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TAC PONG CUA KEM (ZN) LEN CAC EMZIM CUA VI KHUAN XOANG MIENG

Cac mudi cua kém (Zn), dac biét 1a kém xi-
trat va k&m sun-phat, da dugc st dung rong rai
nhu 12 nhitng chét khdng khudn trong cdc san
phdm vé sinh rang miéng. Tac dong cua Zn lén
cic vi khudn xoang miéng, trong dé c6
Streptococcus, da dugc dé cap trong mot s6
nghién ctu truéc day. KEm sun-phat dugc phat
hién 1a c6 kha nang Gc ch€ su sinh axit cla vi
khuén Streptococcus & mang bam rang ngudi, ca
trang thai invitro va invivo. He va cs. [6] phat
hién thdy Zn tc ch€ su sinh axit khong chi cta
Streptococcus ma cdn cta nhiéu loai vi khuian
xoang miéng khac. Gan day, Phan va cs. [11] da
cho thay Zn con tc ch€ manh su sinh kiém clia
céc vi khudn trong mang bam ring, trong dé c6
S. salivarius va S. rattus. Mac du cac nghién ctu
da tim hiéu kh4 k§ vé tdc dung khang khuan clia
Zn lén vi khudn nhung van con nhiéu cau hoi
chua dugc giai dap. Vi du nhu Zn c6 vai tro gi
doi vé6i qud trinh t6n thuong oxy héa & vi khudn
nhém Streptococcus hoac la Zn c6 tic dong nhu
th€ nao 1én cic enzim lién quan dén cic qud
trinh sinh ly da khao sat. Muc dich nghién ctu
clia ching t6i 12 nhim tim hiéu sau hon tac dong
cia Zn 1én cac enzim va hé thong enzim lién
quan truc ti€p dén hoat tinh gay siu rang cua vi
khuin xoang miéng, tir d6 1am sdng to6 thém co
ché khang khuén cta Zn.

I. PHUGNG PHAP NGHIEN CUU

1. Nguyén liéu

Cac chang vi sinh vat Streptococcus mutans
GS-5, S. rattus FA-1, S. salivarius ATCC 13419 va
S. sanguis NCTC 10904, Lactobacillus plantarum,
Actenomyces viscosous, Fusobacterium nucleatum
177 qua tang cua GS. Robert E. Marquis, Khoa
Vi sinh va Mién dich hoc, Pai hoc Rochester,
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NGUYEN THI MAI PHUONG
Vién Cong nghé sinh hoc
PHAN TUAN NGHIA

Truong dai hoc Khoa hoc tu nhién, DHOGHN

Niu Yoéc, Hoa Ky. Céac chung vi sinh vat dung
cho nghién ctu dugc gilt va cdy chuyén hang
tuan trén moi trudng tryptic soy agar (TSA) cta
hang Difco. T€ bao dugc nudi cay ¢ 37°C trong
moi truong chia 3% tripton, 0,5% dich chiét
nam men va 1% glucoza.

2. Phuong phap
a. Chudn bi dich chiét té'bao

T& bao cha S. mutans dugc thu hoach & pha
6n dinh va duoc rira v6i dung dich mudi c6 chita
KCl 50 mM va MgCl, 1 mM. Can t&€ bao dugc
hoa véi mot thé tich t6i thi€u dém Tris-HCI 20
mM, pH = 7,0 ¢6 chira KCI 50 mM va Mg(l, 1
mM. Viéc phd t€ bao dé giai phéng protein
trong mang duoc thuc hién bang siéu am cling
v6i cat thiy tinh. Dich siéu am dugc ly tam véi
toc do 14.000 g trong 15 phiit & 4°C dé thu dich
trén tha. Dich nay dugc st dung cho cac thi
nghiém véi dich chiét t& bao.

b. Chudn bi té bao thdm (permeabilized cells)

Té€ bao, sau khi dugc rira hai 1an véi dung
dich mu6i KCl 50 mM c6 chita MgCl, 1 mM,
dugc hoa vao trong dém Tris-HCI 75 mM (pH =
7,0) c6 chita MgSO, 10 mM. Sau khi thém
toluen (ty 1& 1: 10), dich chiét t& bao duoc tron
déu va 0 & 37°C trong 5 phit. T€ bao dugc
nhanh chéng lam dong lanh va ngay sau do,
dugc lam tan & 37°C. Chu ky nay dugc lap lai
hai 1an. Toluen dugc loai bo bang cdch ly tam.
T& bao dugc hoa trd lai trong dém cung dém
trén va dugc cét gitt & 37°C dén khi dung hoac
c6 thé dugc dung truc ti€p cho cdc phan tich.

c. Cdc phuong phdp nghién ctiu enzim

Hoat d0 clia cac enzim dugc xac dinh su
dung t& bao thadm hoac dich chiét t& bao tuy theo
ting enzim. Hoat do cta cac enzim dugc xac



dinh theo cic phuong phép sau: F-ATPase [14];
phospho transferase system-PTS [2]; glyceral-
dehydephosphate dehydrogenase-GADPH [13];
lactate dehydrogenase-LDH [7]; pyruvate
kinase-PK [10]; urease [5]; arginine deiminase-
ADS [4]; NADH oxidase-NOX [12]; superoxide
dismutase-SOD [8]; glutathione reductase-GR
[1]; thiol peroxidase-TSA [9]; NADH hypothio-
cyanite reductase-NHOR [3]; catalase-CAT;
pseudocatalase-PCAT [15].

IL KET QUA VA THAO LUAN

1. Tac dung cua Zn lén enzim F-ATPaza

Enzim ATPaza dugc tim thdy & tit ca céc
sinh vat nhan chuén, c6 vai trd phan gidi ATP va
bom tir t€ bao chat ra bén ngoai nhim 6n dinh
pH noi sinh (pH;), nho vay duy tri dugc hoat
dong cta cic enzim va bao quan trong nguyén
sinh chat. O nhiéu loai vi khuin, trong dé cé S.

mutans, enzim nay doéng vai tro chia khéa trong
viéc dam bao su thich nghi cua t€ bao véi diéu
kién axit. C6 hai loai ATPaza la F-ATPaza
mang phic hé protein F,-F, ndm trén mang t&€
bao, cé vai tro tao hoat tinh ctia enzim va céc
ATPaza van chuyén cdc cation nhu K*-ATPaza
va Na'-ATPaza. Phan 16n hoat tinh phan giai
ATP (ATPaza) cta S. mutans thuoc vé F-
ATPaza trén mang. Khi vi khuén tiéu thu dudng,
céc axit hitu co sinh ra trong quéd trinh dudng
phan lam pH & mang bam rang giam xudng rat
thap. Vai tro cia F-ATPaza lic nay c¢6 y nghia
quan trong doi véi chiing. Trong s6 céc vi khuén
dudng miéng, S. mutans la mot trong so rat it
loai ¢6 kha nang chéng chiu axit cao. Vi khudn
nay van c6 thé tién hanh qu4 trinh dudng phan &
pH tham chi du6i 3,0. C4c nghién ctru da chiing
minh ring ATPaza déng vai trd chinh gitp vi
khuan S. mutans thich nghi v6i diéu kién khac
nghiét nay.
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Hinh 1. Anh hudng clia Zn** 1én hoat do ctia enzim F-ATPa cua S. mutans.
Hoat do cua enzim duoc xdc dinh st dung t€ bao tham

Két qua nghién citu anh huéng cta Zn** lén
hoat do ctia F-ATPaza duoc trinh bay & hinh 1,
da cho thdy hoat do ctia F-ATPaza chi con 30%
& nong do Zn>* 0,1 mM va phai can dén Zn** 1,5
mM dé dat duoc mic do e ché 50% hoat do
cta enzim. Enzim chi con 10% hoat do ¢ nong
do Zn** 10 mM. C6 thé két luan rang enzim F-
ATPaza bi tic ché€ bdi Zn** nhung mitc do nhay
cam cta enzim khong cao.

2. Tac dong cua Zn lén enzim PTS

Duong 14 nguén hydrat cacbon chu yéu cua
cac vi khuan nhém Streptococcus. TE bao vi
khudn nay c6 thé déng héa dugc nhiéu loai

duong khic nhau nhu glucoza, fructoza,
sucrozal]. Truéc khi di vao con duong
glycolysis, duong duoc hoat héa thanh dang
glucoza-6-photphdt nhd hé thong enzim chuyén
goc photphat (sugar-phosphotransferase system)
viét tat 1a PTS va hexokinaza, trong d6 hé thong
PTS ddng vai tro chinh [2]. Su tc ch€ qua trinh
sinh axit cta S. mutans bdi Zn** da dugc phat
hién trong cic nghién cttu truéc day [6, 10], goi
y moi lién quan cua enzim PTS véi qud trinh
nay. Két qua thu dugc & hinh 2 cho thay Zn** &
nong do kha thap (0,02 mM) di tc ché 50%
hoat d6 ctia PTS. Hoat do ctia PTS bi tc ché t6i
gan 90% & néng do Zn** 1 mM. Thi nghiém nay
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chiing té phitc hé enzim PTS nhay cam véi tac
dung clia Zn**. Chinh diéu nay da ly giai tai sao

Zn** lai tc ché manh qu4 trinh sinh axit cta vi
khudn S. mutans.
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Hinh 2. Anh hudng clia Zn** 1én hoat d6 ctia enzim PTS cta S. mutans.
Hoat do cua enzim duoc xdc dinh st dung t€ bao tham

3. Tac dong cua Zn lén cac enzim cua qua
trinh duong phan

Quad trinh dong héa dudng clia vi khuin sau
rang duoc thuc hién thong qua con dudng dudng
phan (glycolysis). Glycolysis c6 vai trd chuyén
héa duong trong diéu kién ky khi thanh axit hitu
co va giai phong ATP cho cic hoat dong song

ctia t€ bao. Su hinh thanh cédc axit hitu co, dac
biét la lactic, 1a nguyén nhan chinh giy ra sau
rang. Tham gia vao con dudng glycolysis c6
hang loat cic enzim khidc nhau. Cong trinh
nghién cdu cua ching toi tap trung vao mot s
enzim chinh 1a glyxéraldéhit-3-photphat dehy-
drogenaza (GAPDH), enolaza, pyruvat kinaza
(PK), lactat dehydrogenaza (LDH) va aldolaza.

Bdng 1

Tac dong cua Zn** 1én cac enzim ciia qua trinh duong phan (hoat do cia enzim
duoc xac dinh str dung té€ bao tham. IC,-nong do gay ic ché 50% hoat do ciia enzim)

Enzim Vi khuan Hoat tinh tic ché IC,, (mM)
GAPDH S. mutans + 0,25
LDH S. mutans -

PK S. mutans + 1,2
Aldolaza S. mutans + 1,4
Enolaza S. mutans -

Céc két qua nghién ciu vé anh hudng cla
Zn** 1én hoat do cua cic enzim dudng phan
duogc trinh bay & bang 1. K&t qua cho thiy cac
enzim PK, GAPDH va aldolaza khd nhay cam
v6i tdc dung clia Zn®. D6i v6i cdc enzim nay
clia t€ bao thdm, mic do tc ch€ 50% hoat do
tuong ng véi noéng do Zn** theo thit tu 1a 1,2;
0,25 va 1,4 mM. Zn*" dugc xem la c6 kha niang
tuong tac canh tranh véi nhém thiol trong phan
tr enzim, vi thé dé lam bat hoat cdc enzim cé
chita nhém chic nay. Trong s6 cic enzim dugc
nghién ciu, GAPDH la enzim nhay cam véi
Zn’* hon cé. Ly do cha sy nhay cdm nay c6 thé
la do enzim c6 chita nhém SH bén trong phan
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t. PTS ciing thudc nhém thiol-enzim vi thé cé
1& ciing la dich téc dung ctia Zn**.

4. Tac dung cua Zn lén enzim sinh NH,

Mot trong cdc co ché gidp vi khudn xoang
miéng c6 thé song sét trong diéu kién stress axit
la kha nang sinh amoniac (NH;) dé trung hoa
axit trong t€ bao chat va moi trudng bén ngoai
[4]. Ba con dudng chinh ma cdc vi khudn st
dung dé tao amoniac 1a thong qua hai hé thong
enzim la ureaza va acginin deiminaza (ADS).
NH; dugc tao ra thong qua cdc con dudng nay,
ngay lap tdc két hop véi cac proton cé trong t€
bao chat hay dugc van chuyén qua mang t€ bao



va két hop véi ciac proton ¢ moi trudng bén
ngoai dé hinh thanh NH,, nho dé 1am tang pH;
ndi bao hay pH clia moi truong bén ngoai, vi
vay lam tang tinh chéng chiu axit clia vi khuan.
Cong trinh nghién ctu cua chiing toi dugc thuc
hién vé6i hai chang vi khuan sinh NH; chu yéu
c6 trong mang bam rang la S. salivarius

ATCC13419 va S. rattus FA-1. Két qua (bang 2)
cho thdy c4 hai enzim déu nhay cam véi Zn™,
dac biét 1a ureaza (ICs, = 0,03 mM). Viéc tc ché
cdc enzim sinh kiém da chiing t0 Zn* c6 tdc
dong 1én nhiéu qua trinh sinh 1y quan trong cua
vi khudn va ciing chitng t&6 Zn** c6 nhiéu dich
tdc dung khic nhau.

Bdng 2

Anh huéng ciia Zn> 1én cac enzim sinh NH; (hoat do cta enzim
dugc xac dinh sir dung t€ bao tham. IC,,-nong do gay tic ché 50% hoat do cia enzim)

Enzim Vi khuan Hoat tinh trc ché ICs, (mM)
Ureaza S. salivarius ATCC13419 + 0,03
ADS S. rattus FA-1 + 0,10

5. Téac dung cua Zn lén cic enzim chong t6n
thuong oxy héa

Céc vi khudn trong méang bam rang thudng
xuyén ti€p xdc v4i cic goéc oxy phan ung
(reactive oxygen species, goi tat 1a ROS) sinh ra
trong qud trinh trao doi chét hay c¢6 mat trong
cac san phdm vé sinh rang miéng. ROS gay ra
nhiing t6n thuong oxy héa cho t&€ bao, 12 qud
trinh c6 tinh chat chia khéa giy anh hudng dén
cac hoat dong clia vi khudn trong méang bdm
rang [8, 12]. Viéc tim hiéu bidc tranh vé qua
trinh ton thuong oxy héa & vi khuin trong mang
bam rang ma trudc hét & Streptococcus va qua
d6 xac dinh cdc co ché€ bao vé chu yéu la can
thiét va cling 1a huéng nghién citu cé tinh thuc
tién 16n, gitp tim ra nhitng bién phap hiéu qua

hon dé ki€ém soét cdc bénh truyén nhiém trong
xoang miéng, dac biét 1a sau rang.

Nham duy tri su can bang thé oxy héa va bao
vé cdc cu tric cha t€ bao, co thé sinh vat da phat
trién mot hé thong nhitng enzim cé chiic nang
phéan hily hay loai bo ROS. C4c enzim chong ton
thuong oxy héa duge khao sat chu yéu trong thi
nghiém cua ching t6i gbm SOD (loai bd O,),
NHOR, GR, TSA, CAT, PCAT (loai bo H,0,) va
NOX (han ché€ qua trinh khir don vi O,, vi thé han
ché su tao thanh ROS). PCAT (pseudocatalaza) 1a
enzim gid CAT c6 mat & mot s6 chang vi khuén
xoang miéng nhu Lactobacillus plantarum.
Enzim nay ciling c6 tic dung phan hay H,O,
nhung khong chita hem nhu CAT ma chita Mn*
trong trung tam hoat dong.

Bdng 3

Anh huéng cia Zn lén cac enzim chéng ton thuong oxy héa (hoat d¢ ciia enzim
duoc xac dinh str dung té€ bao tham. IC,-nong do gay iic ché 50% hoat do ciia enzim)

Enzim Vi khuan Hoat tinh tc ché | IC;, (mM)

NADH oxidaza (NOX) Nhoém Streptococcus + 2,1-3,0
NADH hypothioxyanit reductaza NHOR) | F. nucleatum + 1,4
Glutathion reductaza (GR) S. sanguis + 0,1
Thiolperoxidaza (TSA) S. mutans + 0,4
Catalaza (CAT) S. mutans + 0,1
Pseudocatalaza (PCAT) A. viscosus -
Superoxite dismutaza (SOD) L. plantarum -

Streptococcus -

Két qua nghién ctru dugc trinh bay trong
bang 3 da cho thay Zn** ¢6 tdc dung tic ché mot
s6 enzim c6 vai trd chéng ton thuong oxy héa la
NOX, NHOR, GR va TSA. Tuy nhién, hai

enzim cé vai trd quan trong trong viéc loai bo
ROS la CAT va SOD lai khong phai 1a dich tac
dung clia Zn**. Ly do tai sao c4c enzim nay
khong bi tc ché bsi Zn** 1a van dé can phai
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ZINC EFFECTS ON ENZYMES OF ORAL BACTERIA
NGUYEN THI MAI PHUONG, PHAN TUAN NGHIA

SUMMARY

Zinc (Zn) is a known inhibitor of acid production by mutans streptococci. Our primary objective was to
extend current knowledge of the physiologic bases for this inhibition of Zn on enzymes of oral bacteria. Zn
inhibited the F-ATPase of permeabilized cells of S. mutans with a 50% inhibitory concentration of about 1
mM for cells in suspensions. Zn inhibited the phosphoenolpyruvat: sugar phosphotransferase system with 50%
inhibition at about 0.3 mM ZnSO,. Zn inhibited the alkali production from arginine or urea and was a potent
enzyme inhibitor for arginine deiminase of S. ratfus FA-1 and urease of S. salivarius. Moreover, Zn acted
mainly as a pro-oxidant for oral bacteria by inhibiting NADH oxidase, considered to be protective against
oxidative stress and also other protective enzymes, which catalyzed the degradation of H,O,, including
thiolperoxidase (ICy, = 0.1 mM), hypothiocyanite reductase (ICy, = 0.1 mM) and glutathione reductase (ICy, =
0.4 mM). The results have suggested that Zn had a potential use not only in oral care products, but also in
different fields of medicine.
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