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Tém tit: Probiotic chinh sira gen la thé hé vi sinh vit tri liéu mdi, tao ra bcing ky thuat

chinh swa h¢ gen chinh xdc trén cdc chung truyén thong. Sw phat trién ciia cong cu di truyén,

ddc biét la CRISPR-Cas, cho phép ldp trinh probiotic nham ting kha ning chiu dung, mo

réng chire nang sinh hoc va t6i wu héa hiéu qua diéu tri. Dit da itng dung trong cong nghiép

thuc pham va lam sang, hiéu qua chwa dong nhat va co ché tac dong chwa ro van han ché

viéc mo rong wng dung. Bai bao tap trung vao cong nghé chinh suwa gen, dac biét la CRISPR-

Cas, trong thiét ké probiotic tity bién dé diéu tri cdc bénh phirc tap nhw viém rudt, nhiém

khuan, roi loan chuyén hoa va ung thu, qua do nhan manh tiém nang cua cong nghé sinh hoc

trong phdt trién liéu phdp vi sinh vét va chan dodn bénh.

Tir khoa: probiotic chinh swa gen, CRISPR-Cas

I. Dit vin dé

Probiotic 13 cac vi sinh vat song
mang lai 191 ich suc khde cho vat chu do
chung c6 thé diéu hoa viém, ting cudng
hang rao rudt va cai thién chirc ning than
kinh (Zhang & cdng su, 2022).

Tuy nhién, hi€u qua Gng dung cua
probiotic phu thudc nhidu vao kha ning
ton tai trong diéu kién khic nghiét va kha
nang dinh cu tai duong ti€u hoa, von rat
khac nhau gitra cac loai va gilra cac chung.
Pé vuot qua han ché nay, cic cong nghé
chinh stra hé gen, dac biét la cong nghé

!'Truong Pai hoc Mo Ha Noi
2 Bénh vién Da khoa Quédc t& Vinmec

CRISPR-Cas, d3 m¢ ra huéng phat trién
moi cho viée thiét ké cac ching probiotic
c6 dac tinh vugt trdi va ca nhan hoa.

Hé thong CRISPR-Cas, ban dau
dugc phat hién nhu mot co ché mién
dich ty nhién cta vi khuan va c6 khuan
nham bao vé khoi vat liéu di truyén ngoai
lai, hién nay da dugc khai thac nhu mot
cong cu chinh stra hé gen. Céc hé thong
CRISPR-Cas duogc chia thanh hai 16p, sau
nhom va hon 30 phan nhém khac nhau,
v6i cac protein Cas dac trung nhu Cas9,
Cas12 va Casl3. Nho tinh chinh xac va
linh hoat cao, CRISPR-Cas da tré thanh
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nén tang trung tim trong céng nghé sinh
hoc tong hop, cho phép chinh sira hé gen
vi khudn mot cach hiéu qua, phuc vu muc
tiéu phat trién probiotic c6 chirc nang thiét
ké chuyén biét.

IL. Co 6 1y thuyét

2.1. Co 56 Iy thuyét ciia cong nghé
chinh sira gen probiotic

Chinh stra gen 1a cong cu quan trong
gitip bién doi cac chung probiotic hién c6
nham tao ra cac dong probiotic mang dic
diém di truyén va chirc ning mong mudn.
Ba thé hé cong nghé chinh sira gen da
duoc phat trién, bao gém:

(1) Zinc finger nucleases (ZFNs):
1a mot cong cu chinh stra gen, két hop gitra
ving nhan biét DNA (zinc finger domain)
va enzyme cit DNA (Fokl nuclease
domain), cho phép tao ra dut gy kép
trong DNA tai vi tri dugc thiét ké sin.

A CRISPR-Cas tools for inducing DSBs
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(2) Transcription  Activator-like
Effector Nucleases (TALENS):
protein chinh stta gen nhan tao, dugc tao
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ra bang cach két hop cac yéu td hiéu tng
gidng chit hoat hoa phién mi véi enzyme
nuclease dé nhan dién va cit DNA tai vi tri
xac dinh, tir d6 thuc hi¢n chinh stra b gen
mot cach chinh xac.

(3) Hé  théing  CRISPR-Cas
(Clustered Regularly Interspaced Short
Palindromic Repeats - CRISPR va

CRISPR-associated proteins - Cas): [a mot
hé théng mién dich ty nhién cua vi khuan
va vi sinh vat c6 (archaea), giup chung
nhén dién va tiéu di¢t DNA ngoai lai (nhu
ciia virus thyc khudn - bacteriophage).
Dua trén co ché nay, cac nha khoa hoc
d3 phat trién cong cu chinh sira gen chinh
x4c, manh mé va dé sir dung - goi 1a cong
nghé CRISPR-Cas (Liu & cdng su, 2023).

CRISPR-Cas tools without inducing DSBs
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(Wang & cong su, 2024)

(4) Cdc céng cu CRISPR-Cas ¢6 khd néng tao ra dirt gdy soi kép (DSBs). Cas9 cdt DNA dé tao ra ddu bang
(blunt ends) dudi sw dinh hwdng ciia sgRNA, trong khi Cas12a (Cpfl) cdt DNA vm sw ho tro ciia crRNA dé
tao ra dau dinh (sticky ends). Sau khi hinh thanh DSBs, qud trinh sira chita tdi to hop dwoc thuc hién thong

qua NHEJ hodc HDR, dén dén su chén hodc xéa gene.

(B) Cac cong cu CRISPR-Cas khong tao ra DSBs. Hé théng CRISPR-dCas9 két hop voi bo chinh sita base
(base editor) cho phép tao ra dot bien mot base don ma khong can DSBs. Cac CASTs vi khudan (CRISPR-
associated transposases) ho tro viéc chén cdc trinh tw DNA muc tiéu ma khong tao ra DSBs.



Cac cong nghé chinh stra gen ZFN va
TALEN tao dut gay soi doi DNA tai vi tri
muc tiéu, kich hoat co' ché sira chira NHEJ
hodc HDR dé chinh sira trinh tir. Chting 14 cc
enzyme nhan tao nhan di¢n DNA nhd viing
zinc finger hodc TAL domain. Tuy nhién, han
ché vé do dic hiéu, nguy co dot bién ngoai
muc tiéu va thiét ké phuc tap khién chung it
dugc ap dung cho chinh stra gen probiotic.
Heé théng CRISPR-Cas ban dau dugc phat
hién nhu mot hé thdng mién dich thich nghi
& vi khuan va cb khudn, gitip bao vé sinh
vat chu khéi DNA ngoai lai nhu plasmid va
phage bang cach cat dut trinh tw DNA cua
ching. Co ché hoat dong nay bao gdm ba
giai doan chinh: thu nhan (adaptation), biéu
hién (expression) va can thi€p (interference)
(Wang & cong su, 2024).

Vé mit phan loai, hé théng CRISPR-
Cas duoc chia thanh:

e Hai 16p (classes):

- Lop 1 (Class 1): Hé thong sir dung
phtc hop da protein Cas dé nhan dién va
cat DNA/RNA muc tiéu.

-Lép 2 (Class 2): Chi st dung
mot protein Cas duy nhit c6 kha ning
thuc hién toan bd chirc nang (vi du Cas9,
Casl2, Cas13).

e Sau loai chinh (Types I-VI), duoc
phan chia dya trén cdu tric va co ché
hoat dong:

- Type L, IIL, IV (thudc Class 1)

- Type 11, V, VI (thugc Class 2)

e Hon 30 phan nhém (subtypes) da
duoc xéac dinh dén nay, phan anh su da dang
chirc ning va tién hoa ctia hé thong nay.

Cac endonuclease dién hinh duogc
khai thac trong chinh sira gen bao gom:

e Cas9 (Type II): cat DNA kép tai
vi tri duoc hudng dan boi RNA, pho bién
trong chinh stra gen nguoi.
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e Casl2a (Type V): tao duat gay
DNA khac biét so véi Cas9, vi mot s6 uu
diém vé d¢ ddc higu.

e Casl3 (Type VI): tac dong lén
RNA thay vi DNA, mé rong tng dung
trong diéu hoa biéu hién gen.

CRISPR-Cas9 14 hé thong chinh sira
gen phd bién, trong d6 RNA din dudng
gitip enzyme Cas9 cit DNA tai vi tri muc
tiéu, cho phép chén, loai bo hoic stra ddi
gen voi d§ chinh xéc cao (Jinek & cong
su, 2012). Nho tinh linh hoat va hi€u qua,
cong nghé nay trd thanh nén tang quan
trong dé phat trién cic chung probiotic
thiét ké cho ung dung y sinh.

2.2. Sw phin bé ciia h¢ thong
CRISPR-Cas trong probiotic

Hé CRISPR-Cas xuét hién ¢ 85,2%
loai ¢6 khuan va 42,3% loai vi khuan, véi
ty 1€ khac nhau & cac probiotic. Trong
chi Lactobacillus, hon 40% ching mang
hé CRISPR-Cas hoan chinh, dac biét L.
crispatus (96%) va L. delbrueckii (93%).
Loai II-A phé bién nht, trong khi loai III
chi c6 & L. ruminis (41%) va L. salivarius
(32%). O chi Bifidobacterium, khoang 57%
chung mang hé CRISPR-Cas, chu yéu loai
I, dac biét 1a dudi nhém 1-E; loai 1T khong
duogc phat hién (Hsu & cong su, 2014).

O Streptococcus — thermophilus,
mot loai quan trong trong chinh stra gen,
co thé mang hé théng loai I, II va III
Mot s6 loai c6 hé CRISPR-Cas da dang:
Limosilactobacillus reuteri (17% chung),
Pediococcus acidilactici (~30% ching loai
I1-A), Akkermansia muciniphila (phan 16n
loai I-C; 9% mang I-C va II-C (Wang &
cong su, 2024)), Clostridium butyricum
(loai I-B (Zhou & cong su, 2021)). Bacillus
coagulans chu yéu loai I voi nhiéu locus,
con Bacillus subtilis khong c6 CRISPR-
Cas (Aggarwal & cong su, 2020).
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2.3. Ky thudt chinh swa gen
probiotic bang h¢ thong CRISPR-Cas

Co ché chinh 1a tao dit giy d6i DNA
tai vi tri muc tiéu bﬁng enzyme nuclease,
thuong 1a Cas9, roi stra chita DNA dé tao
dot bién mong mudn. Cas9 co kha ning
cat chudi kép nhd mién C giau histidine-
asparagine-histidine va dugc ung dung
rong rai trong sinh hoc phan tir (Jinek &
cong su, 2012; Wang & cdng su, 2024).

Nhiéu bién thé Cas9 véi do dic higu
PAM khac nhau, nhu SpRY khong can PAM,
da mé rong tmg dung ctia CRISPR. Ngoai
Cas9, cac enzyme Cas12, Cas3 va Csm/Cmr
cling c¢6 kha nang gay dut gdy DNA (Oh &
van Pijkeren, 2014; Liu & cdng sy, 2023).

Ngoai phuong phap dya trén dut gay
chudi kép, cac k¥ thuat chinh sira khong
tao DSB nhu base editing va prime editing
dd duogc phat trién, cing voi viée st dung
dCas9 dé diéu chinh biéu hién gen va Cas13
dé phan giai RNA. Sau khi cit DNA, quéa
trinh sira chira dién ra qua NHEJ, MMEJ
hodc HDR, trong d6 HDR ¢6 d¢ chinh xac
cao nhung hiéu qué thap & vi khuan. Nhiing
cai tién nay cho thdy CRISPR la nén tang
linh hoat dé phat trién chién lugc chinh sira
gen tién tién (Wang & cong su, 2024).

III. Cac yéu t6 anh hwéng trong
chinh sita hé gen probiotic bing
CRISPR-Cas

Hiéu qua chinh stta hé gen &
probiotic phu thudc vao cach dua hé théng
CRISPR-Cas vao té bao, trong do6 dién di
la phuong phap duogc ap dung rong rai cho
vi khuan axit lactic. Qua trinh nay doi hoi
t6i uu dong thoi yéu td té bao chu, dic tinh
plasmid va thong s6 dién di dé tang hiéu
qué bién nap.

Ngoai ra, cac chién lugc nhu khai
thac h¢ CRISPR-Cas ndi sinh gitip giam

ddc tinh nuclease ngoai lai, trong khi viéc
st dung nuclease bat hoat (dCas9, dCpfl)
mo ra kha ning diéu hoa biéu hién gen ma
khong gay dut gdy DNA. Vén dé ton tai
1a kiém soat su séng va tinh on dinh cta
probiotic trong co thé; cac hudng tiép can
bao gdm hé théng tu hiy co kiém soat,
diéu chinh hoat tinh CRISPR-Cas bang
yéu to vat 1y-hoa hoc, va tich hop thanh
phan sinh hoc tong hop dé nang cao tinh
an toan ciing nhu kha nang Ung dung y
sinh (Bikard & Barrangou, 2017).

IV. Ung dung ciia probiotic chinh
stra gen trong y hoc

4.1. Ung dung probiotic chinh sita
gen trong diéu tri bénh viém rugt (IBD)

Sy mit can béng hé vi sinh vat
duong ruft lién quan mat thiét dén su
hinh thanh va tién trién cua bénh viém
rut (IBD). Probiotic c6 thé diéu chinh
hé vi sinh, tc ché vi khuan gy bénh va
diéu hoa phan Gmg viém ma khong gay tac
dong bat loi 1én mién dich (Bron & cong
su, 2012). Probiotic chinh stua gen dugc
thiét ké chuyén biét cho chan doan va diéu
tri IBD (Wang & cong su, 2024).

Céc ching vi khuan bién d6i gen
co thé dong vai tro cam bién sinh hoc,
phat hién diu an viém nhu thiosulfate,
tetrasulfate va nitric oxide (NO) (Zhang
& cong su, 2022). Trong diéu tri, E. coli
Nissle 1917 (ECN) da dugc chinh sira dé
tiét ma tran protein chtra Trefoil Factor
(TFF), gitip ting cuong hang rao biéu mo
va phuc hdi ton thuong rudt, ciing nhu
biéu hién cac phan tir diéu hoa mién dich
nhu IL-10, 3-hydroxybutyrate (3HB) va
Sj16 nham giam viém. Du hiéu qua da
duoc chirng minh trén mé hinh dong vat,
cac thir nghiém 1am sang van can thiét dé
xac nhan gia tri tng dung (Zhang & cong
su, 2022).



Ngoai ECN, probiotic nim men tyr
diéu hoa bicu hién thu thé P2Y2 va tiét
enzyme phan giai ATP cho thay kha ning
gidm viém, han ché xo hoa va phuc hdi hé
vi sinh vat & chudt IBD (Wang & cong su,
2024). Ngoai ra, viéc bao phu ECN bing
polydopamine - mét chét trc ché mién dich
nano - gitip han ché phan Gmg viém quéa mtuc
va diéu hoa lai hé vi sinh, m& ra trién vong
phat trién probiotic ¢6 kha ning tu tiét chat
trc ché mién dich dé thich nghi trong méi
truong viém man (Li & cdng su, 2021).

4.2. Ung dung probiotic chinh sira
gen trong kiém sodt nhiém khudn

Nhiém khuan 13 nguyén nhan
tr vong hang dau toan cau trong bdi
canh khang thudc gia ting va thiéu hut
khang sinh moi. Probiotic duoc thiét
ké 1a chién lugc htra hen cho phong
ngua, chan doan va diéu tri. Mot sb
ching di dugc chinh stra dé tang kha
ning d6i khang vi khuan, chang han E.
coli Nissle 1917 duoc bién d6i nhiam
tiéu di¢t dac hiéu Enterococcus khang
vancomycin, giap giam mat do vi khuén
gdy bénh (Aggarwal & cong sy, 2020).
Ngoai ra, Saccharomyces boulardii
duoc thiét ké tiét protein trung hoa doc
td cua Clostridium difficile, ching minh
tiém nang trong kiém soat nhidém tring
(Pusch & cong su, 2021).

4.3. Ung dung probiotic chinh sita
gen trong diéu tri khéi u

Ung dung vi khuan trong diéu tri
ung thu da duogc nghién ctu tur 1au, mot
s6 probiotic ¢6 kha niang chong ung thu
thong qua thuc ddy apoptosis va giam
stress oxy hoa. Cong nghé chinh stra gen
da tao ra cac chung probiotic thiét ké co
kha nang khu tri va tac dong chon loc
1én khéi u, nhu E. coli “SLIC” tu ly giai
giai phong khang thé nano chéng PD-
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L1 va CTLA-4 (Chowdhury & cdng su,
2019), hay E. coli Nissle 1917 van chuyén
TUM-5 va p53 dén ving khéi u (Kurtz
& cong sy, 2019), chuyén hoa chét thai
té bao ung thu thanh L-arginine dé hd trg
trc ché PD-1/PD-L1 (Canale & cong s,
2021), hodc diéu khién bing anh sang dé
diéu tri chinh x4c (Liu & cong su, 2023).
Mot sé chung, nhu SYNB1891 san xuat
cyclic di-AMP kich hoat mién dich bam
sinh qua con dudng interferon, da tién toi
thir nghiém 1am sang, cho thay tiém ning
lam sang htra hen ciia probiotic thiét ké
trong diéu tri ung thu.

4.4. Ung dung probiotic chinh sita
gen trong diéu tri bénh Iy chuyén héa

Réi loan chuyén hoa 1a nhém bénh
do dot bién gen hodc r6i loan enzym, dan
dén tich tu hodc thiéu hut cac chat chuyén
hoa thiét yéu va anh huong nghiém trong
dén strc khoe. Probiotic dugc thiét ké hién
1a chién lugc tiém niang nho kha ning
tai lap trinh chic ning trao doi chat dé
giam doc chit va bo sung hoat tinh sinh
hoc ¢6 loi. Vi du dién hinh 14 Escherichia
coli SYNB1618, dugc thiét ké dé tiéu
thu phenylalanine thong qua cic enzyme
di hoa, dd chung minh tinh an toan va
kha nang giam doc tinh trong diéu tri
phenylketon ni¢u (Isabella & cong su,
2018). Tuong tu, E. coli SYNB8802 dugc
phat trién nhim hép thu oxalate trong
duong rudt, gitp gidm nguy co séi than
va roi loan lién quan (Kurtz & cdng su,
2019). Céc nghién ctru nay cho thiy viéc
st dung vi sinh vat séng duoc chinh stra
gen khong chi mang lai loi ich trao do6i
chét tai chd ma con cai thién toan than.
Ngoai ra, nhitng thir nghiém lam sang ban
dau ciing cing cb tinh kha thi ctia chién
lugc nay trong thuc hanh y hoc (Aggarwal
& cong su, 2020).
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Bdng 1. So sanh vmg dung ldm sang ciia probiotic chinh sita gen va bién phdp diéu tri hién tai
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Probiotic chinh stra gen c6
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Hoa tri, xa tri, |Ddc tinh phong khang thé hodc gen loc khéi u, C}l oYvdhury
N , - X . <X 1A 21« A .y A r va cong S,
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dudng)

(SYNB1020) va tang GLP-1,
tir 6 cai thi¢n triéu ching

sang

Ung dung coéng nghé CRISPR-Cas
trong probiotic mang lai tiém nang diéu tri
dang ké, nhung van d6i mat v6i nhiéu han
ché. Hiéu qua chinh stra gen thuong bi can
trd boi tinh da dang di truyén, co ché bao vé
noi sinh cua vi khuén va kha nang thu nhan
plasmid thap. Ngoai ra, nguy co chuyén
gen ngang va tac dong ngoai muc tiéu dat
ra thach thirc nghiém trong vé an toan sinh
hoc, trong khi khung phéap ly cho viéc sur

dung probiotic chinh stra gen con chua hoan
thién (Bikard & Barrangou, 2017).

V. Két luin

Toém lai, mac di con ton tai nhiéu
rao can ky thudt va sinh hoc, viéc ng
dung probiotic bién dbi gen trong y hoc
ngudi va dong vat van 1a mot linh vuc
nhiéu htra hen, doi hoi su két hop chit ché
giita cong nghé sinh hoc, mién dich hoc
va an toan sinh hoc dé hi¢n thuc héa tiém
nang trong tuong lai.
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GENETICALLY ENGINEERED PROBIOTICS:
POTENTIAL AND APPLICATION

Bui Thi Hai Hoa’, Dang Thi Huong’, Vu Thi Hong Chinh’

Abstract: Genetically engineered probiotics represent a new generation of therapeutic
microorganisms, created through precise genome-editing techniques applied to traditional
strains. Advances in genetic engineering tools, particularly CRISPR-Cas systems, have
enabled the programming of probiotics to enhance their resilience, expand their biological
functions, and optimize therapeutic efficacy. Despite their applications in the food industry
and clinical settings, inconsistent outcomes and unclear mechanisms of action still limit
their broader application. This article focuses on genome-editing technologies, especially
CRISPR-Cas, in the design of customized probiotics for treating complex diseases, including
inflammatory bowel disease, bacterial infections, metabolic disorders, and cancer, thereby
highlighting the potential of biotechnology in developing microbial therapeutics and
diagnostic tools.
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