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LEN MEN MALOLACTIC CUA STREPTOCOCCUS MUTANS
VA VAI TRO BAO VE VI KHUAN KHOI TON THUGNG OXI HOA

Lén men malolactic (malolactic
fermentation - MLF) do vi khuidn Oenococcus
oeni thuc hién da dugc nghién ctu kha chi tiét
do vai tr0 quan trong ctia né trong cong nghiép
san xudt rugu [5]. Pay la qua trinh lén men thi
cip sau quda trinh lén men rugu do nam men
thuc hién. Trong qué trinh lén men nay, axit
L-malic dicarboxylic dugc chuyén héa thanh
axit monocarboxylic L-lactic va giai phéng CO,,
giip lam tang huong vi va lam giam d¢ axit cua
rugu. Su 1én men nay con dugc phat hién &
nhiéu chiing vi khuén lactic (LAB) khic nhu céc
thanh vién cua chi Lactobacillus, Leuconostoc,
va Streptococcus [1-3]. Qud trinh decarboxyl
héa cta L-malic duoc thuc hién nho enzim
malolactic (MLE) véi su c¢6 mat cia NAD" va
Mn?** [11]. Su 1én men ciing di kém vé6i qud trinh
sinh tdng hop ATP dugc xidc tic bdi enzim
F(H")-ATPase trén mang, vi qud trinh 1én men
dan dén su kiém héa t€ bao chat do L-lactic hinh
thanh ¢6 do axit thap hon L-malic. Diéu nay cho
phép proton dugc van chuyén tir bén ngoai vao
t€ bao chat thong qua hoat dong clia enzim F-
ATPase theo co ché synthetase. K&t qua la ATP
duoc hinh thanh. Mat khéc, su sinh téng hop
ATP ¢6 thé con lién quan dén hé thong van
chuyén d6i nguoc malate/lactate (antiport) cling
c6 su tham gia ciia F(H")-ATPase [9]. Gan day,
Sheng va Marquis [10] da phat hién thdy chung
Streptococcus mutans UA159 c6 mang cdc gene
ma hod cho qué trinh Ién men malolactic trong
d6 c¢6 SMu 0121 ma héa cho MLE c¢6 trinh tu
base tuong tu nhu trinh ty clia enzim nay & cic
ching LAB [1, 4]. Khi nghién cttu v€ sinh ly
clia qua trinh nay, cdc tac gia da phat hién thay
MLF c6 vai tro lam kiém héa mang bam rang
(dental plaque), vi vy lam tang kha nang chiu
stress axit ctia vi khuén S. mutans. Bai bao nay
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trinh bay nhitng phat hién cta ching toi vé€ vai
trd ctia MLF & vi khuén S. mutans va c6 thé & ca
nhiing chung vi khuidn Streptococcus xoang
miéng khac trong viéc bao vé t&€ bao khoi tén
thuong oxi hda gy ra badi cac goc oxi hoat dong
(ROS) 1a O,, H,0, va OH"

I. PHUOGNG PHAP NGHIEN CUU
1. Chung vi khudn va diéu kién nuoi cay

Streptococcus mutans UA159 duoc nuodi gil
va cdy chuyén hang tuin trén moi trudng thach
chita bovine heart infusion - BHI agar (Difco
Laboratories, Detroit, MI). T€ bao dugc nuoi
cdy trong moi truong TYM chita 3% tryptone,
0,5% cao ndm men, 25 mM glucose va 50 mM
L-malic dé cam ting hoat tinh enzim malolactic
(MLE).

2. Do sulén men L-malic

Té& bao duogc thu hoach & giai doan dau cla
phase 6n dinh v duoc rira 2 lan bing cach ly
tam & toc do 6000 g trong 15 phit & 4°C véi
dung dich mu6i ¢6 chita 50 mM KCl va 1 mM
MgCl,. T€ bao sau dé dugc hoa trd lai véi dung
dich mudi & mat do t€ bao khoang 1,1 mg trong
lugng kho/ml. Axit L-malic & pH 4,0 dugc thém
vao & nong do cudi cung l1a 10 mM dé bat dau
phan tng. Su ti€p nhan L-malic tai modi thoi
diém nhat dinh duoc do bing viéc x4c dinh ham
lugng L-malic di duoc chuyén héa thanh axit
L-lactic st dung kit cua hang Boehringer
Mannheim (Darmstadt, Germany) cé chita
enzim L-malic dehydrogenase. Day la phuong
phdp dac hiéu dé xé4c dinh axit L-malic. Kha
nang ti€p nhan L-malic cla t&€ bao tir qua trinh
MLF dugc biéu dién bang don vi nanomole
L-malic decarboxylated/phiit/mg trong luong
kho t& bao.



3. Tac dung bao vé té bao

Céac goc oxi hoat dong (ROS) dugc nghién
cttu ¢ day bao gom H,0, (Sigma), OH" (tao thanh
tir phan tung Fenton ctia H,O, két hop véi ion kim
loai c6 kha nang chuyén déi 1a Cu*) va O, (tao
thanh tir hé thong xanthine-xanthine oxidase). Cu
thé, t&€ bao S. mutans sau khi nuoi cdy trong moi
truong TYM dugc thu hoach, rira va hoa lai trong
dung dich mudi c¢6 chita 50 mM KCI va 1 mM
MgCl, & nong do 0,4 mg trong luong kho t€ bao.
L-malic & pH 4,0 dugc thém vao dung dich t&€ bao
dé dat néng do cudi cing l1a 30 mM. Sau do,
H,0,, t6 hop chat H,0,/CuCl, (dé tao OH") hay t6
hop chat xanthine/xanthine oxidase (dé tao O,)
dugc tiép tuc théem vao. O nhimg thoi diém nhat
dinh, 100 pL mau duoc 18y ra, pha loang 10 lan
lien ti€p v6i dung dich peptone 1% (Difco
Laboratories, Detroit, MI) & pH 7,0 va dugc cdy
trai trén dia thach BHI. C4c dia nay dugc u trong
th &m 37°C trong vong 48 git cho dén khi khuin
lac hinh thanh 16 rét, ¢6 thé dém duogc bing mat
thuong [8].

4. Xac dinh ham luong ATP c6 trong té bao
chat

Ham lugng ATP trong t€ bao chat cla
S. mutans dugc xdc dinh theo phuong phédp do
ATP bang huynh quang (bioluminescence) da
dugc Sheng & Marquis mo ta (2006). ATP duoc
chiét ra tir t€ bao bang dém Tris-HCl 20 mM
néng cé chia EDTA 2mM, pH 7,75. Ham
lugng ATP trong dich chiét sau d6 dugc xac
dinh st dung kit Luciferase/Luciferin cua hang
Promega (Madison, WI) trén mdy do huynh
quang Luminometer Turner Designs
(Sunnyvale, CA), Model DT-20/20.

T

T T pH
30 35 40 50 60 70

Hinh 1. MLF cua S. mutans
tai cac gid tri pH khic nhau

mmole L-malate dugc ti€p nhan/gid/mgTLK

IL. KET QUA VA THAO LUAN

1. MLF va kha nang ti€p nhan L-malic &
vi khuén S. mutans

Hé thong 1én men L-malolactic méi dugc
phét hién va nghién cttu & S. mutans rat gan day
[10]. Hé thong nay dugc xem la cé vai tro bao
vé t€ bao S. mutans khoi tén thuong do stress
axit gay ra. MLF dugc bit dau bang viéc ti€p
nhan L-malic nho enzim permease nam trén
mang (Smu 0125) va sau dé co chat nay duoc
chuyén héa thanh axit L-lactic va CO, nhd MLE
nim trong t€ bao chét. O céc ching vi khuin c6
MLF da biét nhu LAB, MLF xay ra manh tai
céc gia tri pH thdp hon 3,0 [5, 11]. Dé tim hiéu
kha nang ti€p nhan L-malic & S. mutans, ching
toi da tién hanh xdc dinh kha nang dong hoéa
L-malic tai cdc gid tri pH khdc nhau dé tim ra
diéu kién pH t6i thich cho qué trinh 1én men nay
6 S. mutans. K&t qua trinh bay & hinh 1 cho
thdy, MLF & S. mutans c6 thé dién ra & cac gid
tri pH khéac nhau tir 3,0 dén 7,0. Tuy nhién, gia
tri pH 4,0 1a thich hop nhat cho hoat dong MLF
cua S. mutans, déong nghia véi viéc vi khudn c6
kha nang ti€p nhan L-malic t6t nhat. MLF tai
pH 4,0 dat t61 10,2 mmole/phiit/mg trong luong
kho (TLK) t€ bao so véi cac gid tri 3,2 & pH 3,0;
7,8 6 pH 5,0; 4,0 6 pH 6,0 va 1,6 6 pH 7,0.
Dong hoc cuia qua trinh ti€p nhan L-malic tai pH
4,0 ciing da duoc xac dinh (hinh 2) va cho thay,
tai gid tri pH 4,0, qua trinh ti€p nhan dat mic do
tuyén tinh trong khoang thoi gian 60 phut dau
tien va sau d6 ti€n dan dén gid tri bdo hoa.
Nhitng két qua thu dugc & day 1a co s& dé chiing
toi lua chon nhiing di€u kién thich hop cho céc
nghién cttu vé MLF tiép theo.

0 T T
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Hinh 2. Dong hoc clia qua trinh ti€p nhan
L-malic cua S. mutans tai gia tri pH 4,0
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Hinh 3. LMF bao vé S. mutans khoi tac dung gay chét cua cac goc tu do. A. H,0,; B. OH’; C. O,

2. MLF bao vé S. mutans khoi tac dung gay
chét caa cac goc tu do

MLF dugc phat hién c6 vai tro bao vé
S. mutans khoi t6n thuong do axit [10], nhung
cho dén nay chua c6 cong b nao dé cap dén vai
tro clia nd trong cic qua trinh sinh ly khac cta
t€ bao trong do ¢ stress oxi hda, cung véi stress
axit 12 hai stress rat phd bién trong mang bam
rang.

Cdc vi khuidn xoang miéng trong dé c6
S. mutans trén mang bam rang phai thudng
xuyén ti€p xtc véi cac goc ROS [7]. Cic goc
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ROS nay c¢6 kha nang tan cong cic dai phan tir
sinh hoc cua t&€ bao nhu protein, ADN va lipid,
gay chét t€ bao [6]. Vay hé thong MLF c¢6 vai
tro nhu th€ nao trong viéc bao vé t€ bao khoi tic
dung gay t6n thuong oxi héa do cic ROS gay
ra? Dé tim hiéu van dé nay, ching toi da tién
hanh nghién ctu tic dung gay chét t€ bao
S. mutans khi c6 mat cta cic goc tu do va
L-malic (co chat cia qua trinh 1én men MLF).
Két qua thu dugc ¢ hinh 3A cho thdy ring, khi
khong cé mat cua L-malic, H,O, cé tac dung
gay chét manh t€ bao véi gid tri D (thoi gian gay
chét 90% quan thé € bao) la khoang 15 phuit.



Tuy nhién, khi c6 mat cia L-malic va qua trinh
MLF dién ra, gid tri D tang lén dén 27 phiit,
dong nghia véi viéc t€ bao da dugc bao vé mot
phén khoi tic dung ctia ROS nay. Mot buc tranh
tuong tu cling duoc tim thay khi t€ bao dugc xu
ly v6i OH  (tao ra tir phan tng cua H,O, va
CuCl,) va O, (taora tir phan tng ctua xanthine va
xanthine oxidase). Dac biét, trong trudng hop c6
mat cia OH’, tdc dung bao vé cua MLF la rat ro
rét nhat v6i cac gia tri D lan lugt dat 10 va 26
phit (hinh 3B). Tuong tu nhu vay, tic dung bao
vé cia MLF la kha r6 rang trong truong hgp cta
O, v6i gid tri D = 9 va 13 phiit (hinh 3C). Nhu
vy ¢6 thé thay ring, MLF c6 tdc dung bdo vé t&€
bao khoi tic dung tdn cong cla cac goc ROS.
Day 1a mot phat hién méi vé méi lién quan gitra
MLF va stress oxi héa & vi khudn néi chung va
6 S. mutans ndi riéng.

3. Sinh téng hop ATP trong qua trinh MLF

Ham lugng ATP trong t€ bao chat cla
S. mutans trong qud trinh MLF tai pH 4,0 da

351
3,04

nmole ATP/ mg TLK
o
[«

duoc x4c dinh dé tim hi€éu moi lién quan giita
tdc dung bao vé t&€ bao khoi tén thuong oxi héa
do ROS ctia MLF va qua trinh sinh téng hop
ATP. Két qua trinh bay & hinh 4 cho thay, ham
luong ATP noi sinh da tang 1én 10 rét trong qua
trinh 1én men nay so vgi doi chiing. T& bao sinh
tong hgp ATP manh trong khoéng 10 phiit dau
clia qua trinh ti€p nhan L-malic va duy tri ham
lugng ATP cao trong su6t thoi gian 60 phut thi
nghiém. Trong khi d6, ham lugng ATP ¢ mau
doi ching lai bi giam dan do duogc st dung vao
cac hoat dong song sinh ly clia t€ bao khi moi
truong bi doi co chat va gan nhu bién mat sau 60
phudt. Phit hién nay ciing da dugc Sheng va
Marquis [10] mo ta khi t€ bao dugc xu 1y véi
stress axit trong di€u kién c¢6 mat cta L-malic.
Nhu vay, cdc s6 liéu thu duge trong nghién ciu
nay di cho thdy su ting cudng sinh téng hogp
ATP trong MLF ¢6 vai trd bdo vé tén thuong oxi
héa & vi khuédn S. mutans va c6 thé 1a mot thanh
phin quan trong ctia d4p Gng véi ton thuong oxi
héa & vi khudn nay.

—&— P3i chitng
—— 25 mM L- malic

50 60

7'0 Phat

Hinh 4. Ham lugng ATP trong qué trinh MLF tai pH 4,0

1. KET LUAN

Lén men malolactic & vi khudn S. mutans c6
vai trd trong viéc bao vé vi khuan khoi tic dung
gay chét do cac goc oxi hoat dong gay ra thong
qua viéc ting cudng sinh tong hop ATP trong
qué trinh Ién men nay.
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MALOLACTIC FERMENTATION BY STREPTOCCOCUS MUTANS
AND PROTECTION AGAINST OXIDATIVE DAMAGE

NGUYEN THI MAI PHUONG, ROBERT E. MARQUIS

SUMMARY

Streptococcus mutans is the primary etiological agent of human dental caries. The extraordinary ability of S.
mutans to adapt and survive the environmental stresses in human mouth, particularly oxidative stress even
though it does not have catalase, a key protective enzyme against oxidative damage, make it be an attractive
subject for dental research. In the oral cavity, S. mutans is routinely exposed to reactive oxygen species (ROS)
such as hydrogen peroxide (H,0,), superoxide (O,) and hydroxyl radical (OH") generated by aerobic
respiration, by H,O, net secretors in plaque dental such as Streptococcus sanguis and S. gordonii, or by
exposure to H,0O,-containing dental care products. Alkali production by oral streptococci is considered
important for dental plaque ecology and caries moderation. Recently, malolactic fermentation (MLF) was
identified as a major system for alkali production by oral streptococci, including Streptococcus mutans.
Malolactic fermentation is inducible by L-malate, involving decarboxylation of L-malate to yield L-lactic acid
and concomitant reduction in acidity. Our major objectives in the work described in this paper were to further
define the physiology of MLF of S. mutans and its roles in protection against oxidative stress damage. For the
first time, L-malic, was found to enhance the protection of S. mutans against oxidative damage by reactive
oxygen species including O, ~ generated by xanthine-xanthine oxidase system; H,0, and OH" produced via
Fenton reaction between H,0, and metal cations at pH values of 4.0. Protection involved L-malic uptake with
the significantly enhanced production of ATP from malate fermentation, to maintain ATP pool levels for
physiological activities in the cells. In general, oxidative protection by malolactic fermentation against ROS
damage involving catabolism of L-malic and ATP production is likely to be an important virulent trait of S.
mutans.

Key words: Streptococcus mutans, malolactic fermentation (MLF), oxidative damage.
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