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Nghién ctru va danh gid tinh an toan cia ching Bacillus subtilis Eramic 26
ing dung trong san xuat probiotic
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Tom tit:
Nghién ciru nay danh gia tinh an toan cta ching Bacillus subtilis Eramic 26 thong qua cac thir nghiém vé dic tinh
khang khuin, kha niing giy tan mau, dc tinh t& bao va phan tich gen ddc lwc/khang khang sinh, dua theo hwéng
din ciia Generally Recognised As Safe (GRAS) do Co quan Quin Iy Thye phim va Dugc phiam Hoa Ky (FDA) va
Co quan An toan Thue phflm chau Au (EFSA) ban hanh. Kha ning khing khuin duge Kkiém tra véi 5 chiing vi
khuan thir nghiém gdm Escherichia coli, Salmonella typhimurium, Enterococcus faecium, Staphylococcus aureus va
Shigella flexneri. Poc tinh té bao dwgc danh gia trén hai dong té bao 13 HT-29 va Vero. Két qua cho thdy, B. subtilis
Eramic 26 khong trc ché cac vi khun thir nghiém, ciing nhu khong gay doc cho hai dong té bao HT-29 va Vero thir
nghiém. Phin tich di truyen phat hién cac gen khang khang sinh nhw fosB, satA, ydhE/norM, cung cac dot bién trén
gyrA va gyrB, nhung tit ca déu nam trén nhiém sic thé, khong lién quan dén yéu t6 di dong. Chiing nay mang cac
gen ma hoéa bacteriocin nhw bacilysin va subtilosin, giip ting kha ning canh tranh sinh hoc. Tong hop két qua cho
thiy, B. subtilis Eramic 26 1a chiing vi khuén an toan, c6 tiém ning wng dung trong san xuit probiotic.

Tir khéa: Bacillus subtilis Eramic 26, doc tinh té bao, gen doc t6, gen khang khang sinh, giai trinh ty.
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Research and safety evaluation of the Bacillus subtilis Eramic 26
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Abstract:

This study evaluated the safety of the Bacillus subtilis Eramic 26 strain through assessments of antibacterial
activity, hemolytic potential, cytotoxicity, and virulence/antibiotic resistance gene analysis, following the Generally
Recognised As Safe (GRAS) guidelines of the U.S. Food and Drug Administration (FDA) and the European Food
Safety Authority (EFSA). Antibacterial activity was tested against five indicator bacterial strains: Escherichia coli,
Salmonella typhimurium, Enterococcus faecium, Staphylococcus aureus, and Shigella flexneri. Cytotoxicity was
evaluated using two cell lines: human HT-29 and Vero. The results showed that B. subtilis Eramic 26 did not inhibit
the tested bacterial strains and did not exhibit cytotoxic effects in either the HT-29 or Vero cell line. Genomic analysis
revealed the presence of antibiotic resistance genes such as fosB, sat4, and ydhE/norM, as well as mutations in
gyrA and gyrB; however, all were located on the chromosome and not associated with mobile genetic elements. The
strain harboured bacteriocin-encoding genes, including bacilysin and subtilosin, which enhance competitive fitness.
Overall, the findings indicate that B. subtilis Eramic 26 is a safe bacterial strain with strong potential for application
in probiotic production.
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1. Dt van de

Bacillus subtilis 13 vi khuan Gram duong c6 kha ning
tao thanh bao tir, dugc su dung tur [au doi trong thuc phﬁm
1én men truyén thong nhur natto, doenjang, kim chi, cac loai
mim va dua mudi, voi vai tro cai thién tiéu hoa va ting
cuong mién dich nhe vao kha ning sinh enzyme va cac hop
chit khang khuén tu nhién [1]. Tuy nhién, ngdy cang c6
nhiéu nghién ctru canh bao rang mot sé ching B. subtilis co
thé mang cac gen lién quan dén doc td, yéu td doc luc hodc
gen khang khang sinh ndm trén yéu t6 di dong, c6 thé dan
dén nguy co gy ngd doc thuyc pham hodc anh hudng tiéu
cuc dén sirc khoe nguoi tiéu ding [2]. Nhimng phat hién nay
cho thiy, khong phai tit ca cac chung Bacillus déu an toan
dé sir dung trong thuc pham hodc ché pham probiotic. Do
do, yéu clu vé viéc danh gia tinh an toan sinh hoc cua céac
chung trude khi ing dung thyuc té 1a rit quan trong. Trén
thé gidi, cac to chirc nhu FDA va EFSA di xdy dung cac
khung déanh gia cac dac tinh an toan ctua cac ching vi sinh
vat thong qua hé théng chimg nhian GRAS (Generally
Recognized As Safe) va QPS (Qualified Presumption of
Safety), trong d6 nhdn manh dén viéc sang loc cac yéu tb
doc luc va khang khang sinh dong thoi & ca mic do kiéu
gen va kiéu hinh [3, 4]. Xut phat tir nhitng yéu cau nghiém
ngat trén, nhom nghién ctru thye hién danh gia cac dac tinh
an toan cua chung B. subtilis Eramic 26 thong qua cac thu
nghiém in vitro nhu danh gia kha niang khéng khuan, danh
gia tinh doc té bao va phén tich cac gen doc luc bao gom
gen khang khang sinh/kim loai ning, gen ddc t6, yéu to doc
luc, hodc cac gen lién quan dén phage theo huéng dan cua
GRAS va EFSA. Tir d6, danh gia tiém ning ciia ching nay
trong san xuat cac ché phim probiotic.

2. Déi tuong va phuong phap nghién ciiu
2.1. Poi twong

Chung B. subtilis Eramic 26 da dugc phan 1ap va dang
ky trinh ty bo gen trén Ngan hang Gen thé giéi (GenBank)
v6i ma sd truy cdp GCF_031932205.1. Ching nay di dugc
béo céo la khong phan giai hong cau, c6 kha nang duy tri sy
song trong diéu kién mo phong duong tiéu hoa va thé hién
tinh nhay cam véi cac khang sinh thong dung & nguoi [5].
Nhitng dic diém nay cho thay, B. subtilis Eramic 26 c6 trién
vong probiotic, dong thdi dap ung cac tiéu chi so bo dé tiép
tuc thuc hién cac danh gia vé dac tinh an toan & muirc d6 sau
hon theo huéng dan ciia GRAS va EFSA.

2.2. Phwong phap nghién cviru

Vat liéu nghién ciru danh gid kha ndng khang khudn:
St dung nam ching vi khuan theo huéng dan cia GRAS:
Escherichia coli ATCC 25922, Salmonella typhimurium

%H%-IE 68(2) 2.2026

ATCC 14028, Enterococcus faecium ATCC 19434,
Staphylococcus aureus ATCC 6538, Shigella flexneri ATCC
12022.

Phirong phép nghién cieu kha ning khang khudn: Nghién
ctru kha ning khéng khuan dugc thuc hién theo phwong phap
khuéch tan trén dia thach:

Vi khuan thir nghiém dugc nudi céy trén dia thach mau
trong 24 gio & 37°C. Sau do, chon 3-5 khuan lac va hoa vao
dung dich PBS d¢é tao huyén phti. Mat do vi khuan duoc diéu
chinh nam trong khoang 108 CFU/ml (d6 duc 0,5 McFarland
hodc OD,;=0,3-0,5). Str dung tam bong vo trung dé trai dich
huyén phu vi khuan 1én bé mat dia moi truong BHI. Duc 16
c6 duong kinh 7 mm trén dia thach BHI da dugc trai dich vi
khuén.

Dong thoi, B. subtilis Eramic 26 dugc nudi ciy trong moi
truong LB & 37°C trong 24 gio, toc do lic 200 vong/phut. Tiép
d6, dich nuéi cay duoc ly tim 30 phut véi toe do 8.000 vong/phit,
thu 1ay dich néi. Tién hanh nhé 100 ul vao cac 1 trén dia thach
da duoc chuan bi. Tién hanh nho 100 pl moi truong nudi ciy
d6i véi mau doi chimg. Cho dich khuéeh tan vao 16p thach
khoang 2 gior rdi i dia & 37°C trong 24 gio.

Chi tiéu theo ddi la quan sat kha nang tao vong khang
khuan cta ching vi khuan B. subtilis Eramic 26 sau 24 gio.
Hoat tinh khang khuan duoc tinh bang cong thire: D - d

trong d6: D 1a duong kinh vong khang khudn (mm); d la
duong kinh 16 thach (mm).

Vit liéu nghién ctru cho thur nghiém danh gia tinh doc
té bao: Mdi truong nudi cay té bao DMEM hodc MEM c6
bd sung thém L-glutamine, sodium pyruvate, NaHCO,,
penicillin/streptomycin, 10% FBS (Fetal Bovine Serum),
Trypsin-EDTA (0,05%); Kit in vitro toxicology assay kit
MTT based (Sigma), dia 24 giéng (Corning), dia 96 giéng
(Corning).

Dung cu, thiét bi co ban: kinh hién vi nguoc (Axiovert
40 CFL), budng dém té bao (Fisher, Hoa Ky), may quang
phé (BioTek), ti am CO,, tu lanh siu -80°C, binh nito long,
can phan tich, may do pH va mot sé dung cu thi nghiém
khac.

Céc hoa chit co ban khac: DMSO, PBS, ellipticine.

Céc dong té bao HT-29 (té bao ung thu dai trang ¢ ngudi)
va Vero (t& bao than khi) do GS.TS. J.M. Pezzuto - Truong
Pai hoc Long-Island, Hoa Ky va GS. Jeanette Maier - Dai
hoc Milan, Italia cung cép.
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Phuong phap danh gia tinh doc 1é bao: Phuwong phap
xéc dinh tinh doc t& bao trén t& bao nudi cay don 16p dugc
thuc hién theo huéng dan ciia EFSA (2014) trong danh gia
an toan cac ching Bacillus. Té bao dugc xu ly bang trypsm
dé tach roi, sau d6 dugc dém bang budng dém nham d1eu
chinh mét d6 phu hop cho thi nghlem Chuyén 1.000 pl té
bao/gleng vao dia nudi cay 24 giéng va U trong 48 gior dé
té bao bam day va phat trién 6n dinh. Loai bo va thay thé
moi trudng cii bang 1 ml moi trudng mdi cho mdi giéng
trudc khi tién hanh thi nghiém. Mau thu duoc ly tim dé thu
dich nbi, st dung cho thi nghlem Dich ndi sau ly tim duoc
bd sung vao cac giéng nudi cdy véi cac thé tich lan luot
1a 100, 80, 60 va 40 pl/giéng, sau d6 bd sung moi truong
nuoi céy dé dat tong thé tich 1,1 ml/giéng. Té bao dugc
U voi mau tht trong 2 glo tai 37°C trong ta 4m CO,. Sau
thoi gian 1, bo sung thude thir 3-(4,5-dimethylthiazol- 2-y1)
2,5-diphenyltetrazolium bromide (MTT) theo huéng dan
ctia bo kit (dng M-5655 duoc hoa tan trong 3 ml dung dich
Balanced Salt Solution; mét Iugng dung dich MTT tuong
duong 10% thé tich méi truong duoc thém vao mdi giéng).
Céc giéng nuoi cdy tiép tuc duoc u trong 2-4 gid. Két thuc
thoi gian 4, thém vao mdi giéng 1,1 ml dung dich hoa tan
MTT (MTT solubilization solution), lic déu dé hoa tan hoan
toan tinh thé formazan. Gia tri mat do quang hoc (OD) dugc
do tai budc song 540 nm bang may doc ELISA Plate Reader
(Biotek ELx800). Phan trim trc ché sy phat trién cua té bao
khi c6 mit mau thir duge xac dinh theo cong thire sau:

— 0D
Mok % 100%
ODdc - ODbIank

, OD, 3
% t& bao séng = ——

trong do OD, 1a OD cua giéng chi co té bao; oD, . 1a0D
clia giéng ch1 c6 mdi truong nudi cy.

Thi nghi¢ém duoc 1ap lai 3 lan dé dam bao tinh chinh xéc.
Ellipticine ¢ cac nong do 10, 2, 0,4, 0,08 pg/ml dugc st dung
nhu 1a chat d6i ching duong.

Gidi trinh t gen B. subtilis Evamic 26: Chung B. subtilis
Eramic 26 dugc nudi cdy trong méi truong LB & 37°C trong
10 gio, voi toe do 1ac 220 vong/phit. Ly tim 8.000 vong/
phit trong 15 phut dé thu can t& bao. Tach chiét DNA tong
s6 bang bo kit DNeasy Blood and Tissue Kits. Dinh lugng
DNA tach chiét dugc bang may do huynh quang TBS-380
(Turner BioSystems Inc., CA, Hoa Ky). Xay dung thu vién
DNA bing b kit Nextera XT DNA Library Preparation Kit.
Cac mau DNA dugc phan manh thanh cac doan c6 kich thuée
400-500 bp, sau d6 dugc giai trinh ty bang hé thong may
[llumina Miseq st dung bd kit Miseq Reagent Kit v3. Dit liéu
thu dugc tir [llumina dugc su dung dé phan tich tin sinh hoc.

Ldp rdp, chii gidi va phan tich hé gen: Cac doan doc thu
duogc tir qua trinh gidi trinh tu toan bg b gen dugc kiém tra
chat lugng bang FastQC. Loai bo cac doan doc chat lugng
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thap bang fastp. Sau d6, cac doan doc da qua xur 1y dugc lap
rap de novo bang SPAdes va danh gia chét luong lap rap
bang phin mém QUAST. Chi giai hé gen bang hé thong dir
liéu RAST. Thong qua viéc so sanh véi cac nguodn dit liéu da
cong bd dé xac dinh cac gen chirc ning. Ngoai ra, cac gen
khang khang sinh dwoc phat hién va kiém tra lai bing cong
cu ABRicate.

3. Két qua va ban luan
3.1. Thii nghi¢m kha ning khdang khudn

Dic tinh khang khuan cia ching B. subtilis Eramic
26 dugc danh gid trén ndm ching vi khuén thu nghiém,
bao gdm: Escherichia coli, Salmonella typhimurium,
Enterococcus faecium, Staphylococcus aureus, Shigella
flexneri. Két qua danh gia dugc thé hién trong hinh 1.

Hinh 1. Két qua thir nghiém dic tinh khang khuan cia B. subtilis
Eramic 26.

Két qua nghién ctru cho thiy, cic hop chét khang khuan
trong dich nudi cdy cua chung B. subtilis Eramic 26 khong
{rc ché cac chung vi khuan trong thir nghiém.
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Dic tinh khong tre ché cac chung vi khuan thir nghiém &
trén khong anh huong dén dic tinh probiotic ctia B. subtilis.
Loai nay van duoc tmg dung rong rii trong cac san phdm
men vi sinh nho kha ning séng st va sinh truéng manh mé
trong duong ti€u héa. Bao ti B. subtilis giup ching chiu
dung méi truong khic nghiét trong duong rudt nhu axit da
day, mudi mat va enzyme tiéu hoa, dam bao chiing dén ruot
mdt cach an toan va phat huy tac dung [6]. Mac du khong
tryc tiép tiéu diét vi khuan gay bénh, B. subtilis van c6 kha
nang we ché su phat trién cia cac vi sinh vat gay bénh thong
qua co ché canh tranh vé vi tri bam va ngudn dinh dudng
trong duong rudt. Kha nang sinh truong nhanh va hié¢u qua
cua B. subtilis giup chung chiém wu thé trén bé mit niém
mac rudt, tir d6 1am giam kha nang bam dinh va phat trién
ctia vi khudn gy bénh do han ché khong gian va chat dinh
dudng can thiét cho chung [7]. Ngoai ra, B. subtilis kich
thich san xuét chat nhay va ciing c¢6 hang rao biéu mé rudt,
gitip ngan chin vi khuan giy bénh xdm nhap vao co thé.
Chung con kich thich hé mién dich dudng rudt bang cach
tang san xudt khang thé IgA va hoat hoa cac té bao mién
dich. Piéu nay giup giam nguy co viém nhidm va cac bénh
lién quan dén duong tiéu hoa [8]. Bén canh d6, B. subtilis
hd trg su phat trién cta vi khuén c6 lgi nhu Lactobacillus va
Bifidobacterium, gitip can bang hé vi sinh duong rudt, giam
tri¢u chung r6i loan tiéu hoa nhu tiéu chay, chudng bung,
day hoi va tao bon [6].

3.2. Thur nghiém danh gia tinh djc té bao

Bacillus subtilis 13 loai vi khuan c6 tinh da dang cao,
bao gém nhiéu ching khac nhau v6i nhitng dic tinh riéng
biét. Tuy duoc coi la 1gi khuan nho tac dong tich cuc dén
suc khoe vat chu, nhung trong mdt s6 diédu kién nhét dinh,
chung van c6 thé tiém an nguy co gy hai. Hién nay, chua ¢
bang chimg khoa hoc dang ké cho thiy B. subtilis giy doc
té bao khi sir dung ¢ lidu lugng va didu kién thong thuong
trong cac san phdm probiotic. Tuy nhién, kha ning tiém 4n
vé doc tinh té bao cua vi khuan nay van chua thé hoan toan
loai trir. Do d6, FDA va EFSA van yéu ciu cac ching vi
sinh vat sir dung cho con ngudi van can phai danh gia tinh
doc té bao.

Ddi voi céc loai Bacillus, EFSA dé xuét thir nghiém doc
tinh té bao 1a mot chi sb quan trong vé kha ning gy doc doi
v6i cac thanh vién cua chi Bacillus song song véi cac thu
nghiém tan mau. Thir nghiém nay duoc sir dung dé quan sat
tac dong ciia chiing d6i voi kha ning sdng sot ciia té bao HT-
29 va VERO. Day duogc coi 1a mét thu nghiém c6 do nhay
cao vi chi co té bao song méi c6 thé tao ra cac san pham
formazan tir phan ung nay (bang 1).
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Bang 1. Két qua thir nghiém doc tinh cha B. subtilis Eramic 26 trén
2 dong té bao VERO va HT-29.

Ellipticine (Doi chiing) B. subtilis Eramic 26

. VERO HT-29 Thé VERO HT-29
Nong do , : ;
% th .z %th  Sai tich % th Saiso  %th  Saiso
(ug/mi) " Saiso p I % <
song song  s0 (ul) song song
10 9,12 084 11,77 1,02 100 99,19 382 9924 214
2 2293 149 2722 L17 80 100,19 2,98 100,09 0,49
0,4 48,55 1,07 SLI8 1,29 60 101,62 3,79 101,10 1,52
0,08 76,01 1,64 7892 2,14 40 102,87 3,77 101,74 2,68

Theo hudng dan ciia EFSA, cac miu cé ty 1¢ té bao song
16n hon 80% duogc xem la khong gay doc tinh, trong khi
cac mau co ty 1& té bao sdng thap hon 80% dugc xép vio
nhém c6 doc tinh. Két qua thir nghiém doc tinh té bao dugc
trinh bay trong bang 1 cho thay, ching B. subtilis Eramic 26
khong c6 biéu hién gay doc ddi véi té bao Vero va té bao
HT-29. Két qua nay phu hop véi nghién ciru trude diy cua
J. Burtscher va cs (2021) [9].

3.3. Gen khang khang sinh va djc luc

Toan bd trinh ty b gen ctua B. subtilis Eramic 26 da
dugc xac dinh va dang ky trén co s¢ dir liéu GenBank voi
mi s6 truy cdp GCF 031932205.1. Trinh ty ndy da dugc
phan tich nham danh gia va bo cdo cac dic tinh an toan
theo tiéu chuin GRAS, FDA va EFSA.

Pdc diém mang gen khang khdang sinh: Theo két qua cht
giai hé gen bang hé thong dir liéu RAST (bang 2), ching B.
subtilis Eramic 26 dugc phat hi¢n mang gen fosB va satA
lién quan dén kha ning khang fosfomycin va streptothricin
cung v6i sy hd tro ciia bom day, thong qua hoat dong cua
gen ydhE va norM [10]. Ngoai ra, ching cling mang dot
bién diém trén cac gen gyrd va gyrB, lién quan dén kha
ning khang fluoroquinolones. Cac dot bién nay thuong tap
trung ¢ vung ma hoa protein DNA gyrase, mft enzyme quan
trong tham gia vao qua trinh sao chép va sua chita DNA.
Cu thé, hai dot bién tai gen gyrd gdm: Ser83—Asp (S83D)
va Asp87—Tyr (D87Y). Day Ia hai vi tri da dugc xac nhan
1a “hotspots” co6 lién quan tryc tiép dén hién tugng khang
quinolone trong nhiéu loai vi khuan. Dot bién Ser83—X la
dang bién ddi phd bién nhét dugc ghi nhan trong cac ching
E. coliva Salmonella enterica khang ciprofloxacin, dac biét
1a cic dang S83L, S83F, S83Y [11]. Dot bién Asp87—Tyr
(D87Y) ciing 1a mot bién thé da dugc ghi nhan c6 lién quan
dén khang thudc. Qua phan tich, dot bién Asp426—Leu
(D426L) trong gen gyrB cling dugc ghi nhan, tuong ung voi
ving khang quinolone mé rong. Mic du cac dot bién trén
gyrB khong thuong gip nhu trén gyrA, nhung khi xuat hién
ddng thoi, chung ¢ thé lam ting muc do khang déng ké
[12]. Tuy nhién, theo khuyén céo ciia EFSA, cac dic diém
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khang phat sinh tir dot bién trén nhidm séc thé c6 kha ning
truyén ngang thap vi it lién quan truc tiép dén cac yéu to di
dong [13].

Su hién dién cuia cac gen khang khang sinh lién két véi
cac yéu t6 di dong nhu plasmid, transposon hodc trinh tur
chén (IS) c6 thé tiém an nguy co truyén ngang gen khang
khéng sinh sang cac loai vi khuan khac, dic biét 1a cac vi
khuén gy bénh dudng rudt [13]. Tuy nhién, & chung B.
subtilis Eramic 26, khong phat hién cac gen khang nam trén
cac yéu td di dong nay. Theo nghién ciru cua S. Seyirt va
cs (2023) [14], cac chung Bacillus thuong khong chira cac
gen di dong c6 kha ning truyén gen khang khang sinh. Do
do6, cac gen khang khang sinh & Bacillus nam trén nhiém
sdc thé khong dwoc xem 1a van dé nghiém trong anh hudng
dén tinh an toan cua cac ching probiotic. EFSA di dua ra
cac nguyén tic sau: Khi tit ca cac ching trong mot nhom
phan loai nhit dinh déu biéu hién kha ning khang lai mot
loai khang sinh chung thi kha ning khang d6 co thé 1a dic
tinh ndi tai cua nhom phan loai d6 (khang tu nhién) [13].
D6 1a dic diém sinh hoc co ban cua vi sinh vat thudc cung
mdt nhom phan loai. Cac gen khang khang sinh khong lién
két hodc khong nam trén plasmid hodc cac yéu t6 c6 thé di
dong thi nguy co Iy truyén sang cac sinh vat khac c6 thé
duoc coi 1a tdi thiéu.

Bacteriocins: Mot s6 loai Bacillus nhu B. licheniformis
va B. subtilis c6 kha ning tong hop bacitracin - mét loai
khéng sinh peptide vong - gitp trc ché su phat trién ciia cac
vi khuén canh tranh. Tuy nhién, dé tranh anh hudng bét loi
tir chinh khang sinh ma ching san xuét, cac vi khuan nay
da phat trién cac co ché ty bao vé dic biét [15]. Ching B.
subtilis Eramic 26 mang mot s6 gen lién quan dén co ché
dé khang v6i bacitracin, bao gdm bced, bceB, bceS, bceR.

Khd nang hinh thanh biofilm: Phan tich trinh ty b gen
cua B. subtilis Eramic 26 cho théy, su hién dién cua gen
tasA, mi hoa mot protein cau tric quan trong trong qua
trinh hinh thanh mang biofilm (bang 2). Diéu nay chi ra rang
ching vi khuén nay c6 kha nang hinh thanh mang biofilm,
mot ddc tinh quan trong gitp vi khuin bam dinh 1én cac bé
mat, phat trién bén vimg trong cac mdi truong khac nhau
va tang cuong kha ning thich nghi ciing nhu sdng sot trong
diéu kién khic nghiét [16].

Khéng muoi mdt: Chung B. subtilis Eramic 26 mang
gen bsh, ma hoa enzyme choloylglycine hydrolase (bile salt
hydrolase - BSH). Dy 1a mot enzyme dic trung, chu yéu
dugc tong hop boi vi khuan dudng rudt, voi chirc ning xtc
tac qua trinh thiy phan lién két amide trong mudi mat, tir d6
diéu hoa chuyén hoa mudi mat va ting cuong kha ning song
sot cuia vi khuén trong duong tiéu hoa [17]. Nghién ctru vé
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Bang 2. Bang chu giai hé gen cua chiang Bacillus subtilis Eramic
26.

S

Gen/protein Chire ning LE %; !;
EES B

Khdng khdng sinh

vanl’ Khang vancomycin

cat Khang chloramphenicol

fosB Khang fosfomycin

tet-like Khang tetracycline

blal Khang beta-lactam

sat4 Khéng streptothricin

gyrd (@0t bién) Khang fluoroquinolones

gyrB (ot bién) Khang fluoroquinolones

ydhE/norM Bom ddy da khang sinh

Yéu t6 dgc lye

Bacteriocins/ddp g véi bacitracins

beed ProFem gan ATP dao thai
bacitracin

bceB
Nhan dién va diéu

beeS hoa bao vé chéng lai
bacitracin

bceR

Bacilysin Bacteriocins

Subtilosin

Hinh thanh biofilm

tasA Céu tao mang biofilm

Ly gidi mudi mat

Enzyme chuyén hoa va
bsh Y \ Ae A
diéu hoa muoi mat
Dicti
beeT Pac t6 rudt gy tiéu chay
hbl Pac t6 rudt gy tan méu
nhe Doc tc? rudt khong gay
tan mau
cytK Cytotoxin K
entFM Pac t6 ruot FM
cesB Poc t0 gay ngo doc
Hemolysin

o-hemolysin

B-hemolysin

y-hemolytic

|
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enzyme BSH trong cac ching probiotic mé ra nhiéu trién
vong trong linh vuc y hoc va dinh dudng, déc biét trong viéc
hd tro tiéu hoa, diéu hoa chuyén hoa lipid va cai thién stc
khée duong rudt.

Cdc gen dgc t6: Nghién ciru d tién hanh phén tich bo gen
cta B. subtilis Eramic 26 nhim xac dinh sy c6 mit cta cac
gen lién quan dén doc t6 thudng duge ghi nhan ¢ vi khudn
Bacillus. Cac doc td nay bao gdm beeT (gay tiéu chay), hbl
(hblA, hbIC, hbID gay tan mau), nhe (nhed, nheB, nheC
khong gay tan mau), cyrK (cytotoxin K), entFM (doc to rudt
enterotoxin FM) va cesB - mot doc té do Bacillus cereus san
xuat, c6 lién quan dén ngo doc thuc phém véi triéu ching
nén mira [18]. Két qua phan tich cho théy B. subtilis Eramic
26 khong mang bat ky gen ndo trong s6 cic gen ma hoa doc
t6 ké trén, qua do goép phan khing dinh tinh an toan cua
chung vi khudn nay trong cac ing dung tiém ning.

Két qua phan tich genome cho théy, B. subtilis Eramic
26 1a mot ching an toan, khéng mang bét ky gen doc t nao
va c6 tiém nang Gng dung trong san xuét probiotic danh cho
con nguoi phu hop voi céc ti€u chi danh gia an toan theo
khuyén nghi cia GRAS, FDA va EFSA. Dir liéu nghién
clru ciia ching t6i phit hop véi cac béo cdo vé nhitng chung
da dugc cap ching nhan GRAS, ddng thoi twong dong voi
nghién ctu cua C. From va cs (2005) [19] thuc hién danh
gia trén 333 chung Bacillus khong thugc nhom B. cereus.
Chung B. subtilis Eramic 26 khong mang cac gen doc to dic
trung cia B. cereus, cung cb bang chimg vé tinh an toan cua
chung vi khudn nay trong cac ting dung tiém ning.

Hemolysin va kha nang ly giai hong cau: Mot sé ching
Bacillus c¢6 kha ning téng hop protein hemolysin, dong vai
tro trong qué trinh ly giai hdng cau. Chung tham chiéu B.
subtilis 168 dugc xac dinh mang mot sé gen lién quan dén
kha nang phan giai hong cau nhu yhdP, yhdT, ygxC va yrkA
[20]. Tuy nhién, phan tich bd gen cta B. subtilis Eramic 26
bang h¢ thong dir liéu RAST cho thay, ching nay khong
mang cic gen mi héa hemolysin c6 lién quan dén hién
tuong ly giai hdng cau. B. subtilis Eramic 26 ciing da duoc
danh gia kha nang ly giai hdng cau va xac dinh rang chung
nay khong lam ly giai hdng cu [5]. Qua dé, cung ¢ thém
tinh an toan cua B. subtilis Eramic 26 trong cac ung dung
probiotic cho con nguoi.

Céc chung Bacillus gay tan mau thuong bi loai trir khoi
céc g dung probiotic do tiém an nguy co cao ddi véi sirc
khoé con nguoi, dac biét 1a ¢ nhitng nguoi suy giam mién
dich. Do d6, EFSA di dua ra khuyén cdo bat budc vé viée
kiém tra hoat tinh tan mau d6i voi cac chung Bacillus, ngay
ca khi ching vi khuan d6 da duoc cong nhan theo GRAS
Notice hoac QPS. Hoat tinh tan mau dugc xem la mot yéu
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t6 doc luc quan trong va phai duoc danh gia ky ludng trude
khi tién hanh cac nghién cttu sdu hon vé dac tinh probiotic,
nham dam bao tinh an toan va kha nang tng dung ctia ching
vi khuan trong thyc pham va duoc pham. Céac ching thé
hién hoat tinh tan mau dugc coi 1a khong an toan va khong
dugc tmg dung trong cac san phim danh cho ngudi hodc
dong vat cho dén khi yéu to nay duogc loai bo, chinh sta
hodc dugc xac nhén khong gay hai cho vat chu.

Ngoai ra, phan tich trinh tg by gen cua B. subtilis
Eramic 26 cho théy, su c6 mat cua gen fabG, mad hoa
enzyme 3-ketoacyl-acyl carrier protein (ACP) reductase,
mot thanh phan thiét yéu trong qua trinh sinh tong hop axit
béo. Enzyme nay xtic tac phan tng khir phu thuéc NADPH,
chuyén d6i PB-ketoacyl-ACP thanh B-hydroxyacyl-ACP,
danh déu budc khir dau tién trong chu trinh kéo dai chudi
axit béo. Sy hién dién ctia fabG trong cum gen tong hop axit
béo cua B. subtilis Eramic 26, cung v6i cac gen fabD (ma
héa malonyl CoA:ACP transacylase) va acpP ma hoa acyl
carrier protein (ACP). acpP dong vai trd 1a chit mang nhom
acyl, tham gia vao qué trinh van chuyén cac don vi acyl giira
céc enzyme trong chu trinh kéo dai chudi axit béo, cho thay
vai tro ctia chiing nay trong diéu hoa sinh téng hop axit béo.

Bén canh cum gen tong hop axit béo, bd gen ctia B. subtilis
Eramic 26 ciling chua gen gmuG, ma héa enzyme mannan
endo-1,4-pf-mannosidase. Enzyme nay dong vai tro quan trong
trong phéan giai glucomannan thong qua thity phan lién két
B-1,4 trong cac polysaccharide nhu mannan, galactomannan
va glucomannan. Operon gmuBACDREFG dugc kich thich
phién ma khi ¢6 mat glucomannan, trong d6 gmuG la mot
yéu t6 can thiét cho sy hoat dong cta operon nay. Bén canh
do, cac san pham phan giai nhu cellobiose va mannobiose
cling dong vai tro la cac tin hiéu kich thich manh mé& qua
trinh phién ma cta operon nay.

Ngoai vai tro trong phan gidi glucomannan, gmuG con
dugc du doan ma héa mot protein c6 hoat tinh 6-phospho-f-
glucosidase, mdt enzyme tham gia vao qua trinh thity phan
B-glucoside phosphorylated thanh glucose-6-phosphate,
mot budc quan trong trong con duong di hda carbohydrate
(BSubCyc). Diéu nay cho thiy, gen gmuG khong chi gop
phan vao kha ning st dung glucomannan ma con giup B.
subtilis khai thac hiéu qua cac ngudn carbon khac nhau
trong moi truong, qua do tang cuong tinh thich nghi va kha
ning sinh ton cia vi khuin trong cac diéu kién khic nghiét.

Su hién dién cua ciac gen nhu fabG, fabD,
acpP va gmuG khong chi phan 4nh sy chuyén biét hoa vé
mit chuyén héa ctia loai vi khuan nay, ma con cho thay tiém
ndng Ung dung cta no trong linh vuc probiotic.
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4. Két luan

Két qua nghién ctru khao sat danh gia toan dién tinh an
toan theo cac tidu chuan qudc té nhu GRAS, FDA va EFSA
cho thay, B. subtilis Eramic 26 1 chung ¢6 hd so an toan:
khong gay tan mau, khong mang cac gen khang khang sinh
nam trén yéu t6 di truyén di dong. Pong thoi, két qua thu
nghiém doc tinh trén hai dong té bao Vero va HT-29 ciing
cho thy, ching nay khong gay ra anh huong bat loi nao dén
kha ning séng cua té bao. Dic biét, ching B. subtilis Eramic
26 khong chira cac gen ma hoa doc td hodc yéu td doc luc.
Nhimng két qua ban dau nay cho thiy, B. subtilis Eramic 26
1a mot ing vién tiém ning trong linh vyuc san xuat probiotic
danh cho con ngudi, ddng thoi cung cip nén tang khoa hoc
quan trong cho cac nghién ctru tiép theo trén mo hinh dong
vat va tht nghiém 1am sang trén ngudi.

Nghién ctru nay dugc tai trg boi Cong ty C6 phan Ky
nguyén Cong ngh¢ Eramic. Céc tac gia xin tran trong cam
on.
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