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AtCBP63, a Arabidopsis Calmodulin-binding Protein 63, Enhances
Disease Resistance Against Soft Rot Disease in Potato
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Abstract Calmodulin (CaM), a Ca’* binding protein in
eukaryotes, mediates cellular Ca® signals in response to a
variety of biotic and abiotic external stimuli. The Ca**-bound
CaM transduces signals by modulating the activities of
numerous CaM-binding proteins. As a CaM binding protein,
AtCBP63 (Arabidopsis thaliana CaM-binding protein 63
kD) has been known to be positively involved in plant
defense signaling pathway. To investigate the pathogen
resistance function of AtCBP63 in potato, we constructed
transgenic potato (Solanum tuberosum L.) plants constitutively
overexpressing AtCBP63 under the control of cauliflower
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mosaic virus (CaMV) 35S promoter. The overexpression of
the AtCBP63 in potato plants resulted in the high level
induction of pathogenesis-related (PR) genes such as PR-2,
PR-3 and PR-5. In addition, the AtCBP63 transgenic potato
showed significantly enhanced resistance against a pathogen
causing bacterial soft rot, Erwinia carotovora ssp. Carotovora
(ECC). These results suggest that a CaM binding protein
from Arabidopsis, AtCBP63, plays a positive role in
pathogen resistance in potato.

Keywords Calmodulin, Disease resistance, Pathogenesis-
related gene, Potato, Soft rot
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AGET ol g4 UM A AR A2 5]
ol = TR o|itst A FEE A7 FIHAA
AT} g A&H R AFeHA stof, AFdet
wAE 26k ol¢t 22 AAEAR st A=
gt 7120 A Aeke AL wlE, S A L
2tz 0] Aol AstE L, o 7hA] Wt o7t w2
=9 g7k F7rskal vy AAAH R AEdAl
A2 A (18) A=t AR Hdde) Al 9
A of7] = AL lvhal HaldE ok E3H W datel ot &
HE EAE #aar)7] st soke] FH AT AL
Z Qsto] A2A ESfol AHetE A oY THA] A
Aof ofehE 2L ATt (Agrios 1988). o] 2 et FoF
Of A2 B A EAstE A S e
£ e Hal ols ¥ B2 5 A& =5t S
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= 335 vedoh A&EA S 318 woro] AR o
o A HYdEY BAS FEokl o5 Y A7
3 FAEY FAEAN Asts: Uy oE IehE
OFY] AMES oA AU Y SIS skl
otk oleldt Wt 3ot Fore EAE sfAstaat
AEo Ade JAE 5 e ¥ AdAEe Feste &
& FAAE GRFIA Sk A7 AAAL O R W
AFAE] &sto] o] FofA|a QU ®3F, AEA ol A
o W AR A7 Hgt 712 A% At = FA
sharel A ol2oiAn ek

ABAE S2IE g WA EY 7|Ho] g 27
7 gomz mE AE7h WeRe AYL ARt
AsAG AR o] A AL THEstel W] o
3 i8S B 4 glojof Wk HBE % AR )
B4 718ES 7 shue Hedteol MRt Al
A YetyE 2U73A AIZAFE (HR; hypersensitive cell
death)o] 1L T} 2 shit= W ato] A AYshA| F2 #

Aol B SsA vetue dAEE A4 (SAR;
systemic acquired resistance)©| Tt HR2 W 4to] A E3H
B9lolA] AEARE GEstel Yo ;

& A4S AT A

_97_]
A WS Fof ek 4
o

= A2 thE 1% (amplitude), B1%= (frequency), 7|7t (duration)
9] Ca Bx =7} ofAFS WOt} (Dixon et al. 1994;
Dolmetsch et al. 1997). o]2]at A=A Y Ca )& A=
e o] 7}A] calmodulin (CaM), Ca2+-dependent protein
kinases (CDPKs), calcineurin B-like proteins (CBLs) 5 Z <
A% G EA} (decoder)?l Ca™” Aehs o] ofaA
QA o} S (downstream)2 WHA &= AZE Y
517 =t} (Chin and Means 2000). 232 02 Ca®" &7t
Zr&ul) 7l Al 3 A =2 reactive oxygen species, salicylic acid,
jasmonic acid 59 AlZHY 459 & =5
HRY} SARe|| 2142 o2 o3l QlT} (Sacks et al. 1993).

AHAS PBAEA TS ohe Ca¥ ARTUL
oA Z 2 EY (Calmodulin, CaM)2 A R7}A] 7}AF 2 o

Txo] 9 Ca’ Ay A 2K, Ca’-binding motifdl
47 9] EF-handsE 7}A| 1L Qth ZEA|ZQLE T A&
Mol A= ohefRt FEf (isoform)o] ZEEYUS 33}
St FAATE EA S, AATIA] Arabidopsis (Ling et
al. 1991), potato (Takezawa et al. 1995), wheat (Yang et al.
1996), tobacco (Yamakawa et al), soybean (Lee et al. 1995)
SolA Hilx o] gtk 53], tiFolAe 571 AREY
e (GmCaM-15-¥ GmCaM-5)7} R 1% o] Qlt}. GmCaM-1,
GmCaM-2, GmCaM-3 $AAE= ZEo ArEdyl oF
96% =9 E FAMS HoF+ HHY, GmCaM-49F
GmCaM-5= of 8% A=9] W& fFAMdS 2o =1,
o] vlg o 2 GmCaM-42} GmCaM-5= X274 E 1%
AREY $AAE FoIH 71 vRnEsE AT
2 4 A 9t} (Lee et al. 1995; Yamakawa et al. 2001).
GmCaM-42} GmCaM-5 Tl d2 Al EA o] A salicylic
acid (SA)oll H]ojEA o7 A Wojlladd A-gof
ofgtm], Aol Tofgtrfal HIiE It (Heo et al.
1999; Park et al. 2004; Yoo et al. 2005). FE3t o5 ZHE
Aol A% dude BEslE 2rEdnE g Ca¥
FEO] Zpolof| whet At Thl Ao T o) Aol K
o] FQlt} (Cho et al. 1998; Kondo et al. 1999; Lee et al.
2000). o] e} Zo] thefet FHE 7HA AL Y= AR ET ]
ofe] F79 A% dMAR Agsto] ot A 413
Ags 24sHA d 2oz 9

ZaE| Ca’'o] A T2
Al =, oheket A3 g A S A5 2E8-S slo] Al
Als AES -5} (Hoeflich and Tkura 2002). H| &, Z-
REYUS a3 S 7HA AL A G| Ete oheF
ot A% A AT A 28-S shof, A3 Tl o] gy
< Z24As= 715& oA "k AF7HA] AEA oA B
0 guEd A% GuAe 0] ol oR thaF 7]
o= ot A AEZAGE 243517 Hr} (Snedden
,‘

and Fromm 2001; Kim et al. 2009a). 22 &l A1 &1 of 7] A

(Arabidopsis)o| A AtCaM-2 A3 T2 Q1 Arabidopsis thaliana

Calmodulin-Binding Protein 63 kD (AtCBP63)2 £2] 3}

i, o AU E Sote] AR ERY 4% Sol4

S WElYTh AICBP63 SARL 563709] ofu]wARS

s slel= GHRto|H, o] 5 vig o g 63 kD Ao ¢
=

sl Bole RV VY Apolo] EAjSi glom, |
(W534), 8 (FS41), L2 T 14 (F547)2] 9| 2|of 2424 ] o}
vlidto] EAjstel 18140 ZRED AT FHE &
237 1%t} (Rhoads and Friedberg 1997; Kim et al. 2009b).
S+, AtCBP63 -+ A} += JA (Jasmonic acid)2} MeJA (Methyl
jasmonate) ] # 2] osjA ZFsiA HEES BT ¢
1931, SA (salicylic acid) #] 2]ol| = oF3t Wy A&
ZFt} (Kim et al. 2009b). ©]¢} 72 Aut=
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A AtCBP63 Thal o] Wt o] Aol Boiete AlAL
shelth. 1231, AtCBP63-S MAMPo| oJsle] Grrs
SA (salicylic acid)®] 23} &9 At Wdatol g
W Ao Hojst= Ao R HIEQch (Wang et al. 2009).
B Lo A ACBP63S BIEE: FAAS AR
FESHL a5 FAAE GAE ol 8st A4 FEY
AR 975 sHsA

A EZ (Solanum tubersoum L. cv. Dejima)< & 2 3}
& §Isto] ARgshglTh Al &A= 4,000 lux ] Al 7] o)A 8
AIZE B6AIZE & %712, 23C 2] 27 AL3hee
2 3% B AT BAY 9 FHlste] AErE 4

Shal 70% e 2 12} EHAES AAISE S0, Tween-
202 Z3F5h= 0.5% 2Folg A YEF (sodium hypochlorite)

oz 23 2EL F1Yr) 18, Aot i ES
ArAs7] S8 wasw 53] wEatel AHL 59
2% gape] Qe Aol 4B At 9
148 AR Agsron, 1 FAARE FRE
Agrobacterium tumefaciens (LBA4404 A%)7} AL-&5 At
B3 AR 22S Y3t FF= Escherichia coli (XL1-

Blue MRF’ ¢} DH5a AlE)o| AF&% ¢t} (Stratagene, USA).

_l

md L o oo

ASSENEE Vector A X 2R FEX

Eal

2 H A AEE vectorS A|Z517] ¥J5}o] 4tCBP63 ¢cDNA
&oto] & Uekol| Smalo] A|ta s A
£ 7H2l primersE 22t ©]-8-3Fo] PCR FE5 35151
t}. PCR AHES pGEM-T Easy vector (Promega, Madison,
Wholl 4Hdste] DNA @714 g5 gkelskgich 7]+ binary
vectorE  pCambial300-PTE AF&3F 01, o] vector=
enzyme site”} W& |11 Aol 2 hygromycin A 34 &
AAE 7FA 3L Q)= pCambial3000. 2 HE] ST 5 vector
olt}. pCambial300-PT vectorsS Smal®] AtaALE ALE-
Sto] Hhst $of calf intestinal alkaline phosphatase (CIP,
New England Biolabs)Z 37 Coll A 1A]7F Z¢F At &,
oju| FH|E ACBP63 F-AAe} A2 Adsto] S22 o
At pCambial 300-PT (Control)@} pCambial300-PT-AtCBP63
< ZVZ} Agrobacteriumol| A A% AJFTh 7HA A A S
AEAE F5517] Yste] 25 FA9 & 5 mm x
5mm| A AHZXZFOZ = & FRAKSE Agrobacterium
= A AEAl] AdAAA FEAS s FAAS
H A= MS (Murashige and Skoog 1962) 7| EHj 2| & &

k= shoot f-EH] Ao Al A& 2}A]F 3L, hygromycin 3}
AAE AHEsto] FAASAE AEskdnh (Yi et al. 2004).

Northern blot &4

pCambial300-PT (Control)} pCambial300-PT-AtCBP637} &
A7 ghEl ZhAbol| A Northern blote 4=3§517] $]5}o] Park
et al. (2002)9) WS AMESFATE 94, total RNAE
TRIZOL reagents (Invitrogen, Carlsbad, CA, USA)E A}-8-3}
o Z7te] HANG ABARRY pelsielch £eld
20 g2 total RNAE= 1.5% (w/v) formaldehyde-agarose gelo|
A A7 9 5L $Y% 2, gel $Jol nylon membrane (NEN,
Boston, MA)& 11 membrane®]| RNAE Z oAl T} UV
cross-linkerE ©]-83}o] RNAE 114 AJ7l &, ArCBP63 &
S o-["P]ATPO] HFALA E9J YA 2|3t probe S
0.5 mM Na;HPO; pH 7.2, 1 mM EDTA, 1% BSA, 7% SDSZ
2351 hybridization buffero] A 65°C of| A 18A]7F =<
SATAZ Z, 1% SDS, 2 x SSC 2] washing bufferS 65C
oA 1587F 2 HHE8lo] A& 3s)aT, 1% SDS, 0.1 x SSC
9] washing buffer 2 65CoA] 1027+ 21 WHE3}o] A
SHATE Al A3t membrane> HF 7HAE0] BEI A
ol Al S0COIA] 24 br 54k MU Fo BEL Hakel
At

RT-PCR &3

FAMLE AESAZHEE RT-PCRE =3517] 9|5}
Northern blot2 93] 2|3t total RNAZ FE] ¢cDNAE 3
A 3Fth 2 A total RNAO] DNase I (deoxyribonuclease I,
Sigma)& 2o A 1587 Agst &, 70CoA 10&7H
E8A43 A Fth ReverTra Ace reverse transcriptase (100
unit uL”, TOYOBO)Q] & AA} A, 2 1g9] total RNAS}
oligo (dT)y primerE 7 Eol 25 25 uLe] vhg- &3=
of| A First-strand cDNAS $FAJ 5} T Table 194 Hol=
A2 PR FHAAZY] primersE AHE-3Fo] RT-PCRE 423
3}9ic} RT-PCROJA] A% & 4= EF-Taq DNA polymerase
(2.5 unit uL”, Solgent, Daejeon, Korea)S A}-83}9] .00,
95Cof| A 28 FoF dayg e AL, 95ToA 30,
55Cof| A 30%, 72Cof| A 28 %=<F 25 cyclesS 343}
1, & oz 12T A 10582 extensiond}o] RT-PCRE&
S35k gk PCRAMES agarose gelofl A A7) 953 &,
UV Z 70| A ethidium bromideE o] &3}o] & 3}3ict.
Potato Actin -3-Z1*}+= internal positive controls 2 AF-& = 3Ich

HAT M2 U WY 5
YA AN 1 AT BRI LA ol o] 3
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=+ Ao oy AR 2EE B2 St Erwinia carotovora
subsp. Carotovora (Ecc) w55 AF&3IATH o] 43+
tryptic soy agar (Difco Labs, Detroit, MI, USA)oj| A 20C 2]
25 27T 247 FoF wiFE ATk wiA oA AR
o] Bt eE ARl nAdE dgdS A2 F
Aol B33 A (ODs3 = 0.8)E AFE-3}9] colony forming
units (cfu) per ml9] =& A AL} T} Potato slice method
+ Sjefke et al. (1995)9] WL k7t HEdlo] 4238515
o, n|AYE wjFHE A9 tuber discsol] 7HEAI7| AL
7 23 0] gl AET 0] Yol Fobal 25T oA
24X 7t 5ok v eFskoich 3k, Wt AT A
tuber= 1|8 ZFolg A LLEE (sodium hypochlorite) &
1 100 G 58 T 9 A 94
tuber discs 9]0l ZHHH wA=o A4S HEsH] §isto
WAE 438 24stdch

Zn 9 2%

RIS AtCBP63 FEAIS| A

o 71A N o] AtCBP63 FAAS FAXZE binary vector?l

pCambial300-PT vector®] Smal®] A|gta 45 o]&sto] A=

kel Ac) (Fig. 1A). oA AZgw pCambial 300-PT-ACBP63

I} pCambial300-PT vectorE Z}Zy 73Abo]| & A A3 5o,

HAAE A ZEE total RNAS 3=&3}3 northern
=]

blot £42 E35}o] 4tCBP63 SAALS] HHA =S Tzt
AT} pCambial300-PT vector (Control)7} & A A 3tE 7+
Apo| A= AtCBP63 77219 Wd o] e ] k= WhH
o, pCambial300-PT-AtCBP630] HZAAZE At A=
F7bE A WL DAY S At (Fig 1B). ol 5
A4 FUHEE AL Bole OWTAS oA B

S Hollk OX#14HS 7141 HYF AFPA AFL 4=

Welsich

AtCBP63 FEIADG RidreiEl ZXIOIMS| PR REAES| 2o

AtCBP63 S-A A= n A& HYH} o
Holsts ohget 2o osiA Wd o] FrtekaL, Al
oA oA 7kA] AT Mo Hols
3519} (Kim et al. 2009b). o] 23t S M=o B4
Aol e AE ol 714 AT BB Bl
& 908 AT o2 FWs7) $lstel, T
HojF= 1A PR GAAEY primers 0]-25}o] 41CBP63
LA 7F B E gRbo) A PR SAAE ] U & RT-
PCRE E35lo] BA3}4ATE pCambial300-PT vector (Control)
7b AR ARAE B9 YFOR PR, PR3,
PR-5 QARIE 0] wFalo] oFabA] Z7}et Uk, pCambial300-

smal smal

-
o

RB

Hyg 358 35S AtCBP63

(1.476 Kb)
AN
@ B2 2SO
¥ F oF o oF oF o oF

e mamendd

AtCBP63

Fig. 1 The expression of AtCBP63 in potato transgenic plants.
(A) Schematic map of a binary vector that contains AtCBP63
used for transformation. LB, left T-DNA border sequence; RB,
right border sequence; 35S, CaMV 35S promoter; Hyg,
hygromycin resistance gene. (B) Northern blot analysis. Transgenic
potato plants transformed with pCambial300-PT-AtCBP63 (OX
lines) and control plant transformed with pCambial300-PT
vector (Control), were analyzed for AtCBP63 expression. Equal
loading of RNA (20 g) in each lane was confirmed by pre-
staining the gel with ethidium bromide as a loading control
(lower; rRNA). RNA blots were probed with 32p_labeled AtCBP63
cDNA

Table 1 Gene-specific primer sequences used for RT-PCR in this study

Primer names

Primer sequences (5’ — 3°)

AtCBP63-F
AtCBP63-R
PR-2 ( [31,3-glucanase; gluBl)-F
PR-2 ([31,3-glucanase; gluBI)-R
PR-3 (Chitinase; chiB3)-F
PR-3 (Chitinase; chiB3)-R
PR-5 (Osmotin-like protein)-F
PR-5 (Osmotin-like protein)-R

GGAGATGGAGCCGTGGAG
TCATCAGGACATCAGGGTGG
CAACTTGCCATCACATTCCG
TCGATAGGTCCAGGCTTTCTC
CCAGGTAATTGCCAGAGCCA
GGTGATGACATCGTGGCAAG
GCTGCCACTATCGAGGTACG
TCTTCATCACTTGCAGGCATC
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PT-AtCBP637} @A A3 E 7kao A= PR-2, PR-3, PR-5
SAAEY ol WA FRS ¢ ¢ AU
(Fig 7). 53], 947 AFH NFe 24T A 4
A OX#THT OXHI4NNA PR §AXES] Tao]
F3 371 Bk 22 o 4 Uitk ol Aue
ACBPS3 AA7E TAY FAUE ARl AL HY
o WY TG0l A A Yol AEs|Zro] T

3 ol 92 AT

>
X
=
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L

L0 o He rlo rfr ok
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i
Shia
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fillo
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1 ‘}':01]/‘1 o Fatgh

A = "d%“’ﬂ*i a7t F& 5
o] ¢ °ﬂ o] 273} H) w3ko] AtCBP63©] 1}
3 9] tuber discsol| Erwinia carotovora

subsp. Carotovora (Ecc)S 749 AlZFS ], I HAHF2 A

%/\ ,éb '\
°+ S48 g o-\’-*‘ ox@‘oﬂ?‘

AtCBP63

PR-2

PR-3
PR-5

Actin

Fig. 2 RT-PCR analysis of constitutive expression of PR genes
in transgenic AtCBP63 potato plants

Total RNA was isolated from transgenic potato plants transformed
with pCambial300-PT-AtCBP63 (OX lines) and control plant
transformed with pCambial300-PT vector (Control), respectively.
PCR amplifications were carried out in conditions of a 2 min
denaturation at 95°C, followed by 25 cycles of 95°C for 30 s,
55C for 30 s, and 72°C for 2 min. After PCR, 10 ul of each
reaction was removed and electrophoresed in 1% agarose gel.
Actin amplification was used as the standard to verify uniform
gene amplification. The RT-PCR analysis was repeated three
times using RNA extracted from three independent experiments
and similar results were obtained

Ao ALt Vector (Control)7} HAAFE 742}
A Erwinia carotovora subsp. Carotovora (Ecc)S 7+ A A #
o, W 2 WARe] A4S A HHE, ACBPEO|
THEAE OX#TH1 T} OX#14H o A= B ot 9] Aol <
Ade BEE 4= A (Fig. 3A). 24249 ZA tuber
discsoll Al W+t A& WAFa 54 2, vector
(Control)7} A AZHE Ao Al = 17.5 mmel HHH, A(CBP63
o HAE FAA= oF 2 mm= vectoro] H|Sf oF
90% Eol= AFES 2ol Ut (Fig. 3B). o9} &2
ATHES uheom, ACBPS $ 447} T e FAH
& AR A= Al A o] Az 7)Aol B4 3tE of A
QA M9 carotovora subsp. Carotovora (Ecc)®] -5
o ol A4l F7A5HA S S Feletsict. BEH L
A EAE oheet o Fo el JAYsHA HH
Aoz HE Yold 29 SEot Z71HT, F71

mlo

o

vHU o o

A

Control

OX#14

(mm)
25

20
15
10

Semidiameter
of rotted tuber

| —
Control OX#7 OX#14
Fig. 3 Enhanced soft rot resistance of AtCBP63 transgenic potato
lines
(A) AtCBP63 confers resistance against Erwinia carotovora in
transgenic potato tubers. Potato tubers transformed with pCambia
1300-PT-AtCBP63 (OX lines) or pCambial300-PT vector (Control)
were sliced, inoculated with Erwinia carotovora (5x10° cfu per
ml) and incubated for 24 hrs at 25°C. The photographs were
taken after the incubation. The results are representative of
three different trials. (B) Semi-diameters of Erwinia carotovora
growth were measured after the incubation. The results are
mean value of three independent experiments
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