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TOM TAT

Caspase-9 déng vai tro quan trong trong qua trinh chét cia té bao. Trong té bao, caspase-9
ton tai 6 trang thai don phén khéng hoat tinh, va tré nén c6 hogt tinh khi ¢ trang thdi dimer. Do do,
kiém soat su dimer cia caspase-9 gilip cho kiém sodt diroc hogt tinh cia caspase-9. Trong nghién
citu ndy, hogt tinh cia caspase-9 diroc hogt hda béi trinh tx DNA chira hai cdu tric G-quadruplex
(DNA2G4). Caspase-9 duoc dung hop véi peptide RHAU23 bang A7 thugt sinh hoc phan ti tgo nén
protein tai to hop RHAU23-caspase-9. RHAU23-caspase-9 duwoc biéu hién trong vi khuan E.coli
dudi sy cam iing ciia IPTG va droc tinh ché bang sac ki &i luc véi cét His. Két qua cho thdy DNA2G4
khd ndng cam ung sy dimer cua RHAU23-caspase-9 théng qua twong tdc dac hiéu gira RHAU va
G4, ddn dén kich thich hogt tinh cia enzyme. Su hoat hda RHAU23-caspase-9 bgi DNA2G4 gilp
hoat tinh enzyme tang hoat tinh 18n khoang 2,0 lan so véi hoat tinh ciia RHAU23-caspase-9. Kiém
soat hogt tinh cua caspase-9 co tiém ndang trong viéc 1xc ché sy phét trién cua cac té bao ung thu.

Tir khéa: hoat hoa; dimer; DNA2G4; Enzyme; RHAU23-caspase-9

1.  Gioithiéu

Caspase-9 1a mot enzyme quan trong trong qua trinh gay chét cua té bao, thusc nhém
caspase chiu trach nhiém phan cit protein tai vi tri aspartate (Kuida, 2000; Marsden et al.,
2002; Pan, O'Rourke, & Dixit, 1998; Yin et al., 2006). Trong té bao, caspase-9 ton tai chu
yéu ¢ dang don phan khong hoat dong, caspase-9 hoat dong khi dugc kich hoat bai cac yéu
t6 phu trg khac (Gyrd-Hansen et al., 2006; Pop, Timmer, Sperandio, & Salvesen, 2006;
Rosier et al., 2020; Wu et al., 2016). Vi du: apoptosome, bao gém yéu tb kich hoat protease
apoptotic 1 (Apaf-1) va cytochrom c (tir ti thé) chiu trach nhiém thu nhan cac caspase-9 don
phan lai voi nhau dé ting s luong protein theo huéng hoat hoa dimer. Sau khi dwogc kich
hoat, casp-9 bat dau cat va hoat hda procaspase-3 gay ra qué trinh chét caa té bao (Pop et al.,
2006; Wu et al., 2016).
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Caspase-9 ton tai chu yéu & trang thai don phan khong hoat dong trong dung dich, do
d6 dé hoat hoa hoat tinh caa enzyme nay cin co phuong phap tao nén sy dimer cua ching.
Nhiéu phuong phap hoat hoa caspase-9 da dugc nghién ctu. Sir dung phuong phap dot bién
bé mit tao vung ki nudc cd thégitp hoat hda caspase-9 (Chao et al., 2005). Thay ving 5
amino acids Gly*®?-Cys-Phe-Asn-Phe*® cua caspase-9 bing 5 amino acid Cys?®*-1le-Val-
Ser-Met?%8d3 tao nén vuing ki nudc trén bé mit, diéu nay gilp cho caspase-9 cé thé chuyén
tur don phéan thanh dimer gitp cho caspase-9 c6 hoat tinh. Ngoai ra, sir dung phén tir dang
vong c6 thé cam ng su dimer va hoat hda caspase-9 (Dang, Nguyen, Merkx, & Brunsveld,
2013). Dung hop caspase-9 véi peptide phenylalanine-glycine-glycine (FGG) tai dau N tao
nén protein tai tb hop FGG-caspase-9. Phan tir dang vong cucurtbit[8]uril c6 kha nang cam
ng su dimer héa cia FGG-caspase-9, gilip enzyme nay chuyén tir trang thai don phan bt
hoat sang trang thai dimer hoat tinh. Do d6, kham pha ra phan tir ¢6 kha nang kiém soét hoat
tinh cua caspase-9 1a diéu can thiét. Trong nghién ciru ndy, phan tir DNA chira 2 cau tric G-
quadruplex duoc sir dung dé hoat hoa hoat tinh enzyme cia caspase-9.

DNA G-quadruplex (G4) la ciu tric bac 2 duoc hinh thanh tir ving trinh tu gidu G
tuong tac v6i nhau tao nén bé mat G-tetrad, nhitng bé mit G-tetrad xép chdng 1én nhau tao
nén cau tric G4 (Gellert, Lipsett, & Davies, 1962; Sen & Gilbert, 1988). Cau tric G4 c6 tinh
da hinh cao duoc phan loai song song (4 soi chay cuing chiéu) va khdng song song (2 soi
chay cuing chiéu va 2 soi chay nguoc chiéu hoic 3 soi chay ciing chiéu va 1 soi chay nguoc
chiéu)(Burge, Parkinson, Hazel, Todd, & Neidle, 2006; Patel, Phan, & Kuryavyi, 2007).
Phan tich su hinh thanh cau tric G4 bang phan mém may tinh cho thdy bd gen ngudi ¢ thé
chira hon 700 ngan trinh ty gidu G ¢d kha ning hinh thanh ciu tric G4 (Chambers et al.,
2015; Hansel-Hertsch, Spiegel, Marsico, Tannahill, & Balasubramanian, 2018). G4 tap trung
cha yéu & viing telomere (Bao, Liu, & Xu, 2019). Ngoai ra, G4 c6 thé duoc tim thay tai céc
vung promoter(Balasubramanian, Hurley, & Neidle, 2011; Lago et al., 2021) va vung khéng
dich ma cua RNA(Jodoin, Carrier, Rivard, Bisaillon, & Perreault, 2019; Kumari, Bugaut,
Huppert, & Balasubramanian, 2007; Ma et al., 2023; Sahakyan, Murat, Mayer, &
Balasubramanian, 2017). Ngoai gen ngudi, G4 con hién dién & bo gen vi khuan, virus va
nim men. Sy hinh thanh G4 c6 kha ning wc ché cac qua trinh sinh hoc nhu sao chép, phién
m4, dich ma va duy tri telomer. Do d6, G4 duoc xem & muc tiéu cho viéc thiét ké cac phan
tir dac hiéu c6 kha nang bam dac hiéu vao cau tric nay (Duchler, 2012; Ou et al., 2008).

Gan déy, phan tir RHAU peptide da duoc chirng minh ¢6 kha ning bam dic hiéu vao
cau tric G4 (Dang, Nguyen, Truong, Nguyen, & Phan, 2021; Dang & Phan, 2016; Heddi,
Cheong, Martadinata, & Phan, 2015; Nguyen & Dang, 2023). RHAU protein thuéc nhom
helicase ¢ kha ning nhan dién va thao xoan cau trac G4. RHAU gom 1008 amino acids
chtra cac vuing nhan dién va thao xoan. Trong d6, ving nhan dién chura ving bam dac higu
vao cau tric G4 song song. Str dung phuong phap cong huong tir hat nhan (NMR) dé nghién
ctru kha ning twong tac gitra 18 amino acid cua peptide RHAU va G4 cho thiy peptide
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RHAU béam kep vao bé mit G-tetrad ciia G4 théng qua twong tac dién tich giira 3 amino
acids mang dién tich duong cta peptide va nhom photphat mang dién tich &m cua G4 (Heddi
et al., 2015). Dung hop peptide RHAU véi cé&c protein chic nang cho phép nhan dién va
bam dic hiéu vao G4 dong thai thuc hién céc chirc nang cua protein. Vi dy, dung hop RHAU
véi protein huynh quang tao nén phan tir do huynh quang cé kha nang phan nhan dién va
phan biét giita ciu triic G4 song song va khéng song song. Dung hop RHAU vao nuclease
Fok1 hay RNase HI cho phep nuclease c6 kha nang nhan dién cAu trdc G4 va thuc hién chirc
nang cit DNA hay RNA tai céc vi tri dic hiéu (Dang et al., 2021; Dang & Phan, 2019).
Trong nghién ciru nay, RHAU duoc dung hop vao enzyme caspase-9 tao nén protein tai to
hop RHAU23-caspase-9. Sy dimer cia RHAU23-caspase-9 bai DNA chua 2 ciu tric G-
quadruplex (DNA2G4) dan dén hoat hoa hoat tinh cua enzyem (Hinh 1). Sy twong tac dic
hiéu gita RHAU va DNA2G4 c¢6 kha nang cam ung su dimer va hoat héa nhitng protein
chtrc nang khéc.

I =

DNA2G4

RHAUZ3-caspase-9 RHAU23-caspase-9
don phan dimer

Hinh 1. M hinh cam ng sw dimer cua RHAU23-caspase-9 boi phan tir DNA2G4

2. Vatli¢u va phuong phap nghién ciu

Dong héa plasmid chira gen méa héa protein RHAU23-caspase-9

DNA ma héa protein RHAU23-caspase-9 duoc tao ra bang phwong phap dung hop
peptide RHAU23 vao enzyme caspase-9. DNA ma hda cho caspase-9 duoc nhan Ién bang
PCR véi khung caspase-9 va cap moi ONT1: 5
tggcagatctaggcggeggcageggtggeggtgetcttgagagtttg-3' ON2: 5'-
ccagactcgagttattcgagtgcggecgetgatgttttaaag-3'. San pham PCR duogc xir I véi 2 enzyme cét
giéi hanBgll1/Xhol va dugc ndi vao vector (dugc mé vong cuing 2 loai enzyme cit giGi han)
bang enzyme ndi T4 ligase, tao nén plasmide chira gen ma hoa protein RHAU23-caspase-9.
San pham ndi sau d6 dwoc bién nap vao chung E. coli DH50 kha nap va kiém tra bang
phuong phap PCR khuan lac.Sau do, trinh tw DNA ma héa protein muc tiéu duoc giai bai
cdng ty Macrogen (Han Quéc).

Biéu hi¢n va tinh ché protein RHAU23-caspase-9

Plasmid chtra gen ma hoa protein RHAU23-caspase-9sau khi di giai trinh tu duoc bién
nap vao chung vi khuan E. coli BL21 (DE3, New England BioLabs). Vi khuan E.coli dugc
nudi trong méi trudng LB chira 100 pg / ml khang sinh ampicillin va té bao duoc nubi cay
& 37 °C, lic 200 vong/ phiat dén ODsgo dat 0,6. Sau d6 IPTG dugc thém vao moi truong nudi
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cdy voi nong d6 cudi cung 1a 0,3 mM. Céc té bao duoc nudi cdy qua dém ¢ 16°C, lic 190
vong/ phit truéc khi thu hoach té bao. Dung dich chiét xuét protein bugBuster (Merck,
Germany) cong véi benzonase nuclease duoc cho vao sinh khéi té bao va u trong vong 20
phat dé phé véch té bao. Sau d6, phan khong hoa tan dugc loai bo bang cach li tam & 20.000
vong/ pht trong 1 gi¢ 30 phit & 4 °C. Phan hoa tan duoc cho qua cot chira hat Nikel thong
qua dong chay trong luc. Sau dé, cot duogc rira bang 20 thé tich cot véi 20 mM Tris-HCI, 50
mM NaCl va 10 mM imidazole dém, pH 7. Céc protein duoc li giai bang dung dich dém
20mM Tris-HCI, 50 mM NaCl va 200mM imidazol. Imidazole trong dung dich protein dugc
loai bo bang céch li tam bang bo loc li tdm Amicon Ultra-15 (EMD Milipore). Protein tinh
khiét dwoc thu nhan va phan tich d6 tinh sach bang SDS-PAGE.

Khao sat hoat tinh ciia RHAU23-caspase-9 trén co chét tw nhién (caspase-3)

Céc thi nghiém duoc tién hanh véi hdn hop gdm 0,4 uM RHAU23-caspase-9 va 4 pM
co chat ty nhién caspase-3 trong trudng hop khong cé hoic c6 bd sung 4 uM DNA2G4 duoc
pha lodng trong dung dich dém xét nghiém c6 25 mM HEPES, 100 mM NaCl, 4 mM MgCI2,
2 mM TCEP (pH 6,5). Céac phan ung duoc u ¢ 37 °C. Cac mau dugc thunhan trong cac
khoang thai gian 0, 0.5, 1, 2 va 4gio va cac phan tmg duogc dirng lai bang cach bé sung dung
dich nap miu SDS. Tt ca cac mau duoc phan tach trén gel SDS 8 dén 18% va céc protein
duoc phét hién bang thudc nhuém xanh coomassie. Viéc xac dinh hiéu qua xc tac caa casp-
9 duya trén ndng do enzyme can thiét dé cat mot nira co chat trong mot thoi gian nhét dinh
theo phuong trinh: Kcat/Km = In2/[E]1/2.t. Trong d6 kcat/KM: hiéu suat xuc tac, [E]1/2:
nong do enzyme cit mot nira co chat va t: thoi gian 1.

3. Két qua va thao luan

Dong héa plasmid chira gen méa héa protein RHAU23-caspase-9

Doan gen Caspase-9 duoc khuéch dai bang PCR véi cap moi ON1 va ON2 lan luot
chura cac vj tri cit enzyme Bglllva Xhol. Phan tich san pham PCR bang dién di trén gel
agarose (2%) cho thidy mot vach sdng nam giira 2 vach 800 bp va 1000 bp cua thang DNA
(Hinh 2A), trong tng véi kich thudce Ii thuyét cua doan gen caspase-9 1a 867 bp. Két qua
nay cho thiy da thanh cong thu nhan doan gen caspase-9 muc tiéu. San pham PCR duogc ndi
vao plasmid pRHAU23-CFP tai vi tri Bglll va Xhol va bién nap vao chungE. coli DH5a.
Chuang E. coli mang plasmid tai t6 hop moc trén méi trudng khang sinh Ampicillin dugc
kiém tra bing PCR khuan lac. Phan tich két qua dién di cho thay c6 vachsang xuét hién &
gittathang 1000 bp va 1500 bp, twong tng véi kich thudc thiét ké 1a 1075 bp (Hinh 3B).
Plasmid sau d6 dugc kiém tra bang giai trinh tw bai Cong ti Macrogen (Han Quéc). Két qua
giai trinh tu twong dong 100% vai trinh tu 1 thuyét (dir liéu khong dugc hién thi) cho thiy
d3 thanh cong tao ra vector tai to hop mang gen ma hoéa cho protein myc tiéu RHAU23-
caspase-9.
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Hinh 2. Pi¢n di agarose. A) San pham PCR cuia caspase-9 (867 bps). B) San phdm PCR khudn
lac 1, 2, 3, 4 trong d6 khuan lac sé 1 va 3cho kich thude tiwong img véi Ii thuyét 1075 bps

Biéu hién va tinh ché protein RHAU23-caspase-9

Protein RHAU23-caspase-9 dugc biéu hién trong E. coli BL21 (DE3) dudi sy cam
ng cua chat cam tmg IPTG. Protein duoc tinh ché bang sic ki &i luc sir dung cot His. Do
tinh sach caa protein dwoc phan tich bang phuwong phap dién di SDS-PAGE. Két qua dién di
cho thay xuét hién 2 vach: vach Ién c6 kich thudc nam gitta 20 kDa va 25 kDa cua thang,
vach nho nam trén kich thuéc 10 kDa cua thang, tuong (ng véi kich thuéc |i thuyét cua
caspase-9 lan luot 12 23,2 kDa va 13,3 kDa (Hinh 3). Tir ddy c6 thé cho thay da thanh cong
trong viéc thu nhan protein RHAU23-caspase-9. Phan tich dé tinh sach bing phan mém
AlphaEaseFC cho thiy protein c6 d6 tinh sach khoang 90%, protein dugc bao quan & nhiét
d6 -80°C va duoc sir dung dé khao sat hoat tinh.

10 || W — 13.3kDa

Hinh 3. Pi¢n di SDS protein RHAU23-caspase-9, M: thang protein, RHAU23-caspase-9:
tieu phan Ién (23.2 kDa) va tiéu phan nhé (13.3 kDa)
Hoat hoa RHAU23-caspase-9 béi DNA2G4
Hiéu qua x(c tac cia RHAU23-caspase-9 duoc xac dinh trén co chét ty nhién (caspase-
3). RHAU23-caspase-9 (0.4 uM) cit co chét caspase-3 (4 UM) tai vi tri dac hiéu tao ra san
pham gom 1 tiéu phan Ion va 1 tiéu phan nho. San pham cit dugc phan tich trén dién di SDS
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véi thudc nhudm xanh coomassie. Thoi gian enzyme cit 50% co chat duoc xac dinh bang
phan mém AlphaEaseFC. Két qua cho thdy RHAU23-caspase-9 mat khoang 1,55 gio dé cit
duge 50% luong co chét, twong wng véi hiéu qua xic tac (Kcat/Km) khoang 1,1 pM*ht
(Hinh 4A, C). Hiéu qua xuc tac cua RHAU23-caspase-9 tuong duong vai hiéu qua cit cua
caspase-9 di duoc béo cao trudc day, didu ndy cho thay ving RHAU23 khéng anh huéng
dén kha ning xuc tac cua caspase-9. Khi b6 sung DNA2G4 (0.4 pM) vao cung diéu kién
phan ng, RHAU23-caspase-9 chi mat khoang 0.8 gid dé cd thé cit 50% luong co chét,
twong duwong hiéu qua xuc tac khoang 2.2 uM?*h™ (Hinh 4B, C). Su hién dién DNA2G4
trong RHAU23-caspase-9 gilp cho hoat tinh ting 1én gip 2 lan so véi hoat tinh chi c6
RHAU23-caspase-9. DNA2G4 c6 thé da cam ung su dimer cia RHAU23-caspase-9 thong
qua tuong tac gitra RHAU23-G4 dan dén tang hoat tinh ctia enzyme. Phuong phap kiém soét
su dimer ciing nhu hoat tinh caspase-9 bang DNA chira 2 ciu tric G4 1a phuong phap méi.
Phuong phap nay c6 thé tng dung dé kiém soat sy dimer va hoat tinh cua nhitng protein
chtrc nang quan trong khéc trong nhitng tng dung sinh hda.

A) Caspase-9
thei gian (h)

B) Caspase-9 + DNA2G4

0 0.5 1

o '.Tiéu phén nhé

100 -
80
60 1

40 1
® Caspase-9

S&n pham cat (%)

20 1

mCaspase-9 + DNAZ2G4

0 1' 2 3 4
Théi gian (h)

Hinh 4. Phan tich hogt tinh ciia enzyme. A) Hogt tinh cat caspase-9 (0.4 UM) trén co chdt
tir nhién caspase-3 (4 pM)theo thoi gian. B) Hogt tinh cat caspase-9 (0.4 uM) +DNA2G4
(0.4 uM) trén co chat tir nhién caspase-3(4 uM) theo thei gian. C) Phan trdam san pham
cdt duoC tao ra (%) tir caspase-9 (tron den) va caspase-9 + DNA2G4 (vudng do) duroc tao
ra dwoc phan tich bang phan mém AlphaEaseFC
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4.  Kétluin

Kiém soét hoat tinh ciia caspase-9 dong vai trd quan trong trong qué trinh giét té bao,
tiém ning tmg dung trong didu tri ung thu. Dung hop caspase-9 vao peptide RHAU tao nén
protein dung hgp RHAU23-caspase-9. DNA2G4 c6 kha nang cam ung sy dimer RHAU23-
caspase-9, dan dén ting hoat tinh ctia enzyme. DAy ciing 1a phuong phap méi c6 thé ing
dung dé kiém soat sy dimer va hoat hoa cic protein chirc ning cua té bao nhu cac protein
mang hay cac enzyme.

% Tuyén bé vé quyén lgi: Téc gid xéc nhan hoan toan khéng cé xung dét vé quyén loi.
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ABSTRACT

Caspase-9 plays an important role in the apoptosis pathway. In cells, caspase-9 exists in the
inactive monomeric state and becomes active in the dimer state. Therefore, controlling the
dimerization of caspase-9 can control the caspase-9 activity. In this study, caspase-9 was activated
by a DNA sequence containing two G-quadruplex structures (DNA2G4). Caspase-9 was fused with
the RHAU peptide by molecular biology techniques to form the recombinant protein RHAU23-
caspase-9. RHAU23-caspase-9 was expressed in E.coli under IPTG induction and purified by affinity
chromatography with His column. DNA2G4 was able to induce dimerization of RHAU23-caspase-9
through a specific interaction between RHAU and G4, leading to stimulation of enzyme activity.
Activation of RHAU23-caspase-9 by DNA2G4 increased enzyme activity about 2.0 times that of
RHAUZ23-caspase-9. Controlled caspase-9 activity has the potential to inhibit the growth of
cancer cells.
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