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Putative Bax inhibitor from rice a conserved cell death suppressor,
is isolated by yeast functional screening
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Abstract

The plant-homologue of Bax Inhibitor, a gene described to suppress the cell death induced by Bax gene expression

in yeast, was isolated from rice (Oryza sativa L.). Nucleic acid sequence and amino acid sequence were 741

bp and 247 bp, respectively. The amino acid sequence of the predicted protein was well conserved in plant

(84 % in amino acids) and contained five membrane-spanning segments.
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A 1} (Kim et al,, 2006; Eswaran et al, 2010). o]
FARE ARIN 2EHAT F19 203 L
221 74 glo] ol Aok 1 5 e =
A A" A FEALEo] B3 AFE Zol Y
ol & Ao 2EH 27 A2 S B53
AEAE o]83sle] ATE 3T Yeast functional
screening Y-S A&l A SEH 2o thE vEg-ol
Hots FAAE W] 98] AR E 1A gke
W, Jatropha curcas & 9% Z~EY X AEgS Q1
= Jthal B E et (Eswaran et al., 2010). 2]E-0]A
Bax Inhibitor (BI-1)9] =S WA HAYSZLS
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Arabidopsis thaliana BI-1 (AtBI-1)2] yeast functional
screen © 23] H 1 EHRIT} (Jin and Reed, 2002;
Yamada et al., 2005). Yeast functional screening<-
QX95001 Reed’} #& AMESHS H 3kt
QX950012] Bax % &}2} cDNA library7} 2§54
cDNA7} BaxE A5} galactose Bl Z|ol| 4] A= 4=
RARE, AF 34 Z= A F-ole Bax7F #E 5o
galactose H| Z|ol| A A}2FXA] & S} T} (Yamada et al.,
2005). Yeast functional screening ™7} ]F&-2 activation
domains ©]-83}3tl. cDNA library+< activation
domain®] o] 919 activation domain®} binding
promoter”} A%}, transcriptional activation©] 24
3}tEt} (Greenwood et al., 2010). ¥ 2] oA A A|EZAL
gl A2 E ggte 24 I fxE gRIsd
2z AL T E FEs = T IS Aol
Azreit), meta] B Aqtox= ERA &3] H
= Bax inhibitor®} #HE 325 435k 5433}
st

P
2 A7l AR ARe FEE T ¥ =
2% AR A=sEATHdRR Y T

o} AHESIAT

2. B 219 total RNA F£&

Total RNA+ RNeasy plant mini kit (QIAGEN,
Germany) S AH&-3te] 3tk o5 ¥ 254 4l
st ¥ ) 100mg 4 ZSF autoclaveol| A L2 H T
ohAle] Wi 94829} B E ol gate] vhl
32, B-mercaptoetanol©] EFE 45040 RLT
buffers Z7Fste] 3] mifg H, ket
QIAshredder spin column©. 2 &7]31 13,000 rpmO-Z
227t dAEE St ASde AEE 2ml
microtube 2 %711 A o] 0.58) FHTHE2] 99%
ogh& (20 )& %73+ F, RNeasy Mini spin column
of &A AAF 123 48] sHAAL, 70040 RW1

buffer= columns A2 gk 7 ollgh-&o] eHt4 50040
RPE bufferE 3 7}35}] plasmid DNAES A% 8193t}
o]%- o3-2] PE buffer A= 3] A A7) 130
spin columns 1.5m FEo| &7 7|93 A&
3} 37, 3040 RNase-free waterS H7}8le] 1587 A
2 3 13,000rpmoZ &7 94 B3
RNase-free waterS 7}t 94 #eElshe 44

A=} AsYsle] RNA sampleS FE3FATh

3. cDNA Library M|&f

cDNA Librarye] A2} total RNAS A}&-5}o
cDNA library kit (TaKaRa code 61192} 6130, TaKaRa
Co., Japan)E ©]-8-3}At}. 941 Master mixtureS TH=
7] 18k A FZ 12440 5X 1st strand synthesis buffer,
3.1 dNTP mixture (10mM), 3.11¢ RNase inhibitor
(20 unit/«0), 6.240 Oligo dT-TA primer (50ng/x0), 3.140
M-MLV reverse transcriptaseS <35t} AZF
micro-tube®l] 4.59FE &7 Sal A& Lol BHSHY
o} ol &3 4340 total RNAS} 1.240 DEPC
water (Sigma, 6130)% 419 5.5uF $r3=0] 65T olA
537 7hs H ol Baste] QoA YhE master
mixture 4505 H7¥et] F 10 4ol o]R& A2
oA 1032, 42°CellA] 1AIZE, 80Coll A 53t | =2
Z 2|3} First strand cDNAZ A 2319t} o] First
strand cDNA Second strand cDNA A2}l ©]-8-5}%
T}, First strand cDNA synthesis mix$2} 1540 5X 2nd
strand synthesis buffer, 1.51( ANTP mixture (10mM)S
£33 & DEPC waterZ & &2 812 2431t
71 Y= 1ul E. coli DNA Polymerase I (20unit/«() 2}
10 E.coli RNaseH/DNA ligase mixtureS 491531t}
16 Coll A 2A17E, 70Tl A 1037 “821SFAIL, 2,0 T4
DNA polymerase 1 (lunit/pl)E 3H7FsH 3 37T A
102-7F A3k 5, 640 stop solutionTH2S *2]3F
o} 18|30 240 CA-Cassette adaptor, 6u( ligation
solution IIE 432 % 1240 ligation solution 12 &3}
Rom, 16Tl A ThA] 45 7t FX]|5ke] (DNAS ¥
=

5.0 10X Ex Taq buffer, 440 ANTP mixture (2.5mM),

0510 CA-EcoR 1 primer (20pmole/ul, 5°-
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GGTCTAGAGAATTCTAAGTACGT-3"), 05140 RA
primer (20pmole/ul, 5’-CTGATCTAGACCTGCAGG
CCTC-3"), 0.2510 TaKaRa ExTaq" (Sunit/f)S &3}
o F WHSAS souE A3 PCRS 35tk
PCR Z71& 94T 1iE §HS 3, 94CellA 30 %, 60°Coll
A 30 &, 2CoA 6 3735 F7|2 FZ3}al 72°Co
A5 E3F F7EE 9hEEdth oA AZHeE cDNA
library 9} A $+& 4~ EcoRIF} Xhol (TaKaRa, Japan).©-
2 37CoA 22412 &< ]St plasmid  vector
(PYX112)°] ligation3}%Ith. pYX112= ARS/CEN,
triose-phosphate isomerase, URA3 5O & %3} &|o]
T} (Yamada et al., 2005). Algta A A 2]E pYX112
vectore self ligationS WA|3}7] 935l alkaline
phosphatase (TaKaRa, Japan) = 37 Col|A4] 30 ¥ &<t
2] 3} 2.1, ligation®l| = TaKaRa ligation kit ver 2.1
(TaKaRa, Japan)S AM8-3}1%9 T} 23ng cDNAS} 50ng
pYX112, 544 ligation solution buffer 18 3 7}ete] &2k
S 10uE RHEAL 16 TollA] 1A13F &t A8,
21 % 144 ligation solution buffer IS %7} 2
A2 5 I3 #lol BA ATk

Ligation® pYX112-cDNAE t-g=tol] 273 A
7171 $13Fo] 10040 DHS5a competent cellol 104
pYX112<DNAE F7}ste] D5 9]ollA] 30 1 AA]
@ 3, 42 ColA 30 220 AT AR 2 Sl
4 287+ AA3kaL LB broth (10g/L Triptone, 5g/L
Yeast extract, 10g/L. Sodium chloride) th2! 2000 SOC

3 37CeAA 12 A3 s stnh

HAAS o)A Ao ZFUE 10ml LB brothel] ¥
o] 37°C9] 7oA 12213t Bt vl sk vl
Ao AN 7|E o] &3t HAE Hoal, S5
S AAZ 5 25040 Pl bufferS H718le] FAIS =]
31 22 & P2 buffers Ho] & 4131 3500 N3 buffer
= 718 &, 13,000 ipm & 1027 G4
Attt 74 A-E spin columndl] %7131, 13
A1E-2] 3tk Spin column®] E FEo] 9l ol

2A3s] A A3} 50040 PB buffer= columne- 41|23+

oo o

B

SRR

r

%, A=} 75010 PE buffer & 7}ske] ZEjo] A8H
plasmid DNAS M| #3} T} Spin column<- 1.5 ml &
Boj| A5 & A4l stod, o9 PE buffer d&
2 A3 A A3 AL, 50440 nuclease-free waterS ©]-&
3}<] plasmid DNAE &9l 834171 T3 13,000rpm
o7 A H FEsHTh

4. Yeast functional screeningZ} AM|3zHHQF

Yeast functional screening= A 3Y3}7] 95ke] Ak
Hi || A] A = QlE QX95001 R vectors ©§
SHATH (Fig. 1). QX95001 S cerevisiac (BF264-
15Dau)°ll Bax2} LEU2 7} +-%3}¥ YEp51-BaxS ¥
g}slal, Leucine®] $1& v Aol A v =T} (Kim et
al., 2006; Xu et al., 1998).

SD—Glucose—[Leu-]

SD-Galactose—[Leu]

—

Fig. 1. Appearance of yeast strain QX95001 on selection
medium. QX95001 grown on glucose medium without
leucine and do not grow on galactose medium without
leucine.

cDNA & A A 32 QX95001-2 SD-Glucose-Leu
Auh R 2 30C 2] shaking incubatorol| A 3L 37t v o3k
Hjj oFel-S- 3,000 pmO-E 10 7+ DA E2lste] A
£ ZF8HA o e ds AAS ¥ 2l 1X TE (pH
8.0) &5 7kt dgsiar 4] st 5
S oA AAZE F, 2ml lithium acetate (0.1 Mol &
stal @4 B3tk Aeds AA & Il
lithium acetate (0.IM)S TFA] H7}sta dEst &
competent cell-S £HJ33 T THE01%] cDNA library
9] yeast functional screening= 913+ Wi o33
2t} Competent cell QX95001- 200404 tubeol] ¥+
3}al 140 plasmid DNA (500ng/ml), 540 salmon DNA
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(10mg/ml), 1m¢ polyethylene glycol 5000 (50%)= %7}
stod & E3F3E $of) 30Tl A 3047t X3
100 DMSOE 7Fate] 412 £ 42°ColA 5 &3t
e Sfal el 5 EXF AIsATE ol %
10,000rpmol| A 137 A4l Eelste] FS5dS AlAst
Gar, IHELS 1ml YPD (10g/L yeast extract, 20g/L
poptone, 20g/L dextrose) A H) R 853+ &, 30T
9] shaking incubatorol| 4] 150pmO.2 1|7t &<t vl <k
STk vl F 5,000pm o2 187 YAEEE 5
NG AABAL, 50000 ddH001 THA] S35,
A A4 EHste] AEde AASAT 504l
ddH,0%2 FIAES ¢4d3] 3]4sle] SD- glucose-
Leu-Ura- 2LAH)R|ol] =5}al 30 CollA] 383F vl <k
sk Yol Fzys
Leu-Ura 9} SD-galactose-Leu-Ura” | Z]o] HE] ]
(multirack) S ©]-§-3F] Wi FsFAaL, G wiA|A &
5 A2t clone 4143t plasmid DNAS $&3199th
(Panet al., 2001; Xu and Reed, 1998). 21'+9 cloneS-&
cDNA2] =9 72 213t7] 98t EcaRIS}F Xho
18 A2 F ArGEae Flsiedn

Al A] - SD-glucose-

5. Putative clone AM|3ZHH Q¥

cDNA”7} =% pYX112E Pan et al. (2001)%}
Yamada et al. (2005) **Hol| oJsto] A 3EHj LS 5131
ov, AEH|Y¥ ¥ plasmid DNA 322 QIAGEN
plasmid 53 Kit (USA, Cat. No. 27106)Z o]-& 35}
FEote] EHEAL A7IES 9 EiTh

6. 454 24

Putative clone®] Oryz sativa ESTS] @7|XE
NCBI GeneBank (National Center for Biotechnology
Information, http://www.ncbi.nlm.nih.gov)<] nucleotide-
protein blast (blast x)& ©]-8-3lHt} Z-2te] A7|M<E
=2 text A= WHEF Fo] GENETYX-WIN
Version 3.2 (Japan)& AF&-3t M2 OE T57H9]
F543S B3Ik WoLF PSORT (http://wolfpsort.org/)

o wud o% An Fohd & Ugch

#1373

‘=gu] 2370 FZ3 total RNAZ 433 2™
strand cDNA 2] 523} 32He] adaptor E©]= PCR
< 3% 23, smear bandE 1T F JUTh
pYX112-cDNAE E. colioll 23S 433+ A3},
oF 2,000 7H/petri-dish ©]/¢2] FEUE 53Uk
©]& plasmid DNAE &34 QX950012 A%
SFATh QX95001 & 33l SD-glucose-Leu
-Ura ¢} SD-galactose-Leu-Ura™ B X|of| 4] Awksle] <F
Z v Ao A BT At clone stk 1 A,
864712] 22 F galactose B A|o A A& F 572
FES ATsoH, a5 ol S8L A LA
UA B AFZAPEHE FAA A A2 FHEHU
3 Y A] 1719 F82 741 nucleotide sequence 2}
247 amino acid sequence % 5 membrane-spanning THH
o7 Ho UAFs FRISAT (Fig. 2).

WoLF PSORT®| ©Hild o5 A2 RE 1719 of
B AE APEel] TEE RS Zobd = Atk
(Table 1). Bax inhibitor (D2-243)= NCBI®|| 4] blast
St A3}, Arabidopsis thaliana BAX inhibitor 1(BI1)
mRNA, complete CDs$} 86% ‘3-84S UEUl= AL
2 9 HAY}..  Arabidopsis thaliana, Brassica
oleracea, Brassica napus, Ricinus communis, Solanum
Iycopersicum, Capsicum annuum, Capsicum annuum,
Nicotiana tabacum, Glycine max, Zea mays,
Phyllostachys praecox, Medicago truncatula, Triticum
aestivam, Triticum aestivam 5 14 2)E-2] Bx inhibitor
o} fei=|o] HoA] A18gk Bax inhibitor (D2-243)%
2)Z-ol 4 amino acid sequence AIZE 84 % AT
conserved sequence”’} -2 EISFAT (Fig. 3). W
2}4] Bl oA yeast functional screening®l &]3}| 411k
170 2] putative clone Bax inhibitore} & U&=
Holgjal AEh g WO ZF ~EH 2] 3
AR} A2 yeast functional screening ®H S
St o FE MlzAPEe]] e ol o

=
&Ml o] &2 T Ue Ao A7HEn

il
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A ATGGATGCGTTCTCTTCCTTCTTCGATTCTCARCCTGETAGCAGRAGCTGGAGCTATGAT
M D A F 8 8 F F b 8 @ P G 8 R S W 8 ¥ D
TCTCTTAARAACT TCCGTCAGAT T T TCCAGCCGTTCAGAATCATCTTAAACGGGTTTAT
8 L. ¥R N F R © I 8 P & VvV o N H L ® R V ¥
TTGACCTTATGT TGTGCTOTTGTGGCGTOTGCCT TTGGAGOTTACCTCCATGTGCOTOTGE 1
L T L ¢ © A L V A 8 A F G A ¥ L H V L W
AATATCGGCOGGTATTCTTACARCGATTGGATGTATTGGARCTATGATTTGGCTCCTTTCR 2
N I 666 I L T T I 6 ¢ I & T M I W L L 8
TGTCCTCCTTATGRAACACCARAARAGGCTTTCTCTTCTGTTTGTGTCTGCTGTTCTTGAR
€ P P ¥ ¥F H @ K R L 8 L - F ¥V 8 A ¥ L E
GETGCITCTIGT IGGCCCCITEATCAARGTGECAATTGATGT TGACCCARGCATCCTTATC
6 A 8 ¥V 6 P L I K ¥ &2 I DV D P S I L I
ACTGCATTTGTIGGAACT GCGATAGCET TTGTCTGT T TCTCAGCAGCAGCAATGT TAGCA
T A F V G T A I A F VY © F 8 A A A M L A
AGACGCAGGGAGTATCTCTACCTTGGAGGACTGOTTTCATCTGGOTTGTCTATGC TARTS
R R R E ¥ L ¥ L 6 6 L L 8 8 G L 8 M L M
TGGCTCCAGTTTGCCTCT TCAATCTTTGGTGGCTCTGCATCTATCTT TAAGTTTGAGTTG
W L ¢ F a 8 8 I F G G S & 8 F X F E L
TACTTTGGACTTTTGATCTTTGTGGGATACATGETGCTGGACACACARGAGATTATAGRR
Yy P 6 L L I F V 6 ¥ M ¥V ¥ D T @ E I I E
BAGGCACACCTCGETEACATGEACTATGTARARCATTCGTTGACCCTTTTCACTGACTTT
K 2 #H L 6 D M D ¥ vV K H 8 L T L F T D F
GTAGCTGTET TTGTTCGEATTCTCATCATAA TG TEARGAACTCAGCAGATARRGAAGAS
v A vV F ¥ R I L I I M L K N 8 A D K E E
AAGAAGAAGAARAGGAGARACTGA
K R F K R R N

B

LT
ot

Fig. 2. Characterization of putative clone (D2-243) by yeast
functional screening in rice. A : DNA and amino sequence
of D2-243. B : Hydrophobicity of amino sequence.
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Table 1. Significant alignment of sequence compare with D2-243

Accession Description Query coverage (%) Max identification (%)
NP_199523.1 BAX inhibitor 1 [Arabidopsis thaliana] 86 100
ABD65015.1 bax inhibitor, putative [Brassica oleracea) 86 9%
AAK73101.1 Bax inhibitor 1 [Brassica napus| 86 95
XP_002531791.1 bax inhibitor, putative [Ricinus communis| 86 81
NP_001234450.1 Bax inhibitor [Solanum lycopersicur 86 77
ACC62519.1 Bax inhibitor [Capsicum anmumi 86 74
ACS36610.1 bax inhibitor 1 [Capsicum annuum 85 75
AAK73102.1 Bax inhibitor 1 [Mcotiana tabacum 86 74
XP_003524122.1 bax inhibitor 1-like [Glycine max] 84 73
ACG39435.1 bax inhibitor 1 [Zea mays] 86 7
ABB84400.1 Bax inhibitor-1 [Phyllostachys praecox] 85 7
XP_003611381.1 Bax inhibitor [Medicago truncatula] 85 70
ACN59489.1 BAX1.2 [ ZTriticum aestivurm 86 7
ACN59488.1 BAXL1 [ Ziiticum aestivur 86 71

Oryz a s ativa (D2-293 33

#Arabidops i thaliana BAX inhibitor WNP_ 199523 . 1)
Bras=sica oleracea BAX inhibitor, putative CABDES015 1)
Brassica napus BAY inhibitor -1 (A R2101 .10

Fhrcine ma: BAXinhibitor 1-like (P _ 00252912210
Hicotiana tabacum BAX inhibitor 1 (AAKTII0Z.1)

Ricinus communis B inhibitor, putative (2P _0025Z1721.1)

Capsicum annuum BAX inhibitor CACCE2ZS19.170
Cap=icum annuum BA inhibitor 1 (ACSESG610_1)

\_Lf[ Solanum hecopers icum BAS I nhibitor (MF_001239950.1)

Medicago truncatula BAX inhibitor (XP_0032511221.1)
Zea mays BAX inhibitor 1040 G025 1)

L Phyllostachys prascox BAMinhibitor 1 CABBS4400. 1)

Triticum aestivam BAX Inhibitor 1 (ACKNSSRSS 1)

I Triticum asstivum BAc<Inhibitor 2 AT NS0, 1)

1.0 = o o

Fig. 3. Phylogenetic tree analysis Bax inhibitor (D2-243) proteins from plants was constructed by the UPGMA method.
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