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TOM TAT
Muc tiéu: Nghién ciu ndy nhdm danh gia toan dién tinh an toan trong diéu kién in vitro
cua chung Bacillus subtilis Eramic 25 theo hwdng dan cia GRAS, Co quan Quan ly
Thyc phdm va Thuéc Hoa Ky (FDA) va Co quan An toan Thc phdm Chau Au (EFSA),
théng qua viéc phan tich khd nang khang khuan, doc tinh té bao, cung sv hién dién cua
cac gen khang khang sinh va gen doc lwc lién quan dén tinh an toan cla ching.
Phu’o’ng, phap: Cac th&r nghiém dwogc thyc hién bao gE‘)m danh gia kha ngfmg khang
khuan ddi v&i vi khuan gay bénh, thir nghiém doc tinh té bao trén hai dong té bao Vero
va HT-29, cling nhw phan tich bé gen nham xac dinh sy hién dién ctia cac gen déc lyc
va gen khang khang sinh.
Két qua: Chang B. subtilis Eramic 25 khdng trc ché cac chang vi khuan gay bénh trong
thtr nghiém va khong gay doc trén hai dong té bao Vero va HT-29. Phan tich bo gen
cling xac nhan rang chang nay khéng mang cac gen mé hoa déc td, khéng chra gen
gay tan mau. Cac gen khang khang sinh khéng nam trén plasmid hoac gen nhay, cho
thay nguy co lay truyén gen khang khéng sinh la rat thap.
Két lu@n: Ching Bacillus subtilis Eramic 25 dap ng cac tiéu chi an toan in vitro theo
hwong dan cua GRAS, FDA va EFSA. Két qua nay cho thay tiem nang &rng dung cua
chling trong san xuét probiotic, thwc pham chirc nang va cac san pham thyc phdm danh
cho con ngudi, ddng thoi la co s& dé tién hanh cac nghién ctru tiép theo trén dong vat
va thtr nghiém lam sang trén nguoi.
Ttr khéa: Bacillus subtilis, doc t6 té bao, gen doéc t6, gen khang khang sinh.

COMPREHENSIVE ZV }77R#0 ASSESSMENT OF THE SAFETY
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FUNCTIONAL FOODS AND HEALTH SUPPLEMENTS

ABSTRACT

Aims: This study aimed to comprehensively assess the in vitro safety profile
of Bacillus subtilis Eramic 25 in accordance with the guidelines of GRAS, the
United States Food and Drug Administration (FDA), and the European Food
Safety Authority (EFSA), through the evaluation of antimicrobial activity,
cytotoxicity, and the presence of antibiotic resistance and virulence genes
associated with safety.
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Methods: The conducted assays included the evaluation of antibacterial activity
against pathogenic bacteria, cytotoxicity testing on two cell lines, Vero and HT-
29, as well as genomic analysis to identify the presence of virulence genes and
antibiotic resistance genes

Results: The B. subtilis Eramic 25 strain does not inhibit selected common
pathogens, and exhibits no cytotoxic effects on Vero and HT-29 cell lines.
Furthermore, genomic analysis confirmed that this strain does not genes encoding
for toxins and hemolytic genes. Antibiotic resistance genes are not located on
plasmids or transposable elements, indicating a very low risk of horizontal gene
transfer of antibiotic resistance.

Conclusion: B. subtilis Eramic 25 meets the in vitro safety criteria recommended
by GRAS, FDA, and EFSA. These findings support the potential application of
this strain in the production of probiotics, functional foods, and food products for
human consumption, and provide a basis for animal studies and clinical trials on
human.

Keywords: Bacillus subtilis, cytotoxin, toxin genes, antibiotic resistance genes.

I. PAT VAN PE

Trong sudt nhiéu thé ky, cac loai vi
khuan thuoc chi Bacillus dd duoc con
ngudi sir dung phd bién trong quéa trinh
lén men thyc pham truyén théng nhu
twong ban, natto, miso va kim chi tai
nhiéu quéc gia chau A [1]. Tuy nhién,
mot sé chang Bacillus subtilis dd duoc
ghi nhan c6 kha nang sinh doc té va gay
ra cac triéu chirng tuong tu ngd doc thuc
pham, dong thoi mang cac gen khang
khéng sinh c6 thé truyén ngang gitra cac
vi sinh vat [2]. Nhitng ching nhu vay
dugc xem 1a khdng phu hop dé st dung
trong thuc pham hoac thuc pham bao vé
stc khoe ding cho con ngudi. Vi vay, van
dé danh gia tinh an toan cua cac chang
Bacillus ddi véi sic khoe con nguoi la
dac biét quan trong, doi hoi phai dugc
danh gid nghiém ngit theo khuyén céo
cua GRAS, FDA va EFSA trudc khi duoc
dura vao ng dung trong san xuat.

Xuat phat tir thyc tién d6, nghién dugc
tién hanh nham danh gia toan dién dac
tinh an toan in vitro cua chung B.
subtilis Eramic 25, tuan theo cac hudng
dan caa GRAS, FDA va EFSA [3-6]. Céc
ndi dung danh gia bao gom: kha ning
khang khuan, doc tinh té bao, va phan tich
bo gen dé xac dinh su hién dién cua cac
yéu té lién quan dén doc luc vi khuan.
bac biét, nghién ciru tap trung vao viéc
lam 6 dic diém mang gen khang khang
sinh va kim loai nang, su hién dién cua
cac gen ma hoa doc t6, yéu té doc luc
hoidc cac gen lién quan dén phage. Trén
co s& d6, nghién ctru hudng dén danh gia
tiém ning Gng dung cua chung B.
subtilis Eramic 25 trong san xuat ché
pham probiotic an toan cho ngudi.
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II. PHUONG PHAP NGHIEN CUU

2.1. Vat liéu nghién cau

Péi twong nghién cku: chung Vi
khuan B. subtilis Eramic 25 dugc phan
lap tir mau phan caa ngudi khoe manh.
Chung nay da duoc béo céo la khéng gay
tan mau (non-hemolytic), cd kha nang
sbng sot trong diéu kién md phong duong
tiéu hoa nhu pH acid va mudi mat, va
nhay cam véi cac khang sinh phd bién
dugc su dung trén nguoi. Nhing dac
diém nay cho thdy chang c6 tiém ning
probiotic va phl hop dé tién hanh danh
gia cac dac tinh an toan sau hon theo cac
huéng dan caa EFSA va FDA [7].

Chiing vi khuan: Sir dung 5 chung vi
khuan theo hudng dan cua GRAS [8]:
Escherichia coli ATCC
25922, Salmonella typhimurium ATCC
14028, Enterococcus faecium ATCC
19434, Staphylococcus  aureus ATCC
6538 va Shigella flexneri ATCC 12022.

Té bao: Té bao Vero, té bao HT-29
do GS. J.M. Pezzuto (Truong DPai hoc
Long Island, Hoa Ky) va GS. Jeanette
Maier (Truong Dai hoc Milan, Italia)
cung cap.

M&éi trwong nudi cay: LB (Peptone
10 g/L, Yeast Extract 5 g/L va NaCl 10

2.2. Giai trinh tw va phéan tich hé gen

Chung B. subtilis Eramic 25 duoc
nudi cdy trong méi truong LB ¢ 37°C

trong 10 gid, véi toe d6 lac 220 vong/phut.

Sau khi ly tam 8.000 vong/phat trong 15
phdt, céc té bao duoc thu thap. DNA tong
s6 dugc tach chiét bang bo kit DNeasy
Blood and Tissue Kits. DNA sau khi tach
chiét duoc dinh lwong bang may do
huynh quang TBS-380. Thu vién DNA

g/L); BHI (Titan); Sheep Blood Agar
(Oxoid); DMEM/MEME (Sigma) bd
sung L-glutamine, sodium pyruvate,
NaHCOs, penicillin/streptomycin va 10%
huyét thanh bo thai (FBS), 0.05%
Trypsine-EDTA.

Hoa chit: PBS (Sigma), DMSO
(Sigma), Ellipticine (Sigma), In vitro
toxicology assay kit (Sigma), DNeasy
Blood and Tissue Kit (Qiagen), Nextera
XT DNA Library Preparation Kit
(Mumina), MiSeq Reagent Kit v3
(IMlumina).

Thiét bj va dung cu: Kinh hién vi dao
nguoc Axiovert 40 CFL, budng dém té
bao Fisher, may quang phé BioTek, may
doc dia ELISA Biotek EIx800, may ly
tam Varispin 15, may lic 6n nhiét Puricell
Shaking 80, may do huynh quang TBS-
380, hé théng giai trinh ty Illumina
MiSeq, méay do pH, cin phan tich, td 4m
COy, ta lanh sau -80°C, binh nito long
cung cac dia nudi cdy 24 va 96 giéng
(Corning). Céac dung cu co ban trong
phong thi nghiém sinh hoc phéan tir va
nudi cdy vi sinh vat ciing duoc sir dung
trong sudt qua trinh thyc hién nghién cuau.

duoc xay dung st dung bo kit Nextera XT
DNA Library Preparation Kit. DNA tong
sd duoc cit nho thanh cac doan co kich
thude 400 - 500 bp, sau d6 dugc giai trinh
tu toan bo bd gen cua vi khuan st dung
bo kit Miseq reagent kit v3 150, chay
mode Paired-end trén thiét bi lllumina
Miseq Dx co read length dai 75 bp moi
dau.
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2.3. Thir nghiém khang khuén va déc tinh té bao

‘M3i thi nghiém duoc thuc hién toi
thidu 3 1an I3p lai (n = 3) dé dam bao do
tin cay.

Thir nghiém khang khuan: Kha ning
khang khuan cua chung B.
subtilis Eramic 25 dugc danh gia theo
phuong phap khuéch tan trén dia thach
[9]. Sau khi nudi cay cac chung vi khuan
gay bénh trén dia thach mau cuu 5% &
37°C trong 24 gio, cac khuan lac duoc hoa
vao dung dich PBS dé tao huyén phi voi
mat d6 khoang 108 CFU/mL. Huyén phi
vi khuan duoc dan déu 1én dia thach BHI,
sau d6 duc 2 16 c6 duong kinh 7 mm. Dich
nudi ciy vi khuan B. subtilis Eramic 25
trén moi truong BHI ¢ 37°C trong 24 gio
duogc ly tdm ¢ 8.000 vong/phut trong 30
phdt, thu lay dich néi va nhé 100 pl vao
16 trén dia thach da dugc chuan bi. Mau
d6i chung chi nhd 100 ul mdi trudng BHI
vo trung. Dé yén cac dia trong 2 gio dé
dich khuéch tan vao lép thach, roi u &
37°C trong 24 gio.

Thir nghiém ddc tinh té bao: Phép thi
doc tl'nh te bao duoc thuc hién trénNté bao
nubi cay don 16p theo hudng dan cua

2.4. Phan tich sé liéu

Thir nghiém déc tinh té bao: Ty 1é phan
tram té bao sdng sot theo cong thirc:

ODpmsu —
ODge —

ODpjank

x100%
ODplank

% té bao sdng =

Trong d6: ODpank 12 OD cua giéng chi
c6 moi trudng nudi cay (khdng cd té bao,
khéng c6 mau), ODqc 12 OD cua giéng c6
chtra té bao nhung khong c6 mau thir, Két
qua % té bao sdng la gia tri trung binh tur
3 1an thi nghiém dé dam bao do chinh xac.
Giai trinh tw va phan tich h¢ gen: Céc
doan doc sau khi thu duogc tir qué trinh
giai trinh tu toan bo b gen cua chiang B.
subtilis Eramic 25 duwoc kiém tra chat

EFSA (2014) [6]: Trypsin héa té bao thi
nghiém dé lam roi té bao va dém trong
budng dém dé diéu chinh mat 6 khoang
10°té bao/mL. Tién hanh dwa 1000 pL té
bao/giéng vao dia 24 giéng dé té bao bam
day va phat trién 6n dinh truge 48h. Khi
tién hanh thi nghiém thi loai méi truong
ci, b sung 1 mL mdi truong moi VaO cac
giéng. Cac mau thu 1a dang dich néi sau
ly tam duoc dua vao cac giéng (100, 80,
60, 40 uL/giéng) va b sung du lwong moi
truong dat 1,1 mL, mau déi ching bd
sung 100 pL Elliptine pha trong DMSO
Vi cac ndng d6 0,08, 0,4, 2, 10 pg/L. Sau
d6 u 2h trong ti 4m CO25% & 37°C. Cho
MTT theo huéng dan cua kit (6ng M-
5655 dugc pha trong 3 mL dung dich
mudi dém Balanced salt solution, sau d6
lay mot lwong dung dich da hoa tan cho
vao gleng nudi cay twong duong 10% trén
mdi giéng), & trong 2-4 tiéng. Sau khi 1,
cho vao mdi giéng 1,1 mL MTT
solubilization solution (twrong duong VoI
thé tich moi trudng trong giéng). Lac déu.
Doc két qua OD & budc song 540 nm trén
may ELISA Plate Reader.

lugng bang FastQC (v0.12.1) théng sé
méc dinh. Cac doan doc chit luong thap
duoc loai bo bang fastp (v0.24.1). Sau do,
cac doan doc da qua xir Iy dwoc lap rap de
novo bang SPAdes (v3.15.5), va chat
luong lip rap dwoc danh gia bang phan
mém QUAST (v5.0.2). Hé gen cua B.
subtilis Eramic 25 duoc chi giai bang hé
thong dir lieu RAST ban web
(https://rast.nmpdr.org/). Cac gen chuc
nang, bao gom cac gen lién quan dén doc
t6 va cac yéu td doc luc, dugc xac dinh
théng qua viéc so sanh véi cac nguon di
liéu da cong bd. Ngoai ra, cac gen khang
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khang sinh cling dugc phat hi¢n va kiém
tra lai bang c¢ong cu ABRicate
(https://github.com/tseemann/abricate).

I11. KET QUA

3.1. Thir nghiém kha ning khang khuin

E coll ATCC 25922

E. fascium ATCC 19434 S. aureus ATCC 6538

Hinh 1. Két qua thir nghiém déc tinh khang khuan cia Bacillus subtilis Eramic 25

B. subtilis Eramic 25 khong c6 hoat
tinh khang khuan doi veéi 5 chung vi
khuan duoc thir nghiém, goi y co ché hoat

dong giéan tiép caa ching trong viéc han
ché su phat trién cua céc vi khuan gay
bénh.

3.2. Thir nghiém déc tinh té bao

Bang 1. Két quda thiz nghiém déc tinh cia Bacillus subtilis Eramic 25 trén 2 dong té
bao VERO va HT-29

Ellipticine B. subtilis Eramic 25

Nong  VERO HT-29 Thé  VERO HT-29

do %th Sai  %th Sai  HCh  oth  Sai  %tb  Sai
(g/mL) séng sé6  sbng sé6 (ML) séng  sé6  séng  sb
10 912 084 11,77 1,02 100 90,56 4,84 9250 1,68
2 22,93 149 2722 1,17 80 96,04 0,77 98,25 1,61
0,4 4855 1,07 51,18 1,29 60 101,22 1,78 99,65 1,04
0,08 76,01 164 7892 214 40 103,91 1,24 100,75 2,54

Trong nghién ctru nay, doc tinh té
bao cua chung B. subtilis Eramic 25 dugc
danh gia trén hai dong té bao dai dién la

Vero va HT-29 thong qua phép thi MTT.
Doc tinh té bao dugc xac dinh dya trén
mirc d6 giam ty I€ song s6t cua té bao khi
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tiép xtic véi dich noi (supernatant) thu
duoc khi nudi cay B. subtilis Eramic 25.
Ngudng khong doc tinh dugc ap dung cho
cac mau c6 ty I¢ t€ bao song I6n hon 80%;
ngudng doc tinh doi véi cac mau co ty I¢
te bao song nho hon 80% [6].
3.3 Phan tich hé gen

Trinh ty toan bo hé gen cua chung B.
subtilis Eramic 25 da dugc giai ma va

cong ho trén co s dit ligu GenBank V6i
ma so6 truy cap GCF_031932165.1. Phan

B. subtilis Eramic 25 khong gay doc
trén hai dong té bao Vero va HT-29. Biéu
nay cang ¢ thém bang ching vé tinh an
toan cua chuang nay.

tich hé gen khéng phét hién gen doc luc
hoac yéu t6 di truyén di dong chira gen
khang khéng sinh, phu hop véi tiéu chi an
toan cua GRAS va EFSA [3-5].

Bdng 2. Két qua chu gidi hé gen cua ching Bacillus subtilis Eramic 25

Genes/ Churc nang 9q . .
proteins 218 ww 0
§d S5 g8
Jow 0o Yo
Wy o =3
a2 d i~ 2 0
S8 8 £8
S g7 < 7l
25 S0 %0
n O n O RO

Lién quan dén khang khang sinh va céc hop chat doc hai

vanW Khéang vancomycin

cat Khéng chloramphenicol

fosB Khang fosfomycin

tet-like Khéng tetracycline

EF-G Khang tetracycline

blal Khéng beta-lactam

PhnP Enzym phosphodiesterase thuoc
siéu ho metallo-p-lactamase

satA Khang streptothricin

gyrd (a6t bién)  Khang fluoroquinolone

@yrB (@6t bién)  Khang fluoroquinolone

vdhE/norM Bom day da khang sinh

acrB Khang acriflavine

chrA Khang chromium

cadA Khéang cadmium

cadC Khang cadmium

Lién quan dén yéu td doc luc

Kha nang dap tng stress do bacteriocins/bacitracin

beed Hé thong protein gian ATP dao thai
bceB bacitracin

bceS Hé thdng nhan dién va diéu hoa bao
bceR vé chdng bacitracin

Lial
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subtilis Eramic 25

GCF 031932165.1
clausii 088AE
GCF 001558755.1
subtilis 168
GCF 000009045.1

Genes/ Churc nang
proteins
LiaH Pap ung stress
LiaG bacteriocins/bacitracin
Bacilysin Bacteriocins
Subtilosin
Kha nang ly giai mudi mat
bsh Enzym chuyén hoa va diéu hoa

~ mudi mat
Kha nang chuyén hod chat béo
MAGL

LPL Lysophospholipase
Bacteriophage
xkdG Protein thanh phan gidng phage
PBSX
trxA Thioredoxin

Lién quan dén kha nang sinh doc t6
bceT

Monoglyceride lipase

1

Doc t6 ruot gay tiéu chay

hbl Poc t6 rudt gay tan mau

nhe Doc t6 ruot khdng gay tan mau
cytK Cytotoxin K

entFM Doc t6 rugt FM

cesB Doc t6 gay ng doc thuc pham

Lién quan dén phan giai hong cau
a-hemolysin
B-hemolysin
y-hemolytic

I co
IV. BAN LUAN

4.1. Thir nghiém kha niing khang khuan

Viéc khong quan sat dugc hoat tinh
khéng khuan truc tiép khdng phu dinh
tiém niang probiotic cuaB. subtilis
Eramic 25. Cac nghién ctu trude day da
chi ra rang B. subtilis 1a mot probiotic c6
gi& tri, nho kha nang hinh thanh bao tu
gitip chiing vuot qua cac diéu kién khic

A
>
(@)
>
(@]

nghiét cia dudng tiéu hoa nhu pH thap &
da day, mudi mat va enzyme tiéu hoa, tir
d6 dam bao kha nang séng sot va phat huy
hiéu qua tai ruét non [10]. Mac du khéng
truc tiép tiéu diét vi khuan gay bénh qua
cac hop chit khang khuan, B. subtilis van
c6 thé trc ché sy phat trién cua vi sinh vat
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c6 hai thong qua cac co ché gién tiép, bao
goém canh tranh dinh dudng va vj tri bam
trén bé mat biéu mo rudt [11]. Sy hién
dién cua B. subtilis con duoc ghi nhan la
€0 kha nang tang cuong chirc nang hang
rao niém mac rudt nho kich thich san xuét
chat nhay va cing cb tinh toan ven cua
biéu mé ruét [12]. Ngoai ra, B.
subtilis con c¢6 kha nang kich hoat hé
mién dich tai chod, dic biét 1a thong qua
viéc tang san xuat khang thé IgA va kich

4.2. Thir nghiém déc tinh té bao

Bacillus subtilis 1a mét loai vi khuan
c6 tinh da hinh cao, bao gdm nhiéu chang
khac nhau véi dic diém sinh hoc va sinh
ly riéng biét. Méc du duoc cdng nhan la
vi khuan c6 loi VG nhiéu &ng dung trong
thuc pham, mot sé chung c6 thé tiém an
nguy co gy hai trong nhimg diéu kién
nhat dinh. Theo tiéu chuan an toan cua
GRAS va EFSA, cac
chung Bacillus dugc st dung trong san
pham probiotic danh cho ngudi tiéu ding
can duoc danh gia doc tinh toan dién
thdng qua thtr nghiém doc tinh té bao.

Két qua duoc trinh bay trong Bang 1
cho thiy B. subtilis Eramic 25 khong gay
anh huong tiéu cuc dén kha niang séng sot

4.3. Phan tich hé gen

Khdng khdng sinh va cdc hop chit djc hai

Két qua phan tich hé gen sir dung hé
thdng dir lieu RAST cho thay B. subtilis
Eramic 25 mang nhiéu gen lién quan dén
kha ndng khang khang sinh va thich nghi
véi diéu kién méi truong. Trong do, co
hai gen fosB va sat4 nam trén nhiém sic
thé, lan Iluwot lién quan dén khang
fosfomycin va streptothricin. Mot s6
chung B. subtilis cling c6 chira cac gen
nay va dugc xac dinh la gen khang néi tai
thuong gap ¢ chi Bacillus [16]. Cac gen
khéang khang sinh khéng lién két hoic

hoat c4c t& bao mién dich bAm sinh nhu
dai thuc bao va té bao lympho [13]. Tt do,
loai nay gop phan giam nguy co viém
nhiém va cai thién sic khoe duong ruot
tong thé. Mot lgi ich khac cua B.

subtilis 1a ting cudng sy phat trién caa vi
khuan co loi khac
nhu Lactobacillus va Bifidobacterium, tir
d6 gitup can bang hé vi sinh vat duong
rudt va lam giam céc triéu chang réi loan
tiéu hda nhu tiéu chay, dy hoi va tdo bon.

cua ca hai dong té bao & tat ca cac nong
d6 thir nghiém. Nguoc lai, ellipticine
(chat ddi chimg ‘duong) thé hién doc tinh
ro rét voi ty 1€ sbng cua té bao giam manh
theo néng d6, minh chimg cho d6 tin cay
caa md hinh thir nghiém. Nghién ctru cua
Kotowicz va cong su (2019), Johanna
Burtscher va cong su (2021) cling cho
thdy céc chang Bacillus subtilis trong
nghién ctiu cua ho ciing khong gay doc
dbi voi 2 dong té bao trong in vitro [14,
15]. bay 1a mét trong nhitng dac tinh an
toan quan trong cua chuang vi sinh vat
dugc sir dung cho con ngudi cung véi dac
tinh khong gay tan mau [7] theo tiéu
chuan cia GRAS va EFSA.

khong nam trén plasmid hoic gen nhay
thi nguy co 1ay truyén sang cac sinh vat
khac co thé duoc coi 1a tdi thiéu. EFSA
2012 néu rd: “Bat ky chung vi khuan nao
mang gen khang khang sinh nam trén
nhiém séic thé hoic do dot bién nhidm sic
thé gay ra déu c6 kha niang lay truyén
ngang rat thap va cé thé duoc st dung lam
thuc pham cho con ngudi” [5].

Bén canh do, su hién dién cua protein
PhnP, la mot enzyme phosphodiesterase
thuoc siéu ho metallo-B-lactamase, gilp
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vi khuan séng sot trong méi trudng thiéu

phospho, nho d6 tang kha nang thich nghi.

Mot s6 gen bom déy nhu ydhE, noriM,
va acrB cling dugc phat hién, cé vai tro
trong co ché khang da thudc théng qua
viéc loai bo khéang sinh khoi té bao [17].
Ngoai ra, cac dot bién duoc ghi nhan tai
vung ma hoa gen gyr4 vagyrB la cac
muc tiéu tac dong chinh cua
fluoroquinolone ciing gop phan vao kha
nang dé khang nhom khang sinh nay [18].
Céc gen nay déu nam trén nhiém sac thé,
nguy co lay truyén ngang |a thap [5].

bac biét, B. subtilis Eramic 25 mang

cac gen khang kim loai nang bao
Bacteriocins/Bacitracin
Phan tich hé gen cuaB.

subtilis Eramic 25 cho thay chung nay s&
hﬁp day du cac thanh phan thugc hai he
thong phan mg stress mang lién quan dén

khang sinh peptide, bao
gom BceABRS va LialHG. Cum
gen bceA, bceB, bceSvabceRmd  hoa

cho cac protein thuoc hé théng van
chuyén ABC va hé thong diéu hoa hai
thanh phan, c6 vai tro trong viéc phat hién
va loai bo bacitracin ra khoi té bao [20].
Bén canh d6, cum gen lial, liaH va liaG
tham gia vao co ché bao vé mang dudi tac
dong cua c4c tac nhan lam tén thuong
mang nhu bacteriocin [21]. Tuy nhién, hé
gen cua B. subtilis Eramic 25 khong phat
hién cac gen ma hoa cho bacteriocin phd

Khdng mudi mat

Chung B. subtilis Eramic 25 thé hién
kha nang khang mudi mat nhd su hién
dién cua gen bsh, méa hoa enzyme bile salt
hydrolase (BSH). Bay la mt enzyme dac
trung, chu yéu duoc tong hop boi vi
khuan thudc hé vi sinh duong rudt, véi

Chuyén hod lipid

gom chr4 (khang

chromium), cad4 va cadC (khang
cadmium). Nhiing gen nay thuong dong
vai tro trong kha ning bao vé té bao truge
ap luc chon loc ion kim loai [19].

Quan trong hon, nhém nghién cuu
khong tim thy su xuat hién cua cac gen
khédng khang sinh nam trén plasmid,
transposon hoac cac yéu té di truyén di
dong nhu insertion sequences (IS) trong
hé gen cua B. subtilis Eramic 25. M6t dac
tinh an toan quan trong dugc xem xét bai
GRAS va EFSA.

bién nhur bacilysin va subtilosin, cho thay
chung nay khong c6 kha nang tong hop
cac peptide khang khuan. Diéu nay phu
hop véi dit liéu thuc nghiém cho thay B.
subtilis Eramic 25 khéng cé hoat tinh tc
ché rd rét dbi vai cac vi khuan gy bénh,
va tir goc do an toan sinh hoc, day 1a mot
diém thuan lgi vi 1am giam nguy co gay
réi loan hé vi sinh duong rudt khi tng
dung probiotic. Nhu vay, ¢ su hién dién
cua cac hé thong dap tmg stress dac higu
nhung khéng cé céc yéu té gay hai dbi véi
vi sinh vat khac cho thay B. subtilis
Eramic 25 la mét chiing ¢6 kha nang thich
nghi cao v4i moi trudng ma van duy tri
dugc muc d6 an toan cao trong cac tng
dung probiotic.

chtrc nang xuc tac qua trinh thuy phéan lién
két amide trong mudi mat lién hop, diéu
hoa chuyén héa mudi mat, tr dé ting
cuong kha ning séng sot cua vi khuan
trong moi truong duong tiéu hoa [22].
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Su co mat cua hai
protein MAGL (monoacylglycerol lipase)
va LPL (lysophospholipase) trong hé gen
cua B. subtilis Eramic 25, cho thay chung
nay c6 kha ning tham gia vao chuyén hoa

Bacteriophage

Chung B. subtilis Eramic 25 mang
mot s6 gen lién quan dén phage, bao gom
xkdG, ma hda protein ciu tric giéng
phage giup giai phéng DNA ra mdi
truong bén ngoai [24], va trxA, ma hoa
thioredoxin - mot protein oxy hda khu
thudong duoc phage sir dung dé hd tro sao
chép va lap rap [25]. Phan tich so sanh
cho thay hai chung d6i chiéu Bacillus
clausii 088AE va chung Bacillus subtilis
168 ciing mang cac gen phage tuong dong
vé6i Eramic 25, cho thdy cac gen nay c6
thé 1a thanh phan tan tich cua prophage
phd bién ¢ cac chung Bacillus [26].

Su c6 mat caa mot sb gene lién quan
dén phage c6 thé anh huong dén tinh an

Gen djc luc

Phan  tich hé gen cuaB.
subtilis Eramic 25 cho thiy chung nay
hoan toan khéng mang cac gen ma hda
cac doc té duong rudt hoic yéu té doc luc
thuong gap & B. cereus, nhu
bceT, hbl, nhe, cytK, entFM va cesB. Két
qua nay phu hgp véi nghién ciu caa From
va cdng su cho thiy cac chung Bacillus
khong thugc nhém B. cereus thuong
khong mang cac gen doc td, qua do cung

Hemolysin va khd nang tan mau

Phédn tich hé gen cuaB.
subtilis Eramic 25 cho thiy khdng c6 su
hign diégn cta cac gen ma hoéa a-
hemolysin va B-hemolysin, hai loai
hemolysin c6 kha nang gay tan hong cau
manh, thudng dugc xem la dau hiéu sinh
hoc lién quan dén doc lyc va nguy co gy
doc tinh trén nguoi hodac dong vat. EFSA
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lipid. Biéu nay khong chi glup cung cap
nang lugng cho té bao vi khuan ma con
c6 thé hd tro tiéu hoa chat béo & vat chy,
tir 46 1am tang tiém ning hd tro tiéu hoa
khi (tng dung probiotic [23].

toan cua cac chung probiotic, dac biét
tiém an nguy co lan truyén céc gen khang
khang sinh hoac gen doc luc néu ching
nam gan cac yéu to gen di dong nhu
plasmid, transposon. Trong nghién ctu
cua ching tai, hién tai khdng phat hi¢n
thiy cac gen nay nam trén cac yéu té gen
di dong, nhu vay c6 thé 1am giam nguy co
truyén gen qua phage. Ngoai ra, cac gen
phage con c6 thé mang lai loi ich nhu ting
kha nang thich nghi vdi stress hoac tang
tinh canh tranh trong quan thé vi sinh vat
[27]. Nhu vay, chung B. subtilis Eramic
25 van dam bao tinh an toan theo hudng
dan cia GRAS sau khi di d4nh gia toan
dién hé gen.

co tiéu chi an toan [28]. Ngoai ra, cac
chung B. subtilis da dugc co quan FDA
cua Hoa Ky cdng nhan GRAS déu khdng
chira bat ky gen ma hoa doc t6 nao, va day
cling 1a mot trong nhitng yéu cau quan
trong trong viéc danh gia tinh an toan doi
véi vi sinh vat dugc su dung trong thuc
pham hoic san pham hd tro stic khoe con
nguoi.

van yéu cau danh gia kha ning giy tan
mau ngay ca khi chung d6 dugc cong
nhan GRAS. B. subtilis Eramic 25 ciling
da dugc danh gia kha nang gay tan mau
va xac dinh rang chang nay khdng gay tan
mau [7]. Qua do, ciing ¢b thém d6 an toan
cuaa B. subtilis Eramic 25 trong cic tng
dung probiotic.
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V. KET LUAN

Két qua cho  thay Bacillus
subtilis Eramic 25 khdng gay tc ché céc
chang vi khuan gy bénh duoc lya chon
dé thtr nghiém va khong gay doc tinh doi
véi hai dong té bao Vero va HT-29. Ngoai
ra, viéc phat hién cac gen nhu bsh va
protein MAGL, LPL trong hé gen mai
chi mang tinh tiém ning, va khong thé
khang dinh rang cac gen hay protein nay
dugc biéu hién hiéu qua va cé hoat tinh
sinh hoc trong diéu kién in vivo.

Phan tich hé gen va céc thir nghiém
in vitro cho thay B. subtilis Eramic 25

Loi cam on

dap (g c4c yéu cau an toan theo hudng
dan cua GRAS va EFSA. Pay la budc
danh gia dau tién va bt budc trong qué
trinh danh gia dac tinh an toan cuaa mot
chung vi sinh vat trudc khi duge dua vao
su dung cho con nguoi. Gigi han cua
nghién cuu la mai chi danh gia cac dac
tinh an toan trong in vitro. Cac nghién ctru
tiép theo trén mo hinh dong vat va thir
nghiém 1am sang trén nguoi 1a diéu kién
can thiét dé khang dinh toan dién tinh an
toan va hiéu qua thyc tién caa chung.

Nghién ctru nay duoc tai trg boi Cong ty C6 phan Ky nguyén Cong nghé Eramic.
Céc tac gia xin tran trong ghi nhan va cam on su ho trg quy bau tir don vi tai tro.
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