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TANG CUONG TAC DUNG DIET VI KHUAN STREPTOCOCCUS MUTANS UA159
O DANG HUYEN DICH VA BIOFILM CUA 8 HYDROXYQUINOLIN
KET HOP VOI CAC ION KIM LOAI CO KHA NANG CHUYEN POI

NGUYEN THI MAI PHUONG, NGUYEN THI NGOC DAO

Ciac vi khuén Streptococci dudng miéng
trong mang bam rang thudng xuyén trai qua cac
stress 0xy héa do su hinh thanh nhitng géc 6xy
hoat dong, bao gom ca peroxit hydro (H,O,)
sinh ra trong qud trinh trao déi chat hay c6 trong
cdc san phdm bao vé rang [4, 11]. Chiing toi
nhan thdy do nhay véi t6n thuong, gom ca
nhitng t6n thuong diét vi khudn sau rang do
H,0,, c6 thé tang lén ddng ké khi két hop véi
céc ion kim loai chuyén déi hay céc chat tao
phtc cang cua (chelator) nhu 1,10-O-
phenanthrolin [1, 5]. Cic hgp chat quinolin da
duoc st dung rét c6 hiéu qua dé khir trung, dac
biét 1a dé choéng ndm ciing nhu cdc vi khudn
khac [12, 13, 14]. Trong s6 cdc dan suét cla
quinolin, 8-Hydroxyquinolin (§HQ) 1a mot chat
tao phiic cang cua va cé tic dung ngan ngura
hiéu qua rat nhiéu bénh khac nhau [3]. Chinh vi
vdy, ching to6i da nghién ctu tic dung diét
khudn cta 8HQ Ién ching vi khuédn
Streptococcus mutans UA159, tdc nhan chinh
gay sau rang [2], 6 ca dang huyén dich va
biofilm nham tim hiéu kha nang va co ché diét
vi khudn ctia hgp chat ndy. Cdc nghién ctu trudc
day cho thdy tic dung ctia 8HQ lén vi khudn 1a
do kha nang tao phtc véi cac ion kim loai, dac
biét 12 Fe** [12]. Bai bdo nay trinh bay cdc két
qua nghién ctu vé tic dung diét manh cling nhu
goi ¥y vé co ché 1am gia tang tén thuong 0xy héa
cia 8HQ d6i v6i ching vi khuén S. mutans
UA159. Muc dich cu6i cung cta nghién ctu la
tim ra nhitng hop chat khdang khudn méi, c6 hiéu
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qua khang khuan cao dé cai thién chat lugng cta
céc san phdm bao vé rang.

I. PHUONG PHAP NGHIEN CUU

1. Nguyén liéu

Chting vi khuén S. mutans UA159 dugc 14y
tr bo suu tap giong cua phong thi nghiém cua
gido su Robert E. Marquis, trudong dai hoc Téng
hop Rochester, Niu Yodc, My.

H,0, & dang dung dich 6n dinh 30%
(9,78M). Céc hoa chat con lai déu dat mic do
tinh sach phan tich.

2. Phuong phap
a) Giit va nuoi cdy cdc chiing vi khudn

Cic chiing vi khuin diung cho nghién ciu
duoc gilt va cdy chuyén hang tudn lén moi
truong thach (tryptic soy agar -TSA) cua hang
Difco. T€ bao dugc nuoi cdy tinh hoic cdy lic &
37°C trong moi truong chita 3% trypton, 0,5%
dich chiét ndm men va 1% glucoza.

b) Tdc dung diét vi khudn ciia SHQ

Dung dich t€ bao dugc chudn bi trong
pepton 1%, pH = 7,0 v6i mat do khoang 10° t&
bao/ml [9]. 8HQ dugc thém vao mau nghién citu
dé ¢6 noéng do cudi cung dat 35 UM va 69 UM.
Cac ion kim loai cin nghién cttu hay H,0, cling
dugc thém vao cung véi 8HQ. Da6i véi thi
nghiém biofilm, cidch lam ciing twong tu nhung
nong do céac chét nghién ctu cao hon khoang 10
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1an va thoi gian 14y méu ciing dai hon. O nhiing
thoi diém khic nhau, 100 pl dich t€ bao duoc
lay ra, pha loang lién ti€p 10 1an trong dung dich
pepton 1% va dugc cdy trai trén dia thach. Cac
dia nay dugc dat vao ti &m 37°C cho dén khi
c4c khudn lac hinh thanh rd rét va c6 thé dém
bang mét thuong. Tac dung diét vi khudn cha
8HQ duoc biéu thi qua gid tri D la thoi gian ma
tai d6 90% quan thé t& bao vi khuén bi chét duéi
tac dung clia mot tac nhan nao dé. Ngoai ra, con
duoc biéu thi bing gid tri LogN/No, trong d6 N
12 s6 t&€ bao song sét tai thoi diém thu mau va
No Ia s6 t€ bao ban ddu. Theo cach biéu dién thi
D chinh 1a thoi diém c¢6 LogN/No = -1. Cic thi
nghiém déu dugc lap lai nhiéu 1an va cdc so liéu
trinh bay & day la dai dién cho nhiing lan thi
nghiém khac nhau.

c) Tao biofilm

Biofilm dugc hinh thanh trén cic gid thé
thuy tinh nhu da mo ta truéc day [10]. Mang
biofilm lic dau dugc hinh thanh trong moi
truong tripton-dich chiét ndm men-sucroza
(TYS). Mot ngay truée khi lam thi nghiém, céc
biofilm duoc chuyén sang moi trudng tripton-
dich chiét ndm men-glucoza (TYG). Mobi
biofilm c¢6 mat do dat khoang 3x10* t& bao/mm’
trén dién tich 18,75 cm®, ¢6 trong luong trung
binh khoang 120 mg. Po pH cudi cung ctia moi
truong nuodi cdy huyén dich dat khoang 3,8 va
trong moi truong biofilm dat khoang 4.,5. Khi
say kho, ham lugng protein dat khoang 40%
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trong lugng kho vi phan 16n trong s6 do la
polysacarit dugc hinh thanh trong qué trinh tao
biofilm. Vi ham lugng duong luon du thira trong
moi trudng nén cac t€ bao trén biofilm déu trai
qua qua trinh thich nghi axit trudc khi ti€n hanh
thi nghiém.

Dé tich roi cic t€ bao khodi mang biofilm,
cédc mang ndy trudc tién duoc tdch khoi gid thé
thuy tinh vao trong dung dich pepton 1%. Sau
d6, cac mang biofilm nay sé dugc lam dong
nhat bing mdy nghién dong thé va may siéu am
trong 15 giay. Viéc xu 1y nay dam bao tao dugc
huyén dich t€ bao dong nhat véi céc t€ bao dugc
tach roi nhau khi quan st duéi kinh hién vi
phén cuc.

II. KET QUA NGHIEN CUU

1. Tac dung diét ching vi khuin S. mutans
UA159 6 dang huyén dich va biofilm cua
8HQ

Céc s0 liéu trinh bay trong hinh 1A cho thiy
8HQ ¢6 tdc dung diét vi khudn S. mutans trong
huyén dich & néng do rat thap (khoang 0,00015-
0,00062%). Thoi gian diét 90% & nong do 8HQ
0,00062% 1a 15 phut. Trong khi d6, d6i véi cac
t€ bao biofilm, phai st dung 8HQ & nong do cao
hon khoang 100 1an dé c6 gi4 tri D twong tu. Doi
vGi cdc t€ bao biofilm khi nong do 8HQ tang
trén 0,1% thi tic dung diét khuin cia SHQ
khong tiang déng ké (hinh 1B).
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Hinh 1. Tac dung diét vi khuén S. mutans UA159 & dang huyén dich (A) va biofilm (B) ctia 8HQ.

A:  (0): d6i chiing; (M): 0,00015% 8HQ; (A) 0,0003% 8HQ; (@): 0,0006% 8HQ.
B: (O): d6i ching; (M): 0,1% 8HQ; (A) 0,2% 8HQ; (@): 0,5% SHQ.
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2. Tac dung diét ching vi khuin S. mutans
UA159 ¢ dang huyén dich cia 8HQ két
hgp véi cac ion kim loai va H,0,

T4c dung diét khudn ctia 8HQ ting lén ding
ké khi né két hop véi céc ion kim loai c¢6 kha
nang chuyén déi nhu Cu** va Fe**. Khi thém
Fe’* & nong do rat thap (khoang 0,0002%), gia
tri D ban dau giam xudng chi con 5 phit. Tuong
ty nhu vay, khi them H,0, 0,01% thi gid trj D
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Hinh 2. Tc dung diét vi khuén S. mutans
UA159 6 dang huyén dich cia 8HQ két hop véi
Fe** va H,0,

(O): doi chitng; (M): 0,0002% Fe** + 0,0001% H,0,;

(A): 0,0002% Fe** + 0,0002% 8HQ,
(@): 0,0002% Fe** + 0,0001% H,0,+ 0,0002% SHQ
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Hinh 4. Tac dung diét vi khuén S. mutans
UA159 & dang huyén dich cia 8HQ két hop véi
Cu** va H,0,

(O): déi ching; (M): 0,0002% Cu** + 0,0001% H,0,;

(A): 0,0002% Cu* + 0,0002% SHQ; (®): 0,0002%
Cu?* +0,0001% H,0,+ 0,0002% SHQ

cling giam di 10 rét so v6i ban dau. Kiéu tiang
cuong tdc dung diét khudn nay da dugc phat
hién tir nhiéu nghién ctu truGc day. Nguyén
nhan cua né 1a do cic ion kim loai khir da dong
vai tro xuc tac cho su hinh thanh cac géc OH" tur
H,0, thong qua phan tng Fenton [7]. Tac dung
gia tang diét khudn ctia Cu®* va Fe** 1a tuong tu
nhau va manh hon so véi c4c ion kim loai khac
nhu Co**, Mn**, Zn** thong qua so sanh céc gia
tri D cua ching (hinh 2, 3, 4, 5, 6).
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Hinh 3. T4c dung diét vi khuén S. mutans
UA159 6 dang huyén dich cia 8HQ két hop véi
Zn** va H,0,

(O): déi chitng; (M): 0,0002% Zn** + 0,0001% H,0,;

(A): 0,0002% Zn** + 0,0002% 8HQ; (@): 0,0002%
Zn* +0,0001% H,0,+ 0,0002% SHQ
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Hinh 5. Tac dung diét vi khuén S. mutans
UA159 & dang huyén dich cia 8HQ két hop véi
Co* va H,0,

(O): déi chung; (M): 0,0002% Co** + 0,0001% H,0,;
(A): 0,0002% Co* + 0,0002% 8HQ; (@): 0,0002%
Co™ + 0,0001% H,0,+ 0,0002% 8HQ
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Hinh 6. Tc dung diét vi khuén S. mutans UA159 & dang huyén dich
ctia 8HQ két hop vé6i Ni** va H,0,

(O): d6i ching; (M): 0,0002% Ni** + 0,0001% H,O,; (A): 0,0002% Ni** + 0,0002% 8HQ;
(@): 0,0002% Ni** + 0,0001% H,0, + 0,0002% SHQ

3. T4c dung diét chiing vi khuan S. mutans UA159 & dang biofilm ctiia SHQ két hop véi cac ion
kim loai va H,0,

Khi tang nong do cac chat tac dung 1én khoang 10 14an so vé6i cac thi nghiém thuc hién véi cac t€
bao huyén dich, chiing t6i thu dugc tic dung diét khuédn tuong tu d6i vé6i céc t& bao biofilm. Véi
cong thitc 8HQ (0,001%), H,0, (0,01%), Fe** (1 mM) hay 8HQ (0,001%), Fe (1 mM) va tuong tu
v6i Cu, c6 thé diét hoan toan cac vi khuén S. mutans trén biofilm (hinh 7, 8, 9, 10, 11).
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Hinh 7. Tac dung diét vi khuén S. mutans Hinh 8. T4c dung diét vi khuén S. mutans
UA159 & dang bioifilm caa 8HQ két hgp véi UA159 & dang biofilm cua 8HQ két hop véi
Fe?* va H,0, Zn** va H,0,
(O): 1 mM Fe*; (W): 1 mM Fe** +0,01% H,0,; (O): 1 mM Zn*; (W): 1 mM Zn** + 0,01% H,0,;
(A): 1 mM Fe* +0,01% H,0,+ 0,001% 8HQ; (A): 1 mM Zn* +0,01% H,0,+ 0,001% 8HQ;
(@): 1 mM Fe* +0,001% 8HQ (@): 1 mM Zn** +0,001% 8HQ
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Hinh 9. Tac dung diét vi khuén S. mutans
UA159 & dang biofilm cua 8HQ két hop véi
Cu* va H,0,
(O): 1mM Cu*, (W):1mM Cu + 0,01% H,0,,

(A): ImM Cu** + 0,01% H,0,+ 0,001% SHQ,
(@): ImM Cu** + 0,001% 8HQ
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Hinh 10. T4c dung diét vi khuén S. mutans
UA159 & dang biofilm cua 8HQ két hop véi
Co* va H,0,
(O): 1mM Co*, (M):1mM Co** + 0,01% H,0,,

(A):1mM Co* + 0,01% H,0,+ 0,001% 8HQ,
(@): 1mM Co* + 0,001% 8HQ
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Hinh 11. T4c dung diét vi khuén S. mutans UA159 & dang biofilm
ctia 8HQ két hop véi Ni** va H,0,

(00): ImM Ni, (®): ImM Ni** + 0,01% H,0,, (A),ImM Ni** + 0,01% H,0, + 0,001% SHQ,

(@): ImM Ni** + 0,001% 8HQ
III. THAO LUAN

O day, ching toi trinh bay cdc két qua
nghién cu vé tic dung diét khudn ctia 8HQ,
8HQ két hop v6i cac ion kim loai va H,0,. Cac
két qua cho thdy céc t€ bao trén biofilm chong
chiu 8HQ t6t hon cédc t€ bao ¢ dang huyén dich.

Diéu nay ciing trung hop véi nhiing phat hién
ctia Phan va cs. [9] v€ tinh chong chiu axit cua
cac t&€ bao trén biofilm so véi cac t€ bao trong
huyén dich. Su khéac nhau c¢6 1€ 1a do trang thai
sinh 1y cua cac t&€ bao trén biofilm va do kha
nang khuéch tdn han ché€ cic proton vao mang
biofilm [7]. Chinh su han ché nay s€ gitp lam
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giam tinh nhay cdm cta vi khuén trén biofilm
v6i 8HQ.

Ban than H,0, khong phai 1a rat doc nhung
khi c6 mat cic ion kim loai chiing s€ tham gia
vao phan ting Fenton (xem so d6 phan tng), dan
dén su hinh thanh cac goc oxy tu do, trong dé c6
HO" rat doc, lam ting cudng ton thuong ADN,
diét vi khuén [6, 7].

Cac budce chinh trong phan ting Fenton:
O-2+ F63+ g F62++ 02
Fe** + H,0,+ H* - Fe’* +HO +H,0

Cac nghién ctu cta Shen va cs. [12] cho
thady 8HQ 1a chat dc ché sinh tdng hop ARN
trong ndm men thong qua viéc tao phic véi cac
ion kim loai trong trung tam hoat dong cua
ARN plymeraza, ADN polymeraza, ribo-
nucleotit reductaza. 8HQ ciing c6 thé lam gay
cac soi ADN, gay peroxit hda trong mang t€
bao. Belli va cs. cho ring cac chit tao phic cang
cua khi két hop véi Fe** ¢6 thé chuyén kim loai
qua mang cua cdc t€ bao biéu bi, vi vay lam ting
tinh nhay cam cua t€ bao véi cac chit oxy hoa.
Cac két qua nghién ciu cta ching toi vé kha
nang giai kim ham su phat trién cla t€ bao cua
ching S. mutans UA159 bi tc ch€ bsi 8HQ
bing MgCl, [8] da cho thay tinh doc cua 8HQ
khong phai do co ché tao phitc cang cua véi cac
ion kim loai cua hgp chat nay. Trong thi
nghiém, trén viéc két hgp cia 8HQ véi Fe** lam
gia tang t6n thuong gay chét nhiéu hon su két
hop ctia H,0, vé6i Fe** da chitng to co ché tic
dung ctia 8HQ rét phuc tap, khong phai chi do
kim loai va H,O, da tham gia vao phan tng
Fenton. Vay tai sao 8HQ doc véi t€ bao cua S.
mutans? Diéu nay chi c6 thé gidi thich bang co
ché lam gia ting tén thuong oxy héa véi kha
nang 8HQ kich thich su hinh thanh géc tu do
nhu O. D€ khang dinh gia thiét niy cdn phai
ti€n hanh nhiéu thi nghiém vé tic dung cua 8HQ
lén cic enzym quan trong tham gia vao hé thong
tu bao vé co thé vi khuén trong diéu kién c6 cdc
stress oxy héa nhu NADH oxydaza va superoxit
dismutaza (SOD).

IV. KET LUAN

8HQ c6 tic dung diét rat manh chung vi
khuan gay sau rang S. mutans UA159. Tac dung
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cuia chiing ¢6 thé cho phép tao dugc cong thic
diét toan bo t&€ bao cua S. mutans trén biofilm.

Co ché tac dong cua hgp chat nay 1a rat phic
tap. C6 1€ n6 da lam gia tang t6n thuong oxy
héa d6i v6i chang vi khudn S. mutans UA159,
dac biét khi c6 mat cia céc ion kim loai.
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KILLING AUGMENTATION OF STREPTOCOCCUS MUTANS IN BIOFILMS
AND SUSPENSIONS BY 8-HYDROXYQUINOLINE COMBINED WITH
TRANSITION-METAL CATIONS

NGUYEN THI MAI PHUONG, NGUYEN THI NGOC DAO,
DO NGOC LIEN, ROBERT E. MARQUIS

SUMMARY

8-hydroxyquinoline (8HQ) has been used extensively as a chelator of mineral cations and has been
found to have a variety of inhibitory effects on the biochemical systems, mainly related to the sequestration of
the metal cofactors for enzymes. The bacteria biofilms are notes for resistant to antimicrobial agents reflected
by slower rates of killing and higher numbers surviving chanllenge compared with the suspension populations.
The Streptococcus mutans strain UA159 mono-organism biofilms on glass slides grown in fed-batch culture
were more resistant to 8HQ than those in suspensions. The additions of H,O, and transition-metal cations
greatly increased the sensitivity of 8HQ. Nearly the total killing of cells in biofilm could be achieved in a two-
hours expose with as little as 0.001% 8HQ combined with 1 mM iron or copper cations or with 0.01% (2.9
mM) H,0,. The result suggest that 8HQ can be highly toxic for oral streptococci by enhancing the oxidative
damage caused by H,O, and transition-metal cations.

Ngay nhdn bai: 5-11-2002
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