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TOM TAT

OsCIPK15 1a gen quan trong kiém soat sw phan giai tinh bot dé tao nang lwong cho IUa khi bi ngap ung. Gen
nay nhan tin hiéu ngap tng théng qua cac gen cam bién canxi (OsCBL). Tuy nhién, vai trd ctia cac OsCBL trong cay
Ita khi bi ngap & giai doan ndy mam van chwa duoc sang té. Trong nghién cleu nay, chung toi tim hidu sy biéu hién
clia cac OsCBL & Iia ndy mam trong diéu kién ngap nwédc. Bén canh do, anh huwdng clia canxi Ién sy hoat dong clia
cac OsCBL promoter va sy tuwong tac protein gitta OsCBL va OsCIPK15 ciing dwoc danh gia. Két qua chi ra rang
hai gen OsCBL4 va OsCBL5 biéu hign manh hon trong didu kién ngap nuwéc. Ngoai ra protein clia OsCBL4 va
OsCBLS5 c6 thé tuong tac voi protein OsCIPK15 trong té bao tran la Iua va sy twong tac nay bj anh hudng béi ndng
d6 canxi. V&i két qua nay, ching toi cho rang tin hiéu canxi hinh thanh trong diéu kién ngap Ung duoc OsCBL4 va
OsCBL5 nhan sau dé twong tac véi OsCIPK15 dé kich hoat nhitng gene lién quan dén qua trinh thay phan tinh bot
va dwong phan dé tao néng lwong cho hat ndy mam.

Tl khda: Canxi, OsCBL (calcineurin B-like & lta), OsCIPK15 (calcineurin B-like interacting protein kinase 15 &
lta), ngap ung, Oryza sativa.

Calcineurin B-Like Protein Cbl4 and Cbl5 Participate in Signal Transduction
in Germinating Rice (Oryza sativa L.) under Water Submergence

ABSTRACT

OsCIPK15 is a key regulator of starch degradation in rice due to submergence. This gene receives
submergence signal via calcineurin B-like (OsCBL) proteins, which act as the Ca®" sensors, and whose role has yet
to be established. In the present study, we compared the transcriptional regulation of CBLs in germinating rice
embryos under water submergence. The trans-activation of OsCBL promoters was tested by examining the effects of
Ca?". We used rice protoplasts to study the OsCBLs-OsCIPK15 protein interactions. We found that OsCBL4 and
OsCBL5 were transcriptionally regulated under submergence.The Ca?* sensors OsCBL4 and OsCBL5 were involved
in this system and interacted on the plasma-membrane with OsCIPK15 in ca® dependent manner. Our results
suggest that ca® signaling formed under submergence are induced by OsCBL4and OsCBL5 which then interact with
OsCIPK15 to activate genes involving in starch catabolism to provide energy for rice germination.

Keywords: OsCBL (calcineurin B-like in rice), OsC/PK15 (calcineurin B-like interacting protein kinase 15),
Submergence, Oryza sativa.

. s N mam ¢ diéu kién ngap nudc (Alpi and Beevers,
1. DAT VAN Bk 1983; Perata and Alpi, 1993). Trong diéu kién bi

Nho vao kha ning hoat dong cua cac ngap, lda nhanh chéng tiéu thu hét lugng duong
enzyme amylase trong diéu kién thi€u oxy, lia  hoda tan c6 sin, sy thiéu hut dudng noi sinh sé&
la ciy duy nhét trong cac cAy ngii coc c6 thé ndy ~ gdy ra tin hidu chuyén biét dé kich thich san
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xuéit cdc enzyme phan huy tinh bot. Trong dé
Ramy3D la enzyme dugc san xudt ra nhiéu va
c6 vai trd quan trong nhit trong cay lda trong
diéu kién bi ngap tng (Loreti et al., 2003). Tinh
bot sau khi duge phan gidi béi Ramy3D sé duge
chuyén vao chu trinh dudng phan dé tao ning
lugng ATP, duy tri hoat déng séng ctia cay lia
(Perata et al., 1992, 1993, 1997).

OsCIPK 15 (calcineurin B-like (OsCBL)
interacting protein kinase 15) da dugc ching
minh c6 lién quan trong viéc nhén tin hi¢u giam
oxy (O,) phat sinh khi cidy ngap nudc, sau d6 sé
kich thich sy hoat déng ctia SnRK1 (Snfl-
related protein kinase), gen c6 vai tro diéu
khién sy cin bing ning lugng trong cay ¢ didu
kién bat 1gi (Lee et al., 2009; Lu et al., 2002;
2007). Trong khi d6, nhiéu nghién ctu da chi ra
rang protein OsCBL déng vai trd cam nhan truc
tiép su thay d6i ndng d6 canxi (Ca®") gay ra bdi
cac diéu kién ngoai canh bt 1¢i (vi du: thigu O,,
min, han,.) va tuong tac véi cac OsCIPK dé
kich hoat nhiing gen phia sau lién quan dén qua
trinh thich nghi va chéng chiu cta thuc vat
(Albrecht et al., 2003; Kolukisaoglu et al., 2004;
Luan, 2008). Cac gen ma hoéa cho protein
OsCBL cho dén nay chi dugc phat hién trong
thuc vat va ching c6 cdu tao tuong tu nhu tiéu
don vi B trong calcineurin (CNB) va cac thu thé
cam nhan Ca®" trong t& bao than kinh & dong
vat (Liu and Zhu, 1998; Kudla et al., 1999; Xu
et al., 2006). Tuong tdc CBL-CIPK lién quan
dén rat nhiéu cac qua trinh truyén tin hiéu Ca®*
trong diéu kién moi trudng bat 1oi va nhiing
nghién ctiu nay chi yéu dudc thuc hién trén cay
Arabidopsis (Shi et al., 2000; D’Angelo et al.,
2006; Horie et al., 2012).

Cho t6i nay, cac nha khoa hoc da phat hién
31 gen OsCIPK va 10 OsCBL trén lda
(Kolukisaoglu et al., 2004; Piao et al., 2010)
nhung chi rat it cac gen nay duge nghién ciiu va
lam sang t6 chiic nang. Tiéu bidu 1a sy tuong tac
gitia AtCIPK24 va AtCBL4 c6 tac dung chiu
man & cAy Arabidopsis vi sy tuong tic nay kich
thich bom Na* ra ngoai t& bao. Martiniez et al.
(2007) ciing cho ring su tuong tac nay ciing cé
vai tro tuong tu trén lda. Tuy nhién, cac nghién
ctiu dé xac dinh nhiing OsCBL c¢6 kha ning
tuong tac véi OsCIPK15 va vai tro cua Ca®* d6i
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véi sy tudng tac nay van chua duge quan tim
trén cay lda. Nghién ctiu nay chiing to ring gen
OsCBL4 va OsCBL5 c6 kha ning cdm Gng su
ngip Ung cua cAy lda theo ciing xu huéng cua 2
gen OsCIPK15 va Ramy3D da dugc biét trudc
day. Ngoai ra, nghién ctu con phéat hién hai
protein OsCBL4 va OsCBL5 c6 kha ning tuong
tac v6i protein OsCIPK15 va su tucng tac nay
phu thudc vao néng dé Ca®* trong diéu kién thi
nghiém.

2. VAT LIEU VA PHUONG PHAP

2.1. Thu thap miu

Hat lda thudc giong Nipponbare dugc lam
sach vo, khii tring bé mit véi dung dich natri
hypochlorite 5% trong 20 phut, sau d6 rta sach
lai nhiéu 14n bing nudc cit, phoi lda duge tach
can than khéi phan noi nhat dé loai bé nhiing
anh hudng khéng mong muén tit by phan nay
t6i k&t qua thi nghiém. D& véi nhiing thi
nghiém phén tich biéu hién gen, phéi lia duge
chia thanh 2 phin bng nhau va dugc xit Iy &
cac diéu kién nhu sau: i) trén can: phéi hat duge
nay mam bing cach G trén nhiéu 16p gidy loc
sach dugc 1am 4m bang nudc c4t; ii) ngap nude:
phéi hat dugec nay mam trong diéu kién ngap
hoan toan trong nudc cit. Mau dugc thu vao
thoi diém 0,5; 1; 2; 3; 4; 5 ngay sau xu 1y, duge
lam lanh nhanh trong ni to 16ng va bao quan &
-80°C cho dén khi sti dung.

2.2. Ly trich RNA va phan tich biéu hién gen

RNA téng s6 duge ly trich tit phoi lia bing
bo kit Spectrum™ Plant RNA Kit (Sigma-
Aldrich, USA) va dung Turbo DNA-free™ Kit
(Applied Biosystem, USA) dé loai bd su 1an tap
DNA. Mot microgram RNA duge st dung dé
téng hop ¢cDNA véi iScript™ ¢cDNA Synthesis
Kit (Biorad, USA), tat ca cac budc déu tuan theo
quy trinh khuyén cao clia nha san xut. Phan
tng real-time PCR dugc thuc hién véi iTaq
supermix (Biorad, USA) va cac cap primer dic
hiéu (Bang 1) trén may ABI PRISM 7000
(Applied Biosystem, USA). Mic do biéu hién
gen dugc danh gia bing cich so sanh véi miic do
biéu hién ctia gen chudn OsActin].
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Calcineurin B-like protein OSCBL4 va OSCBL5 tham gia vao qua trinh truyén tin hiéu khi lGa (Oryza sativa L.)

bi ngap & giai doan ndy mam

Bang 1. Danh sach cac primer st dung trong realtime PCR va cloning

Gen muc tiéu Tén primer Trinh tw primer (5-3’) Muc dich st dung

LOC_0s05g45810 Real_OsCBL4_fw AGGACATTACCATGGCGTTC Real-time PCR
Real_OsCBL4_rv CGAGCTTCAGCAACAATGGA

LOC_Os01g41510 Real_OsCBL5_fw GACCAGGAGGAGTGGAATGA Real-time PCR
Real_OsCBL5_rv TCTGCTTCGCTGACTTCTGA

LOC_0s11g02240 Real_OsCIPK15_fw TGCGGTTGGTGGCTCATAA Real-time PCR
Real_OsCIPK15_rv TTGTTCCGTGTTGCCATGAC

LOC_0s08g36910 Real_Ramy3D_fw AGGCAGGCTCTCTAGCCTCT Real-time PCR
Real_Ramy3D_rv ACTGCATCCTGAACCTGACA

LOC_0s03g50890 Real_OsActin1_fw ACAGGTATTGTGTTGGACTCTGG  Real-time PCR
Real_OsActin1_rv AGTAACCACGCTCCGTCAGG

LOC_0s05g45810 PENTR_OsCBL4_fw CACCATGGGATGCGCGTCG Clone OsCBL4
PENTR_OsCBL4_rv1 TCAGTCATGGGCTTCTGAATGC

LOC_0s01g41510 PENTR_OsCBL5_fw CACCATGATGGGCTGTCTA Clone OsCBL5
PENTR_OsCBL5_rv1 TTAGGCAACCATGTCTGC

LOC_0s011g02240 PENTR_OsCIPK15_fw ~ CACCATGGAGAGTAGAGGGA Clone OsCIPK15
PENTR_OsCIPK15_rvl  CTAGGCCAAGACAATGTCCTTC

LOC_0s05g45810 OsCBL4_pro_fw CACCGAAAACACACGCTGAGC Clone OsCBL4
OsCBL4_pro_rv CGAACGATGCCTTCGCCGA promoter

LOC_0s01g41510 OsCBL5_pro_fw CACCGTCACGAGTAAAGTACTA  Clone OsCBL5
0sCBL5_pro_rv AAAAATCCACACCCAGCAG promoter

2.3. Ly trich t& bao tran va thyc hién bién nap

L4 cAy Arabidopsis (Arabidopsis thaliana
dong Col-0) tit 4 - 5 tudn tudi hoic 14 laa 7 - 10
ngdy tudi duge st dung dé ly trich t& bao trin sit
dung phuong phap ctia Sheen (2002) va Zhang
et al. (2011). Qua trinh bién nap dugc thuc hién
theo phuong phéap ctia Yoo et al. (2007). Cac t&
bao tran sau bién nap duge gilt ¢ trong toi véi
nhiét d6 25°C qua dém. Té& bao tran duge st
dung dé danh gia su tuong tac gitia cac protein
ho#c hoat dong ctia cac gen promoter.

2.4.Panh gia hoat dong cua gen promoter
DNA téng s§ tit lda duge ly trich véi
GenELute Plant Genomic DNA minprep kit
(Sigma, USA). 2kb DNA phia truée codon bét
dau cha OsCBL4 va OsCBL5 &uge thu nhan
dya trén phan tng PCR c6 st dung enzyme
DNA polymerase do chinh xac cao (Phusion
TM, New England Biolabs, UK). Cac doan
DNA nay duge gén vao pENTR TOPO vector va
duge giai trinh ty d& kiém tra do chinh xac
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trong qué trinh thuc hién phan dng PCR. Sau
d6 pENTR TOPO vector chiia cac gen trai qua
phan tng tai t8 hop dé chuyén vao vector
pGWL7 GATEWAY, day la vector c6 chtia gen
mi héa protein firefly luciferase duge diéu
khién bdi promoter 35S.10pug plasmid tit vector
pGWL7 GATEWAY dugc dung dé bién nap vao
t& bao tran ly trich tit 1a Arabidopsis. Vector
35S::Renila LUC dugc bién nap déng thoi dé
lam d6i chiing chuin. Sy hoat déng ctia cac
promoter dugc phat hién bing cach st dung bd
kit dual LUC reporter assay (Promega, USA)
va do bing may Lumat LB9507 Tube
Luminometter (Berhold Technologies, USA).
Céc phan tng duge 1ip lai 4 14n.

Mitc d6 hoat dong ctia cac promoter thong
qua hoat tinh ctia protein LUC & cac nghiém
thiic khac duge chuyén déi tuong d6i véi nghiém
thic d6i chiing theo céng thiic: Mic do hoat
dong cua promoter (%) = (gia tri cua protein
LUC ctia mbi nghiém thiic/gia tri cia protein
LUC ctia nghiém thtc déi chiing) x 100.



2.5. Danh gia su tuong tac giiia cac protein

Sau khi téng hgp ¢cDNA, OsCBL4, OsCBL5
va OsCIPK15 duge khuéch dai bing phan tng
PCR c6 st dung enzyme DNA polymerase c6 do
chinh x4c cao (Phusion TM, New England
Biolabs, UK), 0,256mm primer va 20ng cDNA.
San pham PCR sau khi dién di trén gel agarose
1% va xac dinh ddng kich thudc mong muén,
band chtia san phdm PCR dugc cit va tinh sach
bang kit Wizard® SV Gel and the PCR Clean-Up
System (Promega, USA). San phdm PCR tinh
sach dugc gin vao vector pENTR TOPO
(Invitrogen, USA), d chinh x4c ciia gen dugc
kiém tra bang cach giai trinh tu DNA. Céc vector
pENTR TOPO chtia OsCBL4 va OsCBL5 dugc
tai t6 hop vao vector pDH51-GW-YFPN, day la
vector ¢6 chita dau N ctia protein YFP. Trong khi
d6 vector pPENTR TOPO chtia OsCIPK15 dugc tai
t6 hgp vector pDH51-GW-YFPC, day 1a vector c6
chiia ddu C cta protein YFP. 10ug plasmid tit
mdi ciu tric duge st dung trong bién nap vao t&
bao tran ly trich tit 1a lda. Cac vector khong chtia
OsCBL4/5 va OsCIPK15 dudc st dung lam dsi
chting am. Sau khi t& bao tran dugc bién nap va
@ qua dém, tin hiéu huynh quang tao ra do su
tuong tac gitia OsCBL4/5 va OsCIPK15 dugc
quan sat duéi kinh hién vi Niko Eclipse Ti-S
(Nikon, Nhat Ban).

3. KET QUA

8.1. X4c dinh 4nh hudng ctia ngap nuéc dén
su bi€u hién ctia cac OsCBL

OsCIPK15 cta lda da dugc biét dén nhu 1a
mot gen chl chot trong qua trinh truyén tin
hiéu 6 lda khi bi ngap (Lee et al., 2009;
Kudahettige et al., 2011). Vao nam 2010,
Kurusu et al. khi sti dung phuong phap yeast
two-hybrid (xac dinh cac protein tudng tac bing
cach sti dung t&€ bao ndm men) da xac dinh dude
OsCIPK15 ¢6 thé tuong tac véi nhidu OsCBL
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nhu OsCBL2, 3, 4, 5 va 6 & trong t& bao nim
men. Trong d6, OsCBL4 d&ugc phat hién la cé
tuong tac manh nhat véi OsCIPK15, ngoai ra
OsCBL5 dugc Sadiq et al. (2011) cong b 1a biéu
hién rat manh trong diéu kién thiéu O, 6 ca mtc
d6 phién ma va dich ma. Vi vay, chung t6i chon
hai gen nay dé nghién ctiu. Chung toi phat hién
su biéu hién ctia CBL4 va CBL5 ting dudi diéu
kién ngap nude. Sy biu hién cla hai gen nay
cting xu hudng biéu hién ctia 2 gen da dugc
nghién ctu ky trudée diy 1a CIPK15 va Ramy3D
(Hinh 1).

3.2. Vai tro cua canxi trong sy hoat dong
ctia OsCBL4 va OsCBL5promoter

Nhiéu nhém nghién ctiu da dua ra két qua
dé chting minh ring protein CBL c6 vai trd 1a
phan ti cam nhan sy thay déi néng d6 Ca®
trong t& bao duéi tac dung cua cac kich thich
khac nhau, nhiing protein nay sau dé sé& két hop
v6i nhiing protein CIPK khéc nhau va chuyén
tin hiéu Ca®" nay dé khdi dong nhiing gen phia
sau trong con dudng truyén tin hiéu (Hepler,
2005; Luan, 2008).

Dé danh gia chi tiét hon vai tro cia Ca*dén
mtc do biéu hién cia 2 gen OsCBL4 va
OsCBL5, 2kb vung promoter cua 2 gen nay dugc
gdn vao vector biéu hién ¢6 mang gen ma héa
firefly luciferase protein sau dé dugc bién nap
vao t& bao tran cua la Arabidopsis va duge danh
gid & trong diéu kién cac nong d6 Ca*" khac
nhau (Hinh 2). K&t quéa cho th&y khi b8 sung
Ruthenium Red (RR, day 1a chat cé kha nang
lam ngin cdn qué trinh van chuyén Ca® trong
t& bao cling nhu déng vai trd tc ché qua trinh
van chuyén tin hiéu lién quan t6i Ca®* (Pineros
and Tester, 1997; Anil and Rao, 2011) hoat déng
ctia promoter bi giam rd rét, nguge lai khi duge
b6 sung thém Ca®, tin hiéu ctia protein nay
duge héi phuc ¢ mic ngang bang véi tin hidu
ctia nghiém thiic khéng bé sung RR (Hinh 2).
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Calcineurin B-like protein OSCBL4 va OSCBL5 tham gia vao qua trinh truyén tin hiéu khi lGa (Oryza sativa L.)
bi ngap & giai doan ndy mam
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Hinh 1. So sanh mitc d6 biéu hién ctia OsCBL4, OsCBL5,
OsCIPK15va Ramy3D trong cac diéu kién nay mam khéac nhau

Ghi chii: (A). Phéng dai miic dé biéu hién ctia OsCIPK15 va Ramy3D trong khodng thoi gian ti 0,5; 1 va 2 ngay sau khi hat
Iia ndy mam (B) (n: ngay sau khi hat bt ddu ndy mam).

300

CBL4 promoter
200

100

E

300 CBL5 promoter

200

Hoat tinh ctia protein LUC (%)

3

100

BC ca RR RRCa
Hinh 2. Anh huéng ctia Ca?* t&i sy hoat dong ciia promoter OsCBL4 va OsCBL5

Ghi chii: **: P< 0,01; *: P<0,05 theo T-test. DC: déi chiing; Ca: bd sung 50mm Ca®*; RR: b6 sung 50uM Ruthenium Red.
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3.3. Su tuong tac gita OsCBL4 va OsCBL5
v&i OsCIPK15 phu thugc vao ndng dé Ca?*
Ching t6i st dung ky thuat BiFC
(Bimolecular fluorescence complementation) dé
xac dinh kha ning tuong tac gilia protein
OsCBL4 va OsCBL5 véi protein OsCIPK15.
Trong ky thuat nay, OsCBL4 va OsCBL5 duge
gin vao dau N cta protein YFP, trong khi d6
OsCIPK 15 dugc gén vao dau C ctia protein YFP.
C4u tric gen OsCIPK15 dugc bién nap vao t& bao
tran cta la lda cing véi cau tric gen OsCBL4
hoéc OsCBL5. Chiing t6i thay phan 16n tin hidu
thu dugc tap trung 6 mang t& bao (Hinh 3), diéu
nay dugc khing dinh bing cach si dung chat
nhuém mang t& bao chuyén biét FM4-64. Theo
chung t6i, tin hiéu nay 1a chuyén biét phat sinh
khi c¢6 su tuong tac gitia cdc protein vi céac
nghiém thtc d6i chting Am véi cac vector khong
chtia gen déu khong c6 tin hiéu. Bén canh do,
mét s6 1t tin hidu duge phat hién ndm rai rac bén
trong t€ bao chat, chiing té su tuong tac co thé
cling xay ra 6 trong bo phan nay cua té bao. Su
tuong tac gita OsCBL4 va OsCBL5 véi
OsCIPK15 phu thudc vao sy c6 mit caa Ca®*
trong t& bao, bdi vi trong nghiém thic ¢6 bd sung
RR, tin hiéu phat ra tit YFP khong xuét hién,
ngugc lai tin hiéu nay dugc phat hién trd lai khi
nghiém thiic c6 chtia RR duge b6 sung thém Ca?*.

A CBLA4::YFPN-CIPK15:YFPC
FM4-64

Két hop

+Ca

+RR

+RR+Ca

Déi chirng
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4. THAO LUAN

Kha néng ndy mam cta lda trong diéu kién
ngap nudc 1a do kha ning hoat dong ctia enzyme
Ramy3D (Perata et al., 1997). Gan day, Lee et
al. (2009) da tim va xac dinh duge gen ma hoa
cho enzyme nay la OsCIPK15. Nhiing nghién
ctiu trude day ciing da chi ra ring dé thuc hién
chitc nang diéu khién nhiing gen khéc, AtCIPK
protein phai tuong tac véi cac protein AtCBL,
day 1a nhiing protein déng vai trd cam nhan
truc tiép su thay d6i néng d6 Ca®* trong t& bao
(Luan, 2008; Weinl and Kudla, 2009). Néng do
Ca?" trong t& bao ctia cAy ngo va cay Arabidopsis
thay d6i béi nhiéu kich thich khac nhau va su
thay d6i ion kim loai nay do thi€u O, da dugc
biét dén gan hai thap ky trudc day (Subbaiah et
al., 1994; Sedbrook et al., 1996). Gan day hon,
sy tang nong d6 Ca® trong t& bao chat caa laa
khi thiéu O, ciing da dugc phat hién
(Yemelyanov et al., 2011).

O lda, chc gen OsCBL di dugc phat hién la
c6 phan tng & miic d6 phién ma khi cy bi cac
diéu kién bat 1gi cia moi truong (Gu et al.,
2008); 6 mic d6 sau dich m4, protein OsCBL4
va OsCBL5 da duge xac dinh c¢6 sy tudng tac véi
protein CIPK15 (Kurusu et al., 2010).

Trong nghién ctu nay ching toéi xac dinh
duge hai gen OsCBL4 va OsCBL5 6 lda hoat

-]

CBL5::YFPN-CIPK15:YFPC

FM4-64 Két hop

Anhsangtrdng  YFP

+RR +Ca

+RR+Ca

Hinh 3. Panh gia su tuong tac protein
gitta OsCB1L4 va OsCIPK15 (A), OsCBL5 va OsCIPK15 (B)

Ghi chii: Ca: bé sung 50mm Ca*; RR: bé sung 50uM Ruthenium Red
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Calcineurin B-like protein OSCBL4 va OSCBL5 tham gia vao qua trinh truyén tin hiéu khi lGa (Oryza sativa L.)

bi ngap & giai doan ndy mam

dong manh hon dudi diéu kién ngap nudc 6 giai
doan nay mam. Xu huéng nay tudng ty nhu
nhiing gen diic trung cho phan {ing cla cay lda
khi bi ngap nudc da dugde bidt trudec day nhu
OsCIPK15 va OsRamy3D (Hinh 1). Ngoai ra,
ving promoter cua 2 gen OsCBL4 va OsCBL5
c6 su hién dién ctia nhiéu ving cam nhan Ca®
(Gu et al., 2008), ching td hai gen nay c6 kha
ning phan tng lai sy thay d6i nong d6 Ca®.
Diéu nay phu hgp véi két qua clia chiing toi, su
hoat déng ctia promoter 6 OsCBL4 va OsCBL5
téng 1én khi duge bd sung thém Ca?* va bi giam
dang ké khi giam Ca®" bing cach st dung RR
(Hinh 2).

Cac proteinAtCBL di dugc biét dén véi vai
trd truyén tin higu Ca?* (Luan, 2008) do sy hién
dién cta cac EF-hand motif (Weinl and Kudla,
2009). Trong ciu tric bac ba, ca OsCBL4 va
OsCBL5 déu chtta 4 EF-hand motif (Gu et al.,
2008), day 1a nhiing ciu tric déng vai tro lién
két v6i Ca?* ctia protein. Diéu nay giai thich tim
quan trong ctia Ca® trong su tudng tac gifia
OsCBL4 va OsCBL5 véi OsCIPK15 (Hinh 3).
Protein OsCBL4 va OsCBL5 c¢6 chia vung
myristoylation & ddu amin lam cho cac protein
nay c6 kha niang gin két vao mang t& bao
(Kolukisoglu et al., 2004). Nhiing nghién ciitu vé
AtCBL & cay Arabidopsis chi ra ring protein
AtCBL déng vai tro quyét dinh vi tri tuong tac
véi protein AtCIPK trong t& bao (D’Angelo et al.,
2006; Batistic et al., 2010). K&t qua ctia ching
tdi cho thay su tuong tac gitia OsCBL4 va
OsCBL5 vé6i OsCIPK15 xay ra chlt yéu 6 mang
t& bao, khdng dinh vai trd cla cac lién két nay
déng vai tro nhu nhiing cam bién cam nhan sy
thay ddi néng d6 Ca® tit mang t& bao dudi didu
kién ngéap nude.

5. KET LUAN

Véi nhitng két qua dat duge, ching téi cho
raing OsCBL4 va OsCBL5 déng vai tro truyén
tin hiéu trong Iia & diéu kién ngap nudc thong
qua su tudng tac véi OsCIPK15. Su truyén tin
hiéu nay duge ddm bao do su hién dién ctua Ca®*
trong t& bao dan dén sy tuodng tac gitta OsCBL4
va OsCBL5 vé6i OsCIPK15, tit d6 anh hudng dén
su san xuat va hoat dong cua enzyme Ramy3D &
lda trong diéu kién ngap. Hién tai, nhiing thi
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nghiém chuyén céc cdu tric gen OsCBL4,
OsCBL5 va OsCIPK15 véi promoter hoat dong
manh vao lda va nhiing thi nghiém bat hoat su
hoat dong clia cac gen nay dang dugc tiép tuc
thyc hién dé tim hiéu cu thé hon vai tro ctia
chiing ¢ lda trong diéu kién ngap nudc.
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