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TOM TAT KHOA LUAN

Pé tai “Phit trién cac fluorescent ATP sensor, st dung tiéu don vi Epsilon caa phan tir
F1-ATPase/synthase va cac bién thé cua green fluorescent protein” dugc thuc hién tai
phong thi nghiém cua Gido su Noji Hiroyuki, Institute of Scientific and Industrial Research
(ISIR), Pai hoc Osaka, Nhat Ban; thoi gian tir thang 10 ndm 2006 dén thang 8 nam 2007.

Trong dé tai nay, cac ATeam 13 phirc hop caa CFP néi vai tiéu don vi € tir Escherichia
coli (EF1e), Bacillus clausii (BCLe), Bacillus megaterium (BMEge), Bacillus pseudofirmus
(BPFe) va monomeric Venus hodc céc circular permutated Venus, duoc tao ra bang ky thuat
sinh hoc phan tir. Theo két qua danh gid cac cau triic ndy in vitro, BMEe c6 4i luc véi ATP &
muc millimole. Trong khi d6, BCLe va BPFe ¢6 ai luc voi ATP trong khoang vai tram
micromole. Tuy nhién, ATeam véi EF1e va BPFe c6 dap tng rat thap voi ATP. Nong do ATP
trong té bao dugc cho 13 ndm trong khoang dudi millimole dén vai millimole nén cac ATeam
v6i BMEe va BCLe ¢6 thé dugc sir dung dé xac dinh ndng do ATP trong té bao séng. Trong
s6 cac ATeam tir BMEe thi ATeam BME-cp173Venus 1a ATP sensor tt nhat. ATeam nay c6
hang sb phan ly ddi véi ATP va Hill coefficient lan Iuot 1a K’d = 3,36 va n = 2.04. ATeam
BCL-nVenus c¢6 hang sb phan ly ddi véi ATP K’d = 4,12.10° va Hill coefficient n = 2,2.
Song, ATeam nay lu6n ton tai dudi hai dang: don phan tir va da phan tir. Dang da phan tir co
ai luc rat thip véi ATP. Bé loai bo hién twong da phén tir, cac dot bién thay thé amino acid
trong phan tr BCLe nhu 19T/V42K/F6TN/L78N, P85A, 19T/V42K/F6TN/L78N/P8SA da
dugc thir nghiém nhung khong hiéu qua.

Qua cac két qua dat dugc, ATeam BMEe-cp173Venus 1a sensor c¢6 thé duoc sir
dung dé chi thi ndng d6 ATP trong té bao séng & mic millimole. Bi véi cac ATeam

tir BCLe, can nghién ctru thém dé giai quyét van dé vé su két dinh cua protein.



ABSTRACT

The thesis name is “Development of an ATP sensor based on ATP synthase epsilon
subunit and green fluorescent protein variants”. This thesis was carried out at the
laboratory of Professor Hiroyuki Noji, Institute of Scientific and Industrial Research
(ISIR), Osaka University, Japan; from October, 2006 to August, 2007.

In this study, | constructed ATeam with € subunit from F-ATPase/synthase of
Escherichia coli (EF1e), Bacillus clausii (BCLe), Bacillus megaterium (BMEg),
Bacillus pseudofirmus (BPFe) and monomeric Venus as well as circular
permutated Venuses. ATeams with BMEe and BCLe showed fluorescence change
after addition of ATP and had affinity to millimolar and hundred micro molar ATP,
respectively, whereas ATeam with EFle and BPFe did not show significant
fluorescence change. ATeam BME-cpl173Venus seems the best ATP sensor for
intracellular ATP among all constructs with BMEe. The apparent dissociation
constant and Hill coefficient of ATeam MBE-cpl73Venus and ATeam
BCL-nVenus are K’d = 3.36, n = 2.04 and K’d = 4.12.10°, n = 2.2, respectively.
ATeam with BMEe was monomeric. In contrast, ATeam with BCLe exited as
oligomeric and monomeric forms. The dynamic range of ATeam in oligomeric
form is smaller than that of ATeam in monomeric form. To solve the problem of
aggregation, mutations (19T/V42K/F67N/L78N, P85A or
19T/V42K/F67N/L78N/P85A) were introduced, but did not affect.

According to the results of this study, ATeam BME-cp173Venus is the most
potential ATP sensor for intracellular ATP detection. Aggregation problem of ATeam

with BCLe still remains for future improvement.
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DANH SACH CAC CHU VIET TAT

- ATeam: Adenosine 5’-triphosphate indicator based on epsilon subunit for
analytical measurement.

- ATP: Adenosine 5’-triphosphate.

- ADP: Adenosine-5’-diphosphate

- CTP: Cytidine-5’-triphosphate

- GTP: Guanosine-5’-triphosphate

- BCL-nVenus (1): protein thu duoc tir dinh thir nhat caa ATeam BCL-nVenus
sau sic ky loc gel.

- BCL-nVenus (2): protein thu dugc tor dinh tha hai cia ATeam BCL-nVenus
sau sic ky loc gel.

- BCL(P85A)-nVenus (1): protein thu duoc tir ding tha nhat cua ATeam
BCL(P85A)-nVenus sau sic ky loc gel.

- BCL(P85A)-nVenus (2): protein thu dugc tur dinh tha hai cua ATeam
BCL(P85A)-nVenus sau sic ky loc gel.

-  BCL(19T/V42K/F67N/L78N/P85A)-nVenus (1): protein thu dugc tir dinh
thi nhat caa ATeam BCL(I9T/V42K/F67N/L78N/P85A)-nVenus sau sic ky
loc gel.

- BCL(I19T/V42K/F67N/L78N/P85A)-nVenus (2): protein thu duoc tr dinh thir
hai ctia ATeam BCL(19T/V42K/F67N/L78N/P85A)-nVenus sau sic ky loc gel.

- FRET: Fluorescence resonance energy transfer.

- GFP: Green-emitting fluorescent protein.

viii



CFP: Cyan-emitting fluorescent protein.

YFP: Yellow-emitting fluorescent protein.

PCR: Polymerase chain reaction.

SDS-PAGE: Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
Native-PAGE: Native-polyacrylamide gel electrophoresis

LB: Luria broth

Ni — NTA: nickel — nitrilotriacetic acid.
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Chuong 1
MO PAU
1.1 Piatvan dé

Adenosine 5’-triphosphate (ATP) 1a hop chat cao ning quan trong nhat, git
vai trd cung cap niang luong trong moi té bao séng. Bai vi trong phan tir ATP ¢6
hai lién két phosphate cao ning, ning luong tu do s& duoc giai phong khi ATP bj
thay phan thanh Adenosine 5’-diphosphate (ADP) va mot phosphate v6 co (Pi),
hoic Adenosine monophosphate (AMP) va pyrophosphate (PPi). Do d6, phan 16n
cac hoat dong sdng nhu van chuyén, hap thu dinh dudng, sinh tong hop céc chét,
phan chia té bao ... déu sir dung ATP nhu ngudn ning luong truc tiép va tién
dung. Tuy nhién, viéc do ludng ndng dd ATP trong té bao sdng van con gap nhiéu
khoé khan.

Nham theo ddi truc tiép sy thay doi nong do ATP trong té bao séng, Tién si
Imamura Hiromi da dua ra khai niém “fluorescent ATP sensor” (protein chi thi
nong d6 ATP bang huynh quang), con dugc goi 13 ATeam, dua trén k¥ thuat FRET.
ATeam 1a mét chudi polypeptide don c6 ciu tao gom protein phat huynh quang
mau lam (cyan-emitting fluorescent protein - CFP), tiéu don vi epsilon (g) cua
phan tir F1-ATPase/synthase va protein phat huynh quang mau vang
(yellow-emitting fluorescent protein - YFP).

ATeam c6 thé duoc sir dung trong cac nghién ctru vé ATP nhu: mdi lién quan
giita sy thay d6i nong d6 ATP va chu ky té bao, apoptosis, sy giai phong Insulin
cua té bao B trong dao Langerhans & than...; nghién ctu ndng do ATP trong té
bao chit va cac bao quan; nghién cttu su téng hop ATP cua mét ti thé sir dung
microchamber; nghién ciru sy tong hop hoic thuy phan ATP béi mot phan tir

F1ATPase/synthase sir dung microchamber...



1.2 Muc dich va yéu ciu
1.2.1. Muc dich

Trong nhitng nghién ctru trudc, tién si Imamura di tao cac ATeam 13 protein
tai to hop gdom CFP, tiéu don vi € tir thermophilic Bacillus PS3 (TF;-g) va Venus
(Mot thanh vién trong nhém YFP). Tuy nhién, TF;-€ c6 ai lyc rat cao voi ATP,
TF1-€ nhay voi ATP du chi & ndng do vai micromole. Trong khi d6, nong do ATP

trong té bao séng thuong duoc cho 1a & mic millimole.

Do d6, muc dich cua khoa luan nay la:

— St dung cac k¥ thuat sinh hoc phén tir dé tao ra céc protein tai to hop
ATP sensor c6 ai luc véi ATP thap hon, c6 kha niang chi thi ATP & céc
nong d6 khac nhau.

— Kiém tra, danh gia sy thay d6i cuong do huynh quang cia cac ATP

sensor ndy & cic ndong d6 khac nhau ctia ATP bang Spectrofluorometer.

Trong khoa luan, cac tiéu don vi € cua F1-ATPase/synthase tir Escherichia
coli (EFle), Bacillus clausii (BCLeg), Bacillus megaterium (BMEe), Bacillus
pseudofirmus (BPFe) da duogc thir nghiém dé tao ATP sensor. Bén canh d6, ngoai
monomeric Venus, cac circular permutated Venus ciing duoc sir dung dé cai thién
khoang bién ddi cuong do huynh quang giira nong do ATP bang khong (0) va
nong d6 ATP bio hoa (dynamic range).

Mot ATP sensor (ATeam) phai thoa man cac diéu kién sau:

— La mot protein don phan tur.

— C6 4&i luc v6i ATP trong khoang ndng do tir dudi millimole dén
millimole, béi vi néng do ATP trong té bao séng thuong nam trong
khoang nay (theo Iino va ctv., 2005)

— Chi gan chuyén biét véi ATP.

— Sy thay dbi tin hiéu FRET khi ATeam két hop v&i ATP phai I6n, dé
dang nhin thay duoc.



1.2.2. Yéu cau

— Cau triic duoc cac phan tir DNA tai to hop bao gém CFP, € va Venus bang
k¥ thuat sinh hoc phan tir.

— Biéu hién cic DNA tai to hop nay trong té bao E.coli va tinh sach cac
protein ATeam.

— Kiém tra 4i luc v6i ATP cia cac ATeam bang Spectrofluorometer.

— Tinh toan hing s6 phan ly ddi véi ATP, Hill coefficient (néu c6), téc do dap

g d6i véi ATP & cac ndng do xéc dinh.



Chuwong 2
TONG QUAN TAI LIEU

Ky thuat FRET (Fluorescent Resonance Energy Transfer): FRET dua trén
nguyén tic chuyén ning lugng tir mot phan tir phat huynh quang (donor) sang
mot phan tir nhan huynh quang (acceptor) khi hai phan tor huynh quang nay c6
khoang cach rat gan nhau (1-10 nm). Sy chuyén ning lwong s& 1lam giam kha
nang phat quang cia donor va lam tang cuong d6 huynh quang cua acceptor (theo
Gerald Karp, Cell and Molecular biology, 2005).

Khai niém vé “fluorescent ATP sensor” bat ngudn tir “protein chi thi nong do
Calcium bang huynh quang — Cameleons”, duoc phat trién boi A.Miyawaki va ctv.
(1997). Phan tir protein chi thi ndng do Ca®* 1a mét phic hop gdm protein huynh
quang phat mau xanh da troi (blue-emitting fluorescent protein, BFP) hoac mau
xanh lam (CFP), calmodulin, calmodulin-binding peptide M13 va protein phat
huynh quang mau xanh 1a cay (green-emitting fluorescent protein, GFP) hoac
mau vang (YFP). Su két hop cia Ca?* 1am cho calmodulin cudn xung quanh M13,
lam gia tang hi¢u wng FRET gitra hai phan tir huynh quang (Hinh 2.1). Cac tac
gia cua bao cdo trén cho rang cameleons c6 thé do dugc Ca®* tu do trong khoang
tir 10°° dén 10™M.,

Vao nam 2003, Kato-Yamada va Yoshida da bao cao rﬁng tiéu don vi € dugc
phan 1ap tir F1-ATPase cua thermophilic Bacillus PS3 (TF;-€) c¢6 kha ning két
hop v&i ATP nhung lai khong c6 kha ning gin véi cac nucleotide khac nhu GTP,
UTP, CTP va ADP. Céc tac gia két luan, tiéu don vi € c6 kha nang hoat dong nhu

1a mot sensor cam wng nong do ATP trong té bao.
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Hinh 2.1. So dd céu tric ciia Cameleons va hiéu iwng FRET giira hai phan tir
GFP khi Ca*" két hep vao calmodulin (theo Miyawaki va ctv., 1997).

Theo lino va ctv. (2005), dau C cua tiéu don vi € gdm hai cau trac xodn o,
hai x0an o, ndy c6 thé chuyén tir dang dudi thang sang dang co lai khi két hop voi
ATP. Cac tac gia dd bao cao rang ai luc cua ATP dbi véi TF;-e cao hon khoang
100 1an so véi ADP va 4i luc ciia GTP thi thap hon rat nhiéu so véi ATP. Gan day,
viéc xac dinh ciu trac tinh thé cua TF1-e khi gin voi ATP da chi ra ring ATP gan
vao cau trac kep toc cua hai chudi xoin o cua tiéu don vi € khi hai chudi nay ¢

dang co lai (Yagi va ctv., 2007).

Hiéu tmg FRET khéng chi phu thudc vao sy géi 1én nhau mét cach hop 1y vé
quang phd giita donor va acceptor ma con phu thudc vao khoang cach va sy dinh
huéng twong ddi gitra hai phan tr huynh quang (theo Miyawaki, 2003). That vay,
theo Nagai va ctv. (2004), dynamic range ctia protein chi thi néng do Ca2+
(Cameleons) cé thé dugc mo rong bang cach thay doi sy dinh huéng tuong doi
gitra hai phan tir huynh quang sir dung cac circular permutated yellow fluorescent
protein (cpYFPs). Trong cac phan tir cpYFP, dau N va dau C nguyén thuy duoc

ndi lai véi nhau béi mét cau ndi ngan, dong thoi, dau N va dau C moi duoc tao ra.



Céc tac gia nhan dinh ring, mot trong cic cpYEP hap thu mot lwong Ion ning
lwong kich thich tir CFP, dan dén sy thay doi dynamic range dén gan 600%.

Tur cac nghién clru trén, chung t6i xdy dung phan to “fluorescent ATP
sensor” dé do ndng d6 ATP trong té bao, sir dung k¥ thuat FRET va tiéu don vi €
tir F1-ATPase/synthase. Trong d6, phan tir € S& nam gitta hai phan tar huynh
quang: CFP dong vai tro 1a chat phat huynh quang va Venus hay cac cpVenus

dong vai tro 1a chat nhan huynh quang.



Chuong 3
VAT LIEU VA PHUONG PHAP THi NGHIEM

3.1. Thoi gian va dia diém thuc hi¢n khoa luan

— Thoi gian: 19/10/2006 — 7/8/2007
— Dia diém: Phong thi nghiém cua gido su Noji Hiroyuki, Institute of Scientific
and Industrial Research (ISIR), dai hoc Osaka, Nhat Ban.

3.2. Vatligu

LPlasmid pRA100 EFyF, Enyme Sall (Roche)
Dung dich d¢ém H (Roche)
Dung dich déém B (Roche)

+
+ Bacillus clausii +
+
+ Bacillus pseudofirmus + Dung dich TrisHCI 1 M (pH 8.0)
+
+

+ Bacillus megaterium
+ Monomeric Super enhanced CFP Dung dich NaCI 5 M

+ Monomeric Venus Dung dich MOPS — KOH 0.2 M

+ Circular  permutated  Venus: (pH 7.5)
cp50Venus, + Dung dich KCI 2.5 M
cpl57Venus, cpl73Venus, .Dung dich MgCl,2 M
cpl95Venus, cp229Venus. + Bot BSA

+ Plasmid pCEV1 + Dung dich Trixton X100 10%

+ Plasmid pRSET — AT1.20 + Dung dich ATP — Na 231 mM

+ E.coli XL10 (Stratagene) + Dung dich dém 0.1 M NaPi (pH

+ E.coli IM109 (DE3) (Stratagene) 8.0)

+ Enzyme EcoRI (Roche) 0.2 M NaCl, 10mM imidazol

+ Enzyme Clal (Roche) + Dung dich dém 0.1 M NaPi (pH

+ Enzyme Pstl (Roche) 8.0)

+ Enzyme Hindlll (Roche) 0.2 M NacCl, 200mM imidazol



+ Moi truong LB

+ Bot Ampicillin

+ Dung dich IPTG 100 mM

+ PrimeSTAR HS DNA
polymerase (TaKaRa)

+ dNTPs (25 mM moi loai)
(TaKaRa)

+ A-EcoT14l DNA marker
(TaKaRa)

+ Ligation mix (TaKaRa)

+ BigDye Terminator v3.1 Cycle
sequencing Kit
(Applied Biosystem)

+ Amicon Ultra Centrifugal Filter
Devices (30k) (Millipore)

+ Wizard Kit (Promega)

+ QIAprep Spin  Miniprep Kit
(QIAGEN)

+ Ni— NTAresin

3.3. Phwong phap thi nghiém

3.3.1. Cau triic gen

+ Cot sic ky Superdex 200
(Amersham Biosciences)

+ May PCR (Eppendorf)

+ May ly tam

+ May gidi trinh tw DNA ABI 310
(Applied Biosystem)

+ May pha v té bao bang song am
(sonication)

+ May Spectrofluorometer FP —
6500 (Jasco, Nhat Ban)

+ Phan mém PyMOL

+ Phan mém Sequence Scanner
v1.0

+ Phan mém Genetyx v4.0

+ Phan mém KaleidaGraph v3.51

3.3.1.1. Tiéu don vi epsilon (g) caa FoF,-ATP synthase

Enzyme xuc tac su téng hop ATP trong ti thé, FoF,-ATP synthase, 1a mot

phtic hop protein c6 dang hinh ndm véi hai thanh phan co ban:

— Fo c6 hinh tru, ki nudc, gén vao mang trong ti thé, 1a kénh proton. Fy co

cau tric cac ti€u don vi nhu sau a;b,Cq9.14. Ti€u don vi b kéo dai dén phan

dau Fy tao thanh mot cudng.



— F; ¢6 hinh ciu, va nudc, nhod ra matrix, la phén xUc tac cua enzyme. F,

dugc phan 1ap c6 hoat tinh thuy phan ATP. F; bao gém 5 tiéu don vi khac

nhau c6 ciu tric ogPsYSe, tiéu don vi ¥ chén vao giita vong o3B3 va ndi Voi
phan F,. (Hinh 3.1A)

Tiéu don vi € 1a mét tiéu don vi nho, khoang 130-140 amino acid, gom hai
phan riéng biét, dau N c¢6 dang xép 16p B va dau C cé cau trac xoan o. Theo Yagi
va ctv., 2007, dua vao cu trac tinh thé caa TF;-¢ khi gén vGi ATP, hai chudi xoin
o ctia dau C hinh thanh cdu tric kep toc, nam 18n trén phan cau tric p. Céc tac gia
cho rang, hai chudi xoan nay chi hinh thanh dang kep toc khi c6 mat ATP va khi
khong c6 mat ATP, hai chudi xoin nay lai ¢ dang dudi thang. (Hinh 3.1B). Do

tinh chat nay, € c6 thé hoat dong nhu mot ATP sensor trong té bao.

A B

ATP Fi
ADP + P,
stator
H
| F

Hinh 3.1. A. So d6 c4u tric cia ATP synthase. (J.Weber)
B.Céu truc tinh thé cia TF;-€ khi gan véi ATP,
Phan t&@ ATP ¢6 mau do (Yagi va ctv.,2007)



3.3.1.2. Protein huynh quang mau vang (Venus)

Venus 1a mét thanh vién trong nhom protein huynh quang mau vang (YFPs) -
mot dang dot bién vé mau sac cia GFP tir loai stra Aequorea victoria. Venus mang
cac dot bién F64L/M153T/V163A/S175G gitp phan tir nay duoc biéu hién dé dang

hon, chiu dugc acid va ion CI .

Circular permutated Venus 13 phan t&r ma trong d6 dau N va dau C ty nhién
dugc ndi boi mot cau ndi ngan, dong thoi, hinh thanh dau N va dau C mdi tai vi tri
khac trong phan tir. T6i dd nhan duoc 5 loai cpVenus tir tién s Imamura: cp50Venus
c6 diu N & Vi tri Threonine 50, cp157Venus co dau N m¢i & vi tri Glutamine 157,
cpl73Venus c6 dau N mai ¢ vi tri Aspartic acid 173, cpl195 ¢6 dau N méi & vi tri

Leucine 195 va cp229Venus c6 dau N méi & vi tri Isoleusine 229 (Hinh 3.2).

Hinh 3.2. Céu tric tinh thé cia monomeric Venus. (A. Rekas va ctv.,2002)

Vi tri cia Met va cac dau N méi trong phén tir cpVenus da dugc xac dinh

3.3.1.3. Cau triic chung cia cic ATeam

10



Trong khoa ludn ndy, cac ATeam 1a phtc hop gom tiéu don vi € tir cac loai Vi
khuan khac nhau nhu E.coli (EF1e), B. clausii (BMEg), B. megaterium (BCLe), B.
pseudofirmus (BPFe) nam giira phan tir CEP va monomeric Venus (nVenus) hoic
cac circular permutated Venus (cpVenus). Cau tric chung cua cac ATeam duoc
trinh bay trong hinh 3.3.

Luu ¥ rang dd c6 nhiing sai st trong qua trinh tao cic cpVenus duoc Sir
dung cho nhom ATeam vé&i EFle. Cac cpVenus da dung la cp49Venus,
cpl56Venus, cpl72Venus, cpl94Venus, cp228Venus. Nguyén nhan cua nhiing sai
sOt nay la do, trong phan tor GFP, amino acid thtr hai-Valine-thuong duoc goi la
Val-1’. Piéu d6 c6 nghia 13, vi du nhu trong phan tir cp157Venus, amino acid dau
tién (sau amino acid mo dau Met) phai 1a amino acid tht 158-Glutamine
(GIn-157) chtr khong phai amino acid thir 157-Lysine (Lys-156).

Mat khac, trong cac nhom ATeam vai BME €, BCL €, cp229Venus da khong duoc
str dung. Nguyén nhan 13 do phan phia sau 11e229 13 mot cdu tric linh dong, khong

6n dinh, do d6 viéc st dung cp229Venus khong mang lai hig¢u qua.

€ nVenus
50 1
€ cp30Venus
157 1
CEP € cpl37Venus
173 1
€ cpl73Venus
195 1
€ cpl95Venus
229 1

Hinh 3.3. So dd céu tric chung ciia cac ATeam véi nVenus va cpVenus.
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3.3.1.3. Nhéom ATeam véi
EFle

Sall

Gen EFle duoc khuéch dai

Venus

ampr | nho phan ang PCR sir dung plasmid
pPRA100 EF¢F; c6 chira EFgF,

PCEV-EF1
5463 bp . " ~
operon lam khuon mau,

PrimeSTAR HS DNA polymerase
serazon | (TaKaRa). Moi xudi mang vi tri cat
cia enzyme Clal va mdi nguoc

Hhel
mang Vi tri cat cua enzyme EcoRl,

Hinh 3.4: So' db vector pCEV1-EF1 gitip két hop vi tri cat cua hai

enzyme nay vao san pham PCR.

Sau d6 san pham PCR duoc tinh sach va cat boi ezyme cat gigi han Clal va
EcoRI (Roche). Gen duoc gin vao vi tri Clal/EcoRI cua vector pCEV1 (duoc
thiét ké boi tién si Imamura tr pET23) dé tao mot vector tai to6 hop chua
CFP-EFle-nVenus (Hinh 3.4).

Céac ATeam EF1-cpVenus duoc tao ra bang cach thay thé nVenus cia ATeam
EFle-nVenus bang cp49Venus, cpl56Venus, cpl72Venus, cpl94Venus,
cp228Venus.

3.3.1.4. Nhom ATeam voi BMEg

Trinh ty gen cua BMEe dugc tim trong ngan hang gen cia NCBI (National
Center for Biotechnology Information, USA), st dung cong cu PSI-BLAST bang
cach nhap vao trinh tu cua TF;-¢.

Sau d6, gen BMEe dugc khuéch dai nho phan tng PCR, sir dung genomic
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DNA cua B.megaterium lam khuoén mau va enzyme PrimeSTAR HS DNA
polymerase (TaKaRa). Mdi xudi mang Vi tri cit ciia enzyme Clal va mdi nguoc
mang Vi tri cat cia enzyme EcoRI, gitup két hop vi tri cit cua hai enzyme nay vao
san pham PCR. San pham PCR duoc tinh sach va cét boi hai enzyme cét gigi han
Clal va EcoRI, sau d6 dugc chuyén vao vi tri Clal/EcoRIl cua vector
PRSET-AT1.20 (duoc thiét ké boi tién si Imamura tir vector pRSETg
(Invitrogen)). (Hinh 3.4)

ATeam BMEe-cpVenus duoc tao ra bang cach thay thé n\Venus trong ATeam

BMEe-nVenus bang cac cpVenus.

Clal EcoRl
GCTATCGATATG GCTGAAATGAAGGAATTCATG
AIaI{AsleeE ATlaGIuMetLysGluPheMet

| s e

=

CFP € l nVenus

—_ Met

Hinh 3.5: So dd vector pRSET-AT1.20 (Imamura, 2007).

Ly do thay ddi tir vector pCEV1 sang vector pRSET:

— Vector pRSET ¢6 pUC ori, do d6 vector nay cé s6 luong copy cao hon
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so vai vector pCEV1 vai pBR322 ori.

— Vung dau C cua tiéu don vi € duoc cho 1 rat can thiét dé gan voi ATP
(theo Kato-Yamada va Yoshida, 2003). Trong pCEV1, duéi Histidine
(His-tag) dugc gan vao dau C cia Venus, trong khong gian, vi tri nay rét
gan véi dau C cua e. His-tag c6 thé anh huong dén sy thay doi hinh thé
cua € dé gan vai ATP. Trong nhitng cau triic voi pRSET, His-tag dugc gin
vao dau N caa CFP, cach xa dau C cua tiéu don vi e.

— Vector pRSET mang Vi tri cat cua enzyme Xhol va HindIIL c6 thé duoc
sir dung dé chuyén truc tiép cDNA ciia ATeam vao vector pcDNA3. 1, dé
biéu hién ATeam trong té bao dong vat hiru nhii. Diéu nay gitp tiét kiém

thoi gian nho bo qua cac budc PCR va giai trinh ty.

3.3.1.5. Nhéom ATeam v¢i BCL £

Trinh tu cua tiéu don vi € tr F;-ATPase/synthase cua B.clausii KSM-K16
duge tim trén ngan hang gen cua NCBI bang cong cu PSI-BLAST, bang cach

nhap vao query trinh ty cua TFle.

*  ATeam BCL-n\Venus

Gen BCL & dugc khuéch dai nho phan tng PCR, str dung genomic DNA cua
B.clausii 1am khuon mau va enzyme PrimeSTAR HS DNA polymerase (TaKaRa),
tuong tu BMEe. San pham PCR dugc tinh sach va cit boi hai enzyme cét gioi
han Clal va EcoRI, sau d6 duoc chuyén vao vi tri Clal/EcoRI cua vector
PRSET-AT1.20.

¥ ATeam BCL(P85A)-n\enus

Sy thay thé Proline ¢ vi tri 85 bang Alanine duoc thuc hién qua hai budc
PCR véi PrimeSTAR HS DNA polymerase, BCLe lam khuén mau. Phan @ng
PCR tht nhat dung dé khuéch dai phan 5° caa gen BCLe. Mbi xudi mang vi tri

cat cia enzyme Clal, moi nguoc chira anticodon caa Alanine ¢ vi tri thu 85.
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Trong phan ung PCR thtr hai, phan 3’ ciia gen BCLe duoc khuéch dai véi moi
xudi chtra codon ma hoa cho Alanine & Vi tri thir 85 va mdi nguoC mang Vi tri cat
cua EcoRI. Sau d6, toan bd gen BCLe, mang dot bién P85A, dugc khuéch dai
nho phan wng PCR véi mdi xudi va mdi nguoc lan lwogt mang vi tri cét cua Clal
va ECoRI va san pham PCR cua hai lan PCR trudc duoc st dung 1am khudn mau.
(Hinh 3.5)

San pham PCR sau cung dugc tinh sach va cit boi Clal va EcoRI, sau do

dugc chuyén vao vector pRSET-AT1.20.

* ATeam BCL (19T/V42K/F67N/L78N) - n\Venus, ATeam BCL
(19T/V42K/F67N/L78N) - cpVenus va ATeam BCL
(19T/V42K/F67N/L78N/P85A) - n\Venus

Tao dot bién thay thé 4 amino acid I9T, V42K, F67N, L78N duoc thuc hién
tuong tu nhu trong phan thay thé P85A. Cac dot bién nay duogc thuc hién qua 4
budc PCR véi PrimeSTAR HS DNA polymerase, gen BCLe 1a khuén mau. Budc
PCR thtr nhat dung dé khuéch dai phan 5° ciia BCLe voi moi xudi chira codon ma
hoa cho Threonine (T) & Vi tri thtr 9 va mang vi tri cat caa Clal, moi nguoc chira
anticodon cua Asparagine (N) ¢ cac vi tri 67 va 78. Phan 3’ cia BCLe duoc
khuéch dai trong phan ang PCR th hai, nho mdi xudi mang codon cua Ash & Vi
tri 67 va 78, mdi nguoc mang Vi tri cat ciia ECORI. Sau d6, san pham cua hai phan
tmg PCR trén dugc ndi lai va khuéch dai véi moi xudi Clal-I9T va mdi nguoc
EcoRl.

Phan @ng PCR tha 3 duogc thuc hién dé thay Valine42 bang Lysine, phan 5’
cua BCLe (I9T/F67N/L78N) duoc khuéch dai véi moi xudi Clal-19T va mdi
nguoc V42K. Phan 3’ duoc khuéch dai bang mdi xudi V42K véi codon ma hoa
cho Lys & vi tri 42 va moi ngugc co vi tri cat cua EcoRI. Tiép theo, chudi DNA
cuia BCLe mang ca 4 dot bién (I9T/V42K/F67N/L78N) duoc nhan 1én bang cach
sir dung hai san pham PCR trén 1am khuén mau va moi xudi Clal-19T, moi nguoc

EcoRI. Cudi cung, chudi DNA BCLe(I9T/V42K/F67N/L78N) dugc cit boi Clal,
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EcoRI va chuyén vao vector pRSET-AT1.20.

Cac ATeam BCL(I9T/V42K/F67N/L78N)-cpVenus dugc tao bang cach thay
thé nVenus trong ATeam BCL(I9T/V42K/F67N/L78N)-nVenus bang céc
cpVenus.

ATeam BCL (I9T/V42K/F67N/L78N/P85A)-nVenus duogc thuc hién véi
cung phuong phdp nhu ATeam BCL(P85A)-nVenus, st dung BCLe
(I9T/V42K/F67N/L78N) lam khudén mau.

Céac mdi dugc s dung dé gay cac dot bién trong phan nay duoc trinh bay &
hinh 3.5.

3.3.1.6. ATeam BPFe-nVenus

Trinh ty cia BPFe ciing dugc tim trong ngan hang gen cia NCBI nho cong
cu PSI-BLAST. Su dung phan (g PCR dé khuéch dai doan gen nay tir genomic
DNA cua Bacillus pseudofirmus, twong tu nhu voi BMEe va BCLe da trinh bay &
trén. Sau d6, san pham PCR ciing duoc tinh sach, cat bai Clal, ECORI va chuyén
vao vector pRSET-AT1.20.

3.3.2. Kiém tra ciu truc ciia cac ATeam
3.3.2.1. Nhém ATeam véi monomeric Venus (nVenus)

Sau ligation bang Ligation mix (TaKaRa), plasmid DNA dugc chuyén vao té
bao E.coli XL10 va nudi cdy trén thach LB c6 0.1mg/ml Ampicillin dé sang loc
cac té bao c6 chira plasmid. Cac dia thach dugc u ¢ 37°C, qua dém (Hinh 3.7)

Sau d6, E.coli XL10 dugc nudi cdy theo tirng khuan lac riéng ré trong 5 ml
moi trudng LB dé thu nhan plasmid. Plasmid duoc tinh sach tir té bao E.coli bang
cach thi cong (xem phu luc) hoic bang QlAprep Spin Miniprep Kit (QIAGEN).

Trinh ty DNA cua tiéu don vi € duoc kiém tra bang cach giai trinh tu, st
dung plasmid lam khuoén mau, BigDye Terminator v3.1 Cycle sequecing Kit
(Applied Biosystem) va ABI 310 DNA analyzer (Applied Biosystem). Sau d6, két

qua giai trinh tu dugc Kiém tra trén may tinh nhd phan mém Sequence Scanner
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v1.0 va Genetyx v4.0.

Moi xuéi B.CL Clal-19T:

CCATCGATGTGGCAACGATACAAGTCAGTGTCACCACGCCTGACG
Clal Thr

Moi xuéi B.CL V42K:

CATATTCCGCTTAAGAGTCCGCTTGC
Lys
Mobi ngwoe B.CL V42K:
GTATAAGGCGAATTC TCAGGCGAACG
Lys
MGi xuéi B.CL F67N/L78N:
GTTTCGAGCGGTAATGTAGAAGTCAGGCCAGACCATGTCTCTATTAATGCCGAGGCGG

Asn Asn
Moai ngwoc B.CL F67N/L78N:
CAAAGCTCGCCATTACATCTTCAGTCCGGTCTGGTACAGAGATAATTACGGCTCCGCC
Asn Asn

Mo6i xuéi B.CL P85A:
GGCCGAACGTGCCGAGCAAATTG
Ala

Mobi ngwoe B.CL P85A:
CCGGCTTGCACGGCTCGTTTAAC
Ala

Moi ngwoe B.CL EcoRI:
GCGAATTCTGCGCCTTTATGTTTGGCGAC
EcoRI

Hinh 3.6. Cac mdi dwoc thiét ké dé gay dot bién gen BCLe
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Hinh 3.7. Nudi ciy E.coli XL10 trén méi trwdng thach LB, 0.1 mg/ml Ampicillin.
3.3.2.2. Nhém ATeam véi cpVenus
Pé kiém tra cac cpVenus, plasmid duoc cét boi ezyme cét giéi han Clal va
Pstl (Roche). Bdi vi trong phan tir DNA ctia Venus c6 mot vi tri cat duy nhét cua
Pstl, plasmid bj cit boi Clal va Pstl s& tao ra cac doan DNA c6 chiéu dai khac
nhau tuy thudc vao cac loai cpVenus khac nhau. Cac doan DNA s& duoc kiém tra
bang dién di trén gel agarose 1% (Hinh 3.6).
Chiéu dai cac doan DNA tao thanh do € va cpVenus sau khi cit plasmid véi
Clal va Pstl: nVenus: 618 bp; cp50Venus: 470 bp; cpl57Venus: 885 bp;
cpl73Venus: 837 bp; cp195Venus: 771 bp.
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DNA marker (bp)

19.329
7.743
6.223
4.254
3.472
2.690
1.882
1.489
925
421
74

Hinh 3.8: Két qua dién di trén gel agarose cia pRSET
-BCL(I9T/V42K/F67N/L78N)-cpVenus, cat b&i Clal va Pst1

1. nVenus 6. nVenus

2. cp50Venus (1) 7. cpS0Venus (2)
3.¢cpl57Venus (1) 8.cpl57Venus (2)
4.cpl73Venus (1) 9.cpl73Venus (2)
5.¢cpl95Venus (1) 10. cp195venus (2)

3.3.3. Biéu hién va tinh sach protein tai t6 hop

Sau khi duoc kiém tra cau tric, cac plasmid tai to hop duoc chuyén vao
E.coli JM109 (DE3) dé biéu hién protein. E.coli JIM109 (DE3) sau khi chuyén
gen dugc nudi cdy trén méi truong thach LB, 0.1 mg/ml Ampicillin, 6 ¢ 37°C,
qua dém (Hinh 3.9).

Pé thu nhan protein, E.coli IM109 (DE3) duoc nudi trong 50 ml LB co
0.1mg/ml Ampicillin, & 37°C, Iic khoang 140 vong/phit. Khi mé ciy dat ODggq
khoang 0.6, 5ul caa 100mM isopropyl B-D-thiogalactoside (IPTG) dwoc thém
vao dé nong do IPTG cudi cung trong dich nudi cay dat 10 pM. Tiép do, mé ciy
dwoc 0 & 24°C, lic khoang 140 vong/phut, trong 24 gid dé biéu hién protein.
Protein tai t6 hop c6 mang dudi Histidine duoc tinh sach bang sic ki cot Voi

Ni-NTA resin theo so do sau:
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* Chudn bj cét sdc ki:

Str dung khoang 8 ml Ni-NTA 30% ethanol
Rtra ethanol vai 1 column volume (CV) nudc khir ion

Can bang cot voi 5 CV dung dich dém A (géom 0.1 M NaPi (pH8.0),
0.2 M NaCl, 10 mM imidazole) (3 lan)

* Tinh sach protein:

Mé cay ciia JIM109 (DE3) trong 50 ml LB
Ly tdm 7000 vong/phut, 10 phit, 4°C

Két tua cua té bao

l

Pha lodng két tua cua té bao trong 30 ml dung dich dém A

l \ortex
Sonication

l Ly tam 10.000 vong/phut, 90 phut, 4°C
Dung dich protein sau ly tam gdm phan cin va phan
dung dich noi chura protein

Cho phan dung dich noi chira protein vao cot sac ki Ni-NTA
Rura cot véi 5 CV dung dich A (3 1an)

Tach protein bang dung dich chira 0.1 M NaPi (pH8.0),
0.2 M NaCl, 200 mM imidazole

l

Phén doan c6 chta protein (ATeam) dwgc thu nhan va gitr & 4°C
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Phén doan c6 chtra ATeam dugc c6 dic bang Amicon Ultra Centrifugal Filter
devices (30k) (Millipore). Protein thu dwoc sau sic ky cot Ni-NTA duoc kiém tra
bang SDS-PAGE.

Sau do tiép tyc tinh sach ATeam bang sic ky loc gel, cot sic ky Superdex
200 (Amersham Biosciences). Cot sic ky dugc can bang boi dung dich dém chira
20mM TrisHCI, 150 mM NaCl. Trong sudt qua trinh sic ky loc gel, su hap thu
anh sang & cac budc song 280 nm, 435 nm va 515 nm duoc theo doi dé xac dinh

lan luot protein, CFP va Venus.

Hinh 3.9: Nudi cdy E.coli JM 109 (DE3) trén mdi trwong thach LB, 0.1 mg/ml

Ampicillin,

Hinh 3.10: Protein ATeam sau
khi tinh sach bang sic ky loc gel.

(Tu trai sang: ATeam BME -
nVenus, ATeam BCL - n\enus,
ATeam BPF - n\enus)




3.3.4. Panh gia cac ATeam in vitro
3.3.4.1. Po quang phé huynh quang cia ATeam

Quang phdé huynh quang cua ciac ATeam EFle-nVenus va ATeam

EFle-cpVenus duoc do bang cach pha lodng protein trong dung dich dém chira 50
mM MOPS-KOH (pH7.5), 50 mM KCI, 2 mM MgCl,, 1 mg/ml BSA, & 37°C, st
dung Spectrofluorometer FP-6500 (Jasco, Nhat Ban). ATP-Na (231 mM) dugc
thém vao dé tao cac néng do ATP khac nhau. CFP duogc kich thich boi anh sang
c6 budc song 435 nm, anh sang huynh quang phat ra dugc do trong khoang tu
460 nm dén 600 nm.

Quang phd huynh quang cta cac ATeam khac dugce do bang cach pha loing
protein trong dung dich dém chta 50 mM MOPS-KOH (pH7.5), 50 mM KCI, 1
mg/ml BSA, ¢ 37°C, sir dung Spectrofluorometer FP-6500 (Jasco, Nhat Ban).
MgATP (200 mM) dugc thém vao dé tao cac ndong d6 MgATP khac nhau. CFP
duogc kich thich béi anh sang c6 budce song 435 nm, anh sang huynh quang phat
ra dugc do trong khoang tir 460 nm dén 600 nm.

Luu ¥ rang da c6 su thay doi tir 2 mM MgCI2 ¢ dinh va ATP-Na ty do &
cac ndng do khac nhau trong cac thi nghiém trudc véi ATeam EFle-nVenus va
ATeam EFle-cpVenus sang MgATP. Nguyén nhan 1a do trong té bao, cac
nucleoside triphosphate duge cho 14 hién dién duéi dang phicc hop NTP-Mg?* va
su két hop cua ion Mg?* gitip cho sy twong tac giita phuc hgp ATP-Mg?* va cac
enzyme phu thudc ATP, do d6, lam ting kha niang gan két (theo J. M.Berg va ctv.,
Biochemistry, 6th edition).

3.3.4.2. Do time-course caa ATeam

Trong bao cao nay, time-course dugc do dua vao su giam cuong d6 huynh
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quang cia CFP ¢ cac ndng do MgATP khac nhau. Po time-course bing cach
khuay lién tuc hdn hop ATeam va MgATP & cac nong do khac nhau trong dung
dich dém gém 50 mM MOPS-KOH (pH 7.5), 50 mM KClI, 0.05% Triton X100, &
37°C, sir dung Spectrofluorometer FP-6500 (Jasco, Nhat Ban). CFP duoc kich
thich bdi anh sang c6 bude soéng 435 nm, time-course dugc do trong 200 gidy, tin

hiéu huynh quang tir CFP duoc ghi nhan & mai giay.

3.3.4.3. Cong thirc tinh dynamic range
Dynamic range 1a sy thay d6i ti Ié cuong d6 huynh quang YFP/CFP giira
ndng d6 ATP bang khong (0) va ndng do ATP bio hoa.
(Luu y, trong truong hop cua ATeam EFle-nVenus va ATeam EF 1e-cpVenus,

dynamic range dugc tinh theo ti I¢ cia CFP/YFP).
Dynamic range (%) = [(Rmax-Rmin)/Rmin] *100% (3.1)

Trong do:
— Rumin 12 ti 1& huynh quang nho nhat cua YFP/CFP (khi khong co mit
ATP).
— Rumax 12 ti 1& huynh quang cao nhat cua YFP/CFP (khi ATP bio hoa).

3.3.4.4. Cong thirc tinh hing sé phan ly

Hang s6 phan ly gitta ATP va ATeam duogc tinh bang phan mém
KaleidaGraph v3.51 bang cach v& db thi ti 186 huynh quang caa YFP/CFP theo
nong d6 MgATP dya vao phuong trinh sau:

R = (Rimnax-Rmin)/(1+K°d/[MgATP]")+Rin (3.2)

Trong do:

—Ruin 12 ti 18 huynh quang nho nhat cia YFP /CFP (khi khong c6 mat ATP).
—Rmnax 12 ti 16 huynh quang cao nhat cia YFP/CFP. (khi ATP béo hoa)
—R 1a ti 16 huynh quang cua YFP/CFP ¢ mot ndng do MgATP nhat dinh.

—n 14 Hill coefficient, chi s& lugng nhod nhat cia cac vi tri gin co chat c6
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hiéu qua (effective substrate binding-site) trong cac protein c6 nhiéu vi tri
gan cua co chat (multisite protein) hoic cac cooperative protein.

—K’d 1a hing s6 phan ly, c6 don vi 1a (ndng do)".

3.3.4.5. Cong thirc tinh toc o dap wng véi ATP ciia ATeam

Goi: - A 1a dang dudi thang cua e.

- B 1a dang co lai cua & (khi két hop véi ATP)

Téc d6 dap ung cua ATeam véi ATP duoc tinh bang phan mém
KaleidaGraph v3.51 dya trén cac so liéu vé time-course cia CFP, bang cach vé do

thi sy giam cuong do huynh quang cua CFP dya trén phuong trinh sau:

[A] = C1* exp[-(K’on+Kor) *t]+C2 (3.3)
Trong do:
— C1,C; 12 hang sb.

— K’on = Kon*[ATP]
V6i Ko 12 hdng sé chi toe do két hop voi ATP (mM™s™)
— K2 hang sé chi téc d6 phan ly véi ATP (s7)
Goi K=K’ i +K s 12 toe do dap tng cua € véi ATP

— tlathoi gian ()
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Chwong 4
KET QUA VA THAO LUAN

4.1. Két qua thi nghiém
4.1.1. Nhom ATeam EFle-nVenus va ATeam EFle-cpVenus

Toi d3 tién hanh do quang phd huynh quang cua 5 loai ATeam sau:
EFle-nVenus, EFle-cpl56Venus, EFle-cpl72Venus, EFle-cpl94Venus,
EFle-cp228Venus. ATeam EFle-cp49Venus da khong dwoc biéu hién khi nudi
cay E.coli trong dung dich LB ma khéng ré nguyén nhan. Két qua do quang phd
huynh quang dugc trinh bay trong hinh 4.1. Theo do, EFle c6 ai lyc véi ATP &
muc millimole nhung su thay doi cua tin hiéu FRET khi ting nong do ATP 1a rat
thap. Hon nira, khi ting nong do ATP thi ¢ sy ting cudng do huynh quang cua
CFP va giam cuong d6 huynh quang cia Venus. Dynamic range ctia cac ATeam
nay dugc tinh theo cong thirc (3.1) dua vao ti 1é huynh quang ciia CFP/YFP, két
qua dugc trinh bay ¢ bang 4.1.

Bang 4.1: Bang so sanh dynamic range cia nhém ATeam EFle-nVenus va

EFle-cpVenus

ATeam Rmin (CFP/YFP) Rmax (CFP/YFP) Dynar(r;oc) range
EF1-nVenus 0.42266 0.5454812 29.1
EF1-cpl56 0.4086884 0.505226 23.6
EF1-cpl72 0.311661 0.4249352 36.3
EF1-cpl94 0.381362 0.4721793 24
EF1-cp228 0.4263976 0.562477 32
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4.1.2. Két qua siac ky loc gel caa ATeam BME-nVenus, BCL-nVenus,
BPF-nVenus

Khi tinh sach cac ATeam BME-nVenus, BCL-nVenus, BPF-nVenus bang sic
ky loc gel, két qua cho thdy ATeam BME-nVenus chi c6 mot dinh (peak) hip thu
cung luc anh sang ¢ ba budc song 280 nm, 435 nm va 515 nm ching t6 cac phan
doan cua dinh nay chira protein ATeam BME-nVenus can thu nhan (Hinh 4.2A).
Nhung két qua cua ATeam BCL-nVenus, BPF-nVenus lai ¢6 2 dinh cung hap thu
anh sang & cac budc song trén, didu nay c6 nghia 1a ca hai dinh ciing chira ATeam
nhung ATeam ¢ dinh thir nhét c6 kich thudc phan tir I6n hon hay d6 1a cac protein
bi két dinh (aggregate protein), & dang da phan tir (Hinh 4.2B,C). Dé khang dinh
lai diéu nay, toi thuc hién Native-PAGE véi protein thu duoc tir dinh thir nhat va
tha hai cia ATeam BCL-nVenus, BPF-nVenus. Két qua Native-PAGE duoc kiém
tra bang anh sang co budc song 415 nm, cac bang chira ATeam s& phat huynh
quang dudi anh sang nay (Hinh 4.3).

Két qua cho thay protein BCL-nVenus (2) c¢6 2 bang phat huynh quang ,
trong do, bang thir nhit phat quang rit yéu, bang nay nam cung vi tri v6i biang
dau tién cua BCL-nVenus (1), protein trong bang nay c6 kich thudc phan tir 16n
hon protein trong bing thir hai. Do d6, protein trong bang thtr nhat cua
BCL-nVenus (2) 1a ¢ dang da phan tir, con protein trong bang thir hai ¢ dang don
phan tir. BCL-nVenus (1) hinh thanh 3 bang phat huynh quang, trong do, protein
trong bang thir nhat va thir hai c6 kich thudc phan tir gan bang nhau, trong Gng
véi dang da phan tor, protein ¢ bang the ba ¢ dang don phan. Tuong tuy,
BPF-nVenus (2) gém 2 bing tuong tng voi dang da va don phan ttr, BPF-nVenus
(1) gém 2 bang, chi c6 dang da phan tir.

Két qua cia Native-PAGE dé nghi rang ATeam c6 thé co kha ning chuyén tir
dang don phan sang dang tap hop va nguoc lai. Dé kiém tra tinh chit nay,
BCL-nVenus (1) va BCL-nVenus (2) duoc thuc hién sic ky loc gel mot 1an nira. Nhu
két qua & hinh 4.4, phan lon BCL-nVenus (2) van ¢ dang don phan trong khi mét phan
BCL-nVenus (1) di chuyén sang dang don phan. Nhiing két qua nay cho thay dang
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don phan va dang két hop ciia ATeam BCL-nVenus 13 & trang thai cn bang.
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Hinh 4.2. So sanh két qua sic ky loc gel cia ATeam BME-nVenus,
ATeam BCL-nVeuns, ATeam BPF-nVenus.

28



BCL-nVenus (2)
BCL-nVenus (1)
BPF-nVenus (2)
BPF-nVenus (1)

A w NP

Hinh 4.3. Két qua Native-PAGE ciia ATeam BCL-nVenus va ATeam BPF-nVenus.

(mi tén chi cac bang phat huynh quang dudi anh sang 415 nm)
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Hinh 4.4. Két qua sic ky loc gel cia BCL-nVenus (1) va BCL-nVenus (2).
A. BCL-nVenus (1)
B. BCL-nVenus (2)

Tir cac két qua cua sic ky loc gel va Native-PAGE, ATeam BCL-nVenus (2)

va BPF-n\Venus (2) - ATeam ¢ dang don phan - s€ duoc su dung cho céac thi

nghiém danh gia in vitro.
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4.1.3. Nhém ATeam BME-nVenus va ATeam BME-cpVenus

Két qua thi nghiém in vitro cho thay cic ATeam thudc nhoém nay cé 4i luc
v6i MgATP ¢ mac millimole. Trong d6, ATeam BME-cp173Venus c6 su thay doi
vé tin hiéu FRET 16n nhit khi ting néng d6 MgATP. Trong khi d6, ATeam
BME-cp50Venus va ATeam BME-cp195Venus chi c¢é nhitng dap &ng rat nho véi
MgATP. ATeam BME-nVenus va ATeam BME-cp157Venus ciing c6 su thay doi
FRET dang ké nhung dynamic range thap hon so véi ATeam BME-cp173Venus
(Hinh 4.5 va Bang 4.2).

Céc thong s6 dong luc hoc cia ATeam ME-cp173Venus, nhu: téc do dap tng
ciia ATeam nay voi MgATP ¢ cac ndng d6 khac nhau duogc tinh dya vao cong
thire 3.3 va céc sd liéu vé time-course, trinh bay & hinh 4.6; hang s6 phan ly voi
ATP (K’d) va Hill coefficient (n) tinh theo cong thire 3.2 va ti I¢ huynh quang cua
YFP/CFP, duogc trinh bay trong hinh 4.7.

Bang 4.2: Bang so sanh dynamic range cia nhom ATeam BME-nVenus va
BME-cpVenus

ATeam Rmin (YFP/CFP) | Rpax (YFP/CFP) Dynar;; rande
ME-nVenus 1.22 251 105.74
ME-cp50Venus 0.7 0.82 17.14
ME-cp157Venus 0.92 1.6 74
ME-cpl73Venus 1.12 2.55 127.68
ME-cp195Venus 0.89 1.22 37
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Tir két qua do timecourse cua ATeam BME-cpl73Venus, toc do dap tng cua
ATeam nay & cac ndong do MgATP lan luot 1a:

— 2mM MgATP: K> =0.134

— 3 mM MgATP: K’ =0.137

— 5mM MgATP: K’ = 0.146

— 7 mM MgATP: K>=0.148

— 10 mM MgATP: K’ =0.159

ATeam BME-cpl73Venus
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Hinh 4.7. Pwong cong chuan d véi MgATP ciia ATeam BMEe-cp173Venus.
Hang s phan ly (Kd) 3.36, Hill coefficient 2.04

4.15. ATeam BPF-nVenus:

BPFe c6 ai luc v6i MgATP cao hon so véi BMEe nhung sy thay doi tin higu
FRET giita cac nong do MgATP khac nhau cua ATeam BPF-nVenus rat thap.
(hinh 4.8).
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Hinh 4.8. Quang phé huynh quang cia ATeam BPFe-nVenus.

4.1.6. Nhém ATeam véi BCLe:

Theo két qua do quang phd huynh quang cua ATeam BCL-nVenus, ATeam
nay co ai lyc voi MgATP cao hon so voi ATeam cua BMEe, twong tu nhu BPFe,
nhung su dap tng cia ATeam BCL-nVenus ddi véi cac nong do khac nhau cua
MgATP gay ra sy thay doi rat dang ké hiéu ung FRET, dic biét ¢ cac nong do tir
200 uM dén 1000 uM MgATP (Hinh 4.9). B thi Vé ti 18 giita YFP/CFP theo cac
nong do khac nhau cia MgATP cho thdy, ATeam nay c6 4i luc voi MgATP trong
khoang tir 0 uM dén 1000 uM, bio hoa tir 1000 uM tré 1én va sy thay doi cia
FRET trong khoang nay du 16n dé c6 thé sir dung cho muc dich xac néng do6 ATP
trong té bao. (Hinh 4.10).
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Hinh 4.10. Pwong cong chuan dd véi MgATP cia ATeam CL-nVenus.
Hang sb phan ly K’d = 4.12.10° va Hill coefficient n = 2.2
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Tuy nhién, ATeam BCL-nVenus c6 thé & dang da phan tir. Dé kiém tra kha
nang dap ung vaoi MgATP cua ATeam ¢ dang da phan tir, ATeam thu duoc trong
dinh thi nhat cua sic ky loc gel (ATeam BCL-nVenus (1)) duoc sir dung dé do
quang phé huynh quang va v& duong cong chuan d6 véi MgATP. Két qua so sanh
duong cong chuan d6 cua ATeam BCL-nVenus dang don phan va dang tap hop
cho thdy ATeam BCL-nVenus (1) c6 dap (ng véi MgATP thap hon so v6i ATeam
BCL-nVenus (2) (Hinh 4.11). Diéu nay c6 thé 1y giai 1a do cac protein ¢ dang tap
hop khong c6 kha nang gan voi ATP. Do d6 dé str dung trong té bao séng, ATeam
BCL-nVenus can phai ¢ dang don phén.

MgATP-titration curves
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Hinh 4.11. So sanh dwong cong chuin dd véi MgATP ciaa ATeam
BCL-nVenus (1) va ATeam BCL-nVenus (2).
— Hinh vudng mau xanh chi ATeam BCL-nVenus (1)
— Hinh tron mau dé chi ATeam BCL-nVenus (2)

Hién tuong tap hop cua cac protein c6 kha nang la do nhoém 4 amino acid ki
nuéc: 11e9, Vald2, Phe67, va Leu78 trén ving xép 16p B cua tiéu don vi BCLe.

Nhém 4 amino acid nay c6 nhiém vu gin véi tiéu don vi y trong phic hop
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F1-ATPase/synthase. C6 kha nang nhom amino acid nay trong phan t&r BCLe da
tuong tac voi nhau va gay ra hién tuong két tu protein.
Toi da gay dot bién thay thé ca 4 amino acid nay bang cac amino acid wa

nuéc 19T, V42K, F67N va L78N. BDong thoi, ATeam BCL

(19T/V42K/F67N/L78N)-nVenus va cac ATeam BCL
(19T/V42K/F67N/L78N)-cpVenus ciing duoc cau trac. Song, chi c6 ATeam BCL
(19T/V42K/F67N/L78N)-cpl57Venus va ATeam BCL

(19T/V42K/F67N/L78N)-cpl73Venus duoc biéu hién thanh coéng trong té bao
E.coli IM109 (DE3). Két qua kiém tra hai ATeam nay bang sic ky loc gel cho
thay van dé vé su két tu protein van chua duoc giai quyét. (Hinh 4.12A,B). Tuy
vay, hai ATeam mdéi nay lai c¢6 ai luc véi MgATP ¢ mirc millimole. (Hinh
4.13A,B).

A B
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Hinh 4.12. Két qua sic ky loc gel cia ATeam BCL(19T/V42K/F67N/L78N)-cp157Venus
va ATeam BCL(I19T/V42K/F67N/L78N)-cpl173Venus.

A. ATeam BCL(I9T/V42K/F67N/L78N)-cpl157Venus

B. ATeam BCL(19T/V42K/F67N/L78N)-cpl73Venus
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Hinh 4.13. Quang phd huynh quang ciia ATeam BCL(I9TA/42K/F67N/L78N)-cp157Venus va
ATeam BCL(I9TNV42K/F67N/L78N)-cpl73Vvenus.

A. ATeam BCL(I9T/V42K/F67N/L78N)-cpl57Venus

B. ATeam BCL(I19T/V42K/F67N/L78N)-cpl173Venus

Nhu vdy, nhém amino acid ki nude khong phai 1a nguyén nhan gay ra hién
tuong két tu protein. Pé tim hiéu nguyén nhan, t6i tién hanh sip gidng cot trinh ty
amino acid cua BMEg, BCLg, BPFe va tim nhitng phan amino acid ¢6 kha ning
13 nguyén nhan. Viéc sip giong cot duoc thuc hién bang phan mém ClustalW va
ESPript 2.2. (Hinh 4.13). Theo két qua sip giong cot, Pro85 trong phan tir BCLe
va BPFe c6 thé 1a nguyén nhan gay ra su két tu protein. Proline 14 mét amino acid
dac biét boi vi nd co thé hién dien trong chudi polypeptide dudi hai dang:
cis-Proline va trans-Proline. Hon nira, Pro85 nam & vi tri ndi giita ving xép 16p B
va vung X04n o, trong phan tr € (Hinh 4.14), do d6, hién tuong két tu protein co
thé xay ra khi Pro & mét trong hai dang cis-Pro hoic trans-Pro. Vi nhiing 1y do
trén, t6i tién hanh tao dot bién thay thé Pro85 bang Alanine - amino acid & vi tri

thi 85 trong phan tr BMEe va TF;-e. Sy thay thé nay duoc thuc hién voi ca
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BCLe va BCLe(I9T/V42K/F67N/L78N), tao ra ATeam BCL(P85A)-nVenus va
Ateam BCL(I19T /V42K/F67N/L78N/P85A)-nVenus.

pl B2 p3 Be p5 p6
B.mega VTL VTT—b TT
2 49 50 70
B.mega MFE$S g TPD ::.SZ"/‘E‘ “TF—-!"LH . P Lis L 4AS7'TLG B
B.pseu MCE@iRENE VR [{DGD{VIDMYVV FT PIGELG I)n3 A V e- NLEGN S EEOVENEIGS VR,
B.clau VIAE@IQ i TP DG EGDAE_J VVETVE[SINPIKA ¢HI g P“‘ i Kieligs Ris! VA V B[SC P
al
B.mega .u RRVOVVVOROQD0 QRO LRQQOU0
100 130
B.mega [34 E %,V APEIEE| I:OR‘(F
B.pseu &3 - ' / HA \ I TGK.
B.clau D EPEIR nA VAKHKGA

Hinh 4.14. Két qua sap giéng cot cia BMEg, BPFe va BCLEe.

Vi tri Proline85 duoc danh du bang hinh chit nhat mau xanh.

Hinh 4.15. Vi tri ciia Alanine85 trong céu tric tinh thé caa
TF;-¢ twong wng véi Vi tri cia Proline85 trong phan tir

BCLe va BPFe. (Yagi va ctv., 2007)

Cac ATeam BCL(P85A)-nVenus va ATeam BCL(I9T/V42K/F67N/L78N/
P85A)-nVenus duoc kiém tra bang sic ky loc gel va Native-PAGE, két qua duoc
trinh bay trong hinh 4.15 va 4.16.
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Hinh 4.16. Két qua sic ky loc gel cia ATeam BCL(P85A)-nVenus
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Hinh 4.17. Két qua sic ky loc gel ciaATeam BCL (19T/V42K/F67N/L78N/P85A)-nVenus

41



I B
Lo a5

— —
— .
g

BCL-nVenus sau sic ky cot Ni-NTA
; BCL-nVenus (1)

S 6 7 8 \w 9
™= H .+« 3. BCL-nVneus (2) ,
- “— 4. BCL(P85A)-nVneus sau sac ky cot
Ni-NTA
. BCL(P85A)-nVenus (1)
- H«— . BCL(P85A)-nVenus (2)
L BCL(I9T/V42K/F67N/L78N/P85A)-

nVenus sau sic ky cot Ni-NTA

8. BCL(I9T/V42K/F67N/L78N/P85A)-
n\Venus (1)

9. BCL(I9T/V42K/F67N/L78N/P85A)-
n\Venus (2)

o AN PR

~N o

Hinh 4.18. K&t qua Native-PAGE ciha ATeam BCL-nVenus, ATeam
BCL(P85A)-nVenus va ATeam BCL(19T/V42K/F67N/L78N/P85A)-nVenus.
(Mili tén chi cac bang phat huynh quang dudi anh sang 415 nm) .

Theo cac két qua trén, dot bién P85A da khong giai quyét duoc van dé protein bi
két tu (hay da phan ti). Tuy nhién, cac két qua nay cho thidy ATeam
BCL(P85A)-nVenus c¢6 kha ning chuyén doi giira hai dang: protein don phan va
protein da phan tir trong khi ATeam BCL(I9T/V42K/F67N/L78N/P85A)-nVenus
khong c6 kha niang chuyén d6i. Toi thir phan tich cac tinh chat ctia hai ATeam nay
sur dung ATeam BCL(P85A)-nVenus () va ATeam
BCL(I9T/V42K/F67N/L78N/P85A)-nVenus (2). Két qua thu dugc cho thay, ATeam
BCL(P85A)-nVenus c6 ai luc véi MgATP tuong ty nhu ATeam BCL-nVenus nhung
su thay ddi cua tin hiéu FRET & cac ndng do khac nhau cia MgATP thap hon so véi
ATeam BCL-nVenus. Mat khac, ATeam
BCL(19T/V42K/F67N/L78N/P85A)-nVenus hau nhu khong c6 ai luc vai MgATP
ngay ca khi MgATP duoc thém vao & mic millimole. (Hinh 4.17).
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Hinh 4.19. Két qua danh gia in vitro cia ATeam BCL(P85A)-nVenus va ATeam
BCL(19T/V42K/F67N/L78N/P85A)-n\Venus.

A. So sanh duong cong chuan d6 cia ATeam BCL(P85A)-nVenus va ATeam
BCL-nVenus (hinh tron d6 chi ATeam BCL-nVenus, hinh tron xanh chi ATeam
BCL(P85A)-nVenus)

B. Quang phd huynh quang ctia ATeam BCL(I9T/V42K/F67N/L78N/PS5A)-n\Venus

4.2. Thao luan

Nhoém ATeam EF1-nVenus va ATeam EF1-cpVenus c6 dap ing voi ATP ¢ muc
millimole nhung rat thap, dynamic range cao nhat caa ATeam EF1-cpl72Venus
cling chi 36.3% (Hinh 4.1 va Bang 4.1). C6 thé su sai sot trong khi tao cac dang
circular permutated Venus d lam cho cac cpVenus khong thé gitp cai thién hiéu
ing FRET gitta CFP va Venus. Mit khac, khong gidng nhiing ATeam khéc, & nhom
ATeam nay cuong d6 huynh quang cia CFP tang va cuong d6 huynh quang cua
Venus giam khi gia ting nong do ATP. Két qua nay khong du dé chang minh rang
tiéu don vi EFle d4 gian ra khi két hop voéi ATP, diéu nay nguoc véi cac két qua
nghién ciru V& cau trac tinh thé cia TF;-e khi gan véi ATP. Boi vi hiéu ting FRET

nhay véi ca khoang cach va su dinh huéng twong ddi giita hai phan tir huynh quang,
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do d0, két qua trén c6 thé 1a do nhimng thay ddi vé hinh thé ciia EF1e khi két hop Véi
ATP d3 dan dén nhimng thay doi vé dinh huéng twong ddi cta hai phan tir CFP va
\Venus ngan can kha niang nhan anh sang kich thich tir CFP cua Venus.

Tuy nhién, dynamic range cia nhém ATeam ndy qua thap dé co thé duogc sir

dung nhu 1a mot phan tir chi thi ndng do ATP trong té bao.

Nhom ATeam BME-nVenus va ATeam BME-cpVenus cé ai luc véi MgATP &
muc millimole nhung sy thay d6i cua tin hiéu FRET & cac mutrc d6 khac nhau cua
MgATP cao hon so v6i nhém ATeam ctia EF1le. O nhom ATeam nay, chiing ta c6 thé
thay duoc anh hudong cia céac circular permutated Venus 1én hiéu ung FRET gitra
CFP va Venus qua sy khac biét rd rét vé quang phd huynh quang cua cac ATeam.
Trong d6, cpl73Venus dd giGip cai thién dang ké hiéu tng FRET cua ATeam
BME-cpl173Venus, dic biét trong khoang tir 0 mM dén 5 mM MgATP. Su thay doi
cua FRET trong khoang nay du lén d¢é ATeam BME-cp173Venus c6 thé duoc six
dung nhu mot ATP sensor trong té bao séng. Céac dac tinh khac cua ATeam nay cling
dugc xac dinh nhu hang s6 phan ly cia ATeam va ATP (K’d = 3.36), Hill coefficient
(n = 2.04) va toc do dap tng cia ATeam vSi MgATP & cac nong do khac nhau s&

gitip cho viéc tng dung ATeam ndy véao cac nghién ciru trong té bao.

ATeam BPF-nVenus va ATeam BCL-nVenus c6 dic tinh giéng nhau 1a ca hai
cung co ai luc voi MgATP trong khoang tir 100 pM dén 1 mM, tuy nhién, su thay
d6i tin hiéu FRET ¢ cac néng do MgATP khac nhau ciia ATeam BPF-nVenus rat
thap so vgi ATeam BCL-nVenus (Hinh 4.8 va Hinh 4.9). Song, ATeam BCL-nVenus
¢6 lai khuynh huéng két tu voi nhau. Dé giai quyét van dé nay, cac dot bién thay thé
amino acid da dugc tao ra nhung khong dem lai hi¢u qua:

— Dot bién thay d6i nhom 4 amino acid ki nudc 19T/VA2K/F67N/L78N: két
qua thir sic ky loc gel cho thiy cac protein van két dinh v6i nhau. Tuy nhién,
ATeam BCL(19T/V42K/F67N/L78N)-cp157Venus va Ateam
BCL(19T/V42K/F67N/L78N)-cpl73Venus lai dap tng véi MgATP ¢ muc

millimole.
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C6 hai kha ning gy ra hién twong nay. Tha nhét, cac dot bién thay thé
amino acid da lam thay d6i ai luc cia BCLe véi MgATP. Thir hai, do cac
cpVenus bai vi Venus gin vao dau C cua tiéu don vi €. Vi tri gan cua ATP
cling nam & dau C cua phan tir € (Yagi va ctv.,2007), do d6, cac cpVenus c6
thé anh huong dén sy co lai ciia hai chudi o trong phan tir € va su hinh thanh
c4u trac kep toc cua hai chudi nay dé gan véi ATP. Tir do, thay doi ai luc caa
ATeam BCL((I19T/V42K/F67N/L78N)-cp157Venus va ATeam
BCL((19T/V42K/F67N/L78N)-cpl173Venus véi MgATP. Vi khong thu duoc
ATeam BCL((19T/V42K/F67N/L78N)-nVenus dé lam d6i ching nén khong
thé két luan dugc do nguyén nhan nao.

Pot  bién P85A: ATeam BCL(P85A)-nVenus va ATeam BCL
(19T/V42K/F67N/L78N/P85A)-nVenus. Tir két qua thi nghiém véi ATeam
BCL(P85A)-nVenus, c6 thé khang dinh rang Pro85 khong phai 1a nguyén
nhan giy ra hién tuong két tu cua protein. V& ai luyc véi ATP, ATeam
BCL(P85A)-nVenus co ai luc tuong tu nhu ATeam BCL-nVenus. Tuy nhién,
su thay doi cua tin hiéu FRET & cic nong d6 MgATP khac nhau thap hon
ATeam BCL-nVenus. Nhu vay, dot bién P85A di c6 anh hudong dén BCLe.
Trong truong hop cia ATeam BCL(I9T/V42K/F67N/L78N/P85A)-nVenus,
do phan tir ndy mang qué nhiéu dot bién da din dén sy thay doi tinh chat cua

BCLe, 1am cho phan tir nay tré nén bat hoat.
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Chwong 5
KET LUAN VA PE NGHI

5.1. Két luan:

Nhom ATeam voi EFle

— Céu trac va biéu hién duoc cac ATeam: EFle-nVenus, EFle-cp49Venus,
EFle-cpl56\Venus, EFle-cpl72Venus, EFle-cp194Venus,
EFle-cp228Vnenus. Riéng ATeam EF1-cp49Venus khong duoc biéu hién khi
nudi cay E.coli IM109 (DE3) trong méi trudng LB 16ng mic du protein dugc
biéu hién khi nuéi cdy E.coli trén thach LB.

— Theo két qua danh gié in vitro, EF1e c6 ai lyc véi ATP & mic millimole
nhung sy thay doi tin hiéu FRET khi ting nong d6 ATP la rat thap. Do do,
khong thé sir dung nhom ATeam niy dé theo ddi su thay doi ndng do ATP

trong té bao.
Nhom ATeam BME-nVenus va ATeam BME-cpVenus

— Ciu tric va biéu hién thanh cong cic ATeam: BME-nVenus,
BME-cp50Venus, BME-cp157Venus, BME-cpl173Venus, BME-cp195Venus.

— Theo két qua danh gia in vitro, BMEe c6 ai lyc véi MgATP & mirc
millimole. Trong d6, ATeam BME-cp173Venus 1a ATeam noi bat nhét vi co
su thay d6i dang ké tin hiéu FRET trong khoang tir 0 dén 5 mM, thich hop dé
chi thi ndng do ATP trong té bao.

— ATeam BME-cp173Venus c6 hang s6 phan ly voi MgATP 1a 3.36, Hill
coefficient 1a 2.04.

Nhom ATeam véi BCLe va cde dang dot bién cua tiéu don vi nay

— Ciu traic va biéu hién dugc cac ATeam: BCL-nVenus, BCL
(I9T/V42K/F67N/L78N) - cpl57Venus, BCL (19T/V42K/F67N/L78N) -
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cpl73Venus, BCL(P85A)-nVenus, BCL(19T/V42K/F67N/L78N/P85A)-n\Venus.

— Theo két qua danh gia in vitro, ATeam BCL-nVenus dap ung véi MgATP &
muc tir 100 uM dén 1 mM va ATeam nay ciing c6 sy thay doi rat dang ké vé
tin hiéu FRET giita cic ndng d6 khac nhau cia MgATP trong khoang nay.

— ATeam BCL-nVenus ton tai duéi hai dang: dang don phan va dang da phan
tir. Tin hiéu FRET cua dang da phan tir thip hon nhiéu so véi dang don phan.

— Dé loai bo hién twong da phén tir, cac dot bién thay thé amino acid nhu
I9T/V42K/F6TN/L78N, P85A va 19T/V42K/F67N/L78N/P85A da dugc thu
nghiém nhung déu khong mang lai hiéu qua.

— ATeam BCL (19T/V42K/F67N/L78N)-cpl57Venus, BCL
(19T/V42K/F67N/L78N)-cp173Venus co6 ai luc vai MgATP 6 mic millimole.

— Ateam BCL (P85A)-nVenus c6 ai luc véi MgATP trong khoang tir 100 uM
dén 1000 uM nhung dynamic range thap hon so voi ATeam BCL-nVenus.

— ATeam BCL (I19T/V42K/F67N/L78N/P85A)-nVenus 1a mot Ateam bat
hoat.

— Tuy nhién, ATeam BCL-nVenus 1la mot ATP sensor co trién vong duoc st

dung dé xac dinh nong do ATP trong té bao song.

ATeam BPF-nVenus

— Céu tric va biéu hién dugc ATeam BPF-nVenus trong té bao E.coli.

— ATeam nay ciing c6 4i lyc vdi MgATP trong khoang tir 100 uM dén 1 mM
nhung su thay d6i cudng d6 huynh quang cua CFP va Venus trong khoang
nay rat thap. Do d6, khong thé sir dung ATeam nay dé chi thi ndng do ATP

trong té bao.
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5.2. Pé nghi:

Trong thoi gian ngan lam khoa luan nay, nhitng két qua thu dugc chi 13 nhitng
két qua budc dau. Néu c6 thé, xin dé nghi tiép tuc nghién ctru sdu hon vé cac tinh
chét cua ATeam nhu:

— Nghién ciru vé cdu trac tinh thé cia ATeam voi EFle khi két hop véi ATP
dé tim ra nguyén nhan su ting cuong do huynh quang cua CFP va giam
cuong do huynh quang ctia Venus.

— Khao sat ai luc cia ATeam BME-cp173Venus véi ADP, GTP, CTP va UTP.

— Tim hiéu nguyén nhan giy ra hién tugng da phan tar & protein ATeam
BCL-nVenus.

— CAu tric cac ATeam v6i BCLe va circular permutated Venus va khao sat su
thay d6i cua tin hiéu FRET ¢ cac ndng do khac nhau cua MgATP.

— Ung dung ATeam BME-cp173Venus vao viéc nghién cuu néng do ATP

trong té bao séng.
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PHU LUC

1. Cong thirc moi trwong LB

Thanh phan Nong do (g/)
Tryptone 10
Yeast extract 5

NaCl 10

2. Quy trinh tinh sach plasmid

1 -5 ml té bao nudi cay trong moi truong LB l
f Chuyén phan néi sang mot eppendorf khac

Ly tam 7500 vong/phut, 10 phut, 4°C
Thém 500 pl dung dich phenol-chloroform

Két tua
l \Vortex
Hoa tan két taa trong 140 ul Sol-1 bing vortex l

Ly tdm 15000 vong/phit, 3 phit, 4°C

Thém 280 pl Sol-II
Chuyén phan néi sang mot eppendorf khac

Lic nhe
l Thém vao 1 lugng isopropanol bang véi luong

. h 2 -
Thém 210fl Sol-11I dung dic fOI

, \ortex
Lac nhe l

l

Ly tam 15000 vong/phit, 5 phut, 4°C
Ly tam 15000 vong/phit, 5 phit, 4°C yia vong/phut, 5 phu

l Bo phan dung dich noi
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l

Rira két tua v6i 1 ml Ethanol

l

Hong kho
Pha loang két tua véi 30 pl TE bang vortex

Thém 30 pl Sol-VII

l

\ortex

l

Pé trong da 5 phut
Ly tdm 15000 vong/phit, 5 phit, 4°C

Chuyén phan néi sang mot eppendorf khac

l

Thém 240 pul nude da khir trang

l

Thém 750 pl Ethanol

l

Pé trong da khoang 5 phut

Ly tam 15000 vong/phut, 5 phut, 4°C
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l

Bo6 phan dung dich ndi

l

Rura két tua véi 1 ml Ethanol

l

Hong kho

l

Thém 20 pl TE

l

Trit & -20°C



Dung dich Sol-I
50 mM glucose, 25 mM Tris-HCI (pH 8.0), 10 MM EDTA

Dung dich Sol-I1
0.2 N NaOH, 1% SDS

Dung dich Sol-111

3 M potassium acetate (pH 4.8)

Dung dich Sol-VII
5 M LiCl, 50 mM Tris-HCI (pH8.0)
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