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TOM TAT

Sir dimer protein déng vai tro quan trong trong hau hét cac qué trinh sinh hoc nhu phién
ma, sao chép, truyen tin hiéu, hoat héa enzyme...Do @6, kiém soét sy dimer cua protein sé gilp
diéu hoa céac qua trinh nay trong té bao. Trong nghién cizu nay, kiém soat sy dimer hda cua protein
deoc thyee hién boi trinh tr DNA chira 2 cdu tric G-quadruplex (2G4). Céc protein chi thi CFP va
YFP sé duoc dung hop vao peptide RHAU tqo ra lan hrot RHAU-CFP va RHAU-YFP, sau dé sur
dimer héa protein sé duroc phan tich dwa vao si trao doi nang lwong giiza CFP va YFP khi 2
protein nay gan véi nhau bang ki thugt FRET. Tinh hi¢u FRET dwoc ghi nhdn trong hén hop
RHAUCFP/RHAUYFP duéi su hién dién ciia 2G4. Piéu dé cho thdy dwoc 2G4 ¢6 khd nang cam
#ng su hinh thanh dimer cua protein dung hop véi peptide RHAU trong ong nghiém. Két qud nay
lam tién dé cho nhiing nghién cizu vé kiém sodt hogat tinh cuia nhitng protein dimer chic nang béi
cau tric 2G4 trong nhing irng dung sinh hoa.

Tur khéa: 2G4; CFP; Dimer; protein; YFP

1. Giéithieu

Tuong tac protein-protein la mot qué trinh sinh hoc quan trong trong do cac protein
tuong tac voi nhau tao thanh mét to hop chic ning, ¢ dang déng nhat hozc di phan tir, dé
(Hinh 1). Trén thuc té, protein hiém khi thé hién chtic nang va hoat dong ¢ dang don phan
trong moi trudng sinh hoc. Sy tu sat nhap cua cac protein dé tao thanh dimer hoic céc tap
hop oligomeric 13 mét hién tugng li sinh phd bién, xay ra trong té bao. Tat ca cac con
duong té bao nhu hoat héa enzym (Citri & Yarden, 2006) , truyén tin hiéu (Ahsan, 2016),
va tham chi ca con duong gay bénh (Hynes & Lane, 2005) déu duoc thé hién thong qua
qua trinh dimer hoa protein.
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Hinh 1. S twong tac giita cdc protein dé hinh thanh protein chire ndng
dang dimer dong nhat (homodimerization) va dimer d; phan ti (heterodimerization)

Qua trinh diéu hoa dimer hda protein 12 mot qué trinh can thiét dé phat trién cua cac
sinh vat dudi tac dong kich thich cua céc yéu té noi sinh hodc ngoai sinh trong mai truong
tu nhién (Marianayagam, Sunde, & Matthews, 2004). Do d6, viéc hiéu rd cac co ché phan
tir cia qué trinh dimer hoa protein va chirc ning cta ching 1 budc tién mai cua nghién
ctru va cung cap nhiéu muc nhap cho cac ung dung y sinh. Tao dot bién mang tinh ki nuéc
cho c&c amino acid bé mit cua protein c6 thé tao sy dimer hoa protein thong qua cac tuong
tac ki nudc voi nhau (Chao et al., 2005). Hodc dong héa peptide co ciu tric day kéo
(zipper) vao cac protein muc tiéu tao nén sy dimer hoa protein thong qua cau tric day kéo
(Mason & Arndt, 2004). Tuy nhién, cac phuong phap nay bi gidi han boi mang tinh 1
chiéu c6 nghia 1a chi tao sy dimer hda ma khdng thé tach nguoc ra don 18, do d6 khong thé
kiém soat dwoc hoat tinh cua cac protein. Hién nay, c6 rit nhiéu phuong phap méi dugc
phét trién cho viéc kiém soét hai chiéu qua trinh dimer héa cia protein nhu sir dung phan
tar nho hdéa hoc (chemical inducer) (Hardwick, Kuruvilla, Tong, Shamji, & Schreiber,
1999; Mangal, Zielich, Lambie, & Zanin, 2018; Pratt, Schwartz, & Muir, 2007; Schreiber,
2021; Schultz & Clardy, 1998), phuong phap phan tur vong (host-guest) (Bai, Luo, & Liu,
2016; Dang, 2012; Dang, Nguyen, Merkx, & Brunsveld, 2013; Khan & Lee, 2021),
phuong phap ion kim loai (Kochanczyk et al., 2016; Song, Sontz, Ambroggio, & Tezcan,
2014), va phuong phéap st dung nucleic acids (Truong, 2020). Mdi phuong phap déu co
nhitng wu va nhuoc diém riéng cho viéc diéu hoa kiém soat dimer hoa protein. Trong
nghién ciru nay, DNA chia hai trinh tu hinh thanh ciu tric G4 dugc sir dung cho viéc cam
ung su dimer protein. Pay la phuong phap mdi cho viéc cam ung su dimer hoa protein
chua duoc ¢ong b trude day.

G-quadruplex (G4) 1a ciu trac bac 2 caa DNA hoic RNA dugc hinh thanh khi trinh
tu c6 chira nhiéu Guanine trong phan tu (Maizels & Gray, 2013). G-quadruplex c6 2 ciu
trdc: céu trdc song song va khéng song song. Trong té bao, su hinh thanh céu tric G4 anh
huéng rat 16n ddi véi cac qua trinh hoat dong sinh hoc nhu sao chép, phién ma, dich ma va
su bao ton telomer (Maizels, 2015; Rhodes & Lipps, 2015). Su tuong tac giita G4 va
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protein duoc xem 1a nhan t§ quan trong dé co thé kiém soat cac hoat dong cua té bao. Cac
protein trong té bao nhu BLM, FANCJ, PIF1 va Rhau dd duoc nghién ciu vé sy tuong tac
Véi ciu tric G4 (Maizels & Gray, 2013). Pic biét, viung peptide bam dic hiéu vao ciu tric
G4 cua Rhau peptide di dwoc nghién ctu co ché phan tir bai ki thuat NMR (Heddi,
Cheong, Martadinata, & Phan, 2015). Rhau peptide bam dic hiéu trén bé mit ciu tric G4
thong qua tuong tac dién tich gitra cac amino acid mang dién tich duong cta Rhau peptide
va nhom phosphate mang dién tich &m cua ciu trdc G4. Sy twong tac dac hiéu vao cau tric
G4 boi Rhau peptide da duoc ung dung trong cac qua trinh sinh hoa nhu phat trién dau do
protein huynh quang cé kha ning nhan biét cu tric G4 (Dang & Phan, 2016), phét trién
cac enzyme cit DNA hay RNA cd thé nhan biét ciu tric G4 va cit tai vi tri dac hiéu
(Dang, Nguyen, Truong, Nguyen, & Phan, 2021; Dang & Phan, 2019). Trong nghién ctu
nay, su dimer cia protein duoc cam tng bai trinh ty DNA chitra 2 ciu tric G4 thdng qua
tuong tac dac hiéu gitra Rhau va G4. Phan tir 2G4 cam ung su dimer hoa cua protein s¢
dugc phan tich bang ki trao d6i nang lwong (FRET) véi cap protein chi thi xanh (CFP) va
vang (YFP). Nghién ctu tao tién dé cho viéc tng dung phwong phap cam ung su dimer
hoa protein boi 2G4 trong viéc hoat hda cac protein dimer chic nang trong cac qua trinh

sinh hoc.
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Hinh 2. M6 hinh DNA chiza 2 cdu tric G4 cam iéng sw dimer
cua protein CFP, YFP dung hop voi Rhau peptide
2. Vat liéu va phwong phap nghién ctru
e Dong hoa plasmid

Cap protein chi thi cho FRET, RhauCFP va RhauYFP, dugc tao ra bang cach két hop
Rhau (53 aa) voi CFP va YFP, twong ung. DNA ma héa cho Rhau dwoc khuéch dai bang
PCR sir dung gen Rhau lam khuén mau va mét cap mdi ON1 / ON2 (ON1: 5'- geg tgg atc
cgt cca tgc atc ccg ggce acc tga aag-3 "'; ON2: 5'- gat tca tat ggc tge cge cgce cgc tct teg ctt
gaa cag aat tca gta ac-3 '). San pham per nay dwoc dong héa vao vector chu pETDuet] da
qua xir If (Merck Millipore, Purc) tai BamHI va Ndel, két qua thu dugc plasmid p-Rhau.
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DNA mi hoa cho CFP va YFP dugc khuéch dai biang PCR sir dung pHT582 (Nguyen,
Dang, van Dongen, & Brunsveld, 2010) chia gen CFP va pHT584 (Nguyen et al., 2010)
chtra gen YFP 1am khudn mau va mot cip moi ON3 / ON4 (ON3: 5'-tta aag atc tag gcg geg
gca gca tgg tga gca agg gcg agg ag-3 '; ON4: 5'-cca tct cga gtt act tgt aca gct cgt cca tge
cga gag tg-3"). Céc san pham per nay duoc dong hoa vao vector pRhau da xur |i & Bglll va
Xhol, tao nén plasmid muc tiéu pRhauCFP va pRhauYFP, twong ung.

e Sw biéu hién va tinh ché protein:

Céc plasmid pRhauCFP (ma héa RhauCFP) va pRhauYFP (ma hoa RhauYFP) dugc
bién nap vao E.coli BL21 (DE3). Vi khuan duoc nudi cay trong méi truong Luria-Bertani
chtra 100 mg/L ampicillin va cac té bao dugc nudi cay & 37°C, lic 220 vong/phut, khi gia
tri ODeoo dat 0,8, IPTG (Sigma Aldrich, St. Louis, MO, USA) dugc dugc thém vao dén
nong do cudi cung 1a 0,3 mM. Cac té bao duoc u lién tuc qua dém ¢ 16°C, lic 180
vong/phut trude khi thu hoach. Sinh khdi dugc huyén phi vao thude thir chiét xuit protein
bugBuster (EMD Millipore, Burlington, MA, USA) cong Véi bezonase nuclease (d¢ phan
hity DNA va RNA) va cac manh vun té bao khong hoa tan duoc loai bo bang cach ly tam &
20.000 vong / phat trong 40 phat ¢ 4°C. Phan hoa tan dwgc cho vao cot His-tag
(ThrmoFisher Scientifi, Waltham, MA, USA). Sau d6, cot duoc raa véi 20 thé tich cot
gém 20 mM Tris-HCI, 100 mM NaCl va 10 mM dém imidazole, pH 7. Céc protein duoc li
giai bang 20 mM Tris-HCI1, 100 mM NaCl va 200 mM imidazole. Ham lwong imidazole
trong dung dich protein sau d6 duoc loai bé bang cach st dung bo loc li tim Amicon
Ultra-15 (EMD Milipore). Cac protein tinh khiét duwoc thu nhan va phan tich bai
SDS-PAGE.

e Cautric G4

DNA ¢4 trinh tu chia 2 cau tric G4 (2G4): 5’ ttt ggg tgg gtg ggt ggg tta cge agg ttg
cac atc tta aca acc tgc act tgg gtg ggt ggg tgg gtt 3° dugc mua tr Cong ty IDT tai
Singapore. Trinh ty DNA hinh thanh cau trac G4 dudi su cam tng cua mudi K* trong mdi
treong dung dich dém 20 mM kali photphat, pH 6,5.

e Kithuat FRET

Ki thuat FRET (Fluorescence Resonance Energy Transfer) da dugc st dung nhu mot
cong cu hitu ich cho viéc phat hién qua trinh dimer cia protein. Su xuét hién cua tin hiéu
FRET phu thudc vao khoang cach khoang 1-10 nm giita phéan tu protein cho va phan tir
protein nhan

T4t ca cac mau dung cho ki thuat FRET dugc do trong dung dich dém chira 20 mM
kali photphat, pH 6,5 trong cuvet thach anh cd chiéu dai dwong dan 10 mm (Hellma). Céc
mau protein dé do dwoc sir dung ¢ ndng do 1 uM. Tét ca cac phép do FRET dugc thuc
hién bang méay quang phd huynh quang Cary Eclipse (Varian) va tat ca dix liéu huynh
quang duoc ghi lai & 25 °C vé6i bude song kich thich 12 410 nm. Cac thong sb cua phép do
dugc gitr khong doi trong tat ca cac phép do dé cho phép so sénh dix liéu.
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3. Kétqua vathao luan
e DONg héa biéu hién tinh ché protein

Peptide Rhau ngin 16 aa (aa 53-68) c6 thé nhan biét dac hiéu G4 song song, tuy
nhién d6 dai cua céc peptide RHAU anh hudng dang ké dén &i luc lién két. Do do, cap
protein huynh quang FRET RhauCFP va RhauYFP duoc tao ra bang cach két hop peptide
55-aa RHAU (aa 53-107) vao CFP va YFP, twong (tng. Trinh tu DNA m& hoa RhauCFP va
RhauYFP duogc xac nhan bang giai trinh tw DNA. Tat ca cac protein duoc biéu hién trong
E.coli BL21 (DE3) dudi sy cam wng cua IPTG. C4c protein c6 chira dudi His & dau N dugc
tinh ché bang cot sic ki cot His. Protein tinh khiét duoc déanh gia bang SDS-PAGE (Hinh
3). Trong luong phan tir cua protein RhauCFP va RhauYFP lan luot 1a 36,21 Da va 36,29
Da, chding di chuyén giita doan 27 kDa va 40 kDa cua thang. CFP dbi ching 13 28,57 Da,
di chuyén trén vach 27 kDa cua thang.
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Hinh 3. Phdn tich dé tinh sach cia protein muc tiéu bang phirong phdp SDS-PAGE. Lane
1: RhauCFP, lane 2: RhauYFP, lane 3: CFP
e Phan tich cam &ng su hinh thanh dimer protein béi DNA chita 2 cau tric G4
bing ki thuat FRET
Ki thuat FRET duoc st dung phd bién cho viéc phan tich sy twong tac giira cac
protein khi cac protein gan véi nhau & khoang céch khoang 1-10 nm. Dya vao tinh chét vat
Ii trong viéc trao ddi ning lugng gitta cac protein cho ning lugng va protein nhan nhan
nang tao nén tinh hiéu FRET. Trong nghién ctu nay, cap protein chi thi cho FRET dugc st
dung 1a CFP va YFP duoc dung hop véi peptide RHAU. Trong hon hop RhauCFP (4 uM)
va RhauYFP (4 uM), tin hiéu FRET khong duoc ghi nhan bai vi 2 phén tir protein nay ¢ xa
nhau. Tuy nhién, khi c6 su hién dién caa trinh tu DNA chta 2 cau tric G4 (2G4) (4uM),
tin hiéu FRET dugc xuit hién trong hdn hop 2 protein (ti 1& & budc séng 525 nm/475 nm
tang tir 0,55 dén 0,81) (Hinh 4ac). Tin hiéu FRET cho thdy duoc 2G4 dd cam ung sy dimer
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hoa cua 2 protein RhauCFP va RhauYFP, va mang 2 protein nay tién lai gan nhau do d6
ning luong tir protein CFP da truyén sang protein YFP. Nguoc lai, khi cho 2G4 vao hén
hop CFP va RhauYFP khong thiy su xuat hién cua tinh hiéu FRET (ti 1&é ¢ budc séng
525nm/475nm khéng thay doi tir 0.55 dén 0.54) (Hinh 4bc). Két qua cho thdy 2G4 khong
tao duoc lién két giira CFP va RhauYFP nén da khong c6 sy trao ddi ning lugng giita 2
protein ndy. Qua két qua phan tich bang ki thuat FRET chimg minh duoc 2G4 ¢6 kha ning
bam dic hiéu it nhat 1a 2 phan tir Rhau cung ldc. Hién nay, ciu trac G4 con duoc xem 1
phan tir myc tiéu tiém ning cho viéc thiét ké céc loai thude dac hiéu cho viéc diéu hoa cac
qué trinh sinh hoc trong tri liéu. Qua su nhan dién va bam dic hiéu caa Rhau vao cu tric
G4 1am tién dé cho nhiing ung dung diéu hoa kiém soat d6i voi nhiing protein chirc ning
dung hop véi Rhau peptide.
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Hinh 4. Cdu tric 2G4 cam ung sw dimer héa protein dwoc phan tich bsi FRET.
a) Tin hiéu huynh quang thu dwoc trong hon hop RhauCFP (4uM) va RhauYFP (4uM) khi
khong (xanh) va c6 bé sung chat cam #ng 2G4 (4uM) (mau vang). b) Tin hiéu hupnh
quang thu dwoc trong hén hop CFP (4uM) va RhauYFP (4uM) khi khéng (xanh) va cé bo
sung chat cam izng 2G4 (4uM). ¢) T/ Ié FRET phan tich khi khdng (xanh) va cé (vang) bo
sung 2G4 vao haon hop RhauCFP/RhauYFP va hén hop déi chitng am CFP/RhauYFP
4.  Kétluan

Su tuong tac giira cac protein dong vai trd rit quan trong trong cac hoa trinh sinh hoa
ctia sy phat trién cac sinh vat. Do d6, diéu hoa kiém soat qué trinh nay c¢6 ¥ nghia khoa hoc
va thuc tién trong cac liéu phap diéu tri. Pa phan protein hoat dong ¢ dimer hoic oligomer

454



Tap chi Khoa hoc Trwong DPHSP TPHCM Dang Thanh Diing va tgk

trong té bao, do d6 cam wng su dimer hoa hay oligo héa s& giup tao hoat tinh cho protein.
Tin hiéu FRET cho thay duoc cau tric 2G4 c6 thé nhan dién va bam dic hiéu vao it nhat 2
Rhau peptide, qua d6 c6 thé cam ung dimer hda cua cac protein dung hop voi peptide nay.
Pay ciing 1a phuwong phap méi ¢ thé dugc ung dung cho viéc hoat hoa cac protein chic
ning khac trong té bao nhu enzyme, thu thé mang... cho nhitng qua trinh sinh hoc.

< Tuyén bé vé quyeén loi: Cac tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.
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ABSTRACT

Protein dimerization plays a key role in most biological processes such as transcription,
signal transduction, or enzyme activation. Therefore, modulating and controlling the protein
dimerization will help regulate this process in cells. In this study, control over protein dimerization
was induced by DNA sequencing containing two G-quadruplex (2G4) structures. The fluorescent
proteins CFP and YFP were fused with Rhau peptide, resulting in RhauCFP and RhauYFP,
respectively. Protein dimerization was analyzed based on the energy transfer between CFP and
YFP when these two proteins are close to each other via FRET signaling. The FRET signal was
observed in the RhauCFP/RhauYFP mixture under the presence of 2G4. This shows that 2G4 is
capable of inducing dimer formation of protein fusing with Rhau in vitro. This result opens up an
approach for controlling the activity of functional protein dimerization by the 2G4 in biochemical
applications.
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