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G-quadruplex: Muc tiéu tiém niing cho nhitng phan tir nhé va protein
trong viéc tao thudc tri ung thw
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G-quadruplex DNA hay RNA 14 ciu tric bac hai xuat hién
& nhimg ving giau Guanine c6 cau trac 4 soi duoc hinh thanh
boi nhitng G-tetrad xép chong 1én nhau. Sy hinh thanh cau trac
G-quadruplex trong DNA hay RNA dong vai tro quan trong
trong cac qua trinh sinh hoc ciia té bao nhu: sao chép DNA, phién
ma, dich ma va dic biét trong qua trinh kéo dai cua telomer. Do
do, G-quadruplex dugc xem 1a muc ti€éu quan trong cho cac qua
trinh diéu hoa va kiém soat cac hoat dong cta té bao co lién quan
gen. Hién nay, hau hét nhitng hoat dong bat thudng ciia gen déu
c¢6 anh huong truc tiép dén qua trinh gay ra bénh ung thu. Hiéu
va kiém soat dugc qua trinh hinh thanh G-quadruplex 1a mot
trong nhimg hudng dé tim ra cach chira tri ung thu. Chinh vi vay,
viéc nghién ciru, phat trién nhimg phan tir nho hay protein c6
tuong tac truc tiép voi G-quadruplex s& dong vai trd quan trong
trong viéc diéu ché thubc chita cac bénh ung thu va hon nira
phuong phap diéu tri ung thu huéng muyc tiéu hién dang 1a tim
diém ctia nhidu nghién ctru. Trong bai bao nay, chung toi tap
trung phan tich va thao luin vé sy tuong tac giita cac phan tir nhod
hay protein v6i G-quadruplex ciing nhu danh gia tiém ning cua
cac ligands trong viéc diéu trj ung thur.

ABSTRACT

DNA or RNA G-quadruplexes are secondary structures that
occur in four-stranded Guanine-rich regions formed by stacked
G-tetrads. The formation of DNA or RNA G-quadruplex
structures plays a key role in many cellular biological processes
such as DNA replication, transcription, translation, and telomeric
maintenance. As such, G-quadruplex is considered a potential
target for the regulation of genes in cellular processes. Most of
the abnormal gene activities cause cancer. Understanding and
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controlling the formation of G-quadruplex is one of the

approaches for cancer treatment. Therefore, research and

development of small molecules or proteins that can directly

target G-quadruplex will play a key role in the development of

cancer treatments and further therapeutic approaches. In this
Keywords: research, we will focus on analysis and discussion of the
interaction between G-quadruplex and its ligands (small
molecules or proteins) as well as the potentials of these ligands
in cancer treatment.

G-quadruplex, proteins,
small molecules, cancer

1. Giéi thiéu

DNA thuong duoc xem nhu 13 1 phan tir xodn kép c6 2 soi tu bat cip bd sung véi nhau
bang cac cip bazo (A-T, G-C) theo md hinh Watson-Crick. Tuy nhién, nhitng trinh ty DNA
hay RNA giau purine va chira nhiéu guanine (G) lién tuc c6 thé hinh thanh céu trdc 4 soi duoc
goi la G-quadruplex (Gellert, Lipsett, & Davies, 1962; Sen & Gilbert, 1988; Smith & Feigon,
1992). G-quadruplex c6 cau tric da hinh khac nhau: 4 soi cua 16i G-tetrad ¢ thé xép song song
(theo cung mot hudng) hoac la khong song song dugc chia lam 2 dang: (1) 3 s¢i chay cung
hudng va soi con lai chay nguoc hudng, (2) 2 sgi chay cung hudng va 2 sgi con lai chay nguoc
huéng (Hinh 1B) (Wang & Patel, 1993). G-quadruplex duoc 6n dinh boi ion duwong héa tri mot
nhu K* hozc Na*nén giira cac mat phang cia G-tetrads 1a khdng gian cho ion duong nhu K* va
Na* duoc phdi hop bai luc hit tinh dién manh caa tdm géc phan ta carbonyl (F. M. Chen, 1992;
Laughlan et al., 1994).
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Hinh 1. CAu truc cua G-quadruplex. A) Céu triic G-quadruplex dugc hinh thanh trong DNA
hay RNA véi sy hién dién cua ion duong K* hoac Na*. B) G-quadruplex véi nhitng cau tric
hay hinh dang khac nhau: song song va khdng song song
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Theo md phong boi phan mém may tinh thi c6 khoang 300.000 trinh tu c6 thé hinh
thanh ciu tric G-quadruplex trong bd gene ngudi (Rhodes & Lipps, 2015; Vicki et al., 2015;
Zlotorynski, 2015). G-quadruplex ciing hién dién trong DNA cua vi khuan hay RNA cua virus
va cua nguoi (Norseen, Johnson, & Lieberman, 2009; Sundquist & Heaphy, 1993). Trong bo
gene, G-quadruplex ton tai nhiéu ¢ cac telomere noi chira khoang 5.000 dén 10.000 trinh tu lap
lai giau Guanine (TTAGGG) (Luu, Phan, Kuryavyi, Lacroix, & Patel, 2006; Ma, Che, & Yan,
2009; Neidle, 2003; Parkinson, Lee, & Neidle, 2002; Phan, Kuryavyi, Luu, & Patel, 2007; Phan,
Luu, & Patel, 2006). B&n canh d6, G-quadruplex ciing ton tai trong promoter cua mot s gene
(Balasubramanian, Hurley, & Neidle, 2011; Cogoi & Xodo, 2006; Patel, Phan, & Kuryavyi,
2007). Trong RNA, G-quadruplex dugc tim thay trong nhiing viing khéng dich m4 caa RNA
thdng tin (Bugaut & Balasubramanian, 2012; Patel et al., 2007). San pham phién ma tur
telomere, TERRA, ciing c6 thé hinh thanh nén ciu tric G-quadruplex (Lu et al., 2011;
Martadinata, Heddi, Lim, & Phan, 2011; Takahama et al., 2013). Trong h¢ thong té bao, sy hinh
thanh G-quadruplex c6 lién quan dén nhiéu qua trinh sinh hoc nhu sy duy tri telomere, sao chép,
phién ma va dich ma (Rhodes & Lipps, 2015) (Hinh 2).

Nhén s biao cha
A Te bao chat

B
Phién mi JMJH\IU
AN VAVAVAVAV AN

Telomeres

C

AAAA Sao chép ™

Dichma [,
f “ J N S
=t ~ e

Hinh 2. Sy hinh thanh cau tric G-quadruplex trong qué trinh sinh hoc:
A) Phién ma, B) Duy tri telomere, C) Sao chép DNA va D) Dich ma (Rhodes & Lipps, 2015)

Trong cac nhiém sic thé nguoi, soi don ¢ dau 3’ cua telomer (khoang 100 dén 280 nt)
duoc cho 14 rat thuan loi dé hinh thanh cau tric G-quadruplex. Viéc hinh thanh cau tric G-
quadruplex c6 thé gay @c ché hoat tinh cua telomerase, dan dén telomere cang lic cang ngan
lai (F. M. Chen, 1992; Gomez et al., 2004; Laughlan et al., 1994; Mergny & Helene, 1998).
Kiém soat chiéu dai caa telomere gan day dwoc xem la chia khda trong liéu phép chita tri ung
thu. Ngoai ra, G-quadruplex cling c6 vai trd quan trong trong phién ma va dich ma. C6 khoang
50% gene nguoi ¢ cau tric G-quadruplex gan viing promoter lién quan dén diéu hoa biéu hién
cua gen (Z. Chen, Xiu, Li, & Xu, 2010). Kiém soét ciing nhu 1am 6n dinh ciu tric G-quadruplex
boi nhitng phan tir nho hay protein 1a tién dé quan trong diéu hda cac qué trinh sinh hoc cua té
bao. Trong bai béo nay, ching tdi phan tich va thao luan vé su tuong tac giita cac phan tar nho
hay protein véi G-quadruplex ciing nhu tiém ning cua ching trong viéc diéu tri ung thu.
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2. Sw twong giira G-quadruplex va protein

G-quadruplex c6 thé dugc xem 1a muc tiéu cho sy twong tac dic hiéu véi protein trong
cac qué trinh sinh hoc. Trong hoat dong té bao, hé théng protein duoc tong hop dé nhan dién
va théo xoan ciu tric G-quadruplex. Hé théng protein nay thuoc nhém helicase (Vaughn et al.,
2005). O ngudi, protein RHAU gém c6 1008 amino acids. RHAU Ia protein thuoc nhém RNA
helicase c6 lién két vé6i ving trinh tu gidu Adenine va Uracil cia RNA (Lattmann, Stadler,
Vaughn, Akman, & Nagamine, 2011; Vaughn et al., 2005) (Hinh 3). Khi té bao chiu &i lrc cing
thang (stress), protein RHAU s& lién két véi RNA thong tin (MRNA) va tao thanh phuc hop
protein va RNA c¢6 ndng d6 cao dé gitip bao vé RNA khoi bi phan hay tir nhitng diéu kién khéng
thuan loi ddi véi té bao (Chalupnikova et al., 2008). Ngoai ra, nhitng nghién citu gan day cho
thiy protein RHAU c6 vai trd quan trong trong viéc nhan dién va bam vao muc tiéu ciu tric
song song DNA va RNA G-quadruplex va protein RHAU thuc hién chirc ning 1a md X0an cau
tric G-quadruplex ndy trong diéu kién cd su hién dién cia ATP (Lattmann et al., 2011).
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Hinh 3. Protein RHAU & ngudi gom ¢6 1008 amino acid chira cac doan helicase tap trung &
dau C, va chira trinh tw RSM bam dic hiéu vao G-quadruplex ¢ dau N

Protein RHAU nhan dién va bdm vao ca DNA va RNA véi ap lyc cao théng qua trinh
tu peptide dic hiéu ngan (RSM, RHAUs4.65) & vang dau N cua protein (Lattmann, Giri, Vaughn,
Akman, & Nagamine, 2010). Poan RHAU peptide nay du kha ning nhan biét va bam dic hiéu
vao cau tric song song cua G-quadruplex DNA hoiac RNA. Nghién ciru vé ciu tric caa phuc
hop giita doan RHAU peptide dai 18 amino acid & dau N (c6 chta trinh tu bam dic hiéu) voéi
G-quadruplex (T95-2T) da cho thdy co ché bam cua peptide ndy vao G-quadruplex (Heddi,
Cheong, Martadinata, & Phan, 2015). RHAU peptide bam bao phu bé mat G-tetrad va kep vao
G-quadruplex bang twong tac tinh dién giita nhitng nhém phosphate ciia DNA va nhitng amino
acid mang dién tich duong (Hinh 4) (Heddi et al., 2015). Vi cac dac tinh vat ly nay, RHAU
peptide co thé duoc xem 1a phan tir ligand tiém niang dic hiéu cho cau tric G-quadruplex song
song.
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Hinh 4. Nghién ciru vé ciu trdc caa phic hop RHAU peptide (18 amino acids) va G-
quadruplex (T95-2T). A) goc nhin bén canh va B) Su tuong tac phan tir gitra peptide va
nhiing guanine caa DNA ciia dau 5' G-tetrad, cac mach nhanh mang dién tich dwong cta cac
amino acid va khung phosphate cia DNA (Heddi, 2015)

Doan ngin peptide RHAU con dugc Gng dung trong viéc phat hién ciu tric cia G-
quadruplex. B¢ nghién ciru chirc nang cua G-quadruplex ciing nhu diéu hoa kiém soat cau tric
nay, viéc phat hién su hinh thanh G-quadruplex trong in vitro va in vivo Ia rat can thiét. Chinh
vi vay, Dang va Phan (Dang & Phan, 2016) da st dung ky thuat protein tai to hop dé tao ra
nhitng protein dd huynh quang RHAU-CFP bing cach dung hop gitra protein CFP (cyan
fluorescent protein) va cac doan ngan khac nhau cua peptide RHAU (Hinh 5).
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Hinh 5. Xay dung nhitng mau do protein huynh quang nhan biét dic hiéu G-quadruplex.
Nhiing peptide RHAU c6 chiéu dai khac nhau (23 aa, 53 aa va 140 aa) duoc dung hop voi
protein huynh quang CFP

RHAU-CFP cho twong tac dic hiéu véi cau tric G-quadruplex song song véi &i luc cao
(Hinh 6). Biéu tha vi 1a mau dd6 RHAU-CFP huynh quang c6 thé nhan biét duoc ciu tric G-
quadruplex song song bang mét thuong (két qua hinh anh khong duoc trinh bay).
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Hinh 6. Ai lyc bam cia mau do huynh quang ddi vai cau tric G-quadruplex song song. Do

thi dwoc dyung va gia tri ai luc bam (Kd) duoc tinh dwa vao phan mém origin 8 (RHAU23-

CFP Kd=433nM; RHAU53-CFP Kd=124nM; RHAU140-CFP Kd=62mM, RHAU53CFP
(without linker) Kd=115nM; CFP-RHAU53 Kd=185nM)

Nghién ciru tao ra nhiing protein méi bam dic hiéu vao cau tric G-quadruplex dang
duoc quan tam hién nay. Khang thé (BG4) bam dic hiéu voi G-quadruplex da duoc tao ra khi
su dung cdng nghé phage display (Biffi, Tannahill, McCafferty, & Balasubramanian, 2013b;
Biffi, Tannahill, Miller, Howat, & Balasubramanian, 2014). Khang thé BG4 c6 thé nhan biét
va bam dic hiéu cac G-quadruplex vai &i luc cao véi hang sé phan ly Kd khoang 1nM. BG4
dugc tng dung cho viéc phat hién sy hinh thanh G-quadruplex trong cac giai doan phén chia
cua té bao nguoi. Két qua ching minh dugc kha ning ty hinh thanh cau tric G-quadruplex
trong bo gene nguoi ¢ nhiing chu ky khac nhau cia té bao. Tir d6 c6 thé xac dinh vi tri cia cau
tric G-quadruplex trong hé théng bo gen, cung cip mot co s¢ quan trong gilp cang cb vai tro
sinh hoc va tiém nang quan trong caa cau tric G-quadruplex.
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Hinh 7. Ai luc bam dic hiéu cua khang thé BG4 dbi vai cac G-quadruplex khac nhau (Biffi,
Tannahill, McCafferty, & Balasubramanian, 2013a)
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Khang thé BG4 bam dic hiéu G-quadruplex véi i luc rat cao, day dugc xem 1a vu thé
cua khang thé nay trong viéc 1am 6n dinh cau tric cua G-quadruplex trong té bao. Tuy nhién,
kich thudc 16n cua khang thé gay bat loi trong thao tac ciing nhu trong viéc van chuyén noi bao
nham &ng dung kiém soét cac qué trinh sinh hoc. Chinh vi vay, hién nay nhom ching t6i dang
nghién ctu tao ra nhimg doan peptide ngin bam dic hiéu G-quadruplex véi ai luc cao. Bay
cling duoc xem 1a hudng nghién ciru tiém ning trong linh vuc phét trién peptide dung nhu thudc
trong viéc diéu tri ung thu.

3. Su twong tac gitra G-quadruplex va nhirng phan tir nhé

Gan day G-quadruplex duoc tiép can nhu mot myc tidu cho viéc nghién ciu va phat
trién nhitng phan tr nho ¢6 kha niang bam dac hiéu vao cau tric G-quadruplex nay. Su hinh
thanh cu tric G-quadruplex gay anh hudéng dén cac qué trinh sinh hoc nhu duy tri telomere,
sao chép, phién ma va dich ma. Cu thé, su hinh thanh G-quadruplex ¢ dau 3’ cua telomere s&
ngin can sy bam cua enzyme telomerase vao telomere, dan dén két qua 1a ngan can su kéo dai
cua telomere (Paeschke, Simonsson, Postberg, Rhodes, & Lipps, 2005; Sissi & Palumbo, 2014,
Tan, Tang, Kan, & Hao, 2015). Su trc ché cua cac quéa trinh kéo dai telomere, sao chép, phién
ma va dich ma rd rang 1a lién quan rat nhiéu vao cac qua trinh tudi tho ciing nhu phat trién ung
thu. Do d6, kiém soat (c6 tinh chat dac hiéu) su hinh thanh cau tric G-quadruplex s& gilp tao
ra nhitng phuong phap hitu ich cho viéc phat trién thudc dic hiéu véi G-quadruplex. Nghién
ctru phét trién nhitng phan tir nho c6 kha nang tuong tac dic hiéu va ai luc cao véi G-quadruplex
sé& tao ra nhirng thudc cho viéc chita tri bénh ung thu. Cuy thé, nhitng phan tir nho ¢ kha ning
bam dic hiéu va 6n dinh ciu tric G-quadruplex c6 thé dugc sang loc nham wng dung tc ché
qua trinh kéo dai telomere, phién ma va dich ma cua gene, dan dén két qua 1a tiéu diét té bao
ung thu (Hinh 8) (De Cian et al., 2007; Salvati et al., 2007; Sissi & Palumbo, 2014).

telomerase
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Hinh 8. Su tc ché enzyme telomerase boi nhitng phan tir nho (ligands). Hinh anh mé ta G-
quartet (tréi) va su wrc ché telomerase truc tiép bai nhitng phan tir nho bam vao ciu tric G-
quadruplex (phai) (De Cian et al., 2007)

Hién nay, trén thé gidi da co nhiéu nghién ciru va phat trién nhirng phan tr nho c6 kha
nang bam vao G-quadruplex nhu: CX-3543, piper, piper derivatives, TMPyp4, Hoechst 33258,
Se2SAP, [Pt(Dip)2](Prs)2 va Quindolines (Duchler, 2012). Trong d6, TMPyps dugc xem la ligand
tiéu biéu cho G-quaduplex va dugc chd trong nhiéu hon vi nhimng dic tinh vat 1y ciing nhu hoa
hoc cta chung nhu bé mit 16n, nhitng vong dbi ximg va dé téi wu héa dé cé thé tuong tac tot
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hon trén bé mit cia G-tetrad. Nhiing phan tir nho ¢ kha niang bam va lam 6n dinh cau tric G-
quadruplex ngay cang duoc phét trién véi s6 luong 16n va nhiing wng dung khac nhau (Bang 1)
(Duchler, 2012).

Bang 1

Nhiing phan tir nho ¢6 kha ning bam va on dinh cau tric G-quadruplex. Mot vai muc tiéu va

anh huong cua nhirng phan tir nho da duoc nghién ciu (Duchler, 2012)
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Nhitng phan tr nho nay cé thé duoc sir dung nhu san pham thudc tiém ning trong viéc
trc ché su biéu hién gene va su kéo dai telomer (Han & Hurley, 2000; Mergny & Helene, 1998).
Tuy nhién, nhitng phan t ndy con ¢6 mat han ché vi anh huong phu gy doc véi té bao va kha
nang phéan biét ciu tric G-quadruplex da hinh khac nhau con kém. Sang loc hay tong hop nhiing
phan tir nho c6 twong tac dac hiéu va 1am 6n dinh cau tric G-quadruplex dang rat duoc quan
tam hién nay cho ung dung trong diéu ché thudc chira tri ung thu.

4. Két luan

Su hinh thanh G-quadruplexes dong vai tro quan trong trong c&c qud trinh sinh hoc cua
té bao nhu: sao chép DNA, phién ma, dich ma va tic ché su kéo dai cua telomere. Kiém soat
duoc su hinh thanh G-quadruplex dwoc xem 1a nhan t6 quan trong trong viéc kiém soat qua
trinh hoat dong cua té bao. Dic biét su tc ché cac qué trinh phién m4, dich ma va kéo dai
telomere dong vai tro quan trong trong viéc uc ché su phét trién caa ung thu. Do dé, cau tric
G-quadruplex duoc xem & muc tiéu tiém ning cho viéc phat trién cac phan tir nho hay protein
c6 kha nang bam dac hiéu vao cau trdc nay. Hién nay chi mot s6 luong it cac phan tir nho hay
protein d& duoc tim ra ¢4 kha nang bam dac hiéu vao G-quadruplex, tuy nhién phan 16n céc
phan tir ndy con nhiéu mat han ché vé nhiing tac dung phu va mac do bam dic hiéu cling nhu
&i luc bam chua cao hodc kich thuéc 16n. Do d6 viéc sang loc, tong hop nhitng phan tir nho hay
protein bam dac hiéu cac dang G-quaduplex khac nhau véi ai luc cao dugc xem la hudng nghién
clu tiém ning nham tao ra va phét trién nhitng san pham thudc c6 thé diéu tri cac bénh ung thu.
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