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TOM TAT

Sur dimer protein déng vai tro quan trong trong hau hét cac hoat dgng sinh hoc té bao nhu:
hoat dgng enzyme, thy thé protein man, nhan té truyén tin hiéu nhan té phién ma. Do dé, kiém soat
si dimer cuza protein gidp Kiém sodt dwoc cac qua trinh sinh hoc nay. Trong nghién cizu nay, phan
tir Curcubit/8]uril dwoc sir dung dé kiém soat si dimer cua protein ¢ chiza dudi phe-ala-gly
(phenylalanine-alanine-glycine) ¢ dau N (N-terminus) cuza protein. Cap protein chi thi CFP/YFP
(cyan fluorescent protein/yellow fluorescent protein) chira dudci dung hop phe-ala-gly duwoc tao ra
bang hé thang intein ti cat (auto cleavage). Phan tiz Curcubit[8]uril cam ing si dimer cua protein
CFP/YFP c6 chita dudi phe-ala-gly dwoc danh gid bang ki thudt trao doi nang lwong FRET
(fluoresecnt resonance energy transfer). T7 Ié¢ FRET cua budc séng 525 nm/475 nm tang manh tir 0.5
1&n 1.2 khi c6 su hién dién cua phan tir curcubit/8]uril, dong nghia véi viéc phan tiz ndy cé kha ndng
cam g s dimer cua protein CFP va YFP ¢d chita dudi phe-ala-gly. Kiém soat sy dimer cua protein
bai curcubit[8]uril ¢ tiém nding trong viéc kiém soat c&c protein chire nang sinh hoc chira dudi dung
hop phe-ala-gly.

Tar khda: CFP; Cucurbit[8]uril; dimer; protein; YFP

1.  Giaithigu

Sy tuong tac giita cac protein 12 mot qua trinh sinh hoc quan trong trong té bao, trong
d6 cac protein sap nhap véi nhau tao thanh dimer ddng phan tir (Hinh 1A) hoic di phan tir
(Hinh 1B), dé tao thanh maot t6 hop protein chirc nang. Trén thyc té, protein hiém khi thé
hién chirc nang va hoat dong & dang don phan trong moi truong sinh hoc. Sy tu sap nhap
clia cac protein dé tao thanh cac dimer hoic oligomeric (nhiéu phan tir) 1a mét hién twong Ii
sinh phé bién, xay ra trong moi té bao nhu mang té bao, trong té bao chat, trong nhan. Tt
ca cac qué trinh sinh hoc trong té bao nhu hoat hda enzym(Baselga & Swain, 2009; Citri &
Yarden, 2006), truyén tin hiéu (Ahsan, 2016; Ferrer-Soler et al., 2007), va ngay ca qua trinh
gay bénh (Hynes & Lane, 2005) déu dugc diéu hoa théng qua qua trinh dimer héa protein.
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Hinh 1. M6 hinh cho qud trinh dimer héa dong phan ti hay di phan ti

Qua trinh diéu hoa dimer protein 1a mot qué trinh can thiét trong té bao dé phat trién
cau trlc vat chat caa sinh vat duéi tac dong cua cac yéu t noi tai hodc ngoai sinh trong moi
truong tu nhién (Marianayagam, Sunde, & Matthews, 2004). Do d6, kiém soat co ché phan
ttr ctia qua trinh dimer hda va chiic niang cua protein 1a budc tién méi cua nghién cau va cac
tng dung y sinh. Hién nay, cac ki thuat duoc st dung dé kiém soét qua trinh dimer héa
protein (Bayle et al., 2006; Dang, 2022a; Kharenko & Ogawa, 2004; Nguyen, Dang, van
Dongen, & Brunsveld, 2010), do d6, tao diéu kién thuan loi cho viéc ting d6 6n dinh va chirc
nang cua protein(Ardejani, Li, & Orner, 2011; Grueninger et al., 2008). Vi du, protein c6 thé
duoc thiét ké dé co dimer hda théng qua viéc gioi thiéu trinh tu day kéo cuon cudn (Junius,
O'Donoghue, Nilges, Weiss, & King, 1996; Mason & Arndt, 2004). Day kéo dang cudn cé
chtrc ning thong qua tuwong tac ki nuéc gitra cac amino acid leucine tao thanh trang thai dong
nhat hoic di phan. Mot vi du vé mat nay 1a su hinh thanh dimer gitta c-Jun va c-Fos, dé tao
thanh cac yéu té phién ma DNA chirc ning (Gazon, Barbeau, Mesnard & Peloponese, 2017).
Ngoai ra, ki thuat dot bién bé mat dé tao maéi truong ki nudc cua cac ving peptide trong
protein c6 kha nang giup protein dimer hoa thong qua cac twong tac ki nudc.

Mic di, nhitng thanh cong 16n da dat duoc, nhung cac phuong phép tiép can hién tai
di véi sy dimer hoa protein duoc thiét ké c6 nhirng han ché cua ching, dac biét 1a vé mat
kiém soét hai chiéu cua cac protein nday. Ngoai ra, cac dot bién duoc thuc hién trong viing
hoat dong cua protein muc tiéu cé thé thay ddi cau tric va chice nang sinh hoc cua ching.
Do d6, viéc tao ra phuong phap méi c6 kha nang kiém soat hai chiéu (tao sy dimer hoa hoic
nguoc lai) cua protein 1a can thiét. Trude day, sir dung Curcubit[8]uril dé cam wng su dimer
hoa protein chira du6i phe-gly-gly (phenylalanine-glycine-glycine) da duoc bao cao (Dang,
2022b). Biéu thl vi, phan tir Curcubit[8]uril c6 thé kiém soét su dimer va chirc nang cua
enzyme caspase (enzyme dong vai trd quan trong trong viéc gay chét té bao) (Dang, Nguyen,
Merkx, & Brunsveld, 2013; Dang, van Onzen, Dorland, & Brunsveld, 2018). Curcubit[8]uril
la mot supramolecule héa hoc dugc tong hop dang vong gém cé tam don vi glycoluril c6
cau ndi metylen. Cucurbit [8] uril d3 cho thay tinh hip dan trong wng dung sinh hoa do kha
ning hoa tan trong nuéc tét, doc tinh thap va kha niang lién két manh véi cac phan tor dién
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tich dwong. Pic biét, Curcubit[8]uril cd kha ning lién két cung lc véi hai peptide phe-gly-
gly théng qua tuong tac dién tich vai cac vong aromatic cua phenylalanine (Dang, 2012;
Dang, 2022b; Dang, Bosmans, Moitzi, Voets, & Brunsveld, 2014; Dang et al., 2013; Dang,
Nguyen, Truong, Nguyen, & Phan, 2021; Dang & Phan, 2019; Dang et al., 2018). Biéu nay
cho phép Curcubit[8]uril c6 kha nang cam tng su dimer hda cua protein chira du6i dung hop
phe-gly-gly. Trong nghién citu ndy, phan tir Curcubit[8]uril dugc sir dung dé cam ung sy
dimer cua protein chira dudi phe-ala-gly (Hinh 2) nham nghién cttu su da dang hda viéc cam
{rng dimer cua cac protein c6 chia cac dudi khac nhau. Viéc kiém soat sy dimer cua protein
c6 tiém nang 16n trong viéc diéu hoa hoat tinh c4c protein chirc ning trong té bao ¢ trang
thai dimer.

Curcubit[8]uril

phe-ala-gly-CFP  phe-ala-gly-YFP Cucurbit[8]uril cam trng su dimer protein

Hinh 2. M6 hinh cam u#ng s dimer cua protein phe-ala-gly-CFP
va phe-ala-gly-YFP bgi phan ti cucurbit[8]uril

2. Vat liéu va phwong phap nghién ctru

Tao nhirng plasmids méa héa protein phe-ala-gly-CFP va phe-ala-gly-YFP bing
phwong phép dét bién diém

Nhiing plasmid ma hoa cho céc protein phe-ala-gly-CFP va phe-ala-gly-YFP duoc tao
ra bang phuong phap PCR dot bién diém (site-directed mutagenesis) tir cac khung géc phe-
gly-gly-CFP (Nguyen et al., 2010) va phe-gly-gly-YFP (Nguyen et al., 2010) véi cip mdi
ONL1: 5'-gtg gct cgc gee age aaa gtt gtg tac aat gat gt-3' va ON2: 5'-aca tca ttg tac aca act ttg
ctg gcg cga gec ac-3'. Sau do, trinh tu DNA ma hoa protein muc tiéu duoc giai boi Cong ti
1st BASE Pte Ltd (Singapore).

Biéu hién va tinh ché protein phe-ala-gly-CFP va phe-ala-gly-YFP

Céc plasmid sau khi da giai trinh tu dugc bién nap vao chung vi khuan E. coli BL21
(DE3, New England BioLabs). Vi khuan duoc nuéi trong méi trudng LB chira 100 ug / ml
ampicillin va té bao duoc nudi ciy & 37 °C, lic 250 vong / phit dén ODsgo 0,5-0,7, sau do
IPTG duogc thém vao nong do cudi cing 1a 0,4 mM. Céc té bao duoc u lién tuc qua dém &
15 °C, lic 180 vong / phuat trude khi thu hoach. Sinh khéi té bao duoc cho vao dung dich
chiét xuat protein bugBuster (Merck, Germany) cong véi benzonase nuclease. Sau d6, phan
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khong hoa tan duoc loai bo bang cach li thm ¢ 20.000 vong / phdt trong 40 phit & 4 °C. Phan
hoa tan dugc cho qua cot chaa cac hat chitin (New England Biolabs) thong qua dong chay
trong luc, va cot duoc ria béng dung dich dém natri photphat (10 mM, 100 mM natri clorua,
pH 7) va sau d6 duoc ¢ 10 gio & nhiét 46 phong. Sau d6, cac protein tu phan cat (tai vi tri
cua intein) dugc thu nhan trong trong dung dich dém photphat. Cac protein muc tiéu duoc
phan tich bang SDS-PAGE dé kiém tra do tinh khiét va LC-MS dé biét chinh xéc khéi luong
phan tr cua protein.

Cucurbit[8]uril

Phan tu cucurbit[8]uril sir dung trong nghién ciru dugc mua tir Céng ti Merck, Buc.
Str dung song siéu am dé xu Ii cucurbit[8]Juril hoa tan vao dung dich dém 10 mM Kali
photphat, pH 6,5 & nong d6 100 puM.

Ki thuat FRET

Ki thuat FRET (Fluorescence Resonance Energy Transfer) da dugc st dung nhu mot
cong cu hiru ich cho viéc xac dinh qua trinh dimer cia protein. Sw 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. Thi nghiém FRET dugc thuc hién trong dung dich d&m chtra 10 mM Kkali
photphat, pH 6,5 trong cuvet thach anh c6 chiéu dai duong dan 10 mm (Hellma). C4c protein
dung dé do FRET duoc st dung ¢ ndng d6 1 pM. Céc phép do FRET duoc thuc hién bang
méy quang phd huynh quang Cary Eclipse (Varian) va tat ca dit liéu huynh quang duoc ghi
lai & nhiét &6 phong voi budc song kich thich 12 400 nm. Céc théng sb cua thiét bi duoc cb
dinh trong tat ca cac phép do dé cho viéc so sanh céc dir lieu.
3. Két qua va thao luan

Thu nhan protein phe-ala-gly -CFP va phe-ala-gly-YFP

Thong thuong, protein bit diu voi amino acid methionine (M) ¢ ddu N. Do d6, dé tao
protein CFP va YFP c6 chira dudi dung hop phe-ala-gly & dau N can st dung hé thong ty cat
intein (Hinh 3A). Protein muc tiéu duoc cho qua cot ¢ dinh hat chitin, protein muc tiéu
duoc bam vao hat chitin va duogc u trong cot trong dung dich dém pH 7 va nhiét d6 25 °C.
Trong thoi gian u, protein muc tiéu sé tu ct tai vi tri intein va s& duoc thu nhan sau qua trinh
li giai. Protein muyc tiéu sau d6 dugc phan tich do tinh sach va khéi lwong phan tir bang
phuong phép SDS Page va LC-MS. Két qua dién di trén gel SDS cho thay, hai protein muc
tiéu phe-ala-gly-CFP va phe-ala-gly-YFP c6 d6 tinh sach khoang 95% va di chuyén gitra
vach 25 kDa va 30 kDa cua thang protein chuan (Hinh 3B).
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Hinh 3. Biéu hién va tinh ché protein. A) M hinh dong héa biéu hién va tinh ché protein muc tiéu
chita duéi dung hop phe-ala-gly. B) Két qua dién di protein trén gel SDS véi thang (cét 1),
phe-ala-gly-CFP (cét 2) va phe-ala-gly-YFP (cét 3)

Dé biét chinh xéac khdi lwong phan tir, protein muc tiéu chira dudi phe-ala-gly duoc
phan tich khéi lugng phan tir bing LC-MS. Két qua phan tich cho thdy khéi luong phan tu
ctia phe-ala-gly-CFP va phe-ala-gly-YFP lan luot 12 28508 Da va 28585 Da. Két qua nay
phu hop véi khéi luong phan tir Ii thuyét phe-ala-gly-CFP va phe-ala-gly-YFP lan luot 12
28503.1 Da (Hinh 4A) va 28589.2 Da (Hinh 4B). Qua d6 cho thy, sir dung hé thdng intein
c6 kha nang thu nhan thanh céng hai protein muc tiéu phe-ala-gly-CFP va phe-ala-gly-YFP
Vo1 do tinh sach cao.

A

phe-ala-gly-CFP phe-ala-gly-YFP

Ly thuyét: 28503.1 Da Ly thuyét : 28589.2 Da
Bo: 28508 Da Bo: 28585 Da
Sais6: 5.1 Da Sai s6: 4.2 Da

24000 28000 20800 0000 32000 34800 Taddoe | 2ebes | a0ban | aches | dabee | sk
Mas Mass

Hinh 4. Phan tich khéi lwong phan tur protein muc tiéu bang LC-MS. A) Khoi heong phan tir
protein phe-ala—grly-CFP: li thuyet 28503.1 Da, ket qua do duoc: 23508 Da, sai so: 5.1 Da. B)
Khoi luong phfin tw protein phe-ala-gly-YFP: !i thuyet 28589.2 Da,
ket qua do duoc: 28585 Da, sai so: 4.2 Da

Phan tich sw cam &ng dimer protein béi phan tir cucurbit[8]uril bing ki thuat FRET
Trong nghién ctu nay, ki thuat FRET dugc s dung cho viéc xac dinh su dimer héa
cua hai protein phe-ala-gly-CFP va phe-ala-gly-YFP dwoc cam wng béi phan to
cucurbit[8]uril. Dya vao tinh chit vat i trong viéc trao d6i ning lugng gitra protein cho CFP
va protein nhan YFP khi khoang cach gitra hai protein nay tir 1-10 nm s& tao nén tin hiéu
FRET. Khi hai protein phe-ala-gly-CFP va phe-ala-gly-YFP & ndng d6 1 uM trong dung
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dich khdng thay duoc tin hiéu FRET vi khoang cach giira hai protein nay xa nhau (Hinh 5A).
Ti 18 & budc séng 525 nm/ 475 nm c6 gid tri 1a 0,5 (Hinh 5B). Khi cé su bd sung phan t
cucurbit[8]uril (1 pM) vao hdn hop dung dich chia hai protein phe-ala-gly-CFP va phe-ala-
gly-YFP cho thiy c6 su trao déi nang lwong hay tin hiéu FRET giita protein cho CFP va
protein nhan YFP. Ning luong cua protein CFP & bugc song 475 nm giam, dong thoi ning
lugng cua protein YFP ¢ budc song 525 nm tang (Hinh 4A). Ti 1€ ¢ budc séng 525 nm/ 475
nm c6 gia tri 1,2. Két qua cho thay ti 16 FRET (525 nm/ 475 nm) ting 1én tir 0,5 dén 1,2 khi
c6 su hién dién cua phan tir cucurbit[8]uril (Hinh 5B). Do d6, c6 thé két luan phan tu
cucurbit[8]uril c6 kha nang cam ng sy dimer cta hai protein phe-ala-gly-CFP va phe-ala-
gly-YFP thong qua tuwong tac tinh dién cua vong cucurbit[8]uril véi hai phe-ala-gly dé tao
thanh phic hop lcucurbit[8]uril:2phe-ala-gly. Nghién ctru trudc diy cho thiy, phan tir
cucurbit[8]uril c6 kha nang cam wng su dimer cua protein chira duéi dung hop phe-gly-gly,
ngoai ra phan tur ndy co thé hoat héa enzyme phe-gly-gly-caspase-8 va phe-gly-gly-caspase-
9. Két qua ciing cho thiy duoc, ngoai protein mang dudi dung hop phe-gly-gly thi phan ti
cucurbit[8]uril con c6 kha nang cam ung sy dimer cua protein mang dudi dung hgp phe-ala-
gly. Pay ciing 14 tiém nang 16n khi st dung phan tir cucurbit[8]uril dé kiém soat hoat tinh
ctia cc protein chie ning chtra cac dudi dung hop phe-gly-gly hay phe-ala-gly c6 thé duoc
ung dung trong cac linh vuc y dugc.

A
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E 150 - — -Cucurbit[8]uril
= +Cucurbit[8]uril
& 100 A
=
50 A
o] ™ v v — v
400 450 500 550 600 650
B
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+ Cucurbit[8]uril
1.2 4
= !
© o8 A
— c P .
W oa - - Cucurbit[&]uril
& .
(.
0.4
0.2
0 A

phe-ala-gly-CFP/phe-ala-gly-YFP
Hinh 5. Cam ung su dimer hoa protein boi phan ti cucurbit/8]uril dwoc phan tich boi FRET.
A) Tin hiéu huynh quang thu diroc trong hon hop phe-ala-gly-CFP (1uM) va phe-ala-gly-YFP (1uM)
khi khdng (xanh) c6 bé sung phan tir cam sing cucurbit[8]uril (LuM) (mau vang). B) T/ I¢ FRET phan
tich khi khdng va cé bé sung cucurbit[8]uril vao hén hop phe-ala-gly-CFP/ phe-ala-gly-YFP

1804



Tap chi Khoa hoc Trwong DPHSP TPHCM Tdp 19, Sé 11 (2022): 1799-1807

4.  Kétluin

Kiém soat sy dimer protein dong vai trd quan trong trong diéu héa cac qua trinh sinh
hoc trong té bao ciing nhu tmg dung trong céac liéu phéap diéu tri. Sir dung hé théng biéu hién
intein tw cit c6 kha ning tao protein myc tiéu v6i dudi dung hop phe-ala-gly ¢ dau N, nho
d6 ma protein c6 thé dwoc cam tmg dimer théng qua twong tac gitra dudi phe-ala-gly va phan
tir cucurbit[8]uril. Tin hiéu FRET cho thy phan tir cucurbit[8]uril cam ung sy dimer hoa
cua protein CFP va YFP chura du6i dung hop phe-ala-gly. Pay ciing 1a phuong phap maéi co6
thé ung dung dé kiém soat su dimer va hoat héa cac protein chirc nang cia té bao nhu cac
protein mang hay cac enzyme.

< Tuyén bé vé quyén loi: Tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.
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ABSTRACT

Protein dimerization plays an important role in many cellular biological activities, such as
activated enzymes, membrane protein receptors, signaling factors, and transcription factors.
Therefore, controlling protein dimerization helps to prevent these biological processes. In this study,
the molecule curcubit[8]uril was used to manage the dimerization of protein consisting of the-ala-
gly motif at the N-terminus. The CFP/YFP protein pair containing the phe-ala-gly fusion motif was
generated using an auto cleavage intein system. The Curcubit[8]uril molecule that induces
dimerization of the CFP/YFP protein containing the phe-ala-gly motif was evaluated by FRET
(fluorescnt resonance energy transfer) technique. The FRET ratio of 525 nm/475 nm increased
significantly from 0.5 to 1.2 in the presence of curcubit[8]uril, which means that this molecule is
capable of inducing the dimerization of CFP and YFP proteins bearing the phe-ala-gly motif. Control
of protein dimerization by curcubit[8]uril can potentially control biologically functional proteins
containing the phe-ala-gly fusion motif.
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