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ANH HUONG CUA MOQT SO AXIT YEU VA CHAT KHANG KHUAN TU NHIEN
LEN QUA TRINH LEN MEN MALOLACTIC CUA STREPTOCOCCUS MUTANS
O DANG HUYEN DICH VA BIOFILM
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TOM TAT: Muyc dich cua nghién ciu ndy nham danh gié anh huong cua mot sé axit yéu va chat khang
khuan thuc vat 1én qué trinh MLF cia S. mutans & ca trang thai tu do va biofilm. Céc két qua thu dwoc da
cho thdy, tat ca cac axit yéu duoc kiém tra gom triclosan, indomethacin, axit carpric, fluo va axit lauric
déu tic ché manh MLF cua S. mutans véi nong do trc ché 50% hoat tinh (ICs0) lan lwot dat O, 22; 0,25;
0,08; 4,8 va 2,2 mM. Céc té bao trén biofilm cung bi e ché boi cac axit yéu ndy nhung & nhirng ndng do
cao hon tir 10-50 Ian. D4i véi hai chét khang khuén thuc vat duoc kiém tra I1a a- mangostin va axit asiatic
thi chi c6 a-mangostin thé hién hoat tinh ¢ ché MLF cia S. mutans véi 1Cs, dat 45 M cho té bao ty do
va > 120 pM cho biofilm. MLF caa S. mutans khdng nhay cam véi axit asiatic ngay ca ¢ nhitng nong do
cao tGi > 50 mM. Nhu vay, c6 thé két luan MLF cia S. mutans nhay cam voi a- mangostln va cac axit yéu
trong d6 ¢ fluo va triclosan 1a nhiing chat khang khuan thuong dwoc bé sung vao cac san phim vé sinh
rang mi¢ng.

Tur khda: Streptococcus mutans, asiatic acid, a-mangostin, malolactic fermentation, MLF, week acids.

MO PAU

Lén men malolactic (malolactic
fermentation, MLF) cé vai trd quan trong trong
céng nghiép san xuét rugu [6]. Trong qua trinh
Ién men nay, axit L-malic dicarboxylic dugc
chuyén hoa thanh axit L-lactic monocarboxylic
va giai phong CO,, giup lam ting huong vi va
lam giam d6 axit cua rwou. Sy 1én men nay
ciing duoc phat hién ¢ nhiéu vi khuan lactic
(LAB) khdc nhu cac thanh vién cta chi
Lactobacillus, Leuconostoc va Streptococcus [5,
6]. Qua trinh decarboxyl héa cta L-malic dugc
thyc hién nho enzyme malolactic (MLE) véi sy
c6 mit cia NAD® va Mn?* [15]. Sy 1én men
ciing di kém véi qua trinh sinh téng hop ATP
duge xtic tic boi enzyme F(H')-ATPase trén
mang va dan dén su kiém hoa té bao chat do L-
lactic hinh thanh c6 d6 axit thdp hon L-malic
cling véi kha nang kiém héa nhd CO,. Gan day,
Sheng & Marquis (2006) [13] d4 phat hién thiy
Streptococcus mutans UA159 cd mang gene
smu 0123 ma hoéa cho MLE c6 trinh tu amino
acid tuong ty nhu trinh ty cua enzyme nay ¢ cac
ching LAB [1, 5]. Khi nghién ctu vé sinh Iy
cua qué trinh ndy, c4c tac gia da phat hién thiy
MLF c6 vai trd lam kiém héa mang bam ring
(dental plaque). Kha ning S. mutans dong héa
malate & pH 4,0 théng qua MLF thuc sy cao
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hon nhiéu so vé6i kha ning duong phan cua
ching [13]. Vi thé, khi c6 mat L-malate, MLF
déng vai trd quan trong trong dap tng chéng
chiu axit & S. mutans.

Cac axit yéu nhu fluo, triclosan,
indomethacin da dugc phat hién la c6 kha nang
khéng vi khuén sau rang bai vi chiing 13 nhirng
chat mang proton hiéu qua qua mang [2, 8, 11,
12]. Khi c6 mit cac axit yéu trong mdi truong
pH thap nhu trong mang bam ring, chling sé di
qua mang té bao vao trong té bao chit. Tai day,
& diéu kién pH cao hon (gan trung tinh), ching
s& phan ly dé giai phong proton H* [am axit hoa
té bao chat, dan dén lam nging tré cac qua trinh
trao ddi chit cua vi khuan [7]. Nhu vy, cac axit
yéu chi c6 hiéu qua khang S. mutans cao khi
diéu kién pH mai truong thap (pH < 5,0). Cung
V6i céc axit yéu, mot sé chat khang khuan ty
nhién ciing duoc phat hién 1a c6 kha niang gay
chét vi khuan S. mutans manh hon ¢ diéu kién
pH thap (pH 4,0 va 5,0) so véi pH trung tinh
(pH 6,0 va 7,0). Trong khi d6, MLF la qua trinh
Ién men thuc hi¢n tai diéu kien pH thap Nhu
vay van dé dit ra & day la cac axit yéu va cac
chat khéang khuan ty nhién c6 anh huong nhu
thé nao dén qua trinh MLF. Nghién cau trudc
day cua Sheng & Marquis (2006) [13] ciing da
budc dau dé cap téi kha ning Gc ché qua trinh
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MLF cua mot sé axit yéu nhu fluo, triclosan.
Tuy nhién, viéc danh gia mot cach day du va c6
hé théng anh huong cua cac chat nay 1én qué
trinh MLF cua S. mutans, bao gom ca trang thai
biofilm van chua duoc thuc hién.

Bai bao nay trinh bay nhirng két qua nghién
cuu cua chlng toi Vé tac dung ctia mot so axit
yéu va chat khang khuan tu nhién 1én MLF ¢ vi
khuan S. mutans ¢ ca dang tu do va biofilm.
Céc két qua thu dwoc 1a nhitng dan lisu méi vé
tac dung cuia cac chat nay 1én qua trinh sinh chat
kiém méi cua S. mutans thdng qua con dudng
MLF, dong thoi gop phan khang dinh tac dung
da dich (multitarget) cua ching I&n vi khuan
S. mutans.

VAT LIEU VA PHUONG PHAP NGHIEN CUU
Vit liéu

Streptococcus mutans UA159 la qua tang
cua gido su Robert E. Marquis, Pai hoc tong
hop Rochester, New York, Hoa Ky. Chung vi
khuan dugc nuéi gitr va cdy chuyén hang tun
trén modi truong thach cha bovine heart
infusion-BHI agar (Difco Laboratories, Detroit,
MI, Hoa Ky). Té bao dwoc nudi ciy trong moi
truong TYM chira 3% tryptone, 0,5% cao nim
men, 25 mM glucose va 50 mM L-malic dé cam
ung hoat tinh enzyme malolactic (MLE).

Phuong phap
Do su 1én men malolactic

Té bao S. mutans UA159 dugc thu hoach &
giai doan dau cua pha 6n dinh (stationary phase)
va duogc ria 2 lan bang ly tdm & téc do
6000 g/phdt trong 15 phat ¢ 4°C véi dung dich
mudi ¢6 chira KCI 50 mM va MgCl, 1 mM. Sau
d6 té bao duoc hoa tré lai voi dung dich mudi &
mat d6 té bao khoang 1,1 mgtrong lwong
kho/ml. L-malate ¢ pH 4,0 duoc thém vao &
nong do cudi cing 1a 10 mM dé bit dau phan
uwng. Hoat tinh 1én men MLF dugc danh gia
théng qua viéc xac dinh ham lugng L-malic
(umole) d& duoc chuyén hoa thanh axit L-lactic
trong 120 phut str dung kit cta hdng Boehringer
Mannheim (Darmstadt, Buac) c¢6 chia enzyme
L-malic dehydrogenase. Pay 1a phuong phap
dac hiéu dé xac dinh axit L-malic [14]. Hoat
tinh 1én men caa mau ddi chung (khdng xir ly
chat khang khuan) duoc tinh 1a 100%.

Po sy tao chat kiem cua MLF

Sy kiém hoéa méi truong boi MLF cua
S. mutans & dang huyén dich va biofilm duoc
danh gia thong qua sy ting pH cua mdi truong
str dung dién cuc do pH. Té bao dang ty do va
biofilm dugc chuan bi nhu cho viéc do MLF d4
trinh bay & trén. Gi4 tri pH moi truong duoc
diéu chinh dén 4,0 va L-malate duoc thém vao
dé dat nong d6 cudi ciing 1a 25 mM [13].
Tao biofilm

Biofilm (md& hinh mé phong mang bam
rang) dwoc hinh thanh trén cac lam kinh thuy
tinh ¢o kich thudc 2 x 9,5 cm hodc trén cac dia
hydoxyapatite, hay trén cac ban nhya
polystyrene day phang 96 giéng (Greiner bio-
one, mClear Plate Black, Hoa Ky) tly theo muc
dich tung thi nghiém. Mbi truong cho nudi ciy
té bao biofilm c6 chia tryptone 3%, dich chiét
nidm men 0,5% va sucrose 1%. Biofilm thudng
dugc thu hoach vao ngay tht 5. Dé tach roi cac
té bao khoi mang biofilm, cac mang niy trudc
tién duoc tach khoi gid thé thuy tinh vao trong
dung dich peptone 1%. Sau d6 cac mang
biofilm nay s& dugc lam dong nhit bang may
nghién dong thé va may siéu am trong 15 gidy.
Viéc xir ly ndy dam bao tao dwoc huyén dich té
bao dong nhat vai cac té bao duoc tach roi nhau
khi quan sat dudi kinh hién vi phan cuc [12].

KET QUA VA THAO LUAN
Sw sinh chat kiém trong qua trinh MLF

Khi 1én men MLF, axit L-malic
dicarboxylic dugc chuyén hoa thanh axit L-
lactic monocarboxylic va giai phong CO,. Qua
trinh 1én men dan dén sy kiém hoa té bao chit
do L-lactic hinh thanh c6 d¢ axit thip hon L-
malic cing véi kha ning kiém hoéa méi truong
nhd CO, [13]. Nhu vay, qué trinh sinh chat
kiém cua MLF c6 thé theo ddi bang viéc ting
pH ctia mbi truong su dung dién cyc do pH.
Trong thi nghiém nay, pH mdi truong da duoc
theo di khi S. mutans ¢ dang huyén dich va
biofilm tién hanh 1én men malolactic tai pH =
4,0 1a pH thich hop nhat cho MLF & vi khuan
nay nhu Sheng & Marquis (2006) [13] d& phéat
hién trudc day. Két qua thu dwoc & hinh 1 cho
thay, gia tri pH d4 tang thém > 1 don vi ddi voi
té bao dang ty do. Cac té bao trén biofilm
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thuong ¢6 qua trinh sinh 1y dién ra cham hon
nén gid tri pH chi ting > 0,5 don vi (hinh 1).
Céc so liéu thu dugc ching to rang MLF &

S. mutans da sinh chat kiém, gidp vi khuan thich
nghi tot hon khi gap diéu Kién stress axit nhu
trong mang bam rang.
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Hinh 1. Sy sinh chét kiém trong MLF caa S. mutans tai pH 4,0
A. Té bao huyén dich ; B. T€ bao biofilm.
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Hinh 2. Anh huong cua céc axit yéu 1én
MLF cua S. mutans tai pH 4,0 (100% hoat
tinh ddi chimg tuong duong véi 3,3 + 0,47
pmole L-malate dd dwoc s dung dé 1én
men LMF trong diéu kién thi nghiém)
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Anh hwéng cia cac chat khang khuan lén
MLF cua té bao S. mutans & dang huyén dich

Céc nghién ctu trude day da cho thiy, tac
dung cua cac axit yéu lén S. mutans thé hién
hoat tinh manh nhét tai pH = 4,0 1a pH cua
mang bam ring khi vi khuan tiéu thu
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hydratcarbon. Bdng thoi, pH = 4 ciing dugc
phat hién 1a thich hop nhit cho MLF cua
S. mutans [13]. Vi thé, ching t6i d4 tién hanh
déanh gia tac dung cua céac axit yéu gom: fluo,
triclosan, indomethacin, axit lauric, axit capric
I&n vi khuan S. mutans ¢ diéu kién pH nay. Két
qua thu dwoc trong hinh 2 cho thay, cac chat
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nay déu co tac dung ic ché MLF Vi céc gia tri
ICs (ndng do trc ché 50% hoat tinh MLF) dat
0,22; 0,25 va 0,08 mM, tuong tng V4i cac chat
indomethacin, trichlosan va axit capric. Axit
lauric va fluo ciing ¢6 kha nang wc ché MLF
nhung & nhitng néng do cao hon dén >10 lan.
Gié tri 1Cso cho cac chit nay lan luot 13 4,8 va
2,2 mM. Didu tha vi 1a cac nghién cuau trudc
day vé tac dung cua fluo 1&n qué trinh hd hap
cta S. mutans [8] hay sinh NH; cua S. salivarius
va S. rattus nho hé thdng urease va arginin
deiminase [2, 3] déu cho thiy chat nay co tac
dung &c ché manh hon hin so véi céc axit yéu
khac. Trong thi nghiém ¢ day, fluo lai to ra cd
tac dung tic ché MLF kém hon nhiéu. Ly do vi
sao c6 hién tuong nay l1a van dé can phai tiép
tuc nghién cuu.

Anh huong cia cac axit yéu 1én MLF cua

o
N
[=]

S. mutans ¢ cac diéu kién pH thip khac gom pH
5,0; 4,5 va 3,5 ciing dugc kiém tra nhiam ching
minh anh hudng cta céc axit yéu lén MLF Ia
theo co ché phy thudc pH. S6 liéu thu dugc &
hinh 3 cho thdy, & ndng d 0,1 mM vai cac chat
indomethacin, axit capric, triclosan va 2,5 mM
véi cac chat fluo va axit lauric, MLF cua S.
mutans da bi Gc ché ¢ tit ca cac pH kiém tra
theo co ché phu thuoc pH. Gia tri pH cang thap
thi kha ning tc ché MLF cang cao. Piéu nay
phu hop Vvéi viéc kha nang van chuyén proton
qua mang tang 1én khi ApH gitra trong va ngoai
mang c6 su chénh léch cang I6n. Phat hién nay
cling d& duogc tim thay trong cac nghién ctau vé
anh huong cua cac chat ndy lén qué trinh ho hap

& S. mutans va sinh kiém théng qua hé thong
urease va arginin deiminase & cac vi khuin
xoang miéng khac [2, 3, 8, 11].
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Hinh 3. Anh huong ciia cac axit yéu 1én MLF cua S. mutans tai céc gia tri pH khac nhau. (100%
hoat tinh doi chang lan luot tuong ng véi gia tri 3,1 + 0,23; 3,4 + 0,31; 3,6 £ 0,29; 3,5 + 0,36
umole L-malate da duoc sir dung dé 1én men LMF trong 120 phut tai pH 5,0; 4,5; 4,0; 3,5)

Anh hwéng ctia cac axit yéu 1én MLF cia té
bao S. mutans & dang biofilm

Séu rang la bénh gay ra do qua trinh hinh
thanh biofilm. Céc vi khuén sau ring ton tai trén
biofilm goi 1a mang b&dm rang. C&c nghién ctu
d4 chirng minh té bao ton tai trén cac biofilm cé
kha ning chdng chiu rat cao véi cac chat khang
khuan [11, 12]. Vi thé, cac nghién ctu chi thuc
su ¢6 y nghia khi duoc thuc hién véi cac té bao
trén biofilm. Nhu vay, budc nghién ciru trén
biofilm rat quan trong, gilp cung cip nhiing
thong tin chia khéa dé khang dinh va phat trién
céc san phim vé sinh ring miéng mgi. Trong
nghién ctu nay, biofilm ctaa S. mutans duoc tao
ra trén lam kinh st dung mdi truong chua
tryptone, cao nam men va sucrose (TYS). Anh

huong cua cac axit yéu 1én MLF cua S. mutans
trén biofilm ciing dugc thuc hién tai pH = 4,0.
Hoat tinh 1én men MLF dugc danh gid théng
gua viéc xac dinh ham lwgng L-malic dd dugc
Ién men sir dung kit cua hdng Boehringer
Mannheim (Darmstadt, D) [14]. Két qua thu
dugc & hinh 4 cho thdy, axit -capric
va indomethacin van la nhitng chit wc ché
MLF manh nhit véi gia trj 1Cs, dat khoang
0,3 va 0,4 mM. Triclosan ciing c6 tac dung nay
nhung yéu hon (ICs; ~ 1,5 mM). Cac chat
fluo va axit lauric ciing Gc ché MLF cua S.
mutans trén biofilm nhung & nhitng ndng d6 cao
hon Vvéi ICs lan lugt dat 17 va 12 mM.
Nhu vay, cac sb liéu thu duge da ching t6 rang
cac axit yéu co tac dung wc ché MLF cua
S. mutans & ca dang tu do va biofilm.
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Hinh 5. Anh huong cua a-mangostin va axit asiatic 1én MLF cia S. mutans. Té bao tu do: (M); Té
béo biofilm (7). (100% hoat tinh ddi chimg twong duong véi 3,9 + 0,51 va 2,4 + 0,43 Iin luot Ia
luong umole L-malate d& dwoc sir dung dé I1én men MLF cua té bao dang ty do va té bao trén

biofilm diéu kién thi nghiém).

Anh hwéng cia cac chat khang khuin ty
nhién a-mangostin va axit asiatic 1én MLF
ciia té bao S. mutans

Cac nghién cau trude day caa Nguyen et al..
(2011) [10] véi a-mangostin va Nguyen et al.
(2007) [9] véi axit asiatic déu phat hién thay cac
chit nady co6 kha nang gdy chét vi khuin
S. mutans theo co ché phu thudc pH. Gia tri pH
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cang thip thi kha ning gay chét vi khuan cang
cao. Didu nay goi y ching c6 hoat tinh sinh hoc
cao ¢ didu kién pH thap. Nham tim hiéu tac
dung cua céc chat khang khuan sdu ring tu
nhién magi nay 1én MLF cua S. mutans, ching
t6i da tién hanh danh gia anh huong cua ching
Ién MLF & ca dang huyén dich va biofilm tai
diéu kién pH = 4,0. Céac s liéu trinh bay trong
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hinh 5 @4 cho thay, a-mangostin ¢ ché manh
MLF & dang huyén dich véi gia tri 1Cs, dat 45
uM. MLF cua S. mutans da bi ac ché hoan toan
& ndng do a-mangostin 120 uM. Trong khi do,
MLF cta S mutans trén biofilm lai kém nhay
cam hon nhiéu véi o-mangostin. O nong do
a-mangostin 120 uM, kha ning MLF vin con
dat > 50%. Nguoc lai, MLF & ca dang huyén
dich va biofilm cta S. mutans khi c6 mit axit
asiatic déu khong bi tc ché (hinh 5). Nhu vay,
ngoai nhitng dich tdc dung d& phat hién trudc
day, a-mangostin con c6 thém dich tac dung la
qué trinh MLF cua S. mutans. Diéu ndy khing
dinh thém tinh da dich tdc dung véi S. mutans
cta a-mangostin va kha nang ung dung cta nd
trong c&c san pham vé sinh rang miéng.

KET LUAN

Bén canh nhiing tinh chat khang khuéin da

dugc phat hién trude day, a-mangostin va cac
axit yéu 1a nhiing chat @wc ché MLF cua S.
mutans c6 hiéu qua. Cac chit nay déu l1a nhitng
chat c6 da dich tac dung trén S. mutans va c6
kha ning sir dung dé kiém soat c6 hiéu qua vi
khuan S. mutans.
Loi cam on: Cong trinh nay dugc hd tro vé
kinh phi cia Quy phét trien Khoa hoc va
Coéng nghé Quoc gia (NAFOSTED, mi sé
106.05-2011.44).
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EFFECT OF SOME WEAK ACIDS AND PHYTOCHEMICALS ON
MALOLACTIC FERMENTATION BY STREPTOCOCCUS MUTANS

Nguyen Thi Mai Phuong, Hoang Phuong Ha, Pham Thi Tra, Tran Thi Nhung
Institute of Biotechnology, VAST

SUMMARY

Streptococcus mutans and other certain oral lactic-acid bacteria have demonstrated to possess the ability
to carry out malolactic fermentation involving decarboxylation of L-malate to yield L-lactic acid and
concomitant reduction in acidity. The activity is inducible by L-malate in S. mutans growing in suspensions or
biofilms. Alkalinization is associated with malolactic fermentation resulted in pH rise. Malolactic
fermentation (MLF) has been identified as a major system for alkali production by oral streptococci, including
S. mutans. Our major objectives in the work described here were to examine the effects of weak acids and
some phytochemicals on MLF by S. mutans in both suspension and biofilm states. The obtained data
indicated that all week acids tested including triclosan, indomethacin, carpric acid, fluoride and lauric acid
inhibited MLF by S. mutans at 1Cs, of 0.22, 0.25, 0.08, 4.8 va 2.2 mM, respectively. The biofilm cells were
also sensitive to the tested agents but at concentration of 10 to 50 folds higher compared to the suspension
cells. The inhibition was in a pH dependent manner with increased inhibition was found at lower pH values.
For phytochemicals, including a-mangostin and asiatic acid, only a—mangostin showed to be potent for MLF
of cells in both suspension and biofilms with 1Cs of ca. 45 and > 120 uM, respectively. Asiatic acid had no
effect on MLF even at a high concentration of > 50 mM. The net conclusion is that MLF of S. mutans is
sensitive to a-mangostin and weak acids, including fluoride and triclosan, which are commonly added to oral
care products.
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