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Panh gia kha ning nhan dién cau trac DNA G-Quadruplex song song
ciia phan tir RHAU140-CFP bing thiét bi do huynh quang
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Xéc dinh su hinh thanh ciu trac G-quadruplex trong DNA Ia
can thiét dé thiét ké cac phan tir nho (thudc) nhim muc tiéu G-
quadruplex. Nghién ctu trude day, chung téi da st dung protein
huynh quang RHAU53-CFP ¢6 kha ning nhan dién céu trac G-
quadruplex song song thong qua tin hi€u huynh quang. Trong
nghién clru nay, ching t61 danh gia kha nang nhan dién déac hi¢u
cau traic DNA G-quadruplex song song cia RHAU140-CFP bang
thiét bi do huynh quang. Két qua cho thay, phan tir protein huynh
quang c¢6 kha ning nhan dién cdu trac G-quadruplex song song.
Ngoai ra, tin hiéu huynh quang cho thdy do nhay cia protein
RHAU140-CEP cao gip 03 lan so véi tin hiéu quynh quang cua
RHAUS3-CFP trong viéc xac dinh sy hinh thanh cdu tric G-
quadruplex song song. B9 nhay phan tir protein huynh quang s&
cung cip mot cong cu tiém ning dé phat hién G-quadruplex song
song ca in vitro va in vivo.

ABSTRACT

Determination of G-quadruplex formation in DNA is
required for the design of small molecules (drugs) targeting G-
quadruplex. In previous studies, we used the fluorescent protein
RHAUS3-CFP capable of recognizing parallel G-quadruplex
structures through a fluorescent signal. Herein, we evaluated the
ability to specifically recognize the parallel G-quadruplex DNA
structure of RHAU140-CFP by fluorescence spectrophotometer.
The results showed that the fluorescent protein probe was able to
recognize the parallel G-quadruplex structure. In addition, the
fluorescence signal showed that the sensitivity of the RHAU140-
CFP protein was three times higher than that of the RHAU53-
CFP fluorescent signal in determining the formation of a G-
quadruplex structure. Fluorescence protein probe sensitivity
would provide a potential tool for the detection of parallel G-
quadruplex both in vitro and in vivo.
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1. Giéi thi¢u

DNA hay RNA G-quadruplex 1a ciu tric bac hai duoc hinh thanh tir trinh tu gidu G ¢
thé gip lai thanh bon soi cdu tric trong cung chudi don (Hinh 1) (Gellert, Lipsett, & Davies,
1962; Sen & Gilbert, 1988). Cac ciu trac G-quadruplex c6 tinh da hinh cao: Bén soi cua 161 G-
tetrad c6 thé song song (cac soi dugc dinh huéng theo cing mot hudng) hoic khong song song
voi (1) ba soi theo mot hudng va mot soi theo mot hudng khac hodc (ii) hai soi theo mot hudng
va hai soi con lai theo hudng nguoc lai (Burge, Parkinson, Hazel, Todd, & Neidle, 2006) (Hinh
1). Du doan bang phan mém trén may tinh cho thiy bo gen ngudi c6 thé chira hon 700,000 trinh
tir ¢6 thé hinh thanh ciu trac G-quadruplex (Burge & ctg., 2006; Lipps & Rhodes, 2009; Maizels
& Gray, 2013). G-quadruplex cha yéu hién dién trong ving telomere ctia bd gen, trong d6 bao
gbém 05 dén 10,000bp lap lai giau G (TTAGGG). G-quadruplex con ton tai trong promoter noi
khoi dau phién ma cua gen. G-quadruplex ciling da duoc tim thiy trong vung 5°-UTR cia céc
mRNA dugc ma héa (Kwok, Ding, Shahid, Assmann, & Bevilacqua, 2015). Ngoai ra, G-
quadruplex ciing ton tai & cac loai vi khudn, nim hay virus.
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Hinh 1. A) Céu trac G-tetrad dwoc hinh thanh trong DNA hay RNA v&i sy ¢6 mit cia cation K*
hodc Na*. B) G-quadruplex véi cac cau trac lién két khac nhau: song song va khdng song song

Ngudn: Nguyen va Dang (2023)

Sy hinh thanh G-quadruplex déng mét vai trd quan trong trong nhidu qua trinh sinh hoc
nhu sao chép, phién ma, dich ma va duy tri telomere (Kim & Yadav, 2015; Maizels, 2015;
Rhodes & Lipps, 2015; Simone, Fratta, Neidle, Parkinson, & Isaacs, 2015) (Hinh 2). Trong qua
trinh sao chép, khi tich mach cac trinh tu giau G soi don c¢6 kha nang hinh thanh G-quadruplex,
diéu nay lam trc ché qua trinh sao chép, dan dén sy mat 6n dinh cia bo gen. Trong nhidm sic thé
ngudi, soi don 3’ nhd ra cua telomere (khoang 100 dén 280nt) thuan loi dé hinh thanh G-
quadruplex va c6 thé trc ché hoat dong cta telomerase, 1am cho telomere khong thé kéo dai ra
(Burge & ctg., 2006; Kerwin & ctg., 2000). Do d6, sy hién dién céu tric G-quadruplex trong bd
gen clia con ngudi duge coi 1a muc tiéu phan tir méi cho viée nghién ctru phuong phép diéu tri
ung thu (Burge & ctg., 2006; Kerwin & ctg., 2000; Maizels, 2015; Morris & Mattick, 2014).
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Hinh 2. Sy hinh thanh cau tric G-quadruplex trong té bao e ché cac qua trinh nhu:
Sao chép, phién ma, dich ma va kéo dai telomere

Nguon: Nguyen va Dang (2023)

Xéc dinh su hinh thanh cu trac G-quadruplex trong DNA 1a v6 cung can thiét cho viéc
thiét ké cac phan tir nho (thudc) nhdm muc tiéu G-quadruplex. Cac dau do phan tir nho da duoc
phat trién dé phat hién G-quaduplex nhu bisquinolinium/thiazole cam va dimer 6,8 purine cé cau
nbi acetylene (Nikan, Di Antonio, Abecassis, McLuckie, & Balasubramanian, 2013). Nhiing
phan tir nay co thé phat tin hiéu huynh quang khi duoc lién két véi G-quadruplex. Gan day, viéc
xéc dinh ciu trac G-quadruplex bang protein ciing da duoc cha ¥. Vi dy, str dung khang thé nhan
biét va lién két co chon loc voi G-quadruplex c6 ai luc cao cho phép xac dinh vi tri cia G-
quadruplex trong telomere cua bo gen (Biffi, Di Antonio, Tannahill, & Balasubramanian, 2014).
Ngoai ra, protein RHAU dai 1,008aa da dugc chirng minh c6 kha ning nhan dién va bam dac
hiéu 1én G-quadruplex véi ai luc cao nho vao vung RSM chira 13aa (ttr vi tri aa 54-66) (Dang &
Phan, 2016; Nguyen & Dang, 2023). Tuy nhién, kich thudc nay qua 16n nén cac nghién ctru chi
sir dung doan peptide RHAU mang ving trinh ty nhan biét RSM ma thong thuong 1a RHAU23
(53-75), RHAU53 (53- 105) RHAU140 (53-192). Boan peptide ngén ¢6 vu diém nho gon va dé
dang dung hop véi cac d6i twong muc tiéu nhung lai ¢6 ai luc bam yéu. Trudc day, chung toi da
phat trlen cac dau do protein huynh quang mau lyc lam RHAU53-CFP c6 thé nhan dién va phan
biét cdu tric G-quadruplex bao gém ciu tric song song va khong song song (Dang & Phan,
2016; Nguyen & Dang, 2023) nhung d6 nhay khong cao. Trong nghién ctru ndy, ching toi tién
hanh khao sat ¢ nhay cta tin hiéu huynh quang bang viéc st dung protein RHAU140-CFP trong
viéc xac dinh sy hinh thanh cdu trac G-quadruplex song song boi vi RHAU140 c6 ai luc v6i G-
quadruplex cao hon RHAU53- ¢6 thé ap dung khi ndng do chat muyc tiéu thap hodc néng do
protein dé phét khong cao. Do nhay ciia ddu do protein huynh quang c6 ¥ nghia quan trong trong
viéc x4c dinh sy hinh thanh cu trac G-quadruplex trong ca in vitro va in vivo.

2. Vat liéu va phwong phap

2.1. Dong hoa plasmid chira gen ma hoa protein RHAU140-CFP

Dau do protein huynh quang duoc tao ra bang cach dung hop protein huynh quang CFP
(cyan fluorescent protein) voi peptide RHAU140. DNA ma héa cho RHAU140 dugc nhan 1én
bang ky thuat PCR sir dung mach khuon tir plasmid chita RHAU véi cip mdi ONI1: 5'-
gegtggatecgtecatgcatcccgggeacctgaaag-3' va ON2: 5'-ggceatatggetgecgecgecgctttttttetittgtaaatcttccaataa-3'.
San pham PCRduoc xir 1y voi 2 enzyme cét gioi han BamHI/Ndel, va dugc chén vao vector
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khung suon pET-duetl chira protein huynh quang CFP cling da dugc xir 1y vdi cung 02 enzyme
cit gi6i han trén dé tao ra san pham ndi 13 vector pPRHAU140-CFP chira gen ma héa cho protein
RHAU140-CFP. Bién nap san phiam ndi vao ching E.coli DH50 va sang loc trén méi truong LB
c6 bd sung 10019 khéng sinh Ampicillin Chon nhitng khudn lac mang hinh thai dic trung cho
E coli @& PCR khuan lac v6i cap modi ON30: 5'- ggtgatgtcggcgatatagg -3'va ON2, trong d6 ON30
nam trén plasmid khung suon ph1a trudc promoter T7 va ON2 nam trén gen nham xac dinh chleu
chén vao cua gen muc tiéu. Khuén lac cho két qua PCR khuén lac duong tinh s€ dugc nudi cay,
tach chiét va giai trinh ty bang phuong phap Sanger.

2.2. Biéu hign va tinh ché protein

Plasmid pRHAU140-CFP duoc bién nap vao chung biéu hién E.coli BL21 (DE3). Vi
khuan dugc nudi cay trong moi truong LB chira 100pg ampicillin & 37°C, lic 200 vong/phiit.
Khi mat d¢ té bao dat dén gid tri ODeoo 12 0.5 - 1.0 thi chat cam ung IPTG dugc thém vao dé dat
nong d6 cudi ciing 1a 0.3mM. Nudi cy lac véi toe do 250 vong/phiit & 16°C qua dém. Sinh khi
té bao dugc huyén phu véi ti 1¢ 1:3 vao dung dich dém ly giai gdm 20 pg/ml Dnase I va 01mM
PMSF. Pha v& té bao bang song siéu am voi amplitude 1a 70, 12 chu ki gom thoi gian ban 05
gidy va nghi 25 gidy. Ly tam ¢ 20,000 vong/phat trong 01 gio ¢ 04°C. Pha hoa tan dugc nap vao
c¢ot HisTrap 01ml di duoc can bang thong qua dong trong luc véi toe do dong chay 01 ml/phit.
Rira v6i 20 1an thé tich cot bang dung dich 20mM Na-Pi, NaCl 100mM va imidazole 10mM. Sau
do, protein duoc ly giai bang dung dich d¢m 20mM Na-Pi, 100mM NaCl va 150mM imidazole.
Loai bé imidazole trong protein sau tinh ché bang cach st dung bo loc ly tAm Amicon Ultra-15
(Milipore). Protein dwogc phan tich d6 tinh sach bang cach chay SDS-PAGE 12%.

2.3. Nhin di¢n G-quadruplex song song bang dau do protein huynh quang

Hai G-quadruplex song song (T95-2T: TTGGGTGGGTGGGTGGGT) va G-quadruplex
khong song song (Htelo: TAGGGTTAGGGTTAGGGTTAGGGTT) déu dugc tong hop hoa hoc
c6 gan v6i dudi biotin. Nhimg phéan tir ndy duoc gin vao hat agarose NeutraAvidin théng qua
twong tac dic hidu giita biotin va protein NeutraAvidin. Sau d6, cac hat nay dugc 0 v6i dau do
protein huynh quang. Ngoai ra, cic hat (khong c6 DNA dinh kém) ciing duoc U véi dau do
protein huynh quang lam ddi chimg 4m. Sau d6, mau s& duoc rira bang dung dich dém dé loai
nhiing protein khong bam. Phan tich kha ning nhan dién G-quadruplex song song thong qua thiét
bi do huynh quang véi bude song kich thich 410nm va budce song phat ra 475nm.

3. Két qua va thio luin
3.1. Dong héa plasmid pRHAU140-CFP

Poan gen RHAU140 duoc khuéch dai bang PCR bang cip moi dic hiéu ON1 va ON2 véi
cac vi tri cit enzyme cit bd sung BamHI va Ndel (¢ mdi ON2). San pham PCR duoc phan tich
bang dién di trén gel v&i 2% agarose cho thdy mot vach sang duy nhat nam giita 02 vach 400bp
va 600bp cua thang DNA (Hinh 3A), tuong ung v6i kich thudc ly thuyét cua doan gen
RHAU140 14 460bp. Diéu d6 cho thiy di thu nhan thanh cong doan gen muc tiéu. San pham
PCR duoc ndi vao plasmid pETduet]-CFPtai vi tri BamHI va Ndel. Chung E. coli DH5a mang
plasmid tai t6 hop moc dugc trén moi trudng chira khang sinh Ampicillin duoc kiém tra bang
PCR khuén lac. Két qua dién di cho théy, ttr 07 khuén lac duoc chon 1am khuén cho PCR c6 02
khuan lac xuét hién vach sang & gitta vach 1,000bps va 1,500bps cua thang DNA, twong tng véi
kich thude thiét ké theo 1y thuyét 1,430bps (Hinh 3B). Plasmid tir khuan lac sé 05 sau d6 duoc
kiém tra bang giai trinh ty boi cong tyl™ Base (Singapore). Két qua giai trinh tu cho thdy do
tuong dong 100% vai trinh tu 1y thuyét (dir liéu khong duoc hién thi) cho thiy vector tai t6 hop
PRHAU140-CFP mang gen muc tiéu RHAU140-CFP.
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A) B)

Hinh 3. Dién di trén gel aragose 2%. A) San pham PCR ciia gen muyc tiéu RHAU140 (460bps).
B) San pham PCR khuan lac (1,430bps) tir 07 khuan lac ngau nhién trén dia nudi cay, M (thang DNA)

3.2. Biéu hi¢n va tinh ché protein RHAU140-CFP

Protein RHAU140-CFP sau d6 dugc biéu hién trong ching E.coli BL21 (DE3) dudi su
cam g ctia 0.3mM IPTG. Protein sau d6 duoc tinh ché bang cot HisTrap 01ml va duge phan
tich d¢ tinh sach bang dién di gel SDS-PAGE. Két qua dién di cho thiy vach protein myc tiéu di
chuyén giita khoang 40 va 50kDa ctia thang protein chuan, tuong (mg véi gia tri cia protein muc
tiéu 12 46.5kDa (Hinh 4). Phan tich d¢ tinh sach ciia protein bang phan mém AlphaEase cho thay
protein thu dugc cé do tinh sach khoang 95%.
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Hinh 4. Phan tich d6 tinh sach protein RHAU140-CFP bang dién di SDS-PAGE.
Lane 1: thang chuan, lane 2: RHAU140-CFP

3.3. Nhén dién G-quadruplex song song bang phan tir do protein huynh quang

Céc hat NeutrAvidin duoc gin G-quadruplex song song va khong song song dugc 1 véi
RHAU53-CFP va RHAU140-CFP trong dia 96 giéng theo mé hinh ¢ Hinh 5A. Mau ddi chimg
am 1a hat agarose NeutrAvidin khong c6 gin DNA ciing dugc 0 v6i RHAU140-CFP. Két qua
dugc phan tich bang thiét bi doc huynh quang & budc song kich thich 410nm va budc séng hip
thu 475nm (Hinh 5B). Két qua dung nhu du doan, sau khi rira giéng béng dung dich dém, cac hat
bao gom G-quadruplex song song hién thi tin hiéu huynh quang manh gap 15 1an so v6i cac hat
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gdm G-quadruplex khong song song va déi chimg khéng chira DNA (Hinh 5B). Ngoai ra, do
nhay cua protein huynh quang RHAU140-CFP cao gap 3.0 lan so voi d0 nhay ctua protein
RHAUS53-CFP trong viéc nhan dién cau trac G-quadruplex song song.

Nhu vay, G-quadruplex song song ciing cho phép RHAU140 peptide nhan dién va bam
dic hiéu ciu trac nay. Bén canh do, viéc nghién curu co ché bam dic hiéu cia RHAU peptide va
G-quadruplex bang k¥ thuat cong hudng tir hat nhan (NMR) cho thiy RHAU peptide bam trén
bé mit G-tetrad ctia G-quadruplex thong qua cac twong tac dién tir giita cdc amino acid mang
dién tich duong cua peptide va nhom phosphate mang dién tich am cua G-quadrupex song song.
Riéng G-quadruplex khong song song do trén bé miat G-tetrad c6 nhitng duong nhanh (loop) da
1am ngin can sy bam vao trén bé mat cia RHAU peptide. Do d6, RHAU peptide chi nhan dién
va bam dic hiéu vao cau trac G-quadruplex song song. Tuy nhién, chiéu dai cia RHAU peptide
khéc nhau cho 4i Iyc bam dic hiéu vao cdu triic G-quadruplex khac nhau. RHAU140 (gdm co
140 amino acid) ¢6 4i lyc bam cao gip khoang 03 lan so véi RHAU53 (gdm c¢6 53 amino acid).
Vi vay, dung hgp RHAU140 véi protein huynh quang CFP tao nén phéan tir do protein huynh
quang RHAU140-CFP c6 d6 nhay cao hon so vdi RHAUS3-CFP trong viéc nhan dién dic hi¢u
cau trac G-quadruplex song song.

Khéng song song Song song

G-quadruplex-biotin - G-quadruplex-biotin g”
Mo
l &
>

o orog 4
RHAU-CFP

Hat agarose duoc gan NeutrAvidin RHAU-CFP nhan dién dac hiéu
trén b& mat cau truc G-quaruplex song song
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Hinh 5. Nhan dién cdu tric G-quadruplex bang phan tir do protein huynh quang.

A) M6 hinh quy trinh nhan dién va phan biét cau trac G-quadruplex song song va khong
song song bdi phan tir do protein huynh quang. G-quadruplex c6 biotin (mau xam) dugc bam
vao hat gel NeutrAvidin dé tao thanh phirc hop biotin-G-quadruplex/NeutrAvidin. Phéan tir do

protein huynh quang RHAU-CFPsg chon lgc va bdm vao G-quadruplex song song
B) RHAU140-CFP s& cho vao cac hon hop G-quadruplex song song (T95-2T), khong
song song (Hetelo) va khong c6 DNA (No DNA), trong khi d6 RHAU53-CFP dugc cho vao hon
hop chira G-quadruplex song song (T95-2T). Sau khi rira, két qua s& duoc doc bai may doc
huynh quang & budc song kich thich 410nm va budc song phat ra 475nm
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4. Két ludn

Da thu nhan dugc phéan tr do protein huynh quang RHAU140-CFP. Phan tir do protein
huynh quang nay c6 thé nhan biét va phan biét c6 chon loc giira cau tric G-quadruplex song
song va G-quadruplex khong song song. Trong do, d6 nhay véi G-quadruplex song song,
RHAU140-CFP cao hon khoang 03 lan so véi RHAUS53-CFP trong viéc nhan biét ddc hiéu cau
tric G-quadruplex song song. Nhu vay, phan tir do protein huynh quang RHAU140-CEP c6 thé
duoc ing dung nhu mot cong cu ddy tiém ning dé phat hién G-quadruplex song song ci trong
invitro va in vivo.
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