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Tém tit: Sinh hoc t(fng hop khong té bao la cong nghé thuc hién cac phan rng sinh hoc
trong moi trieong in vitro ma khéng can té bao séng. Nho sir dung cdc thanh phan sinh hoc
trong hé phan vmg mé, CFSB cho phép kiém sodt truc tiép diéu kién phan iing, rit ngdn chu
trinh thiét ké-xdy dwng—kiém tra va ndng cao hiéu qua tong hop protein, ké ca cdc protein
khé biéu hién hodc déc doi véi té bao. Cong nghé nay dwoc iing dung trong tong hop protezn
khéng té bao (Cell-Free Protein Synthesis - CFPS), DNA origami, enzyme cascade va tong
hop vat lieu sinh hoc, voi cac ung dung nhu san xudt bacteriocin, thiét bi nano sinh hoc va
vt liéu phdn hity sinh hoc. Tuy nhién, CFSB vin con nhitng thdach thire phdi giai quyét nhuw
chi phi cao, d6 on dinh enzyme lhdrp, bién ddng giita cdc mé phan vmg va khé mé réng quy mé
cong nghzep Bén canh dé, hiéu sudt dich md va kha ndng tich hop amino acid phi tw nhién
van can dwoc cdi thién.

Tir khéa: CFSB, CFPS, DNA origami, enzyme cascade, vdt liéu sinh hoc

I. Dit vin dé truong in vitro. Nho hé phan Gng md,

Sinh hoc tdng hop (Synthetic QFSB giup kié,m soat diéu kién phan tng
Biology) 1a linh vyc thiét ké va t5i wu hoa tot hon, rit ngan théi gian thir nghiém va
cac hé thong sinh hoc phuc vu nghién ctru tang toc toi uu hoa h¢ thong. Cong n{ghé
va ting dung. Tuy nhién, sy phtic tap ctua nay dugc Umg dung rong rdi trong tér}g
té bao séng lam han ché kha ning kiém hop protein, thiét ké mach gen, phat trién
soat va hiéu qua cua chu trinh thiét ké - cam bién sinh hoc va xdy dung céc con
xdy dung - kiém tra - hoc hoi (DBTL)

(Borkowski va cong su, 2020).

duong chuyén hoa nhan tao (Silverman va
cong su, 2020; Tinafar va cong su, 2019).

Pé khic phuc cac han ché cua té Bai bao tong quan nay tong hop va

bao séng, sinh hoc tong hop khong té bao
(Cell-Free Synthetic Biology - CFSB) su
dung cac thanh phan sinh hoc tach chiét
tir té bao dé thyc hién phan ng trong moi
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phan tich nhiing tién bo ndi bat cua sau
nén tang cong nghé cbt 16i trong CFSB,
bao gém: (i) cong nghé axit nucleic va
mach sinh hoc tong hop khong té bao;



(ii) DNA origami va cac hé thong tu lip
rap phan tir; (iii) tong hop nucleotide bang
enzyme; (iv) tong hop protein khong té
bao; (v) téng hop bacteriocin va peptide
hoat tinh sinh hoc; (vi) san xuét vat liéu
sinh hoc bing hé thong khong té bao.
Bai bdo danh gid nguyén ly, thanh tyu,
vu diém, han ché va tiém ning tmg dung
clia ting nén tang nham cung cép cai nhin
téng quan vé CFSB va dinh huéng nghién
ctru trong tuong lai.

II. Nguyén Iy ciia hé thong CFSB

Sinh hoc khong té bao (cell-free
synthetic biology - CFSB) la phuong
phép thuc hién cic phan tng sinh hoc
bén ngoai té bao sdng, sir dung cac thanh
phan di duoc tach chiét hodc tinh sach
nhu enzyme, ribosome va axit nucleic
(Hodgman & Jewett, 2012). Viéc loai bo
té bao gitp tao ra mot h¢ phan ing mo,
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cho phép kiém soat tryc tiép cac diéu kién
sinh hoc va diéu chinh linh hoat qua trinh
phan ing (Jewett va cong sy, 2018).

So voi hé théng in vivo, CFSB tap
trung toan bd nguén luc vao viéc tao san
pham muc tiéu thay vi duy tri su séng té
bao, nhd dé nang cao hiéu qua tong hop
va hiéu suét st dung. Do sir dung truc tiép
DNA khu6n va h¢ phan tng m¢, CFSB rit
ngén thoi gian thu nghiém, thuén lgi cho
thu hoi san pham, dong thoi hd tro biéu
hién protein ddc va tich hgp axit amin phi
tu nhién dé mo rong kha ning thiét ké
protein (Ranji va cong su, 2013; Silverman
va cong sy, 2020). Hé thong nay ciing cho
phép d& dang bd sung co chit, loai bo san
pham va theo ddi phan g trong thoi gian
thuc (Silverman va cong su, 2020). Nho
tinh linh hoat cao, CFSB hd tro thiét ké va
tdi wu hoa nhanh céac hé sinh hoc phuc vu
nghién ctru va san xut (Lu, 2017).

Bang 1. So sanh dic tinh k¥ thuat va Gmg dung cta hé thong biéu hién in vivo va CFBS

Tiéu chi

H¢ thong biéu hién in vivo

Cell-free biosynthesis (CFBS)

Tai liéu tham khio

Nguyén ly hoat
dong

Phién ma, dich ma va chuyén
hoa dién ra bén trong té bao
song

Tong hop sinh hoc dién ra ngoai té
bao bang cach su dung dich chiét
t€ bao hodc h¢ enzyme tinh sach.

Dondapati va cong
su, 2020; Lin va cong
su, 2022

Mikc d kiém soat
phan ing

Anh hudng boi mang ludi dicu
hoa ndi bao, trao doi chat va
co ché sinh ly cta té bao.

Kiém soét truc tiép néng do DNA,
RNA, enzyme, ning lugng va co
chat trong m6i truong phan g md.

Lin va cong su, 2022;
Yue va cong sy, 2023

Kha ning biéu hién
protein doc doi voi
te bao

Han ché vi protein doc c6 thé
lam gidm sinh trudng hodc gay
chét té bao.

Thuén 1¢i vi khong co te bao song
can duy tri.

Dondapati va cong
su, 2020; Kim va
cong su, 2023

Anh hwéng ciia trao
doi chat noi bao

Manh; san phém ¢6 thé bi phan
hity hodc chuyén hoa ti€p.

Gan nhu loai bd céc tuong tac
chuyén hoa khong mong muon.

Yue va cong su, 2023;
Lin va cong sy, 2022

Hiéu suat sir dung
nang luwgng

Té bao tiéu ton niang luong cho
sinh trudng va duy tri sy song.

Naéng lugng uu tién cho qua trinh
tong hop muc tiéu.

Yue va cong su, 2023

Chi phi sin xuit

Thap hon doi voi san xuat quy
mo 16n.

Cao hon do céan hé enzyme,
nucleotide va nguon nang lugong
tai tao.

Dondapati va cong
su, 2020; Cui va cong
su, 2022

Kha ning tu tai tao

C6; té bao sinh truong va phan
chia.

Khong; cac thanh phan phan tmg
dan bj tiéu hao.

Lin va cong sy, 2022

An toan sinh hgc

Co6 nguy co phat tan GMO
hodc nhiém vi sinh vat.

Khong chira té bao song nén giam
nguy co phat tan sinh hoc.

Kim va cong sy, 2023;
Lin va cong sy, 2022

Ij'ng dung

San xuét protein tai to hop,
enzyme cong nghi€p, vaccine,
héa chat sinh hoc quy mo 1on.

Tao nguyén mau mach gene, sinh
hoc téng hop khong té bao, san
Xuét protein doc, vaccine tai chd,
tong hop vat li¢u sinh hoc.

Yue va cong sy,
2023; Kim va cong
su, 2023
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III. Cac nén tang cong nghé cbt 16i
cua CFSB

3.1. Axit nucleic va mach sinh hoc
tong hop

Nho sy phat trién ctia cac cong nghé
nhu PCR, DNA téi t6 hop, tong hop hoa
hoc va phién ma in vitro, viéc tao DNA va
RNA tré nén thuan loi hon (Hodgman &
Jewett, 2012). Tir d6, CFSB phat trién cac
mach axit nucleic c6 kha nang 1ap trinh
theo nguyén tic bat cip Watson-Crick,
cdc hé¢ DNA/RNA nay c6 thé hoat dong
nhu cac cong logic sinh hoc (AND, OR,
NOT), cho phép xtr Iy thong tin twong tu
hé théng may tinh (Silverman va cong su,
2020). Cac nghién ctru gan day cho thay
cac mach nay co thé thuc hién cam bién,
diéu hoa phan ung va tao dao dong sinh
hoc nhan tao. Trong tuong lai, chung duoc
ky vong ung dung trong chan doan bénh,
biosensor, thiét bj nano va té bao nhén tao
(Jewett va cOng su, 2018).

3.2. Mdy nano DNA va cong ngh¢é
DNA origami

DNA nho tinh dac hiéu va kha nang
18p trinh cao da tré thanh vat li¢u 1y tuéng
dé xay dung cac may nano sinh hoc. Cac
may nano axit nucleic ¢ thé thay doi cau
trac dé dap ung tin hiéu moi trudng hodc
phan tir diéu khién, dwa trén nguyén tic
bat cip Watson-Crick va co ché trao doi
s¢g1 DNA (strand displacement). Mot vi du
tiéu biéu 1a “DNA tweezers” do Yurke va
cong su phat trién. Thiét bi ndy gém ba
soi DNA tao thanh hai “canh tay” co thé
chuyén d6i giira trang thai mo va déng.
Khi ¢6 sgi DNA tin hiéu bd sung, cAu tric
s& khép lai do lai hoa; sau do cé thé mo lai
nho sgi loai bé thong qua co ché strand
displacement. Chu trinh ndy c6 thé lip

lai nhiéu 1an, cho thiy DNA c6 thé hoat
dong nhu mot hé co hoc phan tur on dinh
(Silverman va cong sy, 2020).

Ngoai ra, cong ngh¢ DNA origami
cho phép gap DNA soi don dai thanh cac
cAu tric nano 2D va 3D véi d6 chinh xéc
cao nho cac “sgi ghim” (staple strands).
Nghién ctou cua Rothemund da chimng
minh kha ning tao ra cac cdu trac nano
phuc tap kich thude khoang 100 nm, mo
ra huéng phat trién cho robot nano, hé van
chuyén thudc va thiét bi chan doan sinh
hoc (Jewett va cong su, 2018).

Hién nay, cac cdu traic DNA origami
va h¢ nano DNA-RNA dang dugc tng
dung trong chan doan phén tir, nghién
ctru enzyme don phan tir va diéu tri ung
thu. DBac biét, cac robot nano c6 kha nang
nham dich té bao va van chuyén thudc
dugc xem 1 hudng phat trién tiém ning
cua cong ngh¢ nano sinh hoc (Cui va cong
su, 2020).

3.3. Tong hop nucleotide bang
enzyme cascade

Céc nucleotide va nucleotide bién
d6i 1a thanh phan thiét yéu trong nhiéu
ky thudt sinh hoc phan ti nhu PCR, FISH
va giai trinh tu thé hé méi. Trude day,
chung chu yéu duoc san xuét bing tong
hop hoa hoc nhiéu bude, tuy nhién quy
trinh nay thuong phuc tap, tao nhiéu san
pham phuy va kho kiém soat hiéu qua qua
trinh phosphoryl héa dé thu dugc dang
nucleotide triphosphate mong mudn (Sun,
2023).

Pé khic phuc han ché nay, cac h¢
enzyme khong té bao theo dang “one-
pot” da duoc phét trién. Hé thong nay tich
hop nhiéu enzyme cung v6i co ché tai
sinh ATP dua trén phosphoenolpyruvate



(PEP), cho phép chuyén hoa truc tiép
nucleoside thanh nucleotide triphosphate
trong mot phan tng duy nhit. Nho do,
quy trinh téng hop tré nén don gian
hon, hi€éu qua hon va than thién hon so
v6i phuong phap hoa hoc truyén thong
(Fehlau va cong sy, 2020).

Dac biét, hé enzyme cascade nay
khong chi tong hop nucleotide tu nhién
ma con tao duge nhiéu nucleotide bién d6i
tir cac nucleoside ban dau, bao gdm cac
dan xuat cua cytidine-5’-triphosphate va
adenosine-5’-triphosphate nhu 2’-deoxy,
arabinofuranosyl va fluoro derivatives.
Diéu ndy mo rong dang ké kha niang tng
dung trong thiét ké mdi, dau do va cac hé

HO Tj‘lo /r\‘ ; .oxig:io f®;

OHR OHR
X R X R
1 Cd H OH faCMP H OH
2 daCya H H 2a aCMP H H
3 aaCyd H am-OH 32 araCMP H  ara-OH
4 SFCyd F OH 4 SFCMP F OH

ATP ADP ATP

ADP

26 aCDOP H H
3b araCOP H  am-OH
4b SF-COP F OH
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thdng sinh hoc tong hop (Fehlau va cong
su, 2020).

Phan tich HPLC cho thdy cac
nucleoside duoc chuyén hoéa hiéu qua
thanh cidc dang monophosphate (NMP),
diphosphate (NDP) va triphosphate
(NTP). Hiéu suit tao NTP dat khoang 18-
22% tuy loai co chat, chimg minh hiéu
qua va tinh kha thi ciia h¢ enzyme cascade
trong san xuat nucleotide myc tiéu. Nhimg
két qua nay cho thay hé enzyme khong té
bao 1a hudng tiép can tiém ning cho san
xuét nucleotide va nucleotide bién doi,
g6p phan quan trong trong phat trién cong
ngh¢ sinh hoc va sinh hoc phan tir hién dai
(Fehlau va cong su, 2020; Sun, 2023).
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Hinh 1. So d6 phan tmg enzyme cascade “one pot” dung dé phosphoryl hoa nucleoside
thanh nucleotide triphosphate voi su tham gia ciia nhiéu enzyme va hé tai sinh ATP dya trén
phosphoenolpyruvate (PEP) (Sun, 2023)

3.4. H¢ téng hop protein khong 16
bao (CFPS)

Céac nghién clu vé protein trong
CFSB chu yéu hudng dén tong hop va

tién hoa protein. Nho sy phat trién cta
CFPS, hiéu suit san xuét dugc cai thién,
chi phi gidm va kha nang tng dung duoc

mo rong (Silverman va cong su, 2020).
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Hién nay, CFPS dugc phat trién theo hai
hudéng chinh: hé tir dudi 1€n (bottom-up)
va hé tir trén xudng (top-down).

H¢ bottom-up

H¢ bottom-up su dung cac thanh
phé‘ln tinh sach dé tai tao bo may dich ma
trong 6ng nghiém. Mot vi du tiéu biéu
la h¢ PURE (Protein synthesis Using
Recombinant Elements), trong d6 cac
enzyme, ribosome va yéu t6 dich ma
duoc biéu hién va tinh sach riéng biét
trude khi phdi tron lai. Uu diém 16n cua
hé PURE la kha ning kiém soat chinh
xac cac thanh phan phan tng, rat phu hop
cho nghién ctru cudn gap protein va tich
hop axit amin phi ty nhién. Tuy nhién,
han ché chinh 1a chi phi cao do can tinh
sach ting thanh phan riéng 1¢ (Shimizu
va cong su, 2001).

He¢ top-down

H¢ top-down sir dung dich chiét té
bao dé tong hop protein. Cac hé phd bién
hién nay duoc tao tu Escherichia coli,
mam lta mi, hong cau ludi tho va té bao
con trung.

Trong s6 d6, hé CFPS tir E. coli duoc
su dung rong rai nhét nho chi phi thép, tde
d6 tong hop cao va kha ning mé rong quy
mo cong nghiép. Hé nay c6 thé mé rong tir
thé tich vai microlit dén hang tram lit phan
ung (Jewett & Swartz, 2004). Tuy nhién,
kha nang bién ddi sau dich mé con han ché
s0 v6i cac hé nhan thuc. Nguoc lai, cac hé
tr mam lta mi hodc té bao con tring hd
trg tot hon cho cac bién doi sau dich ma
nhu glycosyl hoa, nhung chi phi chuan bi
cao hon.

Nhin chung, mdi hé¢ CFPS déu c6 uu
va nhuoc diém riéng, nhung déu cho phép
kiém soat truc tiép méi truong phan ung

va toi uu hoéa qué trinh tong hop protein
hiéu qua hon so véi hé in vivo.

3.5. Tong hop bacteriocin bang h¢
tong hop protein khong té bao (CFPS)

Trong sb cac nén tang san xuat hién
nay, hé tong hop protein khong té bao
(CFPS) dugc xem 1a mdt cong cu hiéu qua
dé biéu hién bacteriocin va cac peptide
khang khuén c6 doc tinh cao hodc kho
san xuat bang hé té bao sdng. Mot nghién
ctru tiéu biéu da su dung hé CFPS dé
tong hop cac colicin - nhém bacteriocin
do Escherichia coli tao ra. Cac colicin
ndy c6 nhiéu co ché khang khuan khac
nhau, bao gom: (i) colicin M: tic ché tong
hop peptidoglycan, (ii) colicin Ia va El:
tao 16 trén mang té bao, (iii) colicin E2:
phéan huy acid nucleic. Trong nghién ctu,
cac gen ma hoa colicin duoc khuéch dai
bé”mg PCR va dua truc tiép vao hé CFPS
chia dich chiét t& bao cing cic thanh
phan phién mi-dich ma can thiét. Két qua
cho théy colicin E1, E2 va Ia dat d0 hoa
tan gan nhu hoan toan (~100%) véi hiéu
suat khoang 300 pg/mL, cao hon khoang
10 1an so véi biéu hién trong té bao song
(Silverman va cong sy, 2020).

Hoat tinh khang khuan cta colicin
tong hop trén E. coli K361 cho thay
hiéu qua rat cao: colicin E1 & néng do
>250 ng/mol gan nhu tiéu diét hoan toan
té bao, va & 750 ng/mol cob thé diét hon
99,9% té bao chi trong 1 phat. Két qua
tuong tu véi colicin E2 va la chung minh
protein tao ra bang CFPS van giir nguyén
hoat tinh sinh hoc manh (Silverman va
cong su, 2020). Diéu nay cho thay CFPS
1a nén tang tiém niang dé san xuat protein
khang khuin va protein doc khé biéu
hién trong té bao séng.



3.6. Tong hop vit liéu sinh hoc
bang hé khéng té bao

Trudc tinh trang 6 nhiém nhya va vi
nhya gia tang, CFPS tré thanh mot cong
nghé tiém nang dé san xuét vat liéu sinh
hoc phan hity nho kha ning kiém soat hiéu
qué cac phan img enzyme va toi uu hda qua
trinh chuyén hoa (Bowie va cong su, 2020).

Vi du dién hinh 14 chu trinh pentose-
bifido-glycolysis (PBG), trong d6 glucose
dugc chuyén hoa tudn tu thanh acetyl-
CoA thong qua cac con duong enzyme
lién két, sau d6 duoc su dung dé té)ng hop
polyhydroxybutyrate (PHB) - mot loai
nhya sinh hoc c6 kha nang phan huy.

a
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Dé t6i uu hé thong, cac enzyme didu
hoa NAD(P)H va co ché tai sir dung chét
chuyén hoa duoc bo sung nhdm cin bang
nang luong va on dinh phan tng. Két hop
PBG v6i tong hop PHB dé chimg minh kha
nang tao ra PHB hi¢u qua trong h¢ khong
té bao, cho thay tiém ning ing dung trong
san xudt vat liéu sinh hoc quy méd cong
nghiép (Bowie va cong su, 2020).

Nhitng két qua nay khang dinh
CFSB la nén tang tiém ning cho phat trién
vat liéu sinh hoc than thién moéi truong,
g6p phan giam phu thudc vao nhua héa
dau truyén thong.

@ Glucose
Y @ - ate
NAD(P)H NAD(P)+ ADP
QAL Glucose 6-P
o
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Hinh 2. So dd chu trinh pentose-bifido-glycolysis (PBG) st dung cac enzyme khong té bao
dé chuyén hoa glucose thanh acetyl-CoA va tong hop nhuya sinh hoc
polyhydroxybutyrate (PHB) (Sun, 2023)

IV. Ung dung ciia CFSB trong sin
xuit vic xin, chin doan va tri tué sinh
hoc nhan tao

4.1. Ung dung trong phdt trién vic

xin thé hé moi

CFSB 1a huéng nghién ctu trién

vong cho phat trién vic xin nhd kha
ning san xuat khang nguyén nhanh
chéng trong vai gio, thay vi nhidu ngay
hodc nhiéu tudn nhu cac hé théng nudi
cdy té bao truyén thong (Hu & Kamat,
2023). Cong nghé nay da dugc ung dung

dé san xuat nhi€u loai vac xin nhu vac
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xin tiéu don vi, vdc xin lién hop, hat
gibng virus (virus-like particles, VLPs)
va cac protein khang nguyén phuc tap.
Mo6i truong phan ung md cua CFSB
cho phép t6i wu héa qué trinh gap cudn
protein va cac bién d6i sau dich ma
nham nang cao tinh sinh mién dich cia
khang nguyén. Bén canh d6, viéc két
hop hé tong hop protein khong té bao
(CFPS) v6i cong nghé hat nano lipid mé
ra kha ning san xuét sinh hoc theo yéu
cau (on-demand biomanufacturing), dic
biét hiru ich trong cac tinh hudng dich
bénh khéan cép hodc tai nhtrng khu vuc
co co so ha tﬁng han ché, goép phén rut
ngan thoi gian phat trién vic xin, giam
phu thudc vao hé théng nudi cdy truyén
théng va tao diéu kién thuan loi cho san
xuat phan tan ciing nhu vic xin ca thé
hoa (Kim va cong su, 2025).

4.2. Ung dung ciia CFSB trong
chin doan nhanh

Mot trong nhiing ung dung thanh
cong nhat cua CFSB 1a phat trién cac
cam bién sinh hoc khong té bao (cell-free
biosensors), c6 kha nang phat hién DNA,
RNA, protein hodc cac phan tir dich va tao
ra tin hiéu dau ra dé quan sat nhu mau séc,
huynh quang hodc tin hi¢u di¢n hoa (Sarac
va cong sy, 2025). Ngoai ra, su két hop
gitta CFSB véi hé théng CRISPR-Cas12/
Cas13 va cong ngh¢ vi luu (microfluidics)
da nang cao dang ké do nhay, do dac hiéu
va kha ning thu nho thiét bi chin doan
(Zhou va cong su, 2025). Cac ung dung
tiéu biéu bao gdm chin doan bénh truyén
nhiém, phat hién mam bénh trong thuc
pham, giam sat moi trudng va theo ddi cac
déu 4n sinh hoc lién quan dén ung thu.

4.3. Ung dung ciia CFSB trong tri
tué sinh hoc nhdn tao

Su két hop gitta CFSB, tri tué nhan
tao (AI) va sinh hoc dang hinh thanh mét
hudng nghién ctru méi duge goi la tri tu¢
sinh hoc nhan tao (Artificial Biological
Intelligence) (Acharya & Mani, 2026).
Trong mo hinh nay, Al dugc sir dung dé
thiét ké trinh tu DNA, t6i vu hoa mang
lu6i diéu hoa gene va du doan cau tric
protein, trong khi CFSB doéng vai tro
la nén tang thir nghiém nhanh va dé tu
dong hoa. Su két hop nay giup ting toc
chu trinh thiét ké-xay dung-kiém tra-hoc
hoi  (Design-Build-Test-Learn, DBTL),
qua do6 rit ngin thoi gian phat trién cac
hé théng sinh hoc méi (Hunt va cong su,
2025).

V. Nhiing théch thirc, han ché ciia
CFSB, dinh huéng khéc phuc va trién
vong phat trién CFSB tai Viét Nam

5.1. Thdch thire, han ché ciia
CFSB va dinh hwong khéic phuc

Mic dit CFSB ¢6 nhiéu wu diém nhu
tinh linh hoat cao, mdi truong phan Gng
mo va kha ning kiém soat truc tiép cac qua
trinh sinh hoc, cong nghé niy van dang d6i
mat véi nhiéu thach thirc quan trong. Mot
trong nhirng han ché 16n nhat 1a chi phi san
xuét cao do can sir dung lugng 16n co chét
nang luong, nucleotide, enzyme tinh sach
va cofactor, gay kho khan cho viéc thuong
mai hdéa & quy md cong nghiép (Silverman
va cong su, 2020). Bén canh do6, hi¢u suét
tong hop va kha ning tai tao ning luong
ctia cac hé CFSB van con han ché, trong
khi enzyme trong hé phan (mg d& mét hoat
tinh hodc bi phan huy theo thoi gian, lam
giam d6 6n dinh va ning sudt san pham
(Hodgman & Jewett, 2012).



Ngoai ra, cac hé st dung dich chiét
té bao thuong gip hién tuong bién dong
giita cac 16 phan tng do khac biét vé ching
vi sinh vat, diéu kién nudi cdy va quy
trinh chuan bi dich chiét, tir 46 anh huong
dén tinh tai lap cua két qua (Caschera &
Noireaux, 2015). Viéc mé rdng quy mod
san xuat ciing 1a thach thic 16n do khé duy
tri hiéu qua phan tng va cin bang chuyén
hoa & quy mé 16n. Ddi véi cac tng dung
tién tién nhu tong hop protein chtra amino
acid khong tu nhién, hi¢u suat gén amino
acid, tinh truc giao cua hé dich ma va kha
nang tai thiét ké ribosome van con nhiéu
han ché k¥ thuat (Cui va cong sy, 2020).
Do d6, cac hudng nghién ctru hién nay tap
trung vao t8i wu hoa hé tai tao nang luong,
nang cao do on dinh enzyme, chuan hoa
quy trinh san xudt va tich hgp CFSB véi
cac cong nghé méi nhim mo rong tiém
nang ung dung trong y sinh, cong ngh¢
sinh hoc va vat li€u sinh hoc.

5.2. Trién vong phdt trién CFSB tai
Viét Nam

CFSB c6 nhiéu tiém ning phat trién
tai Vi¢t Nam nho dinh hudéng uu tién vé
cong nghé sinh hoc va d6i méi sang tao.
Cong nghé nay co thé ung dung trong
san xuat vaccine, sinh pham chan doan,
protein tai t6 hop, cam bién sinh hoc va
cac hop chét sinh hoc gid tri cao. Viéc tich
hop tri tué¢ nhan tao va tu dong hoa cling
md ra co hdi nang cao hiéu qua nghién
ctu va thwong mai héa. Tuy nhién, dé
phat trién bén vimg, can ting cuong dau
tu co so ha t?mg, dao tao nhan luyc va
thuc day hop tac giita cac co so nghién
ctru, truong dai hoc va doanh nghiép (Bo
Chinbh tri, 2023).

VI. Két luén
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CFSB la mot nén tang cong nghé
cho phép kiém soat hidu qua cic qua
trinh sinh hoc ma khong bi gidi han boi
té bao séng. Cong nghé nay dang thuc day
nhing tién bd trong tong hop protein, thiét
ké mach sinh hoc, phat trién vat liéu sinh
hoc va nhiéu tmg dung khéac. Véi su phat
trién nhanh chéng cta sinh hoc tong hop,
CFSB dugc ky vong s€ giit vai trd quan
trong trong y hoc, cong nghé sinh hoc va
cong nghé nano trong tuong lai.
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CELL-FREE SYNTHETIC BIOLOGY:
A PLATFORM FOR NEXT-GENERATION
BIOENGINEERING

Bui Thi Hai Hoa', Trinh Thi Thu Hang', Dinh Thi Thu Le'

Abstract: Cell-Free Synthetic Biology (CFSB) is a technology that enables biological
reactions to be performed in vitro without the use of living cells. By employing biological
components in an open reaction system, CFSB allows direct control over reaction conditions,
shortens the design-build-test cycle, and enhances protein production efficiency, including
the synthesis of proteins that are difficult to express or toxic to living cells. This technology
has been applied in Cell-Free Protein Synthesis (CFPS), DNA origami, enzyme cascades,
and biomaterial production, supporting applications such as bacteriocin manufacturing,
bio-nanodevice development, and the fabrication of biodegradable materials.

Despite its significant potential, CFSB still faces several challenges, including high
operational costs, limited enzyme stability, batch-to-batch variability, and difficulties in scaling
up for industrial applications. In addition, further improvements are needed in translational
efficiency and the incorporation of noncanonical amino acids into synthesized proteins.

Keywords: CFSB, CFPS, DNA origami, enzyme cascade, biomaterials
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