
WA polyPE A7lelA] @2 gz FREZ 540
mmell A &4 v ZGS. T mentagrophytesst e FA}F
¥ dFe AT Jdx AR B4 A4 Smm
AE9] agar blockS H3te] #lo] AAuA o} FUH =
2] polyP ¥ pyrophosphate® 7}t SDA wjx|ol] HZs}
of, 25°Coll Al 687t wikRrE TR AF AF 9A
B FAE daz2ede] T A AR deolAHBE
A5t wlasigc}

PolyPe| =¥ ZTF MEeF|

AF AAAA 7 7 958 polyP 759 AAA &
= YU$E A7) A%t mld 800, 600, 400, 200, 100
pg/ml 5 =9 polyPE S 78l malt extract broth ¥jA]
o HFex FAE 02 FHA HEY C albicansE 25°Coll
A 18212 WiFFE 540 nmoll M FREZS 2A g T
mentagrophytes’= 54 52| polyP 755 #7}&t SDA i
Aol A28t agar block FAFS 25°ColA 6Q7F wiekd: F
A A AR delE &4 sl

o[22 polyPoil Ciist W&k

PolyP2] <kol-£72] chelation B2 B7|93l 6 well
platel] malt extract broth 2 m/=} polyP 755 400 ug/ml *
7} 3lo] FF9] HF FF=r) 02 FA A FHESI W)
¥ C. albicanse] CaCL®} MgCLE 77t 20mM¥ A7}
33 polyPe] AAAl Ezlel WS 25°ColA Wl 18
A Foll ARG T mentagrophytes®) 75 polyP

758 400 ug/ml A713F SDA iAo CaClL# MgClL g 2
7+ 20mM FH7FeE F, A7 5mm FES] JAFAL block
< RAEsH 25°ColM 647 WMk Fol| TAIAE FE
s,

giitRalol 2Ha

PolyP7} AlEgte]i} M EMel] GFFE Fo] HEe o
Abol f2] HexlE #ASY] Y8l C albicans 4FE
malt extract brotho]] 25°CellA] 18A]7F wiekst =2 10,000
pmeiA 1087 94 REte 28 I9RF T v=
7} FZFESE 08¢ FA 5ml 0.15M NaCle) 8=hA]7]
F polyP 15¢F polyP 75(600 ugmhE Z2t A7HAZ &
A& 30rpmoll A A& A FetefoFsisdch. mikFE 308,
604, 120 180% ZHH2E 1miE #H3led 10,000 rpmel]
1587 ARt Fof ASHE #Hle 260 nmell A F
B=E &4 itk

LactoferrinZ} polyP2| Z2SXE S &

Lactoferrin®] #a A& AAIAHL human lactoferrins
100, 200, 400, 800 ug/mlS- malt extract brothe} SDAoY]
ol 23t wh oz Hrelal ¢ abbicanss FIEE T
mentagrophytesS AR AGAAL AolE &Asig )

. PolyP ¢ human lactoferrin®] F5-2H4 &S HFs]

93t polyP 75% 400 ug/ml = 3713 ¥lX|e] human
lactoferrin 800 ugS A 713 malt extract?l SDA wiA]ol| A
wjoFgt F53 polyP 75 ¥ human lactoferring 242t 3]
713 dxEe] & A4 S2F sleubies A5
vl Zali=t.

Zepinid 3 gEsod aE

PolyP] X7tz Q% 2 METe} Axye) Fx
wslel] whE A2 HEE BR3P A5t polyP 75
(400 pg/mhE 713k wiAlN A 48A12F wlekat C. albicans
AEZ st dujez AE P wss HF st
Propidium iodideS o]-8-3 AZ T2} AL A9 =4
A1 polyP 75(400 ug/mhE FH715H wix|oA] wiekst Al X
2 fEY st 718 F, slide glass Slo] =23 M
5S 0.18M Tris-CH&-o)] 3¢l propidium iodide(80 ug/
m)2t HFE 0.5% RNase ANz x3le] 24 A7}
%<t humid chambero| A X}33te] WREAIF 3% 3w
7oz 100ui0A #F s

a9 o

PolyP2| M% MG

£ AAM AREE ZE F579 polyP: C. albicans¥t
T. mentagrophytes T3l 93] AR E34E el
t}. Phosphate2] A& ol7F G2 37}A] type®] polyP2] A
T AAQA EAE v|ES A AR} AR 2
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Fig. 1. Antifungal activities of polyphosphate on C. albicans
according to concentration (ug/ml) and chain length
type.
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Fig. 2. Antifungal activities of polyphosphate on 7. mentagro-
Phytes according to concentration (ug/ml) and chain
length type.

polyP 757} A¥st 5NN /B3 F2 AA dAEAE
UEilen A e)st olASE Al ES Sl
A= A2 Vel o(Figs. 1, 2). C. albicans® 22 &
24 Aol ME= polyP 757F polyP 45¢} polyP 1590 ]38}
o] polyP?] =7} 400 ug/midl A%l k2t 78, 39%9)
7F AAGA &S Rgon, T mentagrophytesdl] A
X polyP 757} poly 158} poly 459 wlsle Z7td A3
) &3F 2o} wbA pyrophosphate: T TF BT
o sl AR 9AE JehiA] gk (Figs. 1, 2).
AN polyP SHFEINE Listeriatt Streptococcus
SF 22 Gram FATNME 7] AEH 9] polyP7} A}
€317} B polyPel| Hlgle] AAA Er} E Ao
B35 en pyrophosphatet= AAAA Tt gl A
22 BIHely & AY ZAdie} U2 8141 SH(Knabel 5,
1991). =3} Jen 5(1986)2 sodium hexametaphosphate(n = 19)
9} sodium triphosphateX= Staphylococcus aureusoll 3734
A i—ﬂ—%hiﬂ—‘f ¥bg, 318]3 phosphate= E37} g
Aoz sy, 2} F 52 XFY UUFY Por-
phyromonas gingivalis$} 2 Gram 4T A$oME &
318 L AEAolS polyPr}t AHoE FFEAs) ¥
< A= Bysgd. o2y AAe polyP typeEe] Al
ol A8 §F A7} Gram FEAFH ST wi=)

2422 AlelH=d] Knabel $(1991)2 ol2d 34+ 4
AT 59 AEge FAE S0 HE Aol2 A A
22 FAHY. =

AFel glelA= Knabel $(1991)y Aspergillus flavus®]
7%l sodium hexametaphosphate(n = 13, 15, 21)¢} sodium
tripolyphosphate®] AAA Espr} okl Busglo. £
Al 43= Knabel AP E} phosphate AHEZ0]7} B %
71 polyphosphateZ AHS:-3F A3} A&7t 71R 2
polyP 75914 A7} 714 ZA vepget. oleldt 2
FR= Sofos §(1986)¢] Aze} YA s, AT AEHL
chitine]\} chitosan 59 <33 polymers $H-3led Al
x9 ohAA Ao H8d ol &g FHANHI ¥
9= 9 (Ross, 1986), Knabel (1991} polyPol] |3t
AEHog Rejo of o229 AAr} MEH S
ASAA AT ARE Azl AoEZ FE399. o]
g oA B AgelM AEZ]7} 2L polyP typee] o ¥
2 AAAA E3E Ho|x A polyPd] o]l gt
chelation® -2 =g & F-270l9 polyPe 7 A&
polyPell H]3}e] Al H 22 ool 23pe] A7} Hom
2 gFEaHrt AL Zez Al€s. 28y Knabel 5
(1991)¢] ZA3E Hd, sodium triphosphate”} sodium hex-
ametaphosphate 2.0} AAA7E & Z22 vehd polyP
o] Zolo] w2 chelationd¥ ¥4 B dsledE= o
AA g G717 g dreld.

ARGA &35t 7 £ polyP 7155 AHE3te X
W AR 35 2T AN 7 79 el wet
RAAAA S 2R 100 pg/milA 800 ug/mil ¥l
A ARGAL] EAE B0, 800 ug/ml o] FEe]
M FF5) diste A AAAAE Y S (Figs.
3, 4). 2 AP AFEM HAFE ARZHA] B 55
SHALS slo] | Elsl2|, Listeria®] Al AMETE 0.5%
9 AR %9 mutant StreptococcusdlA H L of
0.1~02% %= Ho} F25 oA ARZAAE el
4 o)== C albicans®} T. mentagrophytes?} polyPell vi-$-
7} o] Ath= AL BAFY. T mentagrophytes= <
A ARG =7} 800 ug/miSE Vet 600 pg/ml Fx
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Fig. 3. Antifungal activity of polyP 75 on C. albicans according
to concentration (ug/ml). .
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Fig. 4. Antifungal activity of polyP 75 on T. mentagrophytes
according to concentration (tg/ml).

0

A A ARAAAE B3l C albicansl] ¥IIM 754 o]
gt Zo2 vehgd

Ca"2t Mg™2| polyP2| MEeiXof cHEh &t

PolyP2] A A] &3}7} chelation E3}ol] 2)BHAQA S
[A371915k] wiRlo) polyP 758+ ¥ CaClLe MgCLE
A7V WA 2] polyPe] AAeA] &ate] odgke M)
o} polyP 759 AAYAl F3= CaClL¥ MgCLE H71sh
o AYEF BTN FAe AT Jehid o Figs. S,
6). Jen (1986 Mg"S 713t wiA|e|Al: poiypho-
sphate®] S. aureus®] AR} A} A4S, Ca¥

25

Optical Density (540nm)

Controt Poly 75 CaCl2 MgCi2

Fig. §. Effect of CaCl, (20 mM) and MgCl, (20 mM) on anti-
fungal activity of polyP 75 (400 pg/ml) in C. albicans.
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Fig. 6. Effect of CaCl, (20 mM) and MgCl, (20 mM) on anti-
fungal activity of polyP 75 (400 ug/ml) in T. mentagro-
Dhytes.

Fe*= FH232 polyPd| 3 2H-& ZFAAZcka B
T8yt =3 Mghe  Streptococcus mutant®}:  Bacillus
cereus| A= polyPol] &3t ARAAAE FEAZG B
= ol=d AL polyPel]l H7Est ool &l polyPe}
Z3ste] polyP9| chelation EHE 7F437] oz 3
A= 1ge}. I8y} Knabel (19912 A. flavusd] 4%
Mg” #7P= tripolyphosphate AALAAE 3 E-Az 2,
sodium hexametaphosphatedl] ®j3}ei= A 7HAS &
AF1e ez depde £ AfeAE MeClL7t CaCl, B
o AARAQA Ea avt Ao Ve olejit A
= AlF MY Jen 5(1986)2] Ao} UHslg]on, o
A3t A= Irani $(1963) ©] B Hlo] o5ty Mg*
o] & t}E kol HlEte polyPel 2 AL FAS

S ARl el YT AiE

Lactoferrin®| SZ¥l# X2 U polyPRle| S5 &ZIF
k=)

Lactoferrin®- Xu=(1999)0] 2J8}ed human lactoferring
20 ug/ml FxoA Candida albicans® FE3t o2 Can-
dida species®i] W3led AT 280l gl B %] on
MEHE swellingeltt A9 TIHste B usigld.
E AgAANA human lactoferrin® 10~200 ug/mid] 5%
oA AYE & Ax TE FFE disled] AT ARY
A o] veh A oksket. Xurk AsE A= 150
5 Fatel wjekA| Zbel A lactoferrin®] AT A 2H4-& WA
=l 1508 w7 AR EAE SA 87
T Azt AztEn] & AfolA lactoferrin 7}
6, 12, 24AZt F¢] AHAJAEAE ZAHT B lacto-
ferrin®] AFARAAA B3 AF=HA gdstohdata not
shown). o]l @&} polyPe} 4 H71stk 7felx lacto-
ferrinel] 98 FF 2402 Q¥ &3 FAL FasF
ot} Lactoferrin®= A Edpolu} o] EAj3l= oFol
E3] Fe"E F&ste Al ARE qAslE Aos dF
A9 oFA 744 lactoferrin® Ao} WHE B v)
v)gk Holoh, B Ay AR AFds 92 TyA
Ad L FAA AR AFoA lactoferrin® A E7}L ¢
T A0z B o o AT AT MEHet welA
o] Fe'oll gt F-271%5439 Aold] 7l<lgt Zelekar A}
ZH™ lactoferrin®] Z ARl wlHE= Gkl sl =
o €2 Adfel A3t 371 A= el o} lactoferrindl] o)
g BEa7t AF2 & dux 44

s{itqa] HHE .

HAHEl AdolME polyPel] gk Ml Zuie] date]
Zo] HhE 60E-1E] AAEE Zleg 3F FH9Ed polyP
75 7% Candida albicans®] Ag FAHAE polyP 75
£ 600 ug/ml SEE HrFsl 247 vk F Ml E3 ey
o] f2ld Ak FHE7) 0.13622A4 polyPE H7)s81A]
e 27 FHE 0.06490 vzl ) Ax FoVel
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TH(Table 1). £ $(2000)2 chitosang 2|8+ C. albicans
ore] Axa} szl o3l fald dAers 23T 2
3}, chitosan A2] 1A17E o]l 7P @& A BH F
A 55 s Ed 94 f2) A7 o9} F A
ol Mxulell Y& F= BAY FHel uet o ¢
A& Holrlelel AR & B Age) A3} polyP
typesl] ohE HiHfE] HE9 Aol vehiA g AL
2 B&A=glcd(data not shown).

MEEEle| s}

PolyPE- 48|12+ A E|8t C. albican w1 HS #38n|7
L2 [FF AY o] B XS5 swelling Are]
2 HAFig. 7). 2=t FAE 29 I A
X i) Wspt #AFR gsieh AlETde) we] Az
4 9 F3d wisE fAs=d A== propidium iodide
Ae] AY A, A2 £534 449 propidium iodide
7} polyPE A gt MEoM= AEts Fajsied Qx|
2 fridse] |daAL Agsld 8% 2 S Jeal
o (Fig. 8). °l&idt A= Ew polyPE )3 AE9
swelling®]\} propidium iodide®] % 343 AHE-2 polyP”}

Fig. 7. Morphology of C. albicans cell treated with polyP 75
(400 pg/ml).

Fig. 8. Fluorescent 'micmgmphy of polyP-treated C. albicans
4w o -cell stained with propidium iodide. ‘

Azatelut He] FTxe| W3S op|AlA dojube AR
o2 A=Y 3 519992 2% 28T P gingivalis
o)A polyPell &3+ MEatoli} M EH F2of 3t HIAE
AAFu| 7 o2 FAdsle] B aslgie). PolyP A 2lol] &3t
A e W3 7)gte] AF MAETe) ojud FgFE F
=4 B AxH FRX PF& FEAE o AMF &
olB7] $isled:= ME} NEHe] AAHe|A BLE
sof & 7 22 A7,

ol e} AR E w] polyP A ARl sl A
37 o AR oBo, 2] MlE¥ely Al xdt
o] F2HIHE oIATIE AL BT, ol A
$ele] Ao, oFol 2] H7l} polyPd] AT gl
o)x)= J3Re 2 9, polyPd] AF AAHAIE= polyP
9] oFo].2o] T3l chelation E3lol] 7lQlsl= 7|zteg ¥
L Aol gty Alidch wEA Al FH7EEAS
polyPE A1 E9] 38 71K AL FRAATE 7% ol
= AlEe AF 24 dAl 7IBE & Aol AR
o}, =3} polyPE Aol F2h4e) e HAFEEA oln
Q8] AlE F/HE AMEI de g bk A A
A 2R EAA 5L 78T o FAFARA Amel o
o ARNE YA olge] e BTl

X (=]
= bl

Polyphosphate®} Candida albicans®} Trichophyton ment-
agmphytesq] A8t g 2ol disted QFstact. B
A&Ael7t 15, 45, 75Q) polyphosphate= Aol v} sle]
RBAGA Z5E epd ubd, pyrophosphate 4373 A
7t gtk AR elrt Sl webA Ad AR
A E3rt Fvkshs Zle® IREeH 800 ug/ml T
qME FFY ARE AF AAA RS Mg Ca™e
A7}= polyphosphate®] AA4A F2E FFAAIZH. Poly-
phosphateS X2l&t C. albicansol M= FAEAS] F2j7}
#R=glen], AE swellingel} FREEFH 22 A2
g #H3s FFHUS. A2T B534 £33 propidium
iodide¥= polyphosphateZ |3t C. albicans®] & 94
3= 7ol WA,

Polyphosphate?] 337 2M-2 polyphosphate”} Zld
A Ey ot M ¥ute] "4 Fol Lol gt chelation Etol|
ogt Aog Aleisld

=8

it

A8, 4, A¥A, FHEA. 2000. Escherichia  coli
0157:H7, Staphylococcus aureus 2 Candida albicans™l| i
3t 7)BAY) s}F &}, Korean J. Food Sci. Technol. 32:
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