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B-MERCAPTOETHANOL NGAN CHAN KHA NANG UC CHE CUA CAC
BENZIMIDAZON POI VOI HOAT TINH CUA MOT SO ENZIM PUONG PHAN
CUA CHUNG VI KHUAN STREPTOCOCCUS MUTANS UA159

Céc chét benzimidazon va cdc dan suat cta
ching nhu omeprazon (OM) hay lansoprazon
(LAN), duoc sir dung rong rai dé kiém sodt su sinh
axit qua miic thong qua su tc ché€ enzim H/K* P-
ATPaza clia cac t€ bao tiét axit [6, 9]. Cac chat nay
dang dugc st dung rong rai dé diéu tri cic bénh
viém loét da day. Benzimidazon c6 mot s6 tinh
chat kha dac biét. Thit nhat, cac chat nay rat phan
cuc; diéu do c6 nghia 1a n6 c6 thé di qua mang €
bao mot cach dé dang. Thit hai, chiing 1a nhiing
bazo yéu (pKi = 4,0 - 5,0), vi thé ¢6 thé tap trung &
nhiing bo phan tich luy axit. Thit ba, ching rat
khong bén trong dung dich axit; thoi gian phéan
huy ctia ching chi khoang 2 phit & pH = 1,0 va
khoang 20 phit & pH = 7,4. Do d6, benzimidazon
1a mot tién chét (prodrug), c6 thé tap trung tai bo
phan bi axit héa clia t€ bao dich va & do, no sé
dugc chuyén thanh dang hoat dong (active form)
[7, 9]. Co ché tiac dong cua benzimidazon néi
chung xay ra bat dau bang viéc dugc proton hoa dé
tao thanh sunphenamit, mot dang hoat dong. Dang
hoat hod nay tuong tac cong hoéa tri v6i cic nhém
sunphydryn clia cac goc xystéin & viing ngoai bao
cta enzim H/K* P-ATPaza, vi thé tic ch€ hoat tinh
cua enzim nay [3]. Cong trinh nghién ctu cla
Olbe va cs. [9] da phat hién thdy cac tac nhan khu
nhu dithiothreton (DTT) hay glutathion (GSH) c6
kha nang ngan chan su tao lién két S-S giita
benzimidazon va cic enzim dich, vi th€ ¢ thé 1am
mat tdc dung cua ching.

Su axit hoa ciing 1a yéu to chinh cua cac bénh
duong miéng, ma trude tién l1a bénh sau rang, dan
dén lam s6i mon chat khoang clia rang va gay sau
rang. Vi khudn lién quan truc ti€p dén bénh sau
rang l1a cic dot bién streptococci do ¢6 kha nang
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chiu axit cao va c6 kha nang dudong phan héa
manh. Cic loai dudng nhu glucoza, sacroza,
fructoza... sau khi duoc t€ bao vi khudn tiép nhan
thong qua hé thong enzim van chuyén dudng
photphotransferaza (PTS), s& duoc dong hod nho
qué trinh dudng phan dé sinh axit trong d6 c6 axit
lactic, 1a nguyén nhan truc ti€p gay ra sau rang [1].
Két qua nghién ctu trudc day cua ching toi [8] da
phat hién thay benzimidazon c6 kha nang tc ché
manh sy sinh axit clia t€ bao streptococci. Cac chat
nay c6 tac dung tc ch€ cac enzim trén mang tham
gia vdo qud trinh van chuyén dudng 1a PTS va F-
ATPaza. Vay cac enzim clia qué trinh duong phan
c6 phai la dich tic dung cua cac chat
benzimidazon hay khong va céac tac nhan khit nhu
GSH hay [-mercaptoethanol (B-MCE) c6 kha
nang ngan chan su tc ché hoat tinh cta enzim bdi
céc chat benzimidazon hay khong 1a nhitng van dé
can phai tiép tuc lam sdng t6. Bai bdo nay trinh
bay cdc két qua nghién ctiu vé tic dung cta hai
chat thuoc nhém benzimidazon 1a LAN va OM lén
cic enzim cla qud trinh duong phan cha
Streptococcus mutans UA159 va tdc dung ngan
chan su tc ch€ hoat tinh clia cidc enzim nay nho
tac nhan khir B-MCE.

I. PHUGNG PHAP NGHIEN CUU

1. Nguyén liéu

Ching vi khuén Streptococcus mutans
UAI159 la qua tang cta gido su Robert E.
Marquis, Truong dai hoc Rochester, Hoa Ky.
Pay Ia ching vi khuén ¢6 1y lich & rang va
dugc rat nhiéu phong thi nghiém nghién ctu vé
sau rang trén thé giGi sir dung.



OM hay LAN va cic enzim, héa chit dung
trong nghién citu nay déu duoc mua tixr hang
Sigma (Hoa Ky).

2. Phuong phap
a. Chudn bi tébao thdam (permeabilized cells)

- T€ bao, sau khi dugc rira hai 14n bang dung
dich mu6i KCI 50 mM c6 chia MgCl, 1 mM,
dugc hoa trong dém tris-HCl 75 mM (pH = 7,0)
c6 chita MgSO, 10 mM. Sau khi thém toluen (ty
1¢ 1:10), dich t€ bao dugc tron déu va u & 37°C
trong 5 phit. T€ bao dugc nhanh chéng lam
dong lanh va ngay sau d6 dugc lam tan & 37°C.
Chu ky nay duoc lap lai hai lan. Toluen dugc
loai bo bang cach ly tam. T€& bao tham dugc hoa
trd lai trong dém tris-HCl va duoc cat gitt & -
70°C dén khi ding hodc c6 thé dugc dung truc
ti€p cho cac phan tich.

b. Xdc dinh hoat d¢ ctia cdc enzim

- Hoat do cua enzim glyxéraldehyt-3-
photphat dehydrogenaza (GAPDH) dugc xac
dinh theo phuong phdp cua Scheek va Slater
[10]. Hoat do cua enzim dugc x4ac dinh thong
qua viéc theo ddi qud trinh khir cia NAD* thanh
NADH cua céc t€ bao tham khi dap tng lai su
b6 sung glyxéraldehyt-3-photphdt vao hén hop
phan tng. Mot don vi hoat do cua enzim
GAPDH 1a luong enzim can thiét dé khi 1
pMmole NAD" thanh NADH trong mdt phit &
diéu kién phan tng.

- Hoat do ctia pyruvat kinaza (PK) dugc xac
dinh theo phuong phap mo ta bdi Iwami & cs.
[5]. Hoat do cta enzim dugc xac dinh dua trén
luong pyruvat dugc tao thanh. Pyruvat duoc
dinh luong nho enzim lactat dehydrogenaza véi
su ¢c6 mat cia NADH. Mot don vi hoat do cua
enzim 1a lugng enzim céin thi€t dé bién d6i 1
pmole photpho enol pyruvat (PEP) thanh
pyruvat trong mot phut & diéu kién phan ung.

- Hoat do cta lactat dehydrogenaza (LDH)
dugc xac dinh theo phuong phap cua Iwaimi &
cs. [5] dua trén viéc do su thay déi do hap thu &
A, tuong tng véi su oxi hod NADH thanh
NAD" va su khr pyruvat thanh lactat. Mot don
vi hoat do ctia LDH 1a lugng enzim can thiét dé
lam chuyén héa 1 pmole pyruvat thanh lactat
trong mot phit & diéu kién phan tng.

- Hoat do ctia aldolaza dugc xac dinh bang

phuong phép quang phé dua trén su bién déi ctia
NADH thanh NAD® trong su c6 mat cla
GAPDH va trio phdtphat isomeraza [5]. Mot
don vi hoat do cua aldolaza 1a lugng enzim cén
thi€t dé 1am chuyén héa 1 pmole fructoza 1,6-
bi-photphat thanh fructoza 6-phétphat trong mot
phut & di€u kién phan dng tuong tng véi su oxy
héa NADH thanh NAD".

IL. KET QUA VA THAO LUAN

1. Benzimidazon ic ché hoat do cua mot s6
enzim cua qua trinh duong phan cua
chung vi khuan S. mutans UA159

Puong phan la chiic nang co ban cla cac vi
khuin gay bénh sau ring nhu cdc dot bién
streptococci [1]. Trong mang bam rang (dental
plaque) Iuon ton tai chu trinh pH luan phién
gilta cao va thdp, tuy thudc vao miic do tiéu thu
dudng cha vat cha. Su sinh trudng cta vi khuin
chi xay ra & cac pha pH cao. Ngay ca cac dot
bién streptococci, tdic nhan chinh giy siu rang,
ciing khong thé sinh trudng & cic gid tri pH <
5,0 mac ddu chdng van c¢6 thé tién hanh cdc qud
trinh duong phan. Vi thé, duong phan la chia
khod clia tinh gay bénh & c4c vi khudn chiu axit
nam trong mang bam rang nhu S. mutans. Su tc
ché€ qua trinh duong phan boi LAN va OM ma
chiing toi phat hién truéc day & chung S. mutans
GS-5, duong nhu ciing c¢6 lién quan dén cac
enzim dudng phan trong t€ bao chat. Dé kiém
tra gia thi€t nay, ching t6i da lua chon bon
enzim cua qud trinh duong phan cta chung S.
mutans UA159 la aldolaza, GAPDH, PK va
LDH dé nghién ctu. Két qua & hinh 1 cho thay
khong phai tit ca cdc enzim nay déu chiu tic
dong cia OM va LAN. Céic enzim aldolaza,
GAPDH va LDH té ra nhay cam ro rét véi
benzimidazon, trong d6 aldolaza la enzim nhay
cam nhat. Hoat do ctia enzim nay chi con lai
khoang 30% so v6i doi ching sau khi xt 1y véi
OM va LAN 0,5 mM. GAPDH khd nhay cam
vGi cdc tac nhan nghién ctu va it nhay cam nhat
la LDH. Hoat do con lai cia GAPDH va LDH
theo thi tu 1a khoang 50% va 60% & nong do
OM va LAN 0,5 mM. PK t6 ra khong bi tic ch€
bdi ca OM va LAN. Su nhay cam cia GAPDH,
aldolaza va LDH c6 thé 1a do cdc enzim ndy c6
chira nhém thiol trong trung tam hoat dong, vi
th€ dé dang tao lién két cong hod tri thong qua
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cau S-S v6i OM va LAN ¢ dang hoat dong, dan
dén lam mat hoat tinh cua cic enzim. Céc chat
benzimidazon duong nhu da di qua mang t€ bao va
tuong tac véi cac dich tac dung bén trong t&€ bao.
Su tham nhap nay c¢6 1€ thuc hién duoc 1a nho viéc
mang t€ bao da bi pha huy tir trudc do, trong qua
trinh bao vé t€ bao khoi bi tén thuong do moi
truong bi axit hod. C6 thé thay ring benzimidazon
dudng nhu khong chi 1a tdc nhan khang vi khuin
dudng miéng c6 trién vong ma cé thé con c6 tic
dung lén cdc d6i tugng vi khuén khéc. Tuy nhién,
dé tdc nhan c6 tdc dung, pH clia moi trudng phai <
5 vi pKa cia OM va LAN nam trong khoang 4.,0.
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Nhu vay, mang bam rang la mot vi du tot dé céc
tac nhan khéng khuén ki€u nay phat huy téc dung.
Mot diéu thi vi I, tai cac trung tam nhiém khuén,
pH thuong bi gidm va vi thé cdc chat khang khuin
kiéu benzimidazon s& c6 hiéu qua. Déi véi cdc thé
thuc bao, pH bén trong cac thuc bao thudong giam
xuéng du thdp dé c6 thé hoat héa céc
benzimidazon, nhd dé giét chét t&€ bao da bi bao
vay. Tuy vay, trong mot s& truong hop,
benzimidazon ciing c6 thé khong c6 tdc dung, vi
du nhu tai cdc vi tri bi viém quanh rang, vi pH &
day dudng nhu lai cé xu hudng tang 1én do c6 qua
trinh phan huy protein [8].
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Hinh 1. Tac dung tc ché cia OM va LAN Ién hoat do cia mot s6 enzim cua qua trinh duong phan
cua chung vi khudn S. mutans UA159. OM (0,5 mM) va LAN (0,5 mM) dugc U vé6i t€ bao nguyén
ven trong 30 phut ¢ pH 5,0, trudc khi tién hanh tao t€ bao tham dé xdc dinh hoat do cua céc enzim

2. B-mercaptoethanol ngan chan su ic ché
hoat do cia mot s6 enzim cua qua trinh
duong phan cua chung S. mutans UA159
gay ra boi cac chat benzimidazon

Céc nghién citu trude day [2, 4] da cho thay
co ché dé€ cac chat benzimidazon tGc ché qua
trinh duong phan duong nhu 1a giong véi co ché
tac dung cua cdc chat nay 1én P-ATPaza. Co ché
nay dic trung bang viéc hinh thanh cdu disulphit
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gifta tdc nhan khdng khudn va protein dich. Gia
tri pH thich hop cho su lién két ndy nim trong
khoang pH < 5,0, 1a khoang pH cho phép proton
hod benzimidazon thanh dang hoat dong. Cic
két qua trinh bay & hinh 2 cho thdy, khi c6 mat
OM va LAN 0,5 mM da tc ché hoat do clia cac
enzim aldolaza, GAPDH, LDH khoang tir 40-
70% so v6i doi chimg. B-MCE & nong do 1 mM
hau nhu khong c6 anh hudng t6i hoat do ctia cac
enzim nay. Tuy nhién, khi c6 mat dong thoi ca



hai chét nay thi hoat do cua cdc enzim nghién
cttu khong con bi tc ché bdi LAN hay OM nira.
Phat hién nay ciing di dugc tim thdy trong mot
s6 cong trinh nghién citu trudc day véi vi khudn
Helicobacter pylori [9]. Su ngan chan kha nang
tc ch€ hoat d0 cla enzim bdi benzimidazon
nho B-MCE duong nhu don gian chi la do -
MCE da phén ting véi benzimidazon dé trung
hoa chiing, nho d6 ngan can su hinh thanh ciu
disunphit gitta benzimidazon va cic enzim dich.
Diéu nay ciing dugc chiing minh trong thi
nghiém cua ching t6i vi cdc tdc nhan nay phai
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duge cung thém vao hén hgp cia phan tng méi
¢6 tac dung. Tuy nhién, co ché chi tiét cua phan
ing ngan chan su tGc ché nay van chua duogc xac
dinh. T4c dung ngan chan su tc ché hoat do clia
enzim dudng phan bdi benzimidazon ciing dugc
phat hién thdy véi tdc nhan khit GSH (s6 lieu
khong trinh bay & day), nhung & miic do yéu
hon so v6i B-MCE. Nhu vay, tic dung cla
benzimidazon trén thuc t€ s& bi gidm di déng ké
khi ¢6 mat cdc tdc nhan khir. Day 1a diéu can
luu ¥ trong qua trinh tri liéu st dung céac chat
khang khuén kiéu nay.
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Hinh 2. Tac dung cta B-MCE dén kha nang tc ch€ cia OM va LAN d6i v6i mot s6 enzim cla qua
trinh duong phan ctia chiing vi khudn S. mutans UA159. (1). d6i chimg; (2). LAN 0,5 mM; (3). OM 0,5
mM; (4). B-MCE 1mM; (5). LAN 0,5 mM + B-MCE 1 mM; (6). OM 0,5 mM + B-MCE 1 mM. Céc t&€ bao
nguyén ven (intact cells) dugc G cung v6i LAN (0,5 mM) hay OM (0,5 mM) va B-MCE (1 mM) trong 15 phiit &
pH 5,0 trude khi ti€n hanh tao t&€ bao tham dé x4c dinh hoat do clia cdc enzim.

1. KET LUAN

Ngoai kha nang tc ch€ enzim P-ATPaza hay
cdc enzim sinh amonia la acginin deiminaza va
ureaza nhu di cong bo trudc day, hai
benzimidazon da nghién cttu 1a OM va LAN con
c6 kha nang tc ché hoat d6 clia mot s6 enzim
clia qué trinh dudng phan clia chiing vi khuén S.
mutans UA159 la aldolaza, GAPDH va LDH.
Céc tac nhan khu nhu 3-MCE hay GSH c6 tac
dung ngan chan kha nang tGc ché cia OM va
LAN d6i v6i hoat do cia cac enzim nay. Nhu
vdly, cdc benzimidazon c6 thé 1a nhitng tdc nhan
khang vi khuin dudng miéng ciing nhu cic vi
sinh vat khéac, ¢6 hiéu qua thong qua nhiéu co
ché tac dung khic nhau.
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B-MERCAPTOETHANOL CAN REVERSE THE INHIBITION OF SOME
GLYCOLYTIC ENZYME ACTIVITIES OF STREPTOCOCCUS MUTANS UA159
BY BENZIMIDAZOLES

NGUYEN THI MAI PHUONG, ROBERT E. MARQUIS

SUMMARY

Benzimidazoles, such as omeprazole (OM) or lansoprazole (LAN), are widely used as proton-pump
inhibitors to control stomach hyperacidity and have been found also to have antimicrobial actions against
Helicobacter pylori and oral streptococci. Our study indicated that OM and LAN affected the glycolysis of
oral bacteria by inhibiting the activity of some glycolytic enzymes of Streptococcus mutans UA159 including
aldolase, glyceraldehyde phosphate dehydrogenase and lactate dehydrogenase. Remaining activity of these
enzymes after had been treated with the agents were ca. 30%, 50% and 60%, respectively. However, pyruvate
kinase was not inhibited by OM and LAN. Benzimidazoles are effective in the protonated form at acid pH
values and cause inhibition of enzymes associated with the formation of drug-target disulphide bonds. We
found that reducing agents including [3-mercaptoethanol and glutathione reversed the inhibition of glycolytic
enzyme activities by benzimidazoles. The reason for that possibly is the reducing agents neutralized
benzimidazoles, avoiding the formation of S-S bonds between the protonated forms of drugs and target
enzymes. Thus, glycolytic pathway is a potential target for the use of benzimidazoles against oral streptococci
and their antimicrobial activity could be eliminated by the reducing agents.

Ngay nhdn bai: 6-1-2006
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