Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién 2025, 9(1):3296-3306

Open Access Full Text Article

Bai tong quan

w 2

Cac hé théng tiét va tiém niang Ung dung biéu hién bé mat & vi

khuan Gram am

Lé Hoang Khoi Nguyén'-2, Nguyén Thanh Tan'23, Tran Van Hiéu"23"

R
Eag.;. 4T

Use your smartphone to scan this
QR code and download this article

'Bo mon Cong ngh¢ Sinh hoc Phan tii va
Moi trudong, Khoa Sinh hoc - Céng nghé
Sinh hoc, Trudng Dai hoc Khoa hoc Ty
nhién, Viét Nam

’Dai hoc Quéc Gia Thanh phé H6 Chi
Minh, Viét Nam

*Phong Thi Nghi¢gm Cdm bién Sinh hoc,
Khoa Sinh hoc - Céng nghé Sinh hoc,
Trudng Dai hoc Khoa hoc Ty nhién,
Viét Nam

Lién hé

Tran Van Hiéu, Bo mon Cong nghé Sinh hoc
Phan tirva Méi truong, Khoa Sinh hoc — Céng
nghé Sinh hoc, Trudng Bai hoc Khoa hoc Ty
nhién, Viét Nam

Dai hoc Quéc Gia Thanh phé H6 Chi Minh,
viet Nam

Phong Thi Nghiém Cam bién Sinh hoc, Khoa
Sinh hoc — Céng nghé Sinh hoc, Trudng Pai
hoc Khoa hoc Tu nhién, Viét Nam

Email: tvhieu@hcmus.edu.vn

Lich st

o Ngay nhan: 28-8-2023

o Ngay stia ddi: 11-2-2025

o Ngay chép nhan: 21-02-2025

o Ngay dang: 31-03-2025

DOI:
https://doi.org/10.32508/stdjns.v9il.131l

’i} Check for updates
!

TOM TAT

Su phét trién manh mé clia nganh Céng nghé Sinh hoc trong viéc biéu hién protein mdi dang
dugc ddy manh, ddc biét 1a biéu hién protein téi t6 hop & vi khuan. Hién nay, & vi khuédn sé cé céc
dang biéu hién protein nhu, ndi bao, tiét, va dinh & bé mat. Nhung ddi véi viéc biéu hién protein &
bé mat & nhém vi khudn Gram am con nhiéu han ché. Khé khan khi biéu hién protein trén bé mat
vi khudn Gram &m ndm & cau tric phan vach clia nhom vi khudn nay do dugc ciu tao kha phtic
tap cing viéc han ché vé s6 lugng cac motif cé thé dinh trén mang. Cac nghién clu trudc day
cho théy, céc hé théng tiét qua mang & vi khudn dong vai trd quan trong trong qué trinh sinh tén
clia vi khudn. G vi khudn Gram &m, cac hé théng tiét ducc phan loai thanh hé théng tiét qua mot
mang va hé théng tiét qua hai mang. Trong khi Sec va Tat la hai hé théng tiét qua mét mang thi
hé théng tiét loai I-T1SS (Type | secret system), hé thong tiét loai [1-T2SS (Type Il secret system), hé
théng tiét loai lI-T3SS (Type Il secret system), hé théng tiét loai IV-T4SS (Type IV secret system), hé
théng tiét loai V-T5SS (Type V secret system) va hé thong tiét loai VI -T6SS (Type VI secret system)
la cac hé théng tiét qua hai mang cho phép chudi polypeptide sau khi dugc téng hop duac tiét
ra bén ngoai. Trong bai téng quan nay, cac dic diém cua ting hé thdng tiét sé dugc dé cap cing
nhu kha nang tng dung tiém nang dé chuyén protein téi t& hop lén mang clia cac hé théng nay.
Tur khoa: Bi€u hién protein trén bé mat, vi khudn Gram am, protein tai t6 hop, hé théng tiét qua

moOt mang, hé théng tiét qua hai mang

GIGI THIEU

Vi khuén 14 sinh vét ¢ xua con ton tai dén ngay hom
nay. D€ c6 thé ton tai, vi khudn da phat trién céc b
may chuyén hoéa dac biét (6 mic do phan th) co vai
tro tiét mot loat cac phén ti da dang tit DNA cho
dén protein. Cac phan ti c¢6 vai trd quan trong nay
khoéng chi giup vi khuén ton tai v6i cac diéu kién moi
truong khac nhau ma con gitp vi khuén thich nghi
thong qua cac vai tro sinh ly clia cac phan tl nay nhu
bam dinh vao té bao vt chu, yéu t6 doc luc hodc bat
hoat hé mién dich cta vat cht. Duya vao trang thai
ctia cac phan tu sau khi tiét, ching dugc chia lam hai
loai gom phén ti dugc tiét tryc tiép ra méi truong
bén ngoai va phan ti sau khi tiét sé dugc neo lai trén
mang ngoai ctia vi khudn. Qua trinh tiét cic phéan
tl nay thudng do cac hé théng tiét ddm nhiém, tuy
nhién, do c6 su khac biét & c4u tric thanh t€ bao nén
doi hoi vi khudn Gram duong va vi khudn Gram am
phét trién cac hé thong tiét cing nhu mot hé théng
neo chuyén biét. Cu thé, ciu tric thanh cta vi khuén
Gram duong bao gom 16p mang trong va 16p pepti-
doglycan day bao quanh!. Trong khi dé, 16p thanh
ctia vi khudn Gram am dugc cdu tao ti 16p mang
trong, 16p peptidoglycan va 16p mang ngoai c6 chiia
lipopolysaccharide. V€ h¢ thong tiét, mot nghién ctiu

da chi ra rdng, hau hét vi khudn Gram duong stt dung
phtic hgp chuyén vi Sec cho qud trinh tiét protein ra
moi trudng bén ngoai?. Déi véi viéc neo protein trén
mang ngoai, & vi khudn Gram duong c6 bon ciu tric
dinh trén bé mat da dugc nghién ctiu gom cdu truc
neo trén mang c6 domain xuyén mang, ciu truc neo
mang nhd sy tuong tac cong hda tri gitia lipoprotein
va mang, cdu tric chiia motif LPxTG, va cudi cung
la cdu trac dinh mang phu thudc vao céc vi tri dac
biét clia mang®. Chinh vi c¢6 su da dang & cdu tric
dinh mang, nén vi khuén Gram duong dugc biét dén
nhu mot hé théng biéu hién protein tai t& hop trén
bé mat phd bién. Ngugc lai, vi khuidn Gram am lai
khong dugc xem nhu mét d6i tugng thich hgp dung
cho viéc biéu hién protein tai t8 hgp trén bé mit. Ly
do 1 vi vi khuén Gram am khoéng c6 céc cdu tric dinh
mang chuyén biét nhu ¢ vi khudn Gram duong. Tuy
nhién, & vi khuin Gram 4m c6 cdc hé théng tiét khd
dac biét, ndm & chd céc hé thong tiét protein khong
chi tiét ma con c6 thé neo giii protein & mang ngoai.
Do do, cac hé théng tiét 6 vi khudn Gram am dugc
xem nhu chia khéa quan trong trong viéc biéu hién
protein trén bé mat vi khuén Gram 4m. Vi vi khuén
Gram am c6 dén hai l6p mang nén cac hé thong tiét &
nhoém vi khuén nay dugce chia thanh hé théng tiét qua

Trich dan bai bao nay: Nguyén L HK, TAn N T, Hi€u T V. Cac hé théng tiét va tiém nang ting dung biéu
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mang trong va hé théng tiét qua mang ngoai. Hién tai,
cac hé thong tiét qua mang trong da dugc xac dinh la
phtic hgp chuyén vi - SecYEG (The SecYEG translo-
con complex) tuong tu nhu ¢ vi khuédn Gram duong
va hé théng chuyén vi arginine kép — Tat (The twin-
arginine translocation system)* . Tuy vai tro ctia hé
théng tiét qua mang trong & vi khuén Gram am déu
tiét chubi polypeptide ra chu chét nhung phic hgp
chuyén vi SecYEG lai tiét chudi polypeptide & dang
chua dugc gdp cudn, trong khi con dudng chuyén
vi arginie kép lai ti€t chubi polypeptide da dugc gép
cudn hoan chinh. D6i v6i cac hé thong tiét qua mang
ngoai, cic hé thdng nay dugc xdc dinh va phén loai
thanh cdc hé théng nhu hé thong tiét loai I - T1SS
(Type I secret system), hé théng tiét loai II - T2SS
(Type II secret system), hé thong tiét loai IIT - T3SS
(Type III secret system), hé thong tiét loai IV — T4SS
(Type IV secret system), hé thong tiét loai V - T5SS
(Type V secret system) va hé thong tiét loai VI - T6SS
(Type VI secret system). Mic du tdt ca cac hé thong
tiét mang ngoai déu cé thé tiét cac phén ti da dang
tit DNA dén protein ra bén ngoai mang nhung xét
vé cac thanh phén cu tao thi cac hé thong tiét mang
ngoai dugc phin loai thanh hé théng tiét qua hai mang
va hé thong tiét qua mot mang (tiét tit chu chat qua
mang ngoai). T1SS, T2SS, T3SS, T4SS va T6SS 1a cac
hé thdng tiét dugc phan loai vao nhém cac hé théng
tiét qua hai mang. Piéu nay cé nghia réng cac phan
ti dugc tiét theo co ché tiét mot budc, sé dugc tiét
truc ti€p tu té bao chdt ra bén ngoai mang. Ngugc
lai, hé thong ti€t qua mdt mang st dung co ché tiét
hai budc d€ tiét cac phén ti sinh hoc ra mang ngoai,
thi céc phén t nay can dugc chuyén ti té€ bao chit
ra dén chu chit trudc khi dugc T5SS tiét ra bén ngoai
mang. Mic du ¢ co ché tiét khac nhau nhung hau
hét cdc hé thong tiét nay & vi khudn Gram 4m déu lién
quan dén qud trinh tao mot yéu t6 doc luc ngoai bao,
yéu td bam dinh hodc lién quan dén mét yéu t6 sinh
trudng cuia vi khudn.. Trong bai viét nay, chung t6i sé
cung cdp kién thiic téng quan vé cac hé thong tiét ¢ vi
khufn Gram a4m va cc hé thong tiét tiém nang dugc
ung dung trong bi€u bién protein trén bé mat.

CAC HE THONG TIET & VI KHUAN
GRAM AM

Hé théng tiét qua mét mang

Phuc hop chuyén vi SecYEG - SecYEG (The Se-
cYEG translocon complex)

Néu phan loai theo co ché tiét thi phiic hgp chuyén
vi SecYEG dugc phén loai vao hé théng c6 co ché
tiét mot budc. Tuy nhién, thay vi ti€t phan ti ti té
bao chét ra bén ngoai mang nhu cac hé thong tiét qua

mang ngoai thi phiic hgp chuyén vi SecYEG chi c6 thé
tiét chudi polypeptide ti t€ bao chat ra dén chu chét,
va céc chudi polypeptide nay thudng & dang chua gép
cudn.

Thanh phin cta phitc hgp chuyén vi SecYEG gém
phén ti SecB, phan tit ddng co SecA, kénh SecYEG,
va phan td hd trg SecDE SecB hoat dong nhu mot
chaperone gitp chudi polypeptide ton tai & trang thai
chua gp cudn sau khi dugc dich ma. Phén ti dong co
SecA c¢6 vai tréo nhu mot bom ATPase st dung nang
lugng d€ ddy chudi polypeptide qua kénh SecYEG®.
Keénh SecYEG va phan tt hé trg SecDF la hai thanh
phan ton tai trén mang bén canh phan ti dong co
SecA trong d6 kénh SecYEG c6 vai tro nhu mét kénh
cho phép chudi polypeptide di qua con phén tt hé trg
SecDF® hoat dong nhu mot “mdy kéo” gitp kéo chudi
polypeptide qua mang.

Co ché hoat dong ctia phiic hgp chuyén vi SecYEG
dugc mo ta nhu 1a domain cé vai tro lam tin hiéu tiét
sau khi dugc tdng hop béi ribosome sé dugc cac chap-
erone SecB bam vao. Sau khi chudi polypeptide dugc
téng hgp hoan toan, phtic hgp dugc tao bdi chudi
polypeptide va SecB sé dugc nhén biét boi phén tu
dong co SecA. Phéan td SecA sau khi nhén dién tin
hiéu chuyén mang ndm & dau N ctia chubi polypep-
tide sé kich hoat qua trinh tiét bing cach phan huy
ATP. Luc nay SecA hoat dong nhu mot dong co ddy
chudi polypeptide din din qua kénh SecYEG. Sau khi
chudi polypeptide dugc ddy 1én mdt trén ctia mang,
phén tt ho trg SecDF c¢6 vai trd kéo chudi polypep-
tide qua mang trong (Hinh 1).

\——{ Ribosome

SecB Té bao chat

SecA
[sees e
SOSS OOOO0C
SecYEG )

Chu chat
SecDF

Hinh 1: Cdu truc cta phuic hgp chuyén vi SecYEG-
SecYEG’
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Hé théng chuyén vi arginine kép - Tat (The
twin-arginine translocation system)

Hé théng chuyén vi arginine kép — Tat (The twin-
arginine translocation system) ton tai 6 mot s vi
khudn, c8 vi khufn va d6i khi xu4t hién & luc lap®.
Tuong tu v6i phiic hgp chuyén vi SecYEG, con dudong
chuyén vi arginine kép ciing tiét chudi polypeptide
ti t€ bao chdt ra dén chu chdt. Tuy nhién, khac véi
chudi polypeptide dugc tiét bsi phiic hgp chuyén vi
Sec, chudi polypeptide dugc tiét bsi hé théng chuyén
vi arginine kép sé ton tai & trang thai gdp cudn hoan
toan sau khi dugc chuyén ra chu chit.

Céu truc cta hé thdng chuyén vi kép gém protein
TatA, TatB va TatC®. Trong d6, TatA va TatB la cic
protein c6 cdu truc giéng nhau va dugc ciu tao bdi
ba domain, m¢t domain xuyén mang, mét domain
dau N huéng vé phia chu chat, va m¢t domain dau C
hudéng vé té bao chat. TatA cd vai tro quan trong trong
viéc hinh thanh cdu tric “cng xuyén mang” TatB
¢4 vai trd bam vao tin hiéu tiét ctia chudi polypep-
tide va dong thoi gitip chudi polypeptide nay gdp cudn
hoan chinh. C4u truc ctia TatC la mot protein tich hgp
xuyén mang dugc cdu tao bdi sdu chubi a-helix xuyén
mang. TatC sé két hop véi TatB d€ hinh thanh phiic
hgp TatBC'?. Phtic hgp TatBC c6 vai trd nhu mot
receptor nhan dién tin hiéu tiét cia protein muc tiéu.
Co ché tiét ctia hé thong chuyén vi kép dugc mo ta
nhu sau. TatC sé tuong tdc véi tin hiéu tiét 6 ddu N
¢ chtita arginine kép ctia chudi polypeptide. TatA lac
nay sé két hgp véi phiic hgp TatBC d€ hinh thanh ciu
tric “c6ng xuyén mang”. Chudi polypeptide lic nay
sé dugc ddy ra chu chat thong qua phiic hgp Tat, lac
nay tin hiéu dau N van con bam vao phic hgp TatBC.
Sau khi, protein dugc tiét ra chu chat, mot peptidase &
chu chét sé cit phan tin hiéu ddu N va cubi cling toan
b protein dugc tiét hoan toan ra chu chét.

HE THONG TIET QUA HAI MANG

Hé théng tiét loail - T1SS (Type | secret sys-
tem)

O vi khu&n Gram am, cic sin phédm tiét hé thong tiét
loai I - T1SS (Type I secret system) sé dugc tiét truc
tiép tii t€ bao chét ra bén ngoai mang. Cac san phdm
tiét nay thuong lién quan dén quad trinh thu nhan dinh
dudng hoic la yéu t6 doc luc & vi khudn Gram am.
M6 hinh d4u tién ctia T1SS dugc xac dinh 14 hé thong
tiét hemolysin & vi khudn Escherichia coli dugc phat
hién vao nim 1983 '!. Tit m6 hinh tiét hemolysin c6
théxdc dinh ring hé théng tiét loai I - T1SS dugc ciu
tao bai ba thanh phan gom thanh phdn 6 mang trong,
thanh phéan két n6i mang trong va mang ngoai, va cudi
cung la TolC - mét protein kénh ton tai & mang ngoai.

Céc thanh phan nay két hgp v6i nhau tao nén mot ciu
truc dang dudng hdm thong qua mang trong va mang
ngoai cho phép TI1SS tiét cac san phdm truc tiép ti t&
bao chat ra bén ngoai mang.

Thanh phin & mang trong cta TI1SS la cac protein
thu¢c ho protein vin chuyén ABC'?. Diéu nay c6
nghia rdng cic protein § mang trong ctia T1SS stt dung
ATP d€ hoat dong. Cau tric clia protein nay gém
bén moé-dun, hai domain cé vai tro xuyén mang -
Transmembrane domain (TMD) va hai domain ¢4 vai
tro lam vi tri bAm cho nucleotide — Nucleotide bind-
ing domain (NBD). Céc protein nay dugc chia lam ba
nhom dya trén sy xuét hién ctia domain ndm & dau N,
trong d6 nhém mot va nhom hai 1a hai nhém cé do-
main ndm & ddu N 1a C39-ABC transporter va CLD-
ABC transporter va nhém con lai khong chita domain
C39va CLD & dau N ™.

Thanh phan két néi mang trong va mang ngoai 1a pro-
tein MacA, c6 cdu tao gom mot cdu tric dang dudng
him véi domain ¢6 cdu tric kep téc, domain “thung
beta” va domain lipoyl'*. Trong d6, domain “thiing
beta” va domain lipoyl ¢6 vai tro tuong tac véi cac pro-
tein van chuyén ABC ¢ mang mang trong, va domain
¢ cdu truc kep toc sé két hgp véi protein mang ngoai
TolC ciing ¢6 cdu truc “thiing beta” d€ hinh thanh 16
trén mang ngoai cho phép phan tii dugc tiét di qua 1°.

TolC
) l Mang ngoai
MacA —
! Mang trong
ABC TrausponeT Té bao chat

Hinh 2: Cau trdc cGa hé thong tiét loai I-T1SS (Type
| secret system)

Co ché tiét cta T1SS dugc thuc hién ti viéc phén tu
dugc tiét sé bam vao thanh phdn mang trong l1a pro-
tein vin chuyén ABC. Luc nay, cdc protein van chuyén
sé tién hanh phan huly ATP va van chuyén cac phan
tt nay thong qua cu tric dudng him dugc tao boi
protein MacA dé€ dén TolC c6 vai trd nhu c6ng mang
ngoai (Hinh 2).

Hé théng tiét loai Il - T3SS (Type Il secret
system)

Hé thong tiét loai 3 — T3SS 1a hé thong tiét dic biét
do hé thong nay c6 kha nang chuyén protein tryc tiép
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ti té bao chét ctia vi khuén t6i mang té€ bao chit cua
vat chi. 'T3SS ton tai 6 hau hét vi khuidn Gram am
gay bénh nhu Salmonella, Yersinia, Escherichia coli 16
va c6 vai tro nhu mét yéu t6 chuyén doc t6 té bao.
Trong do, cdu tric cta hé thong tiét protein 6 vi khuén
Salmonella 1a mo6 hinh tiéu biéu dugc dung d€ mo
td mot cach tdng quét cdu truc cta hé thdng tiét loai
',

L4 tiét

Mang vat chu

Mang ngoai

Mang trong

Phirc hop SpaO ve

Hinh 3: Cau tric cia hé thong tiét loai llI-T3SS (Type
Il secret system)

008002CEO000000

InvC Té bao chat

Céu tric ctia hé thong tiét loai III & vi khudn
Salmonella  dugc moé ta la c6 hinh dang gidng véi
kim tiém va dugc ciu thanh bdi hai ciu tric: ciu
tric xuyén mang c6 hinh déng nhu “6ng tiém”'® va
c4u trac giéng “kim tiém” %20, PrgK va PrgH 14 hai
protein ndm & mang trong két hgp véi protein InvG
ndm & chu chéit dong vai trd tao nén cu tric xuyén
hai mang c6 hinh dang giéng éng tiém>!. Phiic hgp
SpaO gbém cac protein OrgA, OrgB, SipB, SipC, SipD,
va InvC ndm & phén té bao chét. InvC c6 vai tro nhu

ATPase cung cip ning lugng tiét>?

. Cac protein SpaO
gom OrgA, OrgB, SipB, SipC, SipD két néi véi InvC
dong thoi tao nén moét phiic hgp dién cac phéan tu
tiét. Cdu tric giong kim tiém dugc tao nén bai pro-
tein Prgl c6 vai tro tao mot 16 trén mang ctia vat chu
va chuyén protein tit t€ bao chit ctia vi khudn vao vat
cht. Cdu tric hinh kim tiém nay sé dugc bao vé boi
cac thanh phan cdu tao nén céu tric hinh dang 6ng
tiém cy thé 1a protein InvG '°.

Co ché tiét ctia T3SS dugc thuc hién ti viéc chubdi
polypeptide sau khi dugc dich ma sé dugc nhén dién
bai phiic hgp SpaO. Sau khi phiic hgp SpaO nhan dién
dugc chudi polypeptide sé kich hoat InvC phan huy
ATP cung cdp ning lugng va ddy chubi polypeptide

«x

thong qua cdu tric “6ng tiém” va “kim tiém” (Hinh 3).

Hé théng tiét loai IV - T4SS (Type IV secret
system)

Hé thong tiét loai IV - T4SS, dugc tim thdy & vi khudn
Gram am, vi khuén Gram duong, va d6i khi dugc tim
thdy ¢ mot s6 loai vi khudn ¢ 23 Khac véi céc hé
thong tiét khéac, bén canh kha nang tiét protein thi hé
thong tiét loai IV - T4SS c¢6 kha ning dic biét duy
nhdt do chinh 1a tiét DNA vao té bao prokaryote hodc
eukaryote muyc tiéu?*. Qua trinh chuyén DNA mach
doi tu té€ bao nay sang t€ bao khic dugc goi 1 qud
trinh giao nap. Giao nap la co ché cht yéu déng vai
tro quan trong trong viéc hinh thanh cic quén thé vi
khuén khang khing sinh bing cich chuyén cic gen
khéng sinh gitia vi khudn va vi khuén.

Hién tai, T4SS dugc phén loai thanh ba nhém chiic
ndng nhu T4SSlién quan dén qud trinh giao nap, T4SS
lién quan dén quad trinh tiép nhian DNA, va T4SS lién
quan dén qua trinh tiét cic protein c6 vai tro yéu t6
dodc lyc § nhém vi khusn Gram am gay bénh 4. Tuy
dugc phan loai thanh ba nhém chiic nidng, nhung hién
tai duy chi c6 ciu truc cta T4SS lién quan dén qud
trinh giao nap la dugc xdc dinh cu thé. Céu tric nay
dugc cdu tao tli 12 protein 1a VirB1, VirB2, VirB3,
VirB4, VirB5, VirB6, VirB7, VirB8, VirB9, VirB10,
VirB11, VirD5 tao thanh hai phtic hgp: phtic hgp 16i
& mang ngoai va phic hgp & mang trong2°.

Protein VirB4, VirB11 va VirD5 la cdc ATPase ton tai
& phtic hgp mang trong hudng vé phia t€ bao chit cd
vai trd cung cip nang lugng cho qud trinh tiét. Phic
hgp 16i gom hai 16p dugc ciu tao bdi VirB7, VirB9
va VirB102%, trong d6 16p ngoai dugc cdu thanh bai
VirB7 va domain d4u C ctia VirB9 con 16p trong dugc
céu thanh bdi domain ddu N ctia VirB9 va VirB10.
Phtic hgp 16i va phiic hgp mang trong dugc két néi
bai VirB1, VirB2, VirB5, VirB6 va VirB8 nhim tao
mot kénh gitp chuyén DNA ra bén ngoai (Hinh 4).

Mang vat chu

VirB5

iy VIBLO o

Mang ngoai

Mang trong

Té bao chat

Hinh 4: Cau truc ca hé théng tiét loai IV-T4SS (Type
IV secret system)
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Hé théng tiét loai VI - T6SS (Type VI secret
system)

Hé théng tiét loai VI - T6SS dugc xdc dinh vao ndm
200627 va dugc mo ta nhu mot hé thong “vi khi” ctia
vi khudn vi T6SS c6 kha nang tiét cac protein dong vai
tro giup vi khudn déi khéng véi cac chung vi khuén
khéc trong mdi trudng. Cau tric clia hé thong tiét
nay dugc ciu tao bdi hai thanh phan gom thanh phan
ndm & vach va phuc hgp dudi ton tai & t€ bao chit.
Phtic hgp vach dugc ciu tao bdi thanh phan mang
trong va thanh phin mang ngoai. Protein TssM, TssL,
va Tag] 14 cic protein nim & mang trong?®. Tss] 1a
protein ndm & mang ngoai va dugc két ndi véi thanh
phan mang trong béi domain ndm & chu chit caa pro-
tein TssM. D6i v6i cdu truc ctia phic hgp duodi ton
tai & t€ bao chit dugc ciu tao bai protein ClpV, TssB,
TssC, TssE, TssK, VgrV va cdu tric dang 6ng Hep>°.
Trong do, Tsskla protein & té bao chét c6 vai tro két ndi
phtic hgp vo va phiic hgp dudi bang cach két néi véi
domain ndm & phia té bao chit ctia Tss]. TssE va Vgrv
két hgp tao nén mot phiic hgp gai c6 phan dé la pro-
tein TssE ndm bén trong khoang tréng dugc tao badi sy
két hgp TssK va Tss]. Phiic hgp TssB-TssC hinh thanh
nén mot 16p bao vé cdu truc 6ng Hep trong khi ClpV
hoat dong nhu mot ATPase cung cép nang lugng cho
qua trinh tiét ca T6SS.

Co ché tiét ctia T6SS dugc thuc hién tii sy thay ddi cau
trang ctia phan d€ ctia phiic hgp TssE va VgrV sé thic
d4y qua trinh co cta phtic hgp TssB - TssC dan su tiét
ctia phén gai tii té bao chat ra chu chét. Sau khi ra dén
chu chét, phtic hgp 6ng Hep va phén gai sé tiép hanh
qua trinh nhén dién cdc yéu t6 cén tiét da ton tai & chu
chat va tiép tuc tiét ra bén ngoai mang. Qua trinh tiét
trén sé khong dugc dién ra néu nhu ClpV ¢6 vai tro
ATPase thuc hién qua “gian co” phtic hgp TssB-TssC
(Hinh 5).

HE THONG TIET QUA MOT MANG

Hé thdng tiét loai V - T5SS (Type V secret
system)

O vi khuén Gram am, hé thong tiét loai V - T5SS
(Type V secret system) thuong dam nhiém vai tro tiét
céc yéu t6 doc luc hodc tiét yéu t6 bam gitp vi khuidn
bam vao vat ch. T5SS con dugc biét dén vdi ci tén
khéc 1a hé thdng tu tiét (The autotransporter system).
Goi T5SS 1a hé thong tu tiét 1a bsi vi hé thong tu tiét
nay dugc cdu tao chi béi moét chudi polypeptide duy
nhét va chinh chubi polypeptide nay sé tu tiét chinh
né qua mang ngoai. Do chi ¢4 thé tiét dugc cac phan
tl ti chu chit ra dén mang ngoai, nén cic phan ti
phéi phu thudc vao phtic hgp chuyén vi SecYEG dé

van chuyén chuédi polypeptide ra chu chdt trudc khi
dugc T5SS tiét ra bén ngoai mang.

Hién tai, T5SS dugc phén loai thanh cac hé théng tiét
tli a-e %, tuy nhién xét vé ciu tric téng quat thi cac hé
thong tiét thudc T5SS ludn duge ciu tao duy nhat mot
chudi polypeptide dugc ciu thanh béi ba thanh phan
g6m domain vai tro tin hiéu tiét qua mang trong dugc
nhén biét boi phiic hgp chuyén vi SecYEG, domain ¢
hoat tinh hay domain thuc sy dugc tiét ra bén ngoai
mang thudng & trang thai khong gép cudn khi ¢ chu
chét va domain tiét>!. Domain tiét hay B - domain
6 vai trd dung hgp véi phiic hgp Bam mang ngoai dé
tao thanh céu truc “thung beta” cho phép domain cé
hoat tinh dugc tiét qua cdu tric nay. Sau khi dugc tiét
ra khoi mang, domain hoat tinh dugc neo giti lai trén
mang thong qua mot chudi a-helix ¢6 dang hinh kep
toc gan voi phan domain tiét (Hinh 6A).

Co ché tiét ¢ T5SS dugc mo ta nhu sau: sau khi chudi
polypeptide dugc tiét ra chu chét thong qua phtic hgp
chuyén vi SecYEG, mét s6 chaperone & chu chét sé gitt
cho chubi polypeptide & trang thai khong gip cudn.
Luc nay, B - domain ctia chubi polypeptide sé dugc
nhén dién bdi phtic hgp Bam. Bam la mét phiic hop
ton tai 6 mang ngoai gébm protein mang BamA c¢6 cdu
truc “thung beta” va bon lipoprotein BamB, BamC,
BamD va BamE c§ vai tro nhén dién 8§ - domain ctia
chuéi polypeptide®?. B — domain sau khi dugc nhin
dién boi phiic hgp Bam sé tién hanh dung hop vao
mang ngoai. Qua trinh gip cudn tao cdu tric “thuing
beta” sé kéo va gidp cudn domain hoat tinh ctia chudi
polypeptide qua chinh céng “thiing beta” nay. Sau
khi toan b chubi polypeptide dugc tiét ra bén ngoai
mang thi qud trinh gép cudn ciu tric “thung beta” két
thdc. Qua trinh ty tiét nay hoan toan khong stt dung
ndng lugng ATP ma chi phu thudc vao qua trinh gap
cudn tao cdu tric “thung beta” ctia f - domain nén
T5SS. Hon thé nita, chubi polypeptide sau khi tiét van
dugc neo lai trén mang, do do, T5SS cho théy dayla hé
thong tiét tiém niang dé€ ting dung vao viéc biéu hién
protein trén bé mit vi khudn Gram am (Hinh 6B).

Hé théng tiét loai Il - T2SS (Type Il secret
system)

Hé thong tiét loai II — T2SS (Type II secret system)
xudt hién & cic chung vi khuén giy bénh khong chi
& ngudi ma con & thuc vat. T2SS dong vai tro quan
trong trong viéc tiét mot s6 protein doc t6 ton tai &
dang gdp cudn hoan chinh. Du1 ¢ co ché tiét qua mot
mang nhung cdu tric ctia T2SS lai dugc ciu tao bsi
céc protein thanh phin nim ¢ mang trong va mang
ngoai. Cac thanh phén nay gom phtic hgp mang
ngoai, thanh phin & chu chét, thanh phin ¢ mang
trong va ATPase ndm & t€ bao chit.
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Tss)
Lol
/ Mang ngoai
Tagl TssL
TssM
Mang trong
Varv
Tssk
TssE
Ong Hep Té bao chat
TssB-TssC

ClpV —— O

Hinh 5: C4u tric ctia hé thong tiét loai VI-T6SS (Type VI secret system)

Céu trtic ctia thanh phin mang trong dugc cdu tao
bdi bon protein mang: GspC, GspE, GspL va GspM.
Trong d6, GspE c6 vai tro két néi véi GspE - mot AT-
Pase cung cép ning lugng cho qud trinh tiét § protein
¢ T2SS*. Thanh phin & chu chit gdom céc protein
GspG, GspH, Gspl, Gsp]J va GspK>*. Cac protein nay
s€ hinh thanh nén mot phic hgp ddy protein cin tiét.
Phiic hgp d4y protein nay c6 cdu tric c6 hinh dang
tuong tu nhu “pit tong” c6 vai tro khong chi déy pro-
tein muc tiéu trong qu4 trinh tiét ma con thu hut cac
protein muc tiéu vao thanh phan chu chét ctia T2SS.
Phtic hgp mang ngoai dugc ciu tao bai protein GspD.
Protein viia c6 vai tro “c6ng mang ngoai” viia dugc két
ndi v6i thanh phan mang trong nhd GspC lién két véi
domain ndm & chu chat ctia chinh minh dé tao khoang
tréng hoat dong cho phtic hgp ddy protein.

Co ché tiét ctia hé thong tiét loai II-T2SS dugc mo ta
nhu sau: ban dau cic protein muc tiéu dugc hé thong
chuyén vi arginine kép van chuyén ti t€ bao chit qua
mang trong d€ vao ving chu chét. Tai day, phuc hop
d4y ctia thanh phén chu chét sé thu hut cac protein vao
khoang tréng dugc tao béi domain ndm & chu chit
GspD va GspC. Lic nay, GspE sé tién hanh thuy phin
ATP cung cdp ning lugng cho phtic hgp “pit tong” ddy
protein muc tiéu qua khodng khong ctia thanh phén
chu chit ra bén ngoai mang (Hinh 7).

Nhu vay c6 thé théy, hé théng tiét cta vi khudn Gram
am dugc tim ra hién nay rét da dang. Tuy nhién, van

6 nhiing co ché tiét chua dugc hiéu rd cu thé. Viéc
nghién ctu va ting dung vi khuin Gram 4m lam “nha
mady san xudt protein” doi hoi cac nha nghién ctiu cin
phai hiéu 16 chi tiét cac co ché trén.

UNG DUNG HE THONG TIET VAO

BIEU HIEN PROTEIN TREN BE MAT VI
KHUAN GRAM AM

Viéc ting dung cac hé théng tiét & vi khudn Gram 4m
vao qua trinh biéu hién protein trén bé mat cho thdy
chi céc hé thdong tiét qua hai mang va hé thdng tiét
loai V 14 ¢6 tinh kha thi vi day la nhém céc hé thong
tiét duy nhat c6 thé ddy chudi polypeptide ra mang
ngoai. Tuy nhién, cac hé thong tiét qua hai mang déu
¢4 céu tao phtc tap va déu cin ning lugng ATP cho
qua trinh tiét ctia ching. Chinh vi qud trinh tiét can
stt dung ATP nén cdu tric clia cac hé thdng nay rat
phiic tap va khé c6 thé moé phong trong in vitro. Mit
khéc, cac protein dugc tiét boi cac hé thong tiét nay
thuong khong dugc neo lai trén mang. Ngugc lai, hé
thong tiét loai V - T5SS (type V secret system) hay
hé thong tu tiét (the autotransporter) cho thdy cac
uu diém nhu qua trinh tiét cta T5SS khong st dung
ning lugng ATP, protein sau khi tiét sé dugc neo lai
& mang (Bang 1). Bén canh d6, ciu truc ctia hé thong
nay rat don gidn - dugc cdu tao chi boi mot chudi
polypeptide. Béng cach thiét ké plasmid tdi t6 hop
¢6 chua trinh t¢ mé héa chudi polypeptide dung hgp

3301



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién 2025, 9(1):3296-3306

A

Domain hoat tinh

N Domain tiét c
’ o-helix [B-barrel

Peptide tin hiéu

B Domain hoat tinh
a-helix
B-barrel
Mang ngoai
Phirc hop Bam
Mang trong

Phnrc hop SecYEG

Té bao chat

Hinh 6: Thanh phan chubi polypeptide (A) va cau tric (B) cGia hé thdng tiét loai V-T5SS (Type V secret system)

Bang 1: Tom tét diac diém chia cac hé thong tiét dugc biét hién nay cta vi khuan Gram am

Tén hé thong S6 budc Vi tri Co ché St dung
nang lugng ATP
Sec 1 Mang trong Tiét qua mang trong ~ Co
Tat
T1SS 1 Vach Tiét qua
hai mang
T2SS 2
T3SS 1
T4SS
T5SS 2 Mang ngoai Tiét qua mang ngoai  Khong
T6SS 1 Vach Tiét qua Co
hai mang
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GspD

Gspl
Mang ngoai
GspG
GspL
Mang trong
[elel
Té bao chat

Hinh 7: C4u tric ctia hé thong tiét loai VI-T6SS (Type VI secret system)

v6i trinh ty ma domain “thiing beta” ctia T5SS va tin
hiéu tiét dugc nhan biét bsi hé thong tiét qua mang
trong (phtic hgp chuyén vi SecYEG) thi c6 thé biéu
hién dugc chudi polypeptide muc tiéu trén bé mit
vi khudn Gram 4m (Hinh 8A). Hién nay, T5SS dang
dugc ting dung d€ sang loc cic peptide. Cac peptide
nay dugc biéu hién trén bé mit vi khudn Gram 4m va
sau d6 dugc sang loc bing mot s6 ky thuét vi du nhu
ky thuit d€m t€ bao dong chay - flow cytometry. Cu
thé, T5SS da dugc st dung nhim biéu hién va sang
loc IgG 333, O nghién ctiu nay, cic gen ma héa cho
IgG da dugc dung hdp véi mot plasmid cé chua tiét
hiéu tiét va domain’thiing beta” d€ tao plasmid téi t6
hgp va sau d6 biéu hién & vi khuén E. coli (Hinh 8B).
Chinh vi véy, T5SS rdt tiém néng cho viéc st dung nhu
mot hé théng biéu hién biéu hién bé mat vi khuén va
dic biét 1a vi khudn Gram am.

KET LUAN

Biéu hién protein & vi khudn 1a nén tang cua viéc tao
protein tdi t6 hgp. Tuy nhién, d6i vdibiéu hién protein
& bé mit vi khudn, cu thé 1 vi khudn Gram am con
han chévi ciu tao mang § nhém vi khuén nay rat phic
tap. Thong qua hé thong ti€t c6 vai tro trong qua trinh
hinh thanh yéu t6 doc luc & nhém vi khuén nay, ta
théy dugc tiém nédng 16n trong viéc sti dung chinh cac
hé thong tiét nay dac biét 1a hé thong tiétloai V - T5SS
nhu mét cong cu sinh hoc phan tit dung d€ biéu hién
protein trén bé mat té€ bao.

DANH MUC VIET TAT

Gsp: General secret protein;
T1SS: Type 1 secret system;
T2SS: Type 2 secret system;
T3SS: Type 3 secret system;
T4SS: Type 4 secret system;
T5SS: Type 5 secret system;
T6SS: Type 6 secret system.

XUNG POT LO1iCH

Céc tac gid cam két khong c6 xung dot 1oi ich

PONG GOP CUA CACTACGIA

Lé Hoang Khoi Nguyén: tdng hop, viét, va chinh sta
ban thao

Nguyén Thanh T4n: gép ¥, chinh stta ban thio

Tran Vin Hiéu: 1én y tudng, gop ¥, chinh stia, va chdp
thuan ban thao

T4t ca téc gia dong y v6i ndi dung ban thao.
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ABSTRACT

Biotechnology's fast development in expressing novel proteins has been substantially facilitated,
particularly in the context of recombinant protein expression in bacteria. Currently, intracellular,
secretory, and surface-displayed modes of protein expression are utilized in bacteria. However, the
surface display of proteins in Gram-negative bacterial species is still limited by several factors. The
challenges in protein expression on the surface of Gram-negative bacteria stem from the complex
structure of their cell wall, which is composed of two membrane layers. Therefore, a suitable trans-
port system is required for recombinant protein surface expression. Previous research has indicated
that bacterial secretion systems are vital to their survival. In Gram-negative bacteria, secretion sys-
tems are classified into those that translocate across a single membrane and those that translocate
across both membranes. While Sec and Tat are single-membrane translocation systems, the Type
| secretion system (T1SS), Type Il secretion system (T2SS), Type lll secretion system (T3SS), Type IV
secretion system (T4SS), Type V secretion system (T5SS), and Type VI secretion system (T6SS) are
double-membrane translocation systems that facilitate the export of polypeptide chains synthe-
sized within the cell to the external environment. In this overview, the distinctive features of each
secretion system will be discussed, along with their potential applications for directing recombi-
nant proteins onto the membranes using these systems.

Key words: Gram-negative bacteria, protein surface display, recombinant protein, double-
membrane translocation systems, single-membrane translocation systems
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