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Tom tat
Botrytis Susceptiblel Interactor (BOI) la mot Really Interesting New Gen
(RING) finger protein tic ché sy ra hoa bang cach giam sy biéu hién cua gen
Flowering Locus T (FT), mot yéu té quyét dinh sy ra hoa & cay Arabidopsis. Dé
Iam 16 co ché phan tir BOI, chdng tdi tim hiéu kha ning tuong tic cua BOI voi
protein trong phuc hé Histone Deacetylase Complex (HDAC) vi phic hé nay
cling c6 vai tro ¢ ché sy biéu hién cua FT. Nghién ciru d ching minh duoc
tuong tac ciia BOI vai Histone Deacetylase 6 (HDAG) - mot protein thanh phan
trong HDAC, trén nam men va trén in vitro. Két qua lai d6i & ndm men (yeast
two-hybrid assay) cho thiy chi c6 t& bao nam men chira BOI va HDAG moi
sdng dugc méi trudng chon loc khdng chira tryptophan, leucine, adenine va
histidine. Piéu ndy chimng t6 tuong tac giita BOI va HDAG 1a tuong tac protein
tryc tiép trén nam men. Ngoai ra, phuong phép tuong tac protein in vitro (in
vitro pull-down assay) ciing cho thay BOI twong tac dic hiéu véi HDA6 nhung
khong tuong tac voi glutathion-S-transferase (GST). Két qua nay goi ¥ BOI ¢6
thé e ché FT thong qua HDAC. Can c6 cac nghién ciru sau hon dé chiring minh
mdi lién hé giita BOI va HADC trong uc ché su biéu hién cua FT & cay
Arabidopsis
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nhan t gia héa va nhan tb tu sinh déu anh huong tsi
su ra hoa thdng qua sy biéu hién cua gen FT [1, 2].

1én giai doan sinh san phic tap nhung rat quan trong ¢
cay [1, 2]. Vi vay, co ché va cac nhan té diéu khién sy
ra hoa d duoc nghién ctu tir rat lau ¢ ca cay trong va
cdy mo hinh. Trén cady md hinh Arabidopsis thaliana,
dé tao chdi hoa, cay can tong hop yéu té quyét dinh su
ra hoa (florigen) Flowering Locus T (FT). Ban chat
cua yéu tb quyét dinh nay 1a mot loai protein kich
thuéc nho, ¢ kha ning di chuyén tir mach 14 dén md
phan sinh ngon dé kich thich su biéu hién cua cac gen
tao chdi hoa nhu APETALA 1 (AP1) [3]. T4t ca cac
nhan t& bén ngoai va bén trong nhur chu ki ngay dém,
nhiét do thap kéo dai, chat kich thich sinh truéng,
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Trong con duong ra hoa nho chu ki ngay dém, nhitng
cdy ngay dai nhu Arabidopsis s& tich liy nhan té
phién m& (transcription factor) cé tén goi Constans
(CO) ¢ cubi chu ki ngay dé tang su biéu hién cua gen
FT, do do kich thich sy ra hoa [4]. Phirc hé histone
deacetylase (HDAC) tham gia vao qua trinh diéu
khién su ra hoa bang cach ¢ ché su phién ma cua gen
FT. Phiic hé¢ nay loai bo gdc acetyl trén phan tir
histone bao quanh DNA, do dé anh huéng téi cau trdc
nhiém sic chat (chromatin) va su biéu hién cua gen
[5]. Ngoai ra, HDAC ciing anh hudng toi kha nang
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badm cua CO vao promoter cia gen FT nhung khong
tuong tac truc tiép véi nhan to phién ma nay [5].
Nghién ctu trudec day ctua ching t6i da tim ra ho
RING finger protein Botrytis Susceptiblel Interactor
(BOI) gébm 4 thanh vién chinh BOI, BOI-Related
Genel (BRG1), BRG2, va BRG3 wuc ché sy ra hoa
trén cdy Arabidopsis thdng qua gen FT [6-8]. BOI
tuong tac truc tiép véi CO va va tc ché CO bam vao
promoter caa gen FT, vi thé giam sy tong hop cua gen
FT. Ching t6i tim hiéu twong tac giira BOI va HDAC
vi ca BOI va HDAC déu tc ché sy biéu hién caa FT,
dong thoi c6 mbi lien hé véi CO [5]. Bang phuong
phap lai d6i & nam men, tuong tac protein in Vitro,
chung t6i da thu duoc két qua twong tac truc tiép gitra
BOI va Histone Deacetylase 6 (HDA6), mot enzyme
tiéu phan trong HDAC. Két qua nay s& gop phan 1am
tang su hiéu biét vé co ché BOI diéu khién sy ra hoa ¢
cay Arabidopsis.

2 Phuong phéap nghién ctu

2.1 Cay trong va diéu kién trong

Arabidopsis thaliana tréng & nhiét d6 (22 - 24) °C
trong didu kién 16 gid sang /8 gio toi. Cay
Arabidopsis chuyén gen ting biéu hién cua BOI c6
gan FLAG (BOI-FLAG) va cy chuyén gen ting biéu
hién caa green fluorescent protein (GFP) c6 gén
FLAG (GFP-FLAG) str dung trong nghién ciru nay
duoc tao ra tir nghién ciru trude day [8]. Trinh ty gen
BOI (At4g19700) va GFP dugc dua vao plasmid
pbFLAG2 va chuyén vao Arabidopsis nho
Agrobacterium tumefaciens.

2.2 Phuong phap lai d6i & nAm men

BOI va HDA6 twong tmg dugc chuyén vao vector
pGBKM va pGADM bing cac enzyme giéi han.
Primer cho tich dong d6i véi BOI va HDA6 nhur sau:
BOI-F Avrll:
GTGTCCTAGGATGGCTGTTCAAGCTCATCACA
TG

BOI-R BamHI:
GTGTGGATCCGGAGAAGACATGTTAACATGC
ACA

HDAG-F Spel:
GTGTGTACTAGTATGGAGGCAGACGAAAGCG
GCATC

HDAG6-R Xmal :
GTGTCCCGGGAGACGATGGAGGATTCACGT

Phuong phap yeast-2-hybrid (Y2H) dugc thuc hién
[7,8]. Cac vector pGBKM va pGADM sau khi tach
dong dugc bién nap vao ndm men (chung AH109)
theo huéng dan coa hang san xuat (Clontech). Tiép
d6, t& bao ndm men di bién nap dwoc nho giot trén
moi treong khdng chira tryptophan va leucine (SD-2)
dé chon loc nhirng té bao chira ca 2 vector pGBKM va
pGADM hoic trén moi truong khéng chua
tryptophan, leucine, adenine va histidine (SD-4) dé
chon loc nhiing t& bao c6 twong tic cua BOI va
HDAG6. Té bao nAm men chung AH109 bj d6t bién cac
gen tong hop tryptophan, leucine, adenine va
histidine, do d6 khéng thé séng trong moéi trudng
khong dwoc bd sung cac amino acid nay. Vector
pGBKM c6 chira gen tong hop tryptophan va domain
hoat héa GAL4 (GAL4 activation domain, AD) nam &
dau N cua gen can tach dong (trong nghién ciu nay la
BOI). Trong khi d6, vector pGADM chita gen tong
hop leucine va domain bam DNA cua GAL4 (GAL4
DNA-binding domain, DNA-BD) nam & dau N cua
gen can tach dong (trong nghién cau nay 1a HDAG).
Té bao nam men chiang AH109 chira ca 2 vector
pPGBKM va pGADM ty tong hop duoc tryptophan va
leucine nén séng dugc trong moi trudong khong duoc
b6 sung tryptophan va leucine. Trong té bao nam men
AH109, DNA-BD bam vao trinh tu GAL4 upstream
activating sequence (UAS) nam phia trén vang khoi
dong (promoter) cua mot s gen chi thj (reporter) tong
hop adenine va histidine. AD khi ¢ khoang cach gan
v6i DNA-BD c¢6 chirc ning hoat héa su biéu hién cua
cac gen chi thi. Khi ¢6 su twong tic truc tiép gitra
protein dugc tdch dong vao pGBKM (trong nghién
ctu nay la BOI) va protein dugc tdch dong vao
pGADM (trong nghién ctu nay la HDAG), AD va
DNA-BD & khoang cach gan nhau. Do d6, cac gen
t6ng hop adenine va histidine duoc biéu hién va té bao
nim men AH109 cd thé séng dugc trong mdi trudng
khong chira tryptophan, leucine, adenine va histidine.
Két qua tuong tac s& dugc kiém tra sau 4 ngay nudi
ciy ¢ ta 4m 28 °C.

2.3 Phuong phap tuong tac protein in vitro

Trong thi nghiém nay, protein tai té hop gluthathione-
S transferase (GST)-HDAG6 dugc tach dong vao vector
PGEXA4T-1 va biéu hién ¢ ching E. coli BL21 (DE3)
RIL. Protein dwoc tinh sach biang Pierce™
Gluthathione agarose theo huéng dan cua nha san xuat
(Thermo Scientific, Mi). BOI-FLAG hoac GFP-
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FLAG duoc tach tir cay Arabidopsis 7 ngay tudi ting
biéu hién cua BOI va GFP bang dung dich tach
protein chira 50 mM Tris-Cl, pH = 7,5, 150 mM NacCl,
0,05 % Nonidet, 1X MG132 va protease inhibitor
coctail (Roche, Thuy Si). Cac budc tién hanh tuong
tac protein in vitro dwoc tién hanh trong nghién ciu
trude day [7,8]. Vé mit co ban, Arabidopsis 7 ngay
tudi (Arabidopsis seedling) biéu hién BOI-FLAG hoic
GFP-FLAG duoc thu tir dia petri va nghién trong nito
long dé tao bot. Tiép do, 2 mL dung dich tach protein
cho vao 2 mL bét cdy va lic déu. Bot cay sau khi
dugc hoa tan trong dung dich tach protein s€ duoc
ddng nhit bang cot QuiaShredder. Sau khi i tam & téc
dd 12 000 rpm, 4 °C trong 10 phat, phan dich thu
dugc chia thanh 2 phan bang nhau, mot phan u voi
resin chira GST, phan con lai u vai resin chira GST-
HDAG6 & nhiét d6 4 °C trong 2 gio. Sau khi u, li tam
céc dng & 2 000 rpm, 4 °C trong 5 phut, loai bo phan
dung dich bén trén va gitr phan gia thé (resin) ling
xudng dudi. Tiép do6, rira resin bang cach thém vao 1
mL dung dich raa (dung dich tach mau khéng chua
MG132 va protease inhibitor cocktail), lac nhe & 4 °C
trong 5 pht, li tim & 2 000 rpm, 4 °C trong 5 pht,
loai b6 dung dich va giix lai resin. Lap lai budc rra
thém 3 lan. Sau khi li tam loai bo dung dich phia trén,
thém 20 pL dung dich nap mau SDS (SDS loading
buffer) vao resin, dun séi & 100 °C trong 10 phut dé
bién tinh protein. Li tim & 2 000 rpm trong 5 phut,
phan dich thu dugc s& duoc ding dé chay dién di
protein SDS-PAGE, sau d6 chuyén Ién mang
nitrocellulose (GE Healthcare, Mi) dé tién hanh
Western Blot. Sau khi protein di duoc chuyén Ién
mang, truéc hét mang sé& dugc nhuom véi Ponceau S
dé phat hien protein tai to hgp GST va GST-HDAG.
Sau d6, mang s& dugc u véi khang thé da dong khang
FLAG tir tho (Sigma-Aldrich, Pirc) dé phét hien BOI-
FLAG hoac GFP-FLAG.

3 Két qua va ban luan

3.1 BOI twong tac tryc tiép véi HDAG trén nam men

HDAC c6 chirc nang loai bo goc acetyl trén phan tir
histone, do d6 thay doi cau trdc chromatin va biéu
hién cua gen. Thong thuong, HDAC duy tri trang thai
nghi cua gen sau qud trinh phién ma [5]. HDAC cua
Arabidopsis gom céc tiéu phan tuong tw nhu phic hé
Sin3-HDAC cua nam men. Trong phic hé nay, Sin3
dong vai trd nhu mét gia thé (scaffold) dé twong tac
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vGi cac protein khac, protein RbAp46/48 c6 chuc
nang bam vao phan tir histone, cac enzyme histone
deacetylase nhu HDA6, HDA9 thuc hién chic nang
loai bo gdc acetyl cua histone, ngoai ra con co cac
protein SAP18 va SAP30 chua rd chtc ning [5]. Bé
ching minh BOI tuong tic truc tiép voi HDAC,
chang t6i tién hanh kiém tra tuong tac cua BOI voi
mot tiéu phan cua phiac hé nay la enzyme Histone
Deacetylase 6 (HDAG) trén nam men. Trén moi
truong chon loc chi chaa tryptophan va leucine (SD-
2), tit ca té bao nim men déu phat trién tot. Didu nay
chang t6 cac t6 hop pGBKM/pGADM, BOI-
pGBKM/pGADM, pGBKM/HDAB-pGADM, BOI-
pGBKM/HDAG-pGADM di dugc bién nap thanh
cong vao t& bao ndm men. Tuy nhién, chi co6 té bao
nam men chtra t6 hop BOI-pGBKM/HDA6-pGADM
phét trién trén moi truong chon loc khong tryptophan,
leucine, adenine va histidine (SD-4). Két qua nay cho
thdy BOI twong tac truc tiép véi HDAG khién cho cac
gen chi thi téng hop adenine va histidine duoc biéu
hién. Vi thé té bao nim men c6 thé séng trong moi
truong khéng chira hai loai amino acid nay. Cac té
bao nam men chia t6 hop pGBKM/pGADM, BOI-
pGBKM/pGADM, pGBKM/HDA6-pGADM khdong
thé phét trién trong méi truong SD-4. Diéu nay cho
thiy domain AD trén vector pGADM va domain BD
trén vector pGBKM, domain AD trén vector pPGADM
va BOI trén vector pGBKM, HDAG6 trén vector
pGADM va domain BD trén vector pGBKM déu
khong twong tac tryc tiép véi nhau. Két qua nay goi y
tuong tac gitta BOl va HDAG6 1a tuong tac dac hiéu
trén nim men (Hinh 1).

g g
pGADM )
HDA6-
pGADM

SD-2 SD-4

Hinh 1 Tuong tac ciia BOI vd HDAG trén nim men.
Moi truong khdng chira tryptophan va leucine (SD-2) chon
loc nhirng té bao chira ca 2 vector pGBKM va pGADM.
Moi truong khdng chira tryptophan, leucine, adenine va
histidine (SD-4) chon loc nhitng té bao co twong tac cua
BOI va HDAG.
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Hinh 2 Tuong tac cua BOI va HDAG in vitro.
Resin chira GST hoac GST-HDA6 duogc sir dung lam gia
thé dé kéo protein BOI-FLAG hoac GFP-FLAG tach tir cy
Arabidopsis chuyén gen. GST va GST-HDAG6 duoc nhuém
bang Ponceau S. BOI-FLAG va GFP-FLAG dugc phat hién
bang khang thé da dong khang FLAG tir tho. * va **:
protein khong dac hiéu.
3.2 BOI twong tac tryuc tiép véi HDAG in vitro
Dé khang dinh két qua thu dwogc tir phuong phap lai
do6i trén nam men, chlng t6i tién hanh phwong phap
tuong tac protein trén in vitro (in vitro pull-down
assay). Trong thi nghiém nay, resin chua protein tai to
hop GST hoic GST-HDAG biéu hién trén E. coli duoc
sir dung lam gi4 thé dé bat giir protein BOI-FLAG
hodc GFP-FLAG tir cdy Arabidopsis chuyén gen néu
¢6 twong tac xay ra. Hinh anh Western Blot cho thay
ca BOI-FLAG va GFP-FLAG déu khong duoc phat
hién trén resin c6 chira GST. Diéu nay cho thdy BOI-
FLAG va GFP-FLAG khong tuong tac in vitro véi
GST. Bén canh d6, chi c6 BOI-FLAG dugc phat hién
trén resin c6 chua GST-HDAG6 ching to BOI-FLAG
ma khoéng phai GFP-FLAG tuong tac in vitro GST-
HADG6 (Hinh 2). Két qua nay ching minh tuong tac
tryc tiép ciia BOI véi HDAG in vitro.

4 Két luan

Két qua nghién ciru trude ddy cho thiy ca BOI va
HDAC déu wc ché su phién ma cua gen FT va c6 moi
tuong tac voi CO [5, 8]. Chlng t6i gia dinh rang BOI
c6 thé e ché FT bang cach twong tac véi HDAC. Dé
ching minh cho gia thuyét trén, chung t6i da tién hanh
nghién ctu tuong tac gita BOl va HDAG, mot
enzyme cau tric cia HDAC, biang phuong phap lai
ddi trén nAm men va phuong phap twong tac protein in
vitro. Két qua cho thidy BOI c6 thé twong tic véi
HDAG trén ca nim men va in vitro, goi y co ché BOI
rc ché su biéu hién cua gen FT thong qua HDAC.
Pay 1a két qua bude dau vé tuong tac truc tiép gitra
BOI va HDAG, can c6 nghién ciru siu hon vé tuong
tac in vivo trén cay Arabidopsis dé tai khing dinh céc
két qua thu duoc trén nam men va trén in vitro. Bong
thoi anh huong cua BOI trong diéu khién luong acetyl
hoa trén phan tur histone bao quanh gen FT ciing can
dugc danh gia dé chirng minh mdi quan hé tuong tac
giira BOI va HDAC.
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Function of Botrytis Susceptiblel Interactor (BOI) in regulating flowering time in Arabidopsis
thaliana

Khoa Thi Nguyen
NTT Hi-tech Institute, Nguyen Tat Thanh University
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Abstract A Really Interesting New Gene (RING) finger protein BOTRYTIS SUSCEPTIBLE1 INTERACTOR
(BOI) represses the expression of the Flowering Locus T gene (FT) in Arabidopsis thaliana, hence the inhibition
of flowering in long days. To investigate the molecular function of BOI, we studied the interaction of BOI with a
histone deacetylase complex (HDAC) since this complex also acts as a repressive regulator of FT expression.
Here, we report that BOI directly interacted with HISTONE DEACETYLASE 6 (HDAG), an enzyme subunit of
HDAC in yeast and in vitro. A yeast bihybrid assay showed that yeast cells containing both BOI and HDAG6 were
able to grow on a selective medium without tryptophan, leucine, adenine va histidine, indicating a direct
interaction of BOI and HDAG in yeast. In addition, BOI also bound to gluthathion S-transferase (GST)-HDAG but
not to GST in an in vitro pull-down assay. These results suggest BOI might interact with HDAC to inhibit the
expression of FT in Arabidopsis. Further in vivo studies are needed to uncover this molecular mechanism.

Keywords Arabidopsis, Botrytis Susceptiblel Interactor (BOI), flowering, Flowering Locus T (FT), Histone
Deacetylase Complex (HDAC)

@ Pai hoc Nguyén T4t Thanh
st

NGUYEN TAT THANH



