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EXOPOLYSACCHARIDE CUA VI KHUAN LACTIC: SU DUNG STRESS

MOI TRUONG KIEM SOAT QUA TRINH SINH TONG HOP
CHO CAC AP DUNG CONG NGHIEP

Nguyén Phii Tho'*, Nguyén Hitu Thanh?

EXOPOLYSACCHARIDES OF LACTIC ACID BACTERIA: THE MANIPULATION
OF ENVIRONMENTAL STRESSES TO MODULATE BIOSYNTHESIS FOR
INDUSTRIAL APPLICATIONS

Nguyen Phu Tho'*, Nguyen Huu Thanh?

Tém tat — Exopolysaccharide la cdc polymer
sinh hoc dwoc sdn xudt bdi vi sinh vdt dé déi pho
Vvdi cdc diéu kién méi truong bdt loi. Exopolysac-
charide ciia vi khudn lactic duoc iing dung trong
nhiéu linh vuc khdc nhau nhu thiuc phdm, dugc
phdm, y hoc. Trong nghién citu nay, cdc thdo
lugn tdp trung vao chitc ndng sinh hoc cua
exopolysaccharide dwoc sdan xudt béi vi khudn
lactic va ddp iing sinh tong hop exopolysaccha-
ride & vi khudn lactic dudi tdc déng ciia cdc yéu
16 stress moi truong. Stress moi truong co thé'lam
thay doi sw biéu hién ciia cdc gen EPS, két qud
ddn dén nhiing thay doi trong ndng sudt va thanh
phan monosaccharide ciia exopolysaccharide thu
duoc. Do do, cdc ddnh gid nhdam lam ro tiém
ncng sit dung stress moi truong dé thay doi qud
trinh sinh tong hop exopolysaccharide & vi khudn
lactic cho cdc dp dung khdc nhau.

Tie khoa: exopolysaccharide,
truong, vi khudn lactic.

stress moi

Abstract — Exopolysaccharides are biopoly-
mers produced by microorganisms in response
to adverse environmental conditions. Exopolysac-
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charides of lactic acid bacteria are applied in
many different fields such as food, pharmaceu-
ticals, and medicine. This review discusses the
biological functions of the exopolysaccharide de-
rived from lactic acid bacteria and their response
to exopolysaccharide synthesis under environ-
mental stresses. Environmental stress can alter
the expression of eps genes, resulting in changes
in yield and monosaccharide composition of ob-
tained exopolysaccharides. Therefore, the eval-
uation aims to clarify the feasibility of using
environmental stress to modify exopolysaccharide
biosynthesis in lactic acid bacteria for various
applications.

Keywords: environmental stress, exopolysac-
charides, lactic acid bacteri.

I. GIOI THIEU

Exopolysaccharide (EPS) la cac polymer sinh
hoc tham gia trong thanh phan ciu tao ctia vich
té bao. EPS c6 thé dudc san xuit bdi nhiéu vi
sinh vat khac nhau nhu tdo, ndm va vi khuén, bao
gdm vi khuén lactic (LAB). Dua theo thanh phan
céu tao héa hoc, EPS dudc chia thanh hai loai 1a
homopolysacharide (HoPS) va heteropolysaccha-
ride (HePS). HoPS dudc céu tao tif cing mot tiéu
don vi dudng don trong ciu tric don vi lip lai.
HePS dudc tao thanh tu cac don vi ldp lai bao
gdm hai hoiic nhiéu loai tiéu don vi dudng, din
xuat clia dudng, cic phan ti hitu co va vd co
khac [1, 2].

Ngay nay, EPS cua LAB nhédn dugc su quan
tam dic biét trong cdc Wng dung cta thuc phim,
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dugc pham va y hoc. Trong cong nghiép thuc
phdm, EPS dudc st dung nhu chit 1am dic, chét
&n dinh va chit nhii héa. Trong y hoc, EPS dudc
chitng minh c6 kha niing chéng oxy hod, kich
thich va diéu chinh hé théng mién dich, hoat dong
chéng viém, tham chi chéng ung thu. Mot sb
tuyén bd vé stic khoe con bdo cdo ring EPS clia
LAB c¢6 thé lam giam cholesterol trong mau [3].

Trong tu nhién, EPS c6 vai tro bao vé LAB
khéi su mit nudc, tranh tic dong tiéu cuc clia
moi trudng nhu nhiét do, pH, thaim thiu, khang
sinh, thuc bao. EPS con lién quan dén sy hinh
thanh mang sinh hoc (biofilm) va co ché bam
dinh ctia té bao, ciing nhu quyét dinh dic trung
tuong tac gitta té bao v6i vat chi. Trén thuc té,
dé thich nghi véi cac thay ddi clia moi truong,
LAB phan ting bang nhiéu cach khac nhau, trong
d6 c6 lién quan dén qua trinh sinh téng hop EPS
[4].

Céc nghién ctiu va bao cdo trudc diy da tap
trung vio EPS ctia LAB & nhiéu khia canh khac
nhau lién quan dén co ché sinh tdng hop; hay
nghién ctiu san xudt EPS bang viéc tdi uu héa
cdc diéu kién 1én men, st dung cic cong cu cong
nghé sinh hoc lién quan dén ki thuat di truyén,
st dung cic co chét 1én men gid ré. Trong bai
bdo nay, ching t6i tdp trung lam sang td kha
ning st dung stress moi trudng trong viéc diéu
khién san xuit EPS 6 LAB cho cic 4p dung khéc
nhau thong qua danh gid tic dong cia stress moi
trudng 1én qua trinh sinh t6ng hop EPS.

II. PHUONG PHAP NGHIEN CUU

Nghién ctiu d4nh gia téng quan dudc thuc hién
trén co s& tip hop tai lidu da dudc cong b lién
quan dén vai tro chifc ning sinh hoc ctia EPS, qua
trinh sinh t6ng hop EPS & LAB dudi tac dung ctia
stress moi trudng. Phan tich cac tai liéu bang cach
so sanh, d6i chiéu cac nghién ciiu véi nhau nham
lam sang t4 tiém ning st dung stress moi trudng
ki€m sodt qud trinh sinh téng hop EPS cho cac
ung dung cong nghiép.

. KET QUA VA THAO LUAN

A. Cdu triic vdch té bao cia Lactobacillus

Vich té bao ciia Lactobacillus bao gom kién
tric peptidoglycan (PG) day (c6 nhiéu 16p) dudc
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gin thém céc acid teichoic, polyphosphate, pro-
tein va polysaccharide (Hinh 1). Pay ciing la dic
diém chung cia LAB va nhiing thanh phan nay
chi phéi tuong tic cia LAB v6i moi trudng.

S-layer Acid lipoteichoic Polysaccharide Acid teichoic

Peptidoglycan

Hinh 1: CAu tric vach té bao cta vi khuin
Lactobacillus [5]

Moi dai phan ti trén bé mit t& bao déu c6 anh
hudng dén hoat dong probiotic ctia LAB vi né c6
lién quan dén tuong tac gitta vi khuan va vt cha.
L6p PG 1a thanh phan thiét yéu c6 chiic ning bio
vé tinh toan ven ctia t& bao va chdng lai su li gii
[6, 7]. Ngoai ra, cac thanh phin khdc cta véch té
bao nhu acid teichoic, acid lipoteichoic, protein
va polysaccharide dudc lién két cong héa tri hoic
khong cong hoa tri véi PG, noi lam khung cb
dinh cho cic thanh phan nay [6]. Ciu tric héa
hoc ctia PG bao gdm cic chudi glycan xen ké N-
acetylglucosamine va acid N-acetylmuramic qua
lién két B-1,4. Chudi peptide dugc lién két cong
héa tri qua dau N-xac dinh v6i nhém lactyl clia
N-acetylmuramic. Cac polymer c6 dién tich am
lién két cong hoéa tri véi PG dudc xdc dinh la
acid teichoic, hodc gin truc tiép vao mang té
bao chét dugc xdc dinh 1a acid lipoteichoic [8].
Céu triic co ban ctia acid teichoic bao gdm cac
don vi lap lai ctia polyglycerol phosphate hodc
polyribitol phosphate nhung tuy thudc vao cac
diéu kién khac nhau nhu loai, giai doan hoic
tbc do ting trudng, pH cla mdi trudng, ngudn
carbon, su hién dién ctia phosphate ma ciu triic
va su phong phi cta polymer nay c6 thé khic
nhau [5, 9].

Mot thanh phan quan trong khic trong vich
té bao cla vi khudn Gram duong 1a cic pro-
tein bé mit, ching c6 thé 16n hodc nhd va
bao gdm cdc domain lip lai hodc cic domain
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riéng ré& [7]. Mot trong nhiing protein bé mit quan
trong dudc goi tén la S-layer gin chit vao PG.
C6 y kién cho ring S-layer c6 thé lién quan dén
tinh chat bam dinh ctia LAB véi bi€u mo rudt va
cdc thanh phan phiic hgp ngoai bao khac. Cubi
cung, bé mit vich té bao cia LAB c6 chida cic
polysaccharide [7]. Céc polysaccharide nay c6 thé
lién két cong hoa tri v6i PG dudc goi 1a capsule
polysaccharide hoiic phong thich truc tiép ra moi
truong bén ngoai goi 1a exopolysaccharide. Dbi
v6i LAB néi chung, thuat ngit EPS bao gom ci
hai loai polysaccharide nay [7]. Bai bdo stt dung
thuat ngit EPS dé mo ta cic polysaccharide lién
quan dén bé mit t& bao. Vai tro ctia EPS dbi vé6i
LAB chiu su 4nh hudng cta ciu tric, mic do
tich liiy va tuong tac ctia né véi cic phan ti bé
mat khac.

B. EPS duoc sdn xudt béi LAB

LAB 12 vi khuin Gram duong dudc tim thiy
nhiéu trong moi truong sdng, bao gdm ca dudng
tiéu hoa cuia ngudi va dong vat. LAB dong vai tro
quan trong trong doi sdng clia con ngudi, khong
chi gitip can bang hé vi khuin dudng rudt, ngin
chin r6i loai tiéu héa, mot s6 LAB con c6 kha
ning tdng hop bacteriocin tc ché vi khuin gay
bénh [10]. Ngoai ra, LAB dugc ching nhan an
toan GRAS (Generally Recognized as Safe) nén
chiing dudc st dung nhiéu trong thuc pham. Hién
nay, hau hét cac ché pham probiotic thuong mai
l1a cac ching thanh vién cia LAB.

EPS ¢6 nguodn gbc tir LAB dudc st dung trong
cong nghiép thuc pham nhu chét 1am dic, chat 6n
dinh, chit nhii héa, thay thé chit béo va st dung
cho cac muc dich quan trong khac. LAB c¢6 kha
ning téng hop ca hai loai HoPS va HePS [11].
HoPS ctia LAB c6 thanh phan ciu tao bao gdom
chi mot loai dudng la glucose (chang han glucan
va dextran), hoic fructose (chang han fructan va
levan). Su da dang cta cdc lién két glycoside,
trong lugng phan ti¥, cAu tric va vi tri phan nhanh
din dén su khac biét giita cic HoPS & cac loai
LAB khac nhau. HoPS ctia mot s6 loai LAB dudc
gidi thiéu & Bang 1.

HePS ctia LAB thuong khac nhau trong thanh
phan dudng monosaccharide, bao gdom céic loai
dutng galactose, glucose, mannose va rhamnose.
Trong mot vai trudng hgp, N-acetylyglucosamine,
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N-acetylgalactosamine hoac acid glucuronic ciing
tham gia vao ciu tao HePS. Doi khi cdc nhoém
thé phi carbohydrate nhu phosphate, acetyl va
glycerol ciing xuét hién trong thanh phian HePS.
Nhitng su thay ddi vé thanh phan, s6 luong
monosaccharide, dic diém lién két gilta cac
monosaccharide ciing nhu sy hién dién cia cac
thanh phan phi carbohydrate trong ciu triic don
vi lip lai cia HePS din dén su khic nhau clia
cac EPS [12].

C. Chiic ndng sinh hoc cua EPS

Trong ty nhién, EPS cé vai tro bao vé LAB
khdi su mét nuéc, tranh tic dong tiéu cuc cla
moi trudng nhu nhiét do, pH, tham thiu, khang
sinh, thuc bao va su tin cong cla phage. EPS
con lién quan dén sy hinh thanh mang sinh hoc
(biofilm) va co ché bam dinh cda té bao [14],
cling nhu quyét dinh dic trung tuong tic gitia té
bao véi vat chii [15]. Ngoai chiic ning bao vé dbi
v4i ban than LAB, nhd ¢6 cac dic tinh 1i hoa va
sinh hoc dic biét, EPS con thé hién nhiéu chiic
ning sinh hoc doc ddo dugc khai thac lam chét
phu gia thuc phiam, thubc diéu tri va liéu phap
bd trg trong diéu tri viém, thAm chi 12 ung thu
[16]. Chic ning sinh hoc ctia EPS c6 ngudn gbc
tit LAB dudc tém tat ¢ Hinh 2.

C6 y kién cho ring tac dong tich cuc ctia cic
san phim sita 1én men d6i v6i sic khde con
ngudi c6 thé bat ngudn tit EPS do LAB sin
xuit [17]. D6 nhét va tinh luu bién tao ra céc
dac tinh sinh hoc dac trung ctia EPS nhu kha
ning tc ché vi khuan gy bénh, thic diy su phat
trién vi khuan probiotic va duy tri cin bing hé
vi sinh vat duong rudt. EPS cia LAB ciing co
kha ning khdng cdc mam bénh [18]. EPS-Ca6
dugc san xuat bdi Lactobacillus sp. Ca6 thé hién
hoat dong khang khuidn diang ké chéng lai vi
khuén gy bénh nhu Salmonella enterica ATCC
43972 va Micrococcus luteus [19]. EPS-DNI1 tu
L. kefiranofaciens DN1 c6 tic dung kim ham
va diét khudn d6i véi Listeria monocytogenes va
Salmonella enteritidis va su tc ché ting ti 1&
thuan véi nong do EPS [20].

EPS c6 nguodn gbc tir LAB ciing lién quan dén
viéc gidm cholesterol. Nhiéu nghién cifu da ghi
nhan kha nang lam giam cholesterol cia EPS
dugc san xuit bdi L. plantarum [21]. Mot s6 gia
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Béng 1: HoPS dugc san xuét béi LAB
EPS Chung vi khuian
Leuconostoc mesenteroides subsp. mesenteroides
Dextran - -
Leuconostoc mesenteroides subsp. dextranicum
o-D-glucans Mutan Strepfo_coccus Utans
S. sabrinus
Alternan Leuconostoc mesenteroides
Reuteran L. reuteri
Pediococcus spp.
B-glucans Streptococcus spp.
Levan S. salivarus
Fructans S, mutans
Inulin-type Leuconostoc citreum
L. reuteri
Polvealact Lactococcus lactis subsp. lactis H414
oveatactan L. delbrueckii subsp. bulgaricus (CRL 406 va 142)
Nguon: Torino Maria Inés et al., 2015 [13]
’ héa manh [25]. Co ché chéng oxy héa ctia EPS
sk 12 do qué trinh thiy phan céc phan ti sinh hoc
L S nay khi tiep xdc v6i mdi truong acid tao ra
ung th s cac hydroxyl hemiacet hoat dong. Cac hydroxyl
hemiacet niy cho electron dén cic gbc tu do, két
EPS qué chuyén d6i cac gbe tu do thanh dang 6n dinh
cua <. 5 A . . 2
o LAB . [16]. Ngoai ra, trong tht nghiém in-vivo, EPS cua
reblotic -, . N 9 A kd
bl LAB dugc ching minh lam tang hoat dong cta
superoxide effutase, catalase trong huyét thanh
Ting Chéng Va} glutathlgne S-transferase O Agan, glam\ nong
mién dich vt do malondialdehyde trong huyet thanh va gan,

Hinh 2: Chiic nang sinh hoc cta EPS
dudc san xuat bdi LAB

thuyét vé cd ché gidm cholesterol bdi EPS da
dugc dé xuit dua trén cdc thir nghiém in-vitro
trén dong vat. Nhiing gia thuyét nay bao géom
tac dung loai bd acid mat, ddng héa va chuyén
ddi cholesterol, tic dung dong két tiia (gitta mudi
mat va cholesterol) va thuc déy tao acid béo mach
ngan dé€ giam cholesterol [22, 23].

EPS c6 nguon gbc tif LAB con thé hién
hoat tinh chéng oxy héa rit t6t. EPS cila
L. gasseri FR4 cho thdy hoat dong bat gbc
2,2-Diphenyl-1-picrylhydrazyl (DPPH) manh mé,
trong khi hoat dong bat gbc hydroxyl va super-
oxide phu thudc vao nong do EPS [24]. EPS ti
L. plantarum ciing thé hién hoat tinh chéng oxy
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giam hoat tinh cia monoamin oxydase. Pay la
cic bing chitng cho thiy kha ning chéng oxy hoa
va chéng 1do hoa tuyét voi cia EPS. Tuong tu,
EPS-1 cda L. helveticus KLDS1.8701 lam giam
déng k€ tinh trang oxy héa nhu gidm chi s6 hitu
cd, ton thuong gan va stress oxy héa gan [26].

Mot s6 EPS c6 ngudn gbc tir LAB thé hién
ddc trung phan ting mién dich manh mé va cho
thiy tiém ning 16n dé ing dung chéng viém va
chong cac khéi u. Ca HoPS va HePS déu c6 kha
ning diéu chinh cdc phan ing mién dich. Déi véi
HoPS, dextran tit L. sakei MN1 c6 thé diéu chinh
tdng bi€u hién cla interferon-1 va interferon-y &
than c4 hoi [27]. Lién quan dén HePS, mot liéu
cao cia EPS333 dugc phan lap tu S. thermophilus
dudc ching minh kich thich dai thyc bao RAW
264.7 giai phong oxit nitric (NO) gitp tang dap
ting mién dich t& bao [28]. Hoat tinh chéng khéi
u cta EPS c6 lién quan dén hoat dong diéu hoa
mién dich, n6 khong chi gian tiép ma con truc
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tiép tiéu diét cac té bao khdi u. Mot s EPS ¢6
thé gidn tiép kich hoat cic dai thuc bao d€ ting
cuong kha ning thuc bao clia né, tao diéu kién
thuan 16i cho viéc tdng hop cac yéu td tién viem
(vi du IL-1, IL-6 va IL-12) ciing nhu interferon
(INF-A) va dc ché san xuét cac yéu t6 chong viém
(vi du IL-10), cudi cing kich thich su tuong tic
gitta t& bao mién dich va té bao khdi u [29]. Dbi
v6i hiéu qua tiéu diét truc tiép, mot EPS tr L.
plantarum 70810 c6 thé dc ché dang k€ su ting
sinh clia cac t& bao khdi u HepG-2, BGC-823,
dic biét 1a té bao HT-29 [30]. EPS dudc san xuét
béi L. plantarum YW32 ciing thé hién hoat dong
tic ché manh chdng lai cic té bao khdi u HT-29
[31]. N6i chung, EPS dudc sin xuit bdi LAB
dugc xem nhu 13 nhitng loai thuéc c6 kha ning
chéng ung thu. EPS cho thiy tic dung chéng ting
sinh trén nhiéu loai té bao khdi u tir rudt, gan,
vi. Ching diéu chinh su phat trién cta khbi u
thong qua céc co ché khac nhau [32].

Nhiéu nghién ctu da chiing minh EPS cta
LAB c¢6 chic ndng nhu mdt prebiotic. o-D-
glucan dudc tong hgp béi L. plantarum DMS5 c6
thé kich thich su phét trién cta vi khuin c6 1gi.
N6 dugc tiéu héa thap bdi dich da day nhan tao
va lam cham su phat trién ctia vi khuin khong c6
Igi nhu Enterobacteriaceae [33]. EPS cé nguén
gbc tit Weissiella cibaria, Weissiella confusa, L.
plantarum va Pediococcus pentosaceus c¢6 kha
ning ting cudng tinh chon loc cua lgi khuéan
duong rudt, dic biét 1a bifidobacteria [34]. EPS
tif LAB ¢6 thé thic ddy su phat trién cta vi khuan
probiotic va duy tri su cin bang ctia hé vi sinh
dudng rudt [35, 36].

Hoat tinh chéng virus ctia EPS c6 nguodn gbc tit
LAB ciing da dudc ki€ém chiing. EPS dudc san
xuét béi L. plantarum LRCC5310 c6 thé kiém
sodt hiéu qua nhiém virus rota [37]. Bing cich
nay hay cach khdc, hiéu qua hoat dong chdng
virus ctia din xuét EPS vdi sulphate c6 lién quan
dén chu tric (tuong tic v6i hé théng nhan tin
hiéu, céc thu thé nhin hoic enzyme) va dic tinh
tich dién am cia cac polymer nay [16]. Heparin
sulphate 12 mot thu thé lién quan dén nhiém virus,
ton tai rat nhiéu trén bé mit ctia cic té bao. Trong
khi d6, EPS trong din xuét vi sulphate tuong
ddng vé6i cAu tric ctia Heparin sulphate. Do do,
n6 cé thé tic ché canh tranh trong qua trinh két
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hop gitta Heparin sulphate v6i virus [38].

D. Ddp iing tong hop EPS & LAB dudi cdc stress
moi truong

Stress méi trudng lam ting san xuit EPS

Su san xuat EPS c¢6 thé dudc kich thich bdi cdc
diéu kién stress moi truong khac nhau nhu mot
phéan ting bao vé té bao, cling nhu ting cudng
hinh thanh mang sinh hoc. Vi khuén ting cudng
tong hop EPS tao ra rao can vat Ii trén bé mit
nhiam bdo vé té bao khoi cic didu kién moi trudng
bat 1gi. Su hinh thanh 16p mang sinh hoc véi
thanh phan bao gdm cdc EPS bao quanh c6 thé
gilp bdo vé té bao tét hon. Mot nghién cifu dudc
thuc hién trén L. plantarum M606 khi xit 1i bang
acid acetic 11% trong 30 phut da ching minh vi
khuan tao biofilm c6 kha ning khang tot hon so
v6i vi khudn & trang thai khong c6 biofilm bdo vé
[39]. Nguyen et al. (2014) cling da ching minh
stress nhiét dudi ngudng gay chét gitp ting cudng
san xuat EPS & B. bifidum [4]. Cac nghién ctiu
gin diy di ching minh ring stress moi trudng
nhu nhiét d6, pH, thAm thiu 14 phuong phép hitu
ich gitip cai thién ning suit va lam thay ddi tich
cuc qud trinh sinh t6ng hop EPS & L. plantarum.
Ning suét EPS cao hon nhiéu 1an so véi diéu kién
khong gy stress [40, 41]. Nhiing biang chiing nay
cho thdy stress mdi trudng c6 thé cai thién tich
cuc ning suat EPS & LAB.

Stress méi trudng lam thay déi thanh phan
monosaccharide cua EPS

Thanh phan va diéu kién mdi trudng nudi ciy
c6 4nh hudéng manh mé dén ning suét, thanh
phan ciing nhu hoat tinh sinh hoc ctia EPS dugc
tong hop bdi vi khuin. Nhiing thay d6i trong diéu
kién mdi truong 1a nguyén nhan lam thay doi san
xuat EPS va dinh huéng cho su téng hop mot
loai EPS méi [42]. Nhung dbi véi hau hét cic
vi khuan, thanh phan monosaccharide trong EPS
dugc xac dinh vé mit di truyén va thay ddi khong
dang k& bdi didu kién nuoi cly binh thudng. Tuy
nhién, mot nghién ctu trén L. delbrueckii subsp.
bulgaricus CNRZ 1187 va L. delbrueckii subsp.
bulgaricus CNRZ 416 cho thiy c6 su khac nhau
trong ti 1€ cdc monosaccharide ctia EPS khi hai
chling nay dugc nudi ciy & hai diéu kién pH c6
ki€ém sodt va khong kiém sodt [43]. C6 thé diéu
kién khong ki€ém soat da lam thay doi pH moi
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truong, d6 nhu mot yéu to giy stress tic dong
1én thanh phian monosaccharide cia EPS. Trong
cdc nghién cdu da dudc bdo cdo gan day, thanh
phan monosaccharide dugc tim thiy c6 su thay
ddi khac nhau trong nhiing diéu kién giy stress
khic nhau. C6 thé thiy viéc giy stress & cac diéu
kién nhiét d6 cao, pH, NaCl va ting nong do CO,
c6 thé kich hoat viéc 1ap trinh lai co ché té bao
ddi v6i con dudng sinh téng hop EPS, din dén
nhiing thay ddi vé thanh phan va dic diém EPS
do su tich tu véi ti 1& nhiéu hon ctia mot sb loai
dudng phd bién va duong hiém [41].

Trong mot s6 diéu kién gy stress nhét dinh,
cic loai dudng hiém nhu fucose dugc tim thiy
trong thanh phan monosaccharide ctia EPS. Céc
nghién cuu truée ddy ¢ LAB khong cé bdo cdo
nao vé su hién dién cta fucose trong thanh phan
duong ctia EPS khi dugc nudi ciy & diéu kién
binh thuong. Hau hét cic dudng hién dién trong
thanh phan monosaccharide ctia EPS dugc san
xuit béi LAB la duong 6 carbon (hexose) nhu
glucose, galactose, mannose [44]. Tuy nhién, mot
nghién ciu trén L. plantarum dugc nudi cly trong
diéu kién stress nhiét tim thiy c6 su xuit hién
cia duong 5 carbon (ribose) nhu fucose trong
thanh phan EPS [41]. Piéu nay cho thiy kha niing
c6 mot con dudng chuyén hoa khic trong qua
trinh sinh t6ng hop EPS & LAB duéi tic dong
clia stress moi trudng. Céc loai dudng hiém nhu
fucose, rhamnose hodc acid uranic trong thanh
phan EPS c¢6 thé cung cip cic dic tinh t6t hon
dudc tng dung cho cac muc dich khac nhau. EPS
giau duong hiém vé6i hoat tinh sinh hoc cao da
dudc dng dung rong rai trong nganh thuc phim,
mi phdm ciling nhu cdc tng dung 1am sang [45].
Sy vuot trdi clia thanh phan xylose trong EPS
dugc san xudt boéi L. plantarum WLPLO4 lam
ting kha ning tc ché sy hinh thanh biofilm cta
mot sd vi khudn giy bénh va hoat dong khang u
dbi véi té bao HT-29 [46]. Két qua nay cung cip
bang ching thuyét phuc ring cé thé diéu khién
sinh tdng hop EPS giau dudng hiém bing cach
ap dung stress moi trudng.

Stress moi truong thay doi su biéu hién clia
cac gen lién quan tong hop EPS

Vi khuan phén ting d€ thich nghi véi cic
stress moi trudng bing cach kich hoat cdc co
ché diéu hoa khic nhau, bao gdm: tinh trang
lién quan dén cac hoat dong chuyén héa ning
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lugng; cic hoat dong lién quan dén phién ma va
dich mi; tinh trang lién quan dén chuyén héa
nucleotide va hoat dong sinh tong hop acid amin
va cdc hoat dong lién quan dén vich té bao [47].
Qua trinh thich ng nay chii yéu dugc thuc hién
qua trung gian bdi su két hop ctia mang ludi
diéu hoa phién ma, cho phép vi khuin cam nhin
va chuyén do6i céc kich thich ngoai bao (stress
moi trudng) thanh mot phan dng té bao cu thé,
din dén thay ddi bi€u hién gen va hoat dong
clia cidc enzyme (truyén tin hiéu). Cic nghién
ctiu tru6c diy vé EPS & LAB thudng tip trung
vao phan tich cum gen eps, x4c dinh thanh phan
cdu tric va tinh chéit sinh hoc cta EPS. Qua
trinh sinh tdng hop EPS dudc qui dinh bdi cac
gen eps. Tuy nhién, mot nghién ciiu cho thiy
mic du vi khuin c6 chifa cd hai cum gen quy
dinh san xuit HePS va HoPS, nhung & diéu
kién nuoi ciy binh thudng chi san xuit mot loai
HoPS [48]. Diéu nay c6 nghia 13 su tic dong
clia yéu tb di truyén (gen) Ién tinh chét ctia EPS
phu thudc vao diéu kién moi trudng. Nghién
cliu gan day trén L. plantarum duéi cic diéu
kién stress moi truong da tim thdy cé su thay
ddi trong mic do biéu hién mRNA ctla cac gen
két qua 1am thay d6i ning suit va thanh phan
monosaccharide cia EPS thu dugc cps4E va
cps4F la cac gen ma hoéa cho glycosyltransferase
tham gia van chuyén cic tién chit chia dudng
d€ tong hop nén EPS [49]. Su ting bi€u hién
ciia hai gen nay lam ting ham lugng galactose
trong thanh phan EPS [50]. Tuong tu, céc
enzyme dugc ma hod bdi glmU bao gdm
glucosamine-1-phosphate N-acetyltransferase
(xtic tac chuyén do6i glucosamine-1-phosphate
thanh N-acetylglucosamine-1- phosphate) va N-
acetylglucosamine-1-phosphate uridyltransferase
(xtic tac sy hinh thanh UDP-N-acetyl-D-
glucosamine tu N-acetylglucosamine-1-
phosphate) [51]. Su ting biéu hién clia gen
glmU két qué ting tdng thanh phan N-acetyl-D-
glucosamine. Ngoai ra, c6 mdi tuong quan gitta
ning suat EPS thu dudc va su biéu hién ctia gen
cps4H, mdt gen ma hdéa cho cic enzyme lién
quan dén qua trinh tring hop va xuit EPS ra
bén ngoai [50]. Nhu vay, stress mdi trudng lam
thay d6i tic dong cta gen 1én thanh phan EPS.
Day la nhiing thong tin c6 gid tri d€ 1am ro hon



Nguyén Phi Tho, Nguyén Hitu Thanh

mbi quan hé giita su diéu hoa bi€u hién gen va
sinh tong hop EPS & LAB.

Ting tong hop EPS gitip cai thién kha nang
sbng sot cia LAB

Su thich nghi véi stress mdi trudng co thé cai
thién kha ning sdng sét ctia vi khuan probiotic
trong qud trinh siy dong kho. D€ gidi thich cho
diéu nay, cac nghién citu trudc diy da chi ra ring
c6 su ting cudng téng hop nhiing yéu td khang
bén trong t& bao nhu cic protein khang stress
(DnaK, GroEL, Csp) va cic chit diéu hoa (HrcA,
CtsR) [52]. Tuy nhién, phai thita nhan ring viéc
ting san xuat EPS bén ngoai té bao dudi tac dong
clia stress moi truong ciing 1a mot yéu td gidp
cai thién sdng s6t ciia LAB. Pa c6 bing ching
cho thiy c6 su lién quan gifta san xuit EPS va
ting kha niing séng sét clia té bao L. johnsonii
FI9785 (chiing dot bién ting san xuit EPS) cho
thiy kha ning khang stress acid cao hon so véi
chiing hoang dai va su gidm san xuit EPS lam
cho vi khuén it c6 kha ning sdng sét khi c¢6 su
hién dién cia mubi mat, khdng sinh va stress
nhiét, nhung 1am ting ding ké qud trinh tu két
dinh ctia vi khuén; yéu t6 quan trong ddi vé6i su
xam nhép cda vi khuén dudng ruot [53]. Fedorova
et al. (2018) ciing tim ra mbi tuong quan tich cuc
gitta san xuAt EPS va tinh khing cla L. reuteri
v6i stress pH thip ctia dudng tiéu héa [54]. Céc
chung L. delbrusi subsp. bulgaricus B3, G12 va
S.thermophilus W22 san xuat EPS cao c6 kha
ning khang v6i pH 2 t6t hon so véi cdc ching
san xuat EPS thap [55].

Tuong tu, su thich nghi véi stress mdi trudng
lam ting kh4 niing séng sét cla vi khudn trong
qué trinh siy dong khd nhu stress nhiét duéi
ngudng giy chét gitip cai thién khi ning sbng
s6t clia B.bifidum nhg sy bao pht cua 16p EPS
xung quanh té bao [4]. Trong sudt qud trinh siy
dong kho, EPS hoat dong nhu mot chét bao vé
lanh gitip bao vé té bao khdi bi déng bing va cic
dnh hudng giy stress clia su mat nudc. Cic két
qua nghién ctiu da chung minh ham lugng EPS
va kh3 ning sdng sét cia LAB c6 mdi tuong
quan v6i nhau [56]. Hon nita, ching ta biét rang
su oxy héa lipid mang trong qua trinh sy sé lam
hu hdéng céu triic vach té bao ctia vi khuan [57].
Dudi cédc diéu kién stress moi trudng, EPS dudc
tdng hop véi hoat tinh chdng oxy héa cao cé thé
tic ché hiéu qua qua trinh oxy héa mang, két qua
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lam ting kha ning séng sét ctia LAB.

Nhu vay, su ting téng hgp EPS gitp tao thanh
16p vi bao xung quanh té bao mdt cach chic chin
hon. Lép vi bao nay khong chi bdo vé lam ting
kh4 ning sdng sét cia LAB trong qu4 trinh sy
dong kho ma con bao vé n6 khdi cic diéu kién
moi trudng khic nghiét ctia duong tiéu héa mot
khi dugc st dung nhu mot vi khudn probiotic.
EPS gitip ting cudng su két dinh ctia té bao vi
khuin vao niém mac rudt dé thic ddy tac dung
diéu hoa mién dich ciing nhu kich thich cac chiic
ning trao d6i chit [58-60]. Do d6, stress mdi
truong c6 thé 12 mot cich tiép cin méi trong
viéc cai thién kha ning sdng sét clia cdc ching
probiotic cho céc ung dung thuc pham va dudc
phim.

E. Tiém ndng s dung stress moi truong kiém
sodt qud trinh sinh téng hop EPS cho cdc dp
dung cong nghiép

EPS do LAB san xuit thé hién chic ning sinh
hoc day hiia hen cho cic dp dung khac nhau trong
cong nghiép thuc pham, dudc phdm. Tuy nhién,
ning suat EPS thip c6 thé 12 mot vin dé han ché
cac ung dung thuong mai. Hién nay, cidc nghién
cliu cai tién san xuét EPS thuong tip trung vao
viéc tdi uu héa méi trudng nudi ciy, si dung ki
thuat di truyén ciing nhu co chit 1én men gia ré
[61]. Nhu da thao luan, EPS bao vé LAB khoi
cac tac dong tiéu cuc cua mdi truong. Do do,
stress moi trudng c6 thé thic diy qud trinh tong
hop EPS trong LAB. Khai thic tinh ning nay
hitu ich d€ cai thién tinh khang cta céc probiotic
thuoc nhém LAB va niing suét sin xuit EPS.

Ngoai ra, cac chic nang sinh hoc ciua EPS
nhu prebiotic, chdng oxy héa, khing viém c6
lién quan dén thanh phan monosaccharide ctia no.
Céac thay ddi trong biéu hién gen dudi tac dong
clia stress moi trudng sé din dén céac thay ddi
trong thanh phan EPS dugc tdng hop. EPS véi céc
thanh phan monosaccharide dic trung khic nhau
thi kh4c nhau trong hiéu qua diéu tri bénh [62].
Ti 16 monosaccharide (galactose > rhamnose >
glucose) trong thanh phan EPS do L. reuteri Mh-
001 san xuit dudc ching minh c6 lién quan dén
hoat dong khang viém cida né, cu thé ham ludng
galactose giup tang cuong tac dung khang viém
trén dai thuc bao [63]. Tuong tu, cac EPS chiia
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rhamnose da dugc st dung trong cac ing dung mi
phdm do hoat tinh nhi héa cao cta ching [45].
Trong cac nghién ctiu xa hon, ki vong stress moi
truong trd thanh mdt phuong phap hiéu qua lam
thay d6i tich cuc qud trinh sinh tong hop d€ san
xuét cidc EPS c¢6 hoat tinh sinh hoc nang cao cho
cac tng dung cong nghiép.

IV. KET LUAN

Stress mdi truong kich thich téng hop EPS &
LAB tao thanh 16p vi bao bao vé gitip cai thién
kh4 niing séng sét cla té bao. Cic enzyme Xiic
tac cho qua trinh tong hgp EPS dugc ma hoa
bdi cac gen eps cd lién quan va tac dong cua
yéu tb moi trudng c6 thé 1am thay ddi su biéu
hién cta cic gen nay, din dén thay ddi trong
thanh phan EPS. Chic ning sinh hoc ctia EPS
phu thudc vao thanh phan monosaccharide tham
gia cAu tao nén né. Su khéc biét vé ti 1 va thanh
phan monosaccharide din dén nhiing khac nhau
trong hoat tinh sinh hoc cua EPS. Do dd, nghién
clfu tic dong clia stress mdi truong nham lam
thay d6i qua trinh sinh tong hop v6i muc dich
tao ra EPS md&i c¢6 hoat tinh sinh hoc cao sé 1a
mot chién luge nghién cifu diy hida hen.

TAI LIEU THAM KHAO

[1] Broadbent J, McMahon D, Welker D, Oberg C,
Moineau S. Biochemistry, genetics, and applications
of exopolysaccharide production in Streptococcus
thermophilus: A review. Journal of Dairy Science.

2003;86: 407-423.

Baruah R, Das D, Goyal A. Heteropolysaccharides
from lactic acid bacteria: Current trends and applica-
tions. Journal of Probiotics and Health. 2016:4: 2.

Nakajima H, Suzuki Y, Hirota T. Cholesterol lowering
activity of ropy fermented milk. Journal of Food
Science. 2006;57: 1327-1329.

Nguyen HT, Razafindralambo H, Blecker C, N’ Yapo
C, Thonart P, Delvigne F. Stochastic exposure to
sub-lethal high temperature enhances exopolysaccha-
rides (EPS) excretion and improves Bifidobacterium
bifidum cell survival to freeze-drying. Biochemical
Engineering Journal. 2014;88: 85-94.

Delcour J, Ferain T, Deghorain M, Palumbo E, Hols
P. The biosynthesis and functionality of the cell-wall
of lactic acid bacteria. Antonie van Leeuwenhoek.
1999;76(1): 159-184.

Kleerebezem M, Hols P, Bernard E, Rolain T, Zhou
M, Siezen R, et al. The extracellular biology of the
Lactobacilli. FEMS Microbiology Reviews. 2010;34:
199-230.

(2]

(3]

(4]

(5]

(6]

40

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

KHOA HOC CONG NGHE - MOI TRUONG

Lebeer S, Vanderleyden J, De Keersmaecker SCIJ.
Genes and molecules of Lactobacilli supporting pro-
biotic action. Microbiology and Molecular Biology
Reviews. 2008;72(4): 728.

Chapot-Chartier M-P, Kulakauskas S. Cell wall struc-
ture and function in lactic acid bacteria. Microbial
Cell Factories. 2014;13(1): S9.

Neuhaus F, Baddiley J. A continuum of anionic
charge: structures and functions of d-alanyl-teichoic
acids in gram-positive bacteria. Microbiology and
Molecular Biology Reviews. 2004;67: 686-723.

Nguyén Thanh Huyén, Lé Thi Mai Anh, Nguyén Thi
Bich Thuy, Ng6 Xuin Nghién, Tran Thi Pao, Pham
Thi Thu Trang va cong su. Phan lap, tuyén chon
vi khudn lactic va tng dung trong thii nghiém ché
bién tao sin phim nim so 1&n men. Tap chi Khoa
hoc Noéng nghiép Viét Nam. 2021;19(3): 379-388.
[Nguyen Thanh Huyen, Le Thi Mai Anh, Nguyen
Thi Bich Thuy, Ngo Xuan Nghien, Tran Thi Dao,
Pham Thi Thu Trang, et al. Isolation, selection and
application of lactic acid bacteria for testing process
of producing fermented oyster mushroom. Vietnam
Journal of Agricultural Sciences. 2021;19(3): 379-
388].

Xu X, Peng Q, Zhang Y, Tian D, Zhang P, Huang
Y, et al. A novel exopolysaccharide produced by
Lactobacillus coryniformis NA-3 exhibits antioxidant
and biofilm-inhibiting properties in vitro. Food &
Nutrition Research. 2020;64: 1-13.

Badel-Berchoux S, Bernardi T, Michaud P. New per-
spective for Lactobacilli exopolysaccharides. Biotech-
nology Advances. 2011;29: 54-66.

Torino M, Font de Valdez G, Mozzi F. Biopolymers
from lactic acid bacteria. Novel applications in foods
and beverages. Frontiers in Microbiology. 2015;6:
834.

Caggianiello G, Kleerebezem M, Spano G. Ex-
opolysaccharides produced by lactic acid bacteria:
from health-promoting benefits to stress tolerance
mechanisms. Applied Microbiology and Biotechnol-
0gy. 2016;100(9): 3877-3886.

Lee IC, Caggianiello G, Swam I, Taverne N, Mei-
jerink M, Bron P, et al. Strain-specific features of
extracellular polysaccharides and their impact on host
interactions of Lactobacillus plantarum. Applied and
Environmental Microbiology. 2016;82: 00306-00316.

Zhou Y, Cui Y, Qu X. Exopolysaccharides of lactic
acid bacteria: Structure, bioactivity and associations:
A review. Carbohydrate Polymers. 2019;207: 317-
332.

Kitazawa H, Harata T, Uemura J, Saito T, Kaneko T,
Itoh T. Phosphate group requirement for mitogenic ac-
tivation of lymphocytes by an extracellular phospho-
polysaccharide from Lactobacillus delbrueckii ssp.
bulgaricus. International Journal of Food Microbi-
ology. 1998;40(3): 169-175.

Elova NA, Kutliyeva GD, Zakiryaeva SI. Characteri-
zation of exopolysaccharide from Lactobacillus casei



Nguyén Phi Tho, Nguyén Hitu Thanh

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

K7/3. European Journal of Molecular & Clinical
Medicine. 2020;7(7): 506-515.

Trabelsi I, Ktari N, Slima S, Triki M, Bardaa S, Mnif
H, et al. Evaluation of dermal wound healing activity
and in vitro antibacterial and antioxidant activities of
a new exopolysaccharide produced by Lactobacillus

sp.Ca 6. International Journal of Biological Macro-
molecules. 2017;103: 194-201.

Jeong D, Kim DH, Kang IB, Kim H, Song KY, Kim
HS, et al. Characterization and antibacterial activity
of a novel exopolysaccharide produced by Lactobacil-
lus kefiranofaciens DN1 isolated from kefir. Food
Control. 2017;78: 436-442.

Alp AG. Probable Novel Probiotics: Eps production,
cholesterol removal and glycocholate deconjugation
of Lactobacillus plantarum Ga06 and Gall isolated
from local handmade- cheese. Journal of Microbiol-
0gy, Biotechnology and Food Sciences. 2020;10(1):
83-86.

Ishimwe N, Daliri E, Lee B, Fang F, Du G. The
perspective on cholesterol lowering mechanisms of
probiotics. Molecular Nutrition & Food Research.
2015;59(1): 94-105.

Michael D, Davies T, Moss J, Calvente D, Ramji
D, Jr M, et al. The anti-cholesterolaemic effect
of a consortium of probiotics: An acute study in
C57BL/6J mice. Scientific Reports. 2017;7(1): 2883.
https://doi.org/10.1038/s41598-017-02889-5.

Rani RP, Anandharaj M, David Ravindran A. Charac-
terization of a novel exopolysaccharide produced by
Lactobacillus gasseri FR4 and demonstration of its
in vitro biological properties. International Journal
of Biological Macromolecules. 2018;109: 772-783.

Adesulu-Dahunsi AT, Jeyaram K, Sanni Al, Banwo
K. Production of exopolysaccharide by strains of
Lactobacillus plantarum YO175 and OF101 isolated
from traditional fermented cereal beverage. PeerJ.
2018;6: €5326—e5326.

Li B, Du P, Smith EE, Wang S, Jiao Y, Guo L, et al. In
vitro and in vivo evaluation of an exopolysaccharide
produced by Lactobacillus helveticus KLDS1.8701
for the alleviative effect on oxidative stress. Food &
Function. 2019;10(3): 1707-1717.

Nécher-Vazquez M, Ballesteros N, Canales A, Ro-
driguez Saint-Jean S, Pérez-Prieto SI, Prieto A, et
al. Dextrans produced by lactic acid bacteria ex-
hibit antiviral and immunomodulatory activity against
salmonid viruses. Carbohydrate Polymers. 2015;124:
292-301.

Ren W, Xia Y, Wang G, Zhang H, Zhu S, Ai L.
Bioactive exopolysaccharides from a S. thermophilus
strain: screening, purification and characterization.
International Journal of Biological Macromolecules.
2016;86: 402-407.

Guo Y, Pan D, Li H, Sun Y, Zeng X, Yan B.
Immunomodulatory activity of selenium exopolysac-
charide produced by Lactococcus lactis subsp. Lactis.
Food Chemistry. 2013;138: 84-89.

Wang K, Li W, Rui X, Chen X, Jiang M, Dong

41

[31]

(32]

(33]

[34]

(35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

KHOA HOC CONG NGHE - MOI TRUONG

M. Characterization of a novel exopolysaccharide
with antitumor activity from Lactobacillus plantarum
70810. International Journal of Biological Macro-
molecules. 2014;63: 133-139.

Wang J, Zhao X, Yang Y, Zhao A, Yang Z. Char-
acterization and bioactivities of an exopolysaccha-
ride produced by Lactobacillus plantarum YW32.
International Journal of Biological Macromolecules.
2015;74: 119-126.

Wu J, Zhang Y, Ye
anticancer effects and mechanisms of lactic
acid bacteria exopolysaccharides in vitro: A
review. Carbohydrate  Polymers. 2021; 253.
https://doi.org/10.1016/j.carbpol.2020.117308.

Das D, Baruah R, Goyal A. A food additive with
prebiotic properties of an alpha-D-glucan from Lac-
tobacillus plantarum DMS. International Journal of
Biological Macromolecules. 2014;69: 20-26.

Hongpattarakere T, Cherntong N, Wichienchot S,
Kolida S, Rastall RA. In vitro prebiotic evaluation of
exopolysaccharides produced by marine isolated lactic
acid bacteria. Carbohydrate Polymers. 2012;87(1):
846-852.

Balzaretti S, Taverniti V, Guglielmetti S, Fiore W,
Minuzzo M, Ngo H, et al. A novel rhamnose-rich
hetero-exopolysaccharide isolated from Lactobacil-
lus paracasei DG activates THP-1 human mono-
cytic cells. Applied and Environmental Microbiology.
2016;83: 02702-02716.

Bengoa A, Llamas-Arriba M, Iraporda C, Duefias M,
Abraham A, Garrote G. Impact of growth temperature
on exopolysaccharide production and probiotic prop-
erties of Lactobacillus paracasei strains isolated from
kefir grains. Food Microbiology. 2017;69: 212-218.

Kim K, Lee G, Thanh HD, Kim J-H, Konkit M,
Yoon S, et al. Exopolysaccharide from Lactobacil-
lus plantarum LRCCS5310 offers protection against
rotavirus-induced diarrhea and regulates inflamma-
tory response. Journal of Dairy Science. 2018;101(7):
5702-5712.

Liu J, Thorp S. Cell surface heparan sulfate and its
roles in assisting viral infections. Medicinal Research
Reviews. 2002;22: 1-25.

Kubota H, Senda S, Nomura N, Tokuda H, Uchiyama
H. Biofilm formation by lactic acid bacteria and resis-
tance to environmental stress. Journal of Bioscience
and Bioengineering. 2008;106(4): 381-386.

Nguyen P-T, Nguyen T-T, Vo T-N-T, Nguyen T-T-X,
Hoang Q-K, Nguyen H-T. Response of Lactobacillus
plantarum VALG6 to challenges of pH and sodium
chloride stresses. Scientific Reports. 2021;11(1): 1-
9.

Tho NP, Son LT, Tho NT, Cuong BD, Toan HP,
Khanh HQ, Thanh NH. Enhancing the production and
monosaccharide composition of exopolysaccharides
of Lactobacillus plantarum VALG6 by applying thermal
stress and increased carbon dioxide concentration.
Microbiology. 2021;90(4): 527-537.

Nandal K, Sehrawat AR, Yadav AS, Vashishat RK,

L, Wang C. The



Nguyén Phi Tho, Nguyén Hitu Thanh

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Boora KS. High temperature-induced changes in
exopolysaccharides, lipopolysaccharides and protein
profile of heat-resistant mutants of Rhizobium sp.
(Cajanus). Microbiology Research. 2005;160(4): 367—
373.

Petry S, Furlan S, Crepeau MJ, Cerning J, Des-
mazeaud M. Factors affecting exocellular polysac-
charide production by Lactobacillus delbrueckii
subsp. bulgaricus grown in a chemically defined
medium. Applied and Environmental Microbiology.
2000;66(8): 3427-3431.

Sanlibaba P, Cakmak G. Exopolysaccharides produc-
tion by lactic acid bacteria. Applied Microbiology.
2016;2(2). https://doi: 10.4172/2471- 9315.1000115.

Kumar AS, Mody K, Jha B. Bacterial
exopolysaccharides-a perception. Journal of Basic
Microbiology. 2007;:47(2): 103-117.

Liu Z, Zhang Z, Qiu L, Zhang F, Xu X, Wei H,
Tao X. Characterization and bioactivities of the ex-
opolysaccharide from a probiotic strain of Lactobacil-
lus plantarum WLPLO4. Journal of Dairy Science.
2017;100(9): 6895-6905.

Mills S, Stanton C, Fitzgerald GF, Ross R. Enhanc-
ing the stress responses of probiotics for a lifestyle
from gut to product and back again. Microbial Cell
Factories. 2011;10(1): S19.

Vu THN, Quach NT, Nguyen NA, Nguyen HT, Ngo
CC, Nguyen TD, Ho P-H, Hoang H, Chu HH, Phi
Q-T. Genome mining associated with analysis of
structure, antioxidant activity reveals the potential
production of levan-rich exopolysaccharides by food-
derived Bacillus velezensis VTX20. Applied Sciences.
2021;11(15). https://doi.org/10.3390/app11157055

Zeidan A, Kuzina V, Janzen T, Buldo P, Derkx P,
Oregaard G, Neves A. Polysaccharide production by
lactic acid bacteria: from genes to industrial applica-
tions. FEMS Microbiology Reviews. 2017;41: S168—
5200.

Le T-S, Nguyen P-T, Nguyen-Ho S-H, Nguyen T-P,
Nguyen T-T, Thai M-N, Nguyen-Thi T-U, Nguyen M-
C, Hoang Q-K, Nguyen H-T. Expression of genes
involved in exopolysaccharide synthesis in Lacti-
plantibacillus plantarum VAL6 under environmen-
tal stresses. Archives of Microbiology. 2021;203(8):
4941-4950.

Li Y, Zhou Y, Ma Y, Li X. Design and synthesis
of novel cell wall inhibitors of Mycobacterium tu-
berculosis GImM and GImU. Carbohydrate Research.
2011;346(13): 1714-1720.

Guchte M, Serror P, Chervaux C, Smokvina T,
Ehrlich S, Maguin E. Stress response in lactic acid
bacteria. Antonie van Leeuwenhoek. 2002;82: 187—
216.

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

KHOA HOC CONG NGHE - MOI TRUONG

Dertli E, Mayer M, Narbad A. Impact of the ex-
opolysaccharide layer on biofilms, adhesion and re-
sistance to stress in Lactobacillus johnsonii FI9785.
BMC Microbiology. 2015;15(1): 1-9.

Fedorova M, Nemcova R, Mudrofiova D, Stykova
E, Brudiakovda M, Reiffova K. Exopolysaccharides
may increase gastrointestinal stress tolerance of Lac-
tobacillus reuteri. Folia Veterinaria. 2018;62(4): 24—
32.

Boke H, Aslim B, Alp Avci G. The role of resistance
to bile salts and acid tolerance of exopolysaccharides
(EPSS) produced by yogurt starter bacteria. Archives
of Biological Sciences. 2010;62(2): 323-328.

Nguyen HT, Razafindralambo H, Blecker C, N’ Yapo
C, Thonart P, Delvigne F. Stochastic exposure to
sub-lethal high temperature enhances exopolysaccha-
rides (EPS) excretion and improves Bifidobacterium
bifidum cell survival to freeze—drying. Biochemical
Engineering Journal. 2014;88: 85-94.

Teixeira P, Castro H, Kirby R. Evidence of membrane
lipid oxidation of spray-dried Lactobacillus bulgari-
cus during storage. Letters in Applied Microbiology.
1996;22(1): 34-38.

Monteagudo-Mera A, Rastall RA, Gibson GR, Char-
alampopoulos D, Chatzifragkou A. Adhesion mecha-
nisms mediated by probiotics and prebiotics and their
potential impact on human health. Applied Microbi-
ology and Biotechnology. 2019;103(16): 6463-6472.

Carvalho FM, Teixeira-Santos R, Mergulhao FIM,
Gomes LC. Effect of Lactobacillus plantarum
biofilms on the adhesion of Escherichia coli
to urinary tract devices. Antibiotics. 2021;10(8).
https://doi.org/10.3390/antibiotics 10080966.

Karygianni L, Ren Z, Koo H, Thurnheer T. Biofilm
Matrixome: Extracellular components in structured
microbial communities. Trends in Microbiology.
2020;28(8): 668-681.

Xu Y, Cui Y, Yue F, Liu L, Shan Y, Liu B, Zhou
Y, Lii X. Exopolysaccharides produced by lactic acid
bacteria and Bifidobacteria: Structures, physiochem-
ical functions and applications in the food industry.
Food Hydrocolloids. 2019;94: 475-499.

Wang Q, Wang F, Xu Z, Ding Z. Bioactive

mushroom  polysaccharides: A  review on
monosaccharide composition, biosynthesis
and regulation. Molecules. 2017;22(6).

https://doi.org/10.3390/molecules22060955.
Chen YC, Wu YJ, Hu CY. Monosaccharide com-
position influence and immunomodulatory effects of

probiotic exopolysaccharides. International Journal
of Biological Macromolecules. 2019;133: 575-582.

Creative Commons Attribution-NonCommercial 4.0 International License.

42



