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Tom tat
Hé vi khuan duong rudt anh huéng 16n dén stc khoe toan co thé; mét can bang c6 Nhan 30/11/2025
thé gay nhiéu bénh ly. B6 sung probiotic 1a giai phap an toan, phé bién giup phuc hoi Pugc duyét  28/01/2026
va duy tri cAn bang hé vi sinh. Trong 46, Limosilactobacillus reuteri va Cong bd 28/02/2026

Saccharomyces cerevisiae d3 chimg minh loi ich ddi véi sirc khoe tiéu hoa. Tuy
nhién, str dung don 1¢ timg chiing d6i khi cho két qua khong 6n dinh, trong khi dong
nudi cay hai chung c6 thé ning cao hiéu suit sinh truéng va ting kha ning trc ché
mam bénh duong rudt. Nghién ctru dugc thyc hién bﬁng mo hinh Agent-based két
hop thuc nghiém, gdm hai giai doan: xdy dung mé hinh GEM bang Gapseq va mo
phong ddng nudi ciy bang BacArena. Két qua sau 24 gio cho thdy ca hai loai phat
trién twong ddi on dinh, trong d6 L. reuteri sinh trudng cao hon S. cerevisiae trong
cung diéu kién moi trudng. Ty 1& L. reuteri:S. cerevisiae = 2:1 cho kha ning tao
biofilm cao nhat. Dong thoi, dong nudi ciy & ty 1é phu hop khong chi duy tri sinh
truong timg loai ma con lam ting tong sinh khéi biofilm cua hé, gop phan nang cao
hiéu suét nudi cdy va ting cudng e ché vi sinh vat gdy bénh, mé ra trién vong timg
dung trong ché pham probiotic bao vé duong tiéu hoa.
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1 Dit van dé phi, d4i théo duong type 2, bénh Iy chuyén héa,... [1]. Vi

2 . . .. vay, viéc bo sung probiotic (191 khuan) 1a mét chién luoc
Trong nhiéu thap ky qua, su quan tim dén hé vi sinh vat Y o \ =P A ( o ) 21K ax .
. e L ) z . z can thi€p an toan, ty nhién va ngay cang pho bién de gitp
duong ti€u hoa da gia tang dang ke do vai tro then chot . . N . ]
., i ., , N khoi phuc, duy tri sy can bang cia hé vi khuan duong rudt,
ctia nod trong vi€c duy tri sttc khoe toan dién cho con ., C o , b
o , . o . R tor d6 mang lai nhi€u loi ich sitc khdoe cho co thé. Cac
nguoi. Strc khoe duong ti€u hoa 1a nén tang ciia mot co L . e 2 ) P
2 e, N Ve . i nghién ciru da chi ra rang viéc bo sung lgi khuan vao
thé khoe manh. H¢ ti€u hoa khong chi dam nhan chuc N S .
. A s oz ' - . ] duong tiéu hoa giup ngan ngura cac van de do roi loan tiéu
nang tiéu hoa va hap thu chat dinh dudng, ma con dong . ) 2 ) L.
o . i, hoéa giy ra [2]. Bén canh do, viéc bo sung loi khuan vao
vai tro quan trong trong diéu hoa mien dich, chuyén hoa . ., _ . N .
- . A 2 . R L am dao giup ngan ngira mot sO bénh nhu ung thu co6 tir
nang luong. Trong d6, hé vi khuan duong rudt cu tri & A Lo s . .
. o~ L S ) \ £ cung do HPV, viém am dao do mat can bang h¢ khuan
duong ti€u héa dong vai tro quan trong anh huong dén S
, N 2 s e A a4l . duong am dao,...[3].
sttc khoe toan bd co thé. Do do, khi mat can bang hé vi B L o A
Nam 2001, T6 chirc Luong thuc va Nong nghiép Lién hop

qudc (FAO) phdi hop cung T chire Y t& Thé gi¢i (WHO)
chinh thirc dua ra dinh nghia dugc cong nhan rdng rai va

khuan dudng rudt s& khién co thé c6 thé gap phai hang
loat van dé va lién quan dén nhiéu bénh 1y man tinh nhu
161 loan tiéu hoa, giy hoi chirng rudt kich thich (IBS), béo
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van con nguyén gia tri cho dén ngay nay: “Probiotic 1a cac
vi sinh vat séng, khi dugc str dung véi liéu lugng phut hop,
6 thé mang lai l¢i ich strc khoe cho vat chi”. Pinh nghia
nay vira ddm bdo dugc tinh chinh xéc sinh hoc, vira tao
nén tang cho viéc tmg dung probiotic trong thyc pham
chirc ning, dugc pham va cac linh vuc y sinh hoc khac.
Vi nén tang dinh nghia viing chic do, probiotic ngay nay
da tro thanh mot trong nhitng linh vuc trong diém cua
khoa hoc strc khée, mé ra nhiéu trién vong trong viéc
phong ngira va diéu tri cac bénh, dic biét lién quan dén hé
vi sinh vét duong ti€u hoa.

Mot trong nhiing probiotic thuong xuyén dugc st dung
va c¢6 nhiéu tmg dung trong y hoc ¢ thé ké dén 1a chung
vi khuédn L. reuteri voi cac loi ich da tim thiy nhu tong
hop cac loai vitamin khac nhau (vitamin B12 va B9), tao
ra mot s chat khang khuan nhu reuterin c6 kha ning
chéng lai nhiéu loai nhiém tring do vi khuin gdy bénh
duong ti€u hoa nhu Helicobacter pylori, Escherichia
coli, Clostridium difficile va Salmonella [4]. Ngoai ra, L.
reuteri con diéu hoa hé thong mién dich va giam phan
ung viém gitp ngdn ngua tinh trang viém man tinh va
t6n thuong mo [5]. Saccharomyces cerevisiae hoat dong
nhu mot loai loi khuén quan trong gitip cai thién sirc
khoe duong rudt, ho tro diéu tri cac rdi loan tiéu hoa nhu
tiéu chay, hdi chimg rudt kich thich (IBS) va la giai phap
thay thé khang sinh hiéu qua [6].

Mic du nhiéu nghién ctru di chimng minh hiéu qua sinh
hoc dang ké ctia mot sé chung probiotic don 1 trong
viéc hd tro diéu tri cac rdi loan tiéu hoa va mién dich.
Tuy nhién, mét sé nghién ctru lai chi ra rang viéc st
dung loi khuan don 1¢ thuong dem lai két qua khong r&
rang, khong nht quan hodc d6i khi khong dem lai hiéu
qua diéu tri cao cho sirc khoé ctia con ngudi [7, 8]. Tir
d6 co thé thay, viée str dung mot chung loi khuan riéng
1é trong diéu tri chua dem lai duoc hiéu qua cao nhét.
Dé khao sat kha ning sinh truéng, twong tic hé vi sinh
vat dong nudi ciy L. reuteri va S. cerevisiae, md hinh
mo phong dugc thiét 1ap thong qua hai cong cu tin sinh
hoc chinh: Gapseq (xdy dung md hinh GEM) va
BacArena.

2 Phuong phap nghién ctru

2.1. Pbi tuong
2.1.1 Limosilactobacillus reuteri
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Limosilactobacillus reuteri (Lactobacillus reuteri) 1a
mot loai trong ho Lactobacillaceae. Lan dau tién L.
reuteri dugc phan lap trong sita me vao nam 1962 [9].
O ngudi, L. reuteri dugce tim thiy o nhiéu vi tri khac
nhau trén co thé nhu duong tiéu hda, dudng tiét niéu, da
va stra me [3].

L. reuteri 13 mot loai vi khuan Gram duong, vi hiéu khi,
khong sinh bao tir [3], thudc nhém vi khuan acid lactic
(LAB). Quan sat duéi kinh hién vi, vi khuan c6 dang
hinh que, c6 thé xut hién riéng 1¢ hodc thanh doi.

N6i bat hon hau hét cac loai Lactobacillus, L. reuteri co
kha ning san xuat reuterin, mot chat khang khuan. Hop
chat nay rc ché sy phat trién ciia cac tac nhan gy bénh
dudng tiéu hoa, 1am ndi bat tim quan trong cua n6 dbi
véi suc khdoe duong ti€u hoa [10]. Ngoai reuterin, L.
reuteri con san xuit cac acid hitu co nhu acid lactic,
gitip diéu chinh pH méi trudng rudt va kim ham su phat
trién cta vi sinh vat gdy bénh [11]. Bén canh do, L.
reuteri con c6 kha ning téng hop mot sb vitamin, diéu
hoa hé thong mién dich va giam phan ung viém giup
ngan ngua tinh trang viém man tinh.

2.1.2 Saccharomyces cerevisiae

Saccharomyces cerevisiae thuong dugc goi la men banh

mi hodc men bia, 1a mét vi sinh vat da nang dugc sir dung

trong nhiéu thé ky trong san xuat thuc pham va dd uéng

[6]. Té bao ndm men S. cerevisiae thuong c6 dang hinh cau

hodc hinh trimg véi kich thude té bao thay ddi tiy thude

vao gié)ng loai, d6 tudi va diéu kién nudi céy, véi chiéu rong

trung binh tir (2,5-10) um va chiéu dai khoang (4,5-21) um

(mét s ching ddc biét co thé dai toi 30 um) [12]. S.

cerevisiae c6 kha nang 1én men, san xuét rugu, CO, va kha

ning chdng chiu véi cac diéu kién bt lgi vé do thim thau

va do pH thép [13]. S. cerevisiae hoat dong nhu mot loai

loi khuén quan trong gitip cai thién strc khoe dudng rudt,

hd tro diéu tri cac rdi loan tiéu hoa nhu tiéu chay, hoi chimg

rudt kich thich (IBS) va 1a giai phap thay thé khang sinh

hiéu qua [6].

2.1.3 BacArena

BacArena 1a mot cong cu moé phéng dua trén tac nhan

(Agent-Based Modeling-ABM) nham khao sat su phat

trién va twong tac chuyén hoa ciia vi sinh vat trong moi

truong khong gian hai chiéu. Mdi vi sinh vét dugc mo

phong nhu mot tac nhan doc 1ap voi bd mé hinh chuyén
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hoéa riéng biét (Genome-scale metabolic model-GEM),
c6 kha nang hap thu chat dinh dudng, chuyén hoa, ting
sinh va anh huéng dén méi trudng xung quanh.

Moi truong trong BacArena dugc chia thanh mdt ma
tran cac 6 ludi, mdi 6 dai dién cho mot thé tich nhé chira
céc nong do6 chat chuyén hoa cu thé. Céc vi sinh vt co
thé di chuyén giira cdc 6 nay, canh tranh hodc cong sinh
v6i nhau thong qua viéc tiéu thu va bai tiét chat chuyén
héa. BacArena st dung phuong phép Flux Balance
Analysis (FBA) dé giai bai toan tdi vu hoa dong chuyén
héa cia tirng vi sinh vét tai mdi thoi diém, trén co s&
ndng do chét trong moi truong. Co ché md phong trong
BacArena cho phép danh gia dong hoc tang trudng cua
quan thé vi sinh vat di chung trong cac kich ban khac
nhau (don nudi, ddng nudi, thay dbi diéu kién méi
truong, thém khang sinh,...), tor d6 du doan xu hudng
cOng sinh, dbi khang hodac hinh thanh biofilm [14].

2.2 Phuong phap nghién ctu

2.2.1 Xay dung mé hinh GEM bang Gapseq

Trinh tu hé gen dﬁy du cua hai chung vi sinh vat muc
tiéu duoc truy xuat tir co s& dit liéu NCBI RefSeq bing
1énh wget trén hé diéu hanh Linux. Hé diéu hanh Linux
¢6 kha ning quan 1y hiéu qua tai nguyén hé théng, dam
bao tinh 6n dinh va bao mat cao thong qua co ché phan
quyén chat ch&. Nho tinh linh hoat va kha ning tuy
bién, Linux dwoc tng dung rong rii trong céc linh vuc
nghién ctru khoa hoc.

Khi di c6 trinh ty gen, tién hanh phan tich toan bo
phuong trinh chuyén héa va kénh van chuyén bang cau
1énh find -p all va find-transport ciia cong cu Gapseq.
Sau khi da phan tich du tat ca quy trinh chuyén hoa va
con duong van chuyén tir trinh ty gen chuén, luc nay
can phai phac thao mang ludi tai cau trac tir dir liu
phan tng, kénh van chuyén va con dudng chuyén hoa.
Sau khi phac thao s€ thu duoc dir liéu vé gen, sinh khéi
va phan Gmg. M6 hinh tao ra dugc luu trir dudi dang
RDS duoc str dung trong cong cu tiép theo.

2.2.2 M6 phong dong nudi cdy bang BacArena

Sir dung cong cu BacArena dé gia lap dé mé phong qua
trinh chuyén hoa ciia cac vi sinh vat trong hé dong nudi cy.
BacArena 14 nén tang mo phéng dua trén tac nhan hoat
dong trén nén ngon ngt 1ap trinh R, cho phép tich hop cac
mb hinh GEM dé gia 1ap su phét trién va twong tic giita cac
vi sinh vat trong méi truong khong gian hai chiéu.

Dit liéu ddu vao gdm:

- Cac mo6 hinh GEM da dugc xay dung tir Gapseq
- Bang méi truong MRS duéi dang .csv cung cép céac
chét nén c6 thé tiéu thy.

Céc budc chinh:

1. Tai mo hinh vi sinh vat:

r

readRDS("[name]-draft. RDS")

Bac(...)

2. Tao khong gian mé phong (arena):

r

Arena(n = 50, m = 50, time = 24)

3. Thém méi truong & chat dinh dudng:
r

addSub(...) # Thém nén MRS
createGradient(...) # Tao gradient O2

4. Thém quan thé vi khuan:

r

addOrg(...)

5. Bat ddu mo phong:

r

simEnv(...)

6. Trich xuét két qua:

r

plotCurves2(...)

evalArena(...)

3 Két qua va thao luan

3.1 Két qua mé6 phong dong hoc ting truéng cua L.
reuteri va S. cerevisiae trong diéu kién dong nudi cy
(BacArena)

Quin 1hé v minh vt Kivint dlu

arew

Hinh 1 Hinh mo phong phan b vi sinh vat trong BacArena

Hinh anh mé phong sy phan bd khong gian cua L.
reuteri va S. cerevisiae sau 24 gid déng nudi cdy. O
thoi diém ban dau, hai ching duoc phan bd ngau nhién
trén bé mat mo phong véi mat do thap va phan bo roi
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rac. Céc té bao roi rac chua hinh thanh cum hay vung
cu tri ro rét da phan anh luc nay hé chua co6 sy tuong
tac giita hai ching. Sau 24 gio dong nudi cdy, mat do
ctia ca hai chiing déu tang 1én déng ké va phan bd rong
trén khong gian mo6 phong. Tuy nhién sy lan rdng cua
hai ching khong hoa trdn vao nhau ma c6 sy hinh thanh
vung phan bd dic trung. Diéu nay cho thiy su twong
tac chuyén hoa va canh tranh khong gian trong hé dong
nuoi céy. Viéc hai chung van duy tri dugc méat do qu?m
thé 16n sau 24 gid chimg t6 kha ning dong ton tai twong
d6i on dinh khi tién hanh ddng nudi cdy véi nhau.
U

00

\

/ B Letw
/ | vt

P S ——"
0o

Hinh 2 Puodng cong sinh trudng cia L. reuteri
va S. cerevisiae

Két qua mé phong cho thdy ca L. reuteri va S.
cerevisiae cing tang truong 6n dinh sau 24 gio dong
nudi cdy. O 5 gio dau, ca hai ching déu duy tri mat
d6 kha thap, co thé ltic nay hai chung dang thich nghi
v6i moi truong. Sau giai doan nay thi hai chung bat
dau co sy ting truong manh m&. C6 thé nhin thiy L.
reuteri c6 kha nang sinh truéng cao hon so voi
Saccharomyces trong cung diéu kién moi truong.
Diéu nay c6 thé lién quan dén dic diém trao doi chat,
tdc d6 phan bao hoic kha ning sir dung ngudn dinh
dudng cta L. reuteri hiéu qua hon. Tuy nhién, két
qua ciing cho thiy c hai chiing déu c6 kha ning dong
ton tai, khi duong cong ctia hai loai déu dat trang thai
on dinh va khoéng biéu hién hién tuong trc ché manh
14n nhau.

2 Két qua md phong sinh biofilm bang mé hinh in
silico
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Hinh 3 Biéu d sinh biofilm theo m hinh in silico
Ti 1€ L. reuteri : S. cerevisiae = 2:1 cho gia tri sinh
biofilm cao nhat. Dt liéu tir mé hinh cho thay khi ty 1¢
S. cerevisiae giam va L. reuteri ting (tir 1:4 dén 4:1)
mirc sinh biofilm c6 su thay d6i khong tuyén tinh véi
nhau nhung voi céc ti 1€ trung gian thi kha nang sinh
biofilm 13 kha t6i wu. Trong khoang ti 1¢ trung gian, c6
thé hai chung c6 diéu kién t6i uru dé cung ton tai va khai
thac moi truong. L. reuteri c6 kha nang su dung hiéu
qua ngudn dinh dudng ctia méi trudng va dong thoi tiét
ra cac san pham chuyén hoa c6 thé dugc S. cerevisiae
tai st dung.

w DO e LRSS - 20 LR Oumy (04 SC don doc

Bhomass (don v lvong 6X)

Hinh 4 Sinh trudng biofilm mo phong trong 48 gio

Nguoc lai, S. cerevisiae c6 thé gbp phan cai thién vi
moi truong thong qua chuyén hoa hay tai st dung céc
san phdm chuyén hoa cua L. reuteri, gian tiép thuc day
su sinh trudng cua L. reuteri. Tuy nhién, khi ¢ nhiing ti
1€ mét can d6i 1o rét thi kha nang sinh biofilm c6 xu
huéng giam. Piéu nay cho thiy su cin bing giita
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L. reuteri va S. cerevisiae cb vai trd quan trong trong
qué trinh hinh thanh biofilm trong moéi truong gia 1ap.
Hinh 4 mo phong su ting truong sinh khéi theo thoi
gian trong hé vi sinh vat. Hé dong nudi L. reuteri : S.
cerevisiae = 2:1 dat sinh khéi cao nhat & khoang (40-
48) gio, thé hién hiéu ung hd tro trong hinh thanh
biofilm. L. reuteri va S. cerevisiae khi nuoi don 1& c6
toc do tang truong twong ddi gidng nhau, song van thap
hon déng ké so voi hé dong nudi. O giai doan dau
khoang (0-12) gio thi sy khac biét giita ba diéu kién
nuoi céy chua co sy khac bi¢t ro rét, tuy nhién tur
khoang (15-20) gid tr¢ di dudong cong sinh trudng cua
hé déng nudi cay bat dau tach biét rd rét so voi hai dicu
kién nuoi cdy riéng 1¢. Pudng cong sinh truong dong
nudi cdy ting trudng véi toc d6 manh mé hon han véi
biomass tang ro rét va cd xu hudéng ngay cang tang. Sy
khac biét nay cho thiy viéc ddng nudi ciy hai chung &
ti 1€ phu hop khong chi duy tri dugc kha nang sinh
truong cua timg loai ma con 1am gia ting tong sinh khdi
biofilm cua hé.

4 Két luan va dé xuat

Nghién ciru da ng dung mé hinh BacArena dé khao sat
su twong tac va dong hoc ting truong cua hé dong nudi

Tai li€u tham khao

ciy L. reuteri va S. cerevisiae. Két qua mo phong da cho
thdy ca 2 chung vi sinh vét déu c6 kha ning ton tai 6n
dinh va hinh thanh cic ving phan b khong gian dic
trung sau 24 gio dong nudi cdy. Bén canh dé, trong diéu
kién déng nudi cy thi L. reuteri da tang truong tt hon
s0 voi S. cerevisiae, co thé do kha ning sinh truong
nhanh va sir dung ngudn dinh dudng trong méi trudng
ctia L. reuteri hiéu qua hon. Ngoai ra, mé hinh cho thay
ty 18 phdi hop 2:1 (L. reuteri : S. cerevisiae) 14 ty 18 tdi
wu gitip dat gia tri sinh khdi biofilm cao nhét va thay
duoc sy can bang giita hai chung dong vai tro quan trong
trong duy tri kha ning ting truéng. Pong thoi khi so
sanh voi diéu kién nudi cy riéng 1é thi ddng nudi cay da
cho gia tri sinh khéi biofilm vuot tréi hon dang ké.

Dua vao nhiing két qué dat duoc, nghién cuu dé xuét
str dung BacArena dé khao sat thém cac yéu t6, didu
kién méi truong nhu pH, ndng d6 cac chat dinh dudng
anh huong thé nao dén su ting truong cia hai chung
trong hé ddng nudi ciy.
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Abstract The gut microbiota plays an essential role in overall health, and imbalance can lead to various diseases.
Probiotic supplementation is a safe and common approach to restore microbial balance. Among them,
Limosilactobacillus reuteri and Saccharomyces cerevisiae have demonstrated benefits for digestive health.
However, single-strain use sometimes produces inconsistent outcomes, whereas co-cultivation can improve growth
efficiency and enhance inhibition of intestinal pathogens. Thus, the study combined agent-based modeling with
experiments in two stages: construction of genome-scale metabolic models using Gapseq and co-culture simulation
with BacArena. After 24 hours, both species showed relatively stable growth, with L. reuteri outperforming S.
cerevisiae under identical conditions. The ratio of L. reuteri : S. cerevisiae at 2:1 yielded the highest biofilm
formation. Moreover, appropriate co-culture ratios not only maintained individual growth but also increased total
biofilm biomass, improving cultivation efficiency and pathogen suppression, and highlighting potential
applications in probiotic formulations for gastrointestinal protection.
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