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TOM TAT

G-quadruplex (G4) la acid nucleic c6 cdu tric bdc hai dwoc hinh thanh bdi cdc trinh tw giau
guanine. G4 hién dién phé bién trong tdt ca cdc ban phién ma va bé gen ciia sinh vat. Cau triic G4
lién quan dén cdc qud trinh sinh hoc ciia té bao nhwe: sao chép, phién ma, dich md, va duy tri telomere.
Do d6, G4 dwoc xem la phdn tir muc tiéu trong viéc thiét ké cdc loai thudc tring dich givp kiém sodt
CAC qua trinh sinh hoc nay. Hién nay, peptide RHAU la mét trong nhitng phdn tir ¢6 kha nang nhdn
dién va bam déc hiéuvao cdu tric G4 song song. Pdc biét, su-dung hop giita peptide RHAU véi nhitng
proteins chitc nang gilp nhitng protein dung hop ndy 6 kha nang bam déc hiéu Vao cdu truc G4 va
thuee hién chire ndng sinh hoc ciia chiing. Trong bai téng quan nay, chiing t6i thdo ludn vé nhiing img
dung cua tuong tdc dac hiéu giita peptide RHAU va G4 song song trong nhitng phan 1ng sinh hoa.

Tir khoa: G-quadruplex; peptide RHAU; RHAU/G-quadruplex; protein dung hop; phan tng
sinh hoa

1.  Giéi thiéu

G-quadruplex (G4) 1 cdu trac bac hai cia DNA hoidc RNA duoc hinh thanh béi cac
trinh tu giau guanine (Gellert et al., 1962). Trong do, bdn guanine lién két v6i nhau béi tuong
tac Hoogsteen hydrogen dudi sy hién dién cuia ion kim loai héa tri mot (Na*, K*) tao nén cu
tric G-tetrad (Hinh 1A). Hai hay nhiéu G-tetrad xép chdng 1én nhau hinh thanh nén céu triic
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G4 (Nguyen & Dang, 2023; Simonsson, 2001; Spiegel et al., 2020). G4 c6 cdu trac da hinh song
song (khi bon soi chay cling chiéu véi nhau), khong song song (ba soi chay cung chiéu va mot
s0i chay nguoc chiéu, hay hai soi chay cting chiéu va hai soi chay ngugc chiéu) (Hinh 1B).

G-tetrad

A

Loops

G-quadruplex song song G-quadnuplex khang song song G-quadruplex khing song song

Hinh 1. Cdu tric cia G4. A) Cau triic G-tetrad; B) Ba loai cdu tric G-quadruplex chinh

Theo phan tich bang phin mém may tinh du doan c6 hon 700.000 trinh ty c6 thé hinh
thanh ciu trac G4 trong b gen nguoi (Gaur et al., 2023; Spiegel et al., 2020). Sw hinh thanh
cdu trdc G4 anh hudéng 16n dén cac qué trinh sinh hoc trong té bao nhu sao chép, phién mé,
dich m& hay duy tri cac telomere (Hinh 2). C6 khoang gan 50% gen ngudi c6 cau tric G4 gan
vung promoter lién quan dén viéc didu hoa biéu hién gen (Dang & Thao, 2018). G4 hién
dién ¢ vung telomere c6 thé ngin can su twong tic clia enzyme telomerase véi telomere, dan
dén viéc trc ché su kéo dai cua telomere. Sy hinh thanh cua G4 & cac ving khong dich ma
cia mRNA (UTR) di trc ché qua trinh dich ma cia RNA. Ngoai ra, G4 c6 thé hién dién trong
DNA ctia vi khun hay RNA cua virus. Do d6, G4 duoc xem la phan tir muc tiéu dé thiét ké
nhing phan tir thudc c6 thé didu hoa cac qua trinh sinh hoc nay.

NHAN TE BAO CHAT
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\rvvb Phién ma
Telomeres
N
Dich ma
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0 Sao chép
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Hinh 2. Sw dnh hieong ciia cdu tric G4 d@én cac qué trinh sinh hoc:
(A) phién ma, (B) duy tri telomere, (C) sao chép va (D) dich ma.
Tur nhitng vai tro quan trong ctia G4, nhiéu phan tir da dugc phét trién dudi dang cac
phan tir nho (ligand) c6 kha ning bam vao G4, chang han nhu Phen-DC, TMPyP4, BRACO-
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19, telometatin... v6i wu diém bao gdm kich thudc nho, cdu trac hoa hoc rd rang, du thoi
gian t6n tai va c6 kha ning di vao trong té bao (Sun et al., 2019). Tuy nhién, tinh dic hiéu
va ai lyc thip d3 lam gidi han nhitng tng dung cua ching.

Céc nghién ciru trude day cho thiy khang thé co thé nhan biét va bam vao G4 voi
nhing 4i luc cao, diéu nay cho phép cac khang thé c6 thé nhan dién su hinh thanh ciu trdc
G4 trong té bao. Tuy nhién, cac khang thé ndy c6 kich thudc 16n nén han ché trong nhing
tmg dung sinh héa. Giai phap thay thé cho viéc nhan biét va bam dic hiéu vao ciu trac G4
la str dung cac protein va peptide. Trong d6, peptide RHAU da dugc nghién ctru c6 kha nang
nhan dién va bam dic hiéu vao ciu tric G4 song song trd thanh mot hudng nghién ciru dang
duogc quan tam.

RHAU (RNA Helicase lién két véi thanh phan giau AU), hay con duoc goi 1a DHX36,
la mot helicase cia nguoi cé 1008 axit amin (trong lugng phan tur 114-kDa) thude ho helicase
duoc mi hoa boi gen DHX36 (Abdelhaleem et al., 2003). RHAU bao gém mét 18i helicase
khoang 440 axit amin bao gdm tit ca cac ving dic trung cua ho helicase v6i cac ving suon
dau cubi N va C 1an luot khoang 180 va 380 axit amin. RHAU c6 hoat tinh thédo xoan G4
dudi su hién dién cua ATP (Phan, 2010; Phan et al., 2006). Ngoai ra, RHAU ciing duoc xac
dinh 13 ngudn chinh cho hoat dong phén giai ciu trac bac hai cuia RNA trong dung dich té
bao Hela. Nghién ctru trude day cho thdy raing RHAU lién két vai cac mRNA va tao thanh
cac hat stress granule (SG) khi c6 cac ap luc méi truong gay ra (Rhodes & Lipps, 2015; Wu
& Brosh, 2010). Vung 105 axit amin dau tién da duoc chirng minh 14 rat quan trong ddi véi
viéc lién két va tai dinh vi RNA d6i voi cac hat SG (Wu & Brosh, 2010).

Hinh 3. Co ché tuwong tdc ciia phirc hop RHAUL8 (mau dé) va cdu triic G4 T95-2T (mau xanh)
(Heddi et al., 2015)
Nghién ctru gan ddy chimg minh ving N cia RHAU protein chira doan RSM c6 kha
nang nhan dién va bam dic hiéu vao cau trac G4 song song (Heddi et al., 2015). Nghién ctru
vé su twong tac gitta RHAU va G4 bang phuong phap cong hudng tir hat nhan cho thiy phan
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tir peptide RHAU nam trén bé mit G-tetrad cuia G4. Co ché cua su tuong tac thdng qua ba
axit amin mang dién tich duong cua peptide voi nhém photphat mang dién tich am cua G4
(Hinh 3). Sy twong tac dic hiéu nay 1a tién dé cho viéc phat trién cac protein chirc ning méi
c6 kha nang nhan dién va bam dac hi¢u vao cAu truc G4.
2.  Twong tac giira peptide RHAU va G4
2.1. Nhdn dién ciu tric G4 bing phan i do protein hupnh quang

Sy hinh thanh c4u trac G4 ¢6 vai trd quan trong trong cac qua trinh sinh hoc khac nhau;
va viéc phat hién ra nhitng cau triic ndy trong céac té bao dugc coi la mot trong nhimg budc
quan trong dé diéu hoa cac qua trinh sinh hoc nay (Di Antonio et al., 2020; Zheng et al., 2020).
Viéc sir dung c4c phan tir & nhan biét va twong tac dic hiéu cdu tric G4 da duoc nghién ctru
trude diy v6i mot sb phuong phap tiép can, bao gdm cac phan tir nho, peptide va protein
(Sun et al., 2019). Gan day, Dang va Phan da phat trién phan tir dd huynh quang dura trén
peptide RHAU bang cach dung hop céac peptide RHAU c6 do dai va ai luc khac nhau véi
protein huynh quang mau luc lam (CFP) (Dang & Phan, 2016) va protein huynh quang mau
vang (YFP) (Truong et al., 2018). Két qua thu duoc, cac protein dung hop c6 thé tuong tac
dac hiéu vai cac G4 vai ai luc bam khac nhau, tuong g vai do dai khac nhau cua cac peptide
RHAU. Va sy nhan dién c6 thé duoc phat hién bang mat thuong hodc thiét bi do huynh quang
(Hinh 4). Bang cach chon cac diéu kién thich hop, phuong phap nay ciing ¢ thé phan biét
dac hiéu gitra cac G4 song song va khéng song song.

RHAU peptid

(C]

(c]

G4

¢

Hinh 4. Nhdn dién cdu triic G4 song song
bang phan tir protein d® huynh quang RHAU-CFP

2.2.  On dinh ciu tric G4 béi peptide RHAU dén dén irc ché sw dich mi

CAu tric G4 duoc tim thy khép noi trong nhiéu sinh vat, va sy hinh thanh cta chung
¢6 lién quan chat ché vai cac qua trinh sinh hoc (Pany et al., 2019; Patel et al., 2007) (Hinh 2).
Sy déng mé cua cau trac G4 dong vai tro diéu tiét nhu cong tic bat/tit dé diéu khién cac qua
trinh sinh tong hop. Su khong 6n dinh vé cdu trac G4 ¢ thé dan dén ting hoat dong cua
telomerase hoic RNA polymerase dan dén ung thu (Patel et al., 2007). Promoter cta gen c-
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MYC 14 mét trong nhitng trinh tir giau G4 dé hinh thanh céu tric G4 dic trung nhét, trong
d6 cac cau tric G4 tuong tmg 06 thé dugc 6n dinh bang cac phan tir nho va peptide, din dén
giam biéu hién cta gen gay ung thu c-MYC (Chen et al., 2014; Dutta et al., 2018; Marzano
et al., 2020; Sengupta et al., 2018; Wu et al., 2020). Hién nay, cac ligand (phdi tir) cua G4,
cac phan tir vong tong hop hodc tu nhién, di duoc nghién ctru gitup on dinh ciu tric G4. Pic
biét, cac peptide, nhu peptide dodecameric tir Cathelicidin LL37 protein nguoi (Sengupta et
al., 2018), va e-PLL (Marzano et al., 2020) cho thay c6 kha nang bam dic hiéu vao c-MYC
G4 gidng nhu c&c phan tr nho. Nghién ctru cling di cung cap nhitng hiéu biét sdu sic vé co
ché phan tir chung cua twong tac peptide va G4, cho phép phat trién cac peptide thé hé tiép
theo gitip On dinh G4 véi cai tién chi sé diéu trj va it tac dung phu hon.

Hién nay, peptide RHAU dang duoc nghién ctru gitip 6n dinh ciu trac G4 (Heddi et
al., 2015; Meier et al., 2013). Peptide RHAU d# duoc nghién ctru c6 thé bam vao va 6n dinh
ciu tric G4 song song trong MRNA cua protein chi thi CFP, din dén trc ché su biéu hién cua
protein CFP trong té bao E. Coli (Hinh 5). Ngd va cong su gan day tao nén peptide RHAU
dang vong bai cyclase gitp giam su thodi hoa peptide baoi exo-peptidase (Ngo et al., 2020).
Day dugc coi 1a cach tiép can tiém niang nham vao muc tiéu G4 va 6n dinh céu tric ndy trong
té bao sdng, Vi cac peptide RHAU dang vong bén di v6i méi truong peptidase trong té bao,
nhung van gitr dugc ai luc cao va tinh dic hiéu dbi v6i cac cau tric G4 song song.

RHAU

RHAU-mRNA RHAU-Protein
CFP] — /
I 1 [
T
—_— u
G4-CFP mRNA CFP-protein

Hinh 5. So d6 thé hién sir irc ché biéu hién protein bang twong tdc RHAU va G4 trong E. coli

2.3. Phaét trién cac enzyme cit DNA va RNA

Axit nucleic gdbm DNA va RNA 1a phan ttr sinh hoc trung tAm trong hau hét cac qua
trinh sinh hoc (Breaker & Joyce, 2014). Trong d6 DNA déng vai tro 1a thanh phan ciu tric
cho cac gen ma hoa. RNA 1a thanh phan quan trong trong nhiéu hoat dong cua té bao, ching
han mRNA m4 héa protein, rRNA thanh phan ctia bd may Riboxome va tRNA c6 chiic ning
véan chuyén axit amin (Breaker & Joyce, 2014; Cooper et al., 2009; Storz, 2002). Viéc nghién
clru cdu trac va chirc ning cua cac axit nucleic doan dai rat 14 phirc tap, do d6 can phai phan
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thanh nhitg doan ngan. Tuy nhién viéc phan thanh cac doan ngin can cit tai cac vi tri
cu thé.

DNase, cong cu dugc sir dung rong rai nhét, bao gém cac enzyme gidi han loai II phé
bién. Thém vao d6 céng nghé protein tai to hop ngay cang phat trién cho phép tao ra nhiéu
enzyme moi c6 kha ning cit DNA va RNA & cac vi tri mong mudn. Su két hop cua protein
lién két dic hiéu véi DNA/RNA nhu zinc-finger vao mién xtc tac cua RNase HI, tao ra mot
protein tai to hop c6 kha nang cit chudi RNA tai cac diém lién ké ctia cac vi tri lién két (Sulej
etal., 2012). Mot phuong phap khéc, su lién két oligonucleotide-RNase gitip enzyme c6 kha
ning dén va cat c4c trinh ty muc tiéu bang co ché bét cip bd sung (Walton et al., 2001). Tuy
nhién, chwa c6 loai enzyme ndo cd thé nhan biét va cit cu thé cac doan axit nucleic chua cdu
truc G4.

Dang va Phan di phat trién mot RNase méi (Dang & Phan, 2019) va mot DNase méi
(Dang et al., 2021), ¢ kha ning cat RNA va DNA twong tng, tai cc vi tri dugc xac dinh trude
gan v6i ving G4 (Hinh 6). Nhitng enzyme nay duoc tao ra biang cach dung hop cac peptide
RHAU (doéng vai tro nhan di€én va bam dac hiéu vao cAu trac G4) v6i cac domain xuc tac
cua RNase HI va Fokl. Pac biét, peptide RHAU dai 140 axit amin (aa 53-192), da duoc
chtrng minh la ¢6 ai lyc cao voi cac G4 (10 nM< Kd<100nM), duoc dung hop voi RNase HI
va FokI. Cac protein dung hop nay da dugc cam tng va biéu hién trong vi khuan E. coli.
RHAU140-RNA HI va RHAU140-Fokl c6 kha ning nhan dién va bam dic hiéu cau tric
G4, dan dén viéc cét co chat axit nucleic tai cc vi tri ddc hiéu mong mudn (Dang et al., 2021;
Dang & Phan, 2019). Pay l1a phuong phap tiém ning cho viéc xac dinh vi tri hinh thanh G4
cling nhu 13 viée xac 14p ban dd G4 trong bo gene.

A Rnaserlil;g:%

A3l
RHAU peptide ﬁ\:‘;‘g
u_m’JJS) 04
X

Hinh 6. Cdc nuclease méi duoc tao ra bang cdch dung hop RHAU véi cdc domain nuclease.
A) RHAU-RNase HI nhén dién G4 va cdt RNA tai vi tri bat cdp bé sung RNA/DNA.
B) RHAU-Fokl nhdn dién G4 va cit DNA
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2.4. Swdimer hda va hoat héa enzyme

Trong té bao, protein rat it khi hoat dong riéng 1¢ & dang don phén, chiing thuong c6
xu huong tuong tac voi nhau dé tao nén dimer, tetramer... nham thuc hién chuc nang va
gitip 6n dinh c4u truc (Reddy Chichili et al., 2013). Tuong tac protein-protein 1a nhitng twong
tac c6 tinh dic hidu cao dugc tao thanh giira hai hay nhidu don phan protein twong dong
(Homo-oligomers) hodc khong twrong dong (hetero-oligomers). Su dimer hoa protein c6 vai
trd quan trong trong cic qua trinh sinh hoc, bao gdm phién ma, dich m4, sao chép, truyén tin
hiéu, hoat hoa enzyme... (Dang, 2022). Cac qua trinh sinh hoc nay c6 thé duoc kiém soat
nhd cac phan tir ¢6 thé cam ung sy dimer hda cua protein. Stir dung cac phan tir nho
(Rapamycin, Gibberellin...), cac kim loai, supramolecules (curcubit[8] uril, cyclodextrin...)
¢6 kha nang cam ung sy hinh thanh protein dimer (Dang, 2022). Do d6 viéc tim ra mot phan
tir méi c6 kha nidng cam ¢mg sy hinh thanh protein dimer 14 can thiét.

Gan day ciu tric G4 duoc nhan thy co tiém ning dimer héa protein thong qua lién
két dac hiéu v6i 2 phan tir protein RHAU. Theo nghién ctru ciia Dang va cong su 2021, phirc
hgp dimer héa da dugc tao thanh tir sy twong tac gilra hai protein don phan va G4 (Dang et
al., 2021). Hai mat G-tetrad cua cdu tric G4 c6 kha ning lién két v6i peptide RHAU dung
hop cé@p protein huynh quang mau luc lam (CFP) va protein huynh quang mau vang (YFP).
Su dimer hoa giira hai protein di dugc chimg minh bang ki thuat FRET (Fluorescence
Resonance Energy Transfer) nhd hiéu tmg truyén ning luong cong hudng huynh quang tir
protein cho CFP sang protein nhan YFP (Hinh 7A).

Ngoai ra, su tuong tac gitra peptide RHAU va G4 con dugc ung dung trong viéc hoat
hoa enzyme. Trong cac nghién ctru cia Dang va cong su, caspase 9 la mot loai enzyme
quan trong trong qua trinh gy chét t& bao. Tuy nhién enzyme nay khong c6 hoat tinh & trang
thai monomer (Truong et al., 2020). Sy dung hgp enzyme caspase 9 véi peptide RHAU cho
phép ciu tric G4 cam ung su dimer hoa ciia enzyme ndy dan dén hoat hoa hoat tinh cua
enzyme (Hinh 7B). Phuong phéap ndy c6 tiém ning trong viéc cam tmg sy dimer va kich hoat
c4c hoat tinh ciia enzyme khac nhau trong té bao.

A B Caspase 9

CFp RHAU peptide sy (A
RHAU peptide w pep N ®iTEy
_;.;._39'} Y -\‘ X ‘g.__'_ ';ﬁ-
NG . X ﬁfﬁ
' \ Truy&n nang
lwgng huynh G4 i
I guang
i RHAU peptide N ﬁ;g

RHAU peptide YEP

Hoat hoa
enzyme dimer

Caspase 9

Hinh 7. So' d@6 vé su dimer hoa va hoat hda enzyme. A) Cam itng su dimer ciia protein dung hop
RHAU-CFP va RHAU-YFP béi G4, su dimer ciia hai protein nay dan dén viéc truyén tin hiéu FRET
tw protein cho CFP sang protein nhan YFP. B) Cam ung su dimer enzyme RHAU-Caspase 9 boi G4,
dén dén viéc hoat hoa enzyme
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Céu trac G4 duogc phat hi¢n phé bién trong nhiéu sinh vat, tir virus, vi khuan, thuc vét
dén dong vat va con ngudi. Sy hinh thanh cua cac cAu tric nay cé mbi lién hé chit ché véi
cac qua trinh sinh hoc quan trong. Do d6 hién nay, xu hudng nghién ctru ngay cang tap trung
vao tac dong ctua G4 va viéc phat trién céac loai thudc dic hiéu nham tc ché sy phat trién cua
mot s6 mam bénh nhu Covid-19, ung thu phéi... Ngoai ra, viéc 1am sang t6 mdi lién hé giira
G4 va cac bién thé nucleotide don lién quan dén ung thu (cSNV) cho thay tiém ning nghién
ctru cac loai thudc trang dich trong 1am sang dé diéu trj ung thu.

3.  Kétluan

Sy nhan dién dic hiéu cdu trac G4 song song bai peptide RHAU tao nén phuong phap
hitu hiéu cho su nhan biét, kiém soat cling nhu 1a thiét ké nhitng phan t thube dic hiéu
nhim vao cdu trac nay. Viéc dung hop peptide RHAU véi nhimng protein chirc ning cho
phép protein tai to hop méi ndy c6 kha niang bam dic hiéu vao muc tiéu G4 va thuc hién
chtrc ning sinh hoc mong mudn. Pay co6 thé duoc xem nhu 1a mot giai phap tiém ning Gmg
dung trong cac qua trinh sinh hoc lién quan dén muc tiéu G4 tmg dung trong y sinh.

KD

% Tuyén bé vé quyén loi: CAc tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.
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ABSTRACT

G-quadruplex (G4) is a secondary structure of acid nucleic which is formed in Guanine-rich
sequence. The formation of the G4 structure involves many cellular biological processes such as
replication, transcription, translation, and maintenance of telomeres. Therefore, the G4 has been
considered a target molecule for the design of drugsthat can control these biological processes.
Currently, RHAU peptide has emerged as a molecule that can specifically recognize and bind to a
parallel G4 structure. In particular, the fusion of RHAU peptides with functional protein domains
can target the G4 structure and play their biological functions. In this review, we discuss the
applications of specific interactions between RHAU peptides and parallel G4 in biochemical
processes.

Keywords: G-quadruplex; peptide RHAU; RHAU/G-quadruplex interaction; fusion protein,
biochemical process

837


mailto:dung.dthanh@ou.edu.vn

	TÓM TẮT
	1. Giới thiệu
	2. Tương tác giữa peptide RHAU và G4
	2.1. Nhận diện cấu trúc G4 bằng phân tử dò protein huỳnh quang
	2.2. Ổn định cấu trúc G4 bởi peptide RHAU dẫn đến ức chế sự dịch mã
	2.3. Phát triển các enzyme cắt DNA và RNA
	2.4. Sự dimer hóa và hoạt hóa enzyme


	ABSTRACT

