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(protein serine/threonine phosphatase, PP, 
EC 3.1.3.16)  
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phosphatase; DSP)

(Singh et al., 2010; 
Smith and Walker, 1996) PP

PP1 PP2 (Ingebritsen and Cohen, 1983)
PP1

I-1 I-2  
(inhibitor-1 2) PP2

I-1 I-2

 (Cohen, 1989)
PP2

: 
PP2A PP2B PP2C PP2A

(catalytic subunit; PP2Ac)

A(scaffolding subunit A
PP2Aa) PP2A
65 kDa 36 kDa

PP2Ac PP2A
50-130 kD

(regulatory subunit B, PP2Ab)
(Cho and Xu, 2007)
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(Ballesteros et al., 2013; Kleine-Vehn et 
al., 2009; Michniewicz et al., 2007)  
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al., 2011; Vert et al., 2005; Wu et al., 
2011)  
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67  (Oryza sativa L. cv. 
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28
( 3~4 ) 300 

mM sorbitol 1 3
3

-80  

OsPP2Ac-2
 

quantitative real time polymerase chain 
reaction; qRT-PCR OsPP2Ac-2

 ( 1) 
3’-UTR
Ubiquitin  

1. RNA  

1.5 mL 500 
L Trizol (Invitrogen)  

 5 200 L 
4 11,000 g 

 15 
isopropanol

4 11,000 g 
5 70%

RNA DEPC 
(diethyl pyrocarbonate) 

TURBO DNA-free TM kit (Ambion) 
DNA

RNA -80
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RNA MMLV Reverse 

Transcriptase 1st strand cDNA 
Synthesis Kit (Promega) cDNA 

 (complementary DNA synthesis)
cDNA -20

 
2.Quantitative real time PCR (qRT-PCR) 

 
1st 

strand cDNA  
(Illumina Eco Real Time PCR System)
PCR
94  3min 94  30 sec

58  30 sec 72  
1 min 40

Ubiquitin
 (Internal Control)

2- Ct  

 
Ubi::OsPP2Ac

 

1.Genomic DNA  
TNG67 Urea 

Genomic DNA 

1.5 mL 
Urea extraction buffer ( 7 M urea; 

0.3 M NaCl; 50 mM Tris-HCl; 20 mM 
EDTA; 1% sarkosin, pH 8.0 )

phenol/ 
chloroform (pH 6.7~7)

5 11,000 g 
6  1.5 mL 

isopropanol 

 11,000 g  5
 70% 100% 

DNA 50 L 
DNA

-20  

2.OsPP2Ac-2 Ubi::PP2Ac-2 
 

NCBI  (http://www. 
ncbi.nlm.nih.gov/) OsPP2Ac-2 
mRNA (accession number: AC135563)

 5’ 
Pst (CTGCA/G)

3’  EcoRV 
(GAT/ATC) TNG67 
cDNA PCR 

  Gel 
Elution Kit (Genemark) 

DNA yT&A cloning 
Kit (Yeastern Biotech) 

XL1-blue 

PCR DNA 

(Pst / EcoRV) 
DNA 

Ubiquitin pBS DNA (Fig. 
2)  OsPP2Ac-2 pBS

DNA
DNA 

pSMY1H 
EHA101 

DNA PCR  
3.  

TNG67 
EHA101 3 mL

LB 28
100 L 

40 mL AB 28
12 100 M 

acetosyringone (AS) 5% glucose
28 4 4

8,000 g 10 
100 M AS 5 

mL MS
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(co-cultivation) 5~10 
2N6-AS 28

3
100 mL 

MSD2  ( 300 mg/L 
cefotaxime) 1~2 

MS 

50 mg/L hygromycin 250 mg/L 
cefotaxime 
28 30 

(Wu et 
al., 2011)  

 

Urea 
DNA 

 (hygromycin phosphotransferase, HPT)
(Southern blot)

 
1.Genomic DNA PCR  

Table 1 PCR 
94  3 min 94  

30 s 58  1 min
72  1.5 min 35 

72 7 min 
PCR 1%

302 nm 
UV  

2.  
DNA

10~15 g DNA
30 units Pst

30 L 37 4~5
0.8% 15V
14~16

0.2 N HCl 10 H2O

denaturation solution 
(0.5 M NaOH, 1.5 M NaCl) 45 
rpm 2 H2O

neutralization solution 
(0.5 M Tris-HCl pH8.0, 1.5 M NaCl)

45 rpm 2
DNA nylon 

membrane nylon 
membrane 80 90

DNA nylon membrane
nylon membrane

wash buffer I (2X 
SSC, 0.1% SDS) 5 mL 
DIG Easy Hyb 5

5 200 L DNA
68 2
3~5 L 98

10 5
nylon membrane

68
nylon membrane

wash buffer I (2X SSC, 0.1% SDS)
45 rpm 10

wash buffer II (0.1X SSC, 0.1% 
SDS) 68
30 washing buffer (1X 
maleic acid buffer, 0.3% Tween-20)

5 nylon membrane
5 

mL blocking solution (0.5 mL blocking, 
4.5 mL maleic acid buffer)

2 0.3 L anti- 
Digoxigenin-AP

30
nylon membrane

washing buffer 3 15
20 mL detection buffer (0.1 

M Tris-HCl, 0.1 M NaCl, pH 9.5) 5
200 L CDP-Star solution

5
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 1 mL 50 mL 
MSD2 125 mL

MSD2 MS 
 2 mg/L 2,4-D 300 mM 

sorbitol (MSD2S3) (MSD2S0)
TNG67 OxPP2Ac-2-55 (Ox55)

OxPP2Ac-2-89 (Ox89)

125 rpm
0 5 10 15 20

 (packed cell volume, PCV)

50 mg/L 
hygromycin 0 5 300 mM 
sorbitol

RNA ( )
qRT-PCR  

 
DAB

NBT  
Nitroblue tetrazolium (NBT)

superoxide; O2
-

formazan
Romero-Puertas et al., 2004 3, 

3’-diaminobenzidine DAB
hydrogen peroxide; 

H2O2

Thordal-Christensen et al., 1997

MSD2S0

MSD2S3 20
NBT

1.5 mL 0.25 mM 

NBT (NBT  50 mM K-phosphate 
buffer, pH 7.8) DAB (1 mg/mL 
DAB-HCl, pH 3.8)

24 NBT
DAB  (Barcelo, 

1988)  

 

OsPP2Ac-2  
TNG67 

300 mM sorbitol
3 3

sorbitol

(Fig. 1a)
3
real-time PCR

OsPP2Ac-2
24

3
3

OsPP2Ac-2
(Fig. 1b)

OsPP2Ac-2
 

pUbi::OsPP2Ac-2
 

OsPP2Ac-2

Ubiquitin
OsPP2Ac-2 hygromycin

pUbi::OsPP2Ac-2
Fig. 2

TNG67 pUbi::OsPP2Ac-2
(hygromycin 

phosphotransferase HPT) PCR

60
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32

hygromycin

13%
14 T0

5.8%
10

HPT PCR 975 bp
TNG67

Fig. 3a
DNA PstI

HPT 
10

12 8 2 ( ) 
8 6 7

9 13 14 55 65 89
OsPP2Ac-2 Fig. 3b

pUbi::OsPP2Ac-2 TNG67
 

OsPP2Ac-2
OsPP2Ac-2  

pUbi::OsPP2Ac-2
Ox55 Ox89

real-time PCR TNG67 
OsPP2Ac-2

OsPP2Ac-2
TNG67

300 mM sorbitol 7 Ox55
Ox89

OsPP2Ac-2 Fig. 4
TNG67 OsPP2Ac-2

OsPP2Ac-2
 

pUbi::OsPP2Ac-2

 

pUbi::OsPP2Ac-2

50 mg/L hygromycin MSD2

MSD2H

TNG67 Ox55 Ox89
MSD2S0 MSD2S3

5
MSD2S0 MSD2S3

growth curve
TNG67

MSD2S0 5 10 15
20 PCV 3.2 7.0 6.3

6.3 mL/50 mL 10

Fig. 5a 10
stationary phase TNG67

MSD2S3

PCV 2.3 4.1 4.7 5.0 mL/50 mL

TNG67  300 mM sorbitol
25% Fig. 

5a  
Ox55 Ox89

MSD2S0 MSD2S3

Ox55 MSD2S0 5
10 15 20 PCV

1.8 5.8 6.6 7.0 mL/50 mL
10 PCV

20
7.0 mL/50 mL

MSD2S3 PCV
1.5 3.3 3.8 5.0 mL/50 mL

MSD2S0

Ox55
MSD2S3

TNG67 Fig. 5b
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Ox89 Fig. 
5c  

pUbi::OsPP2Ac-2
NBT

DAB  
MSD2S0 MSD2S3

20 NBT DAB
TNG67 Ox55 Ox89

sorbitol MSD2S0

20 NBT DAB

Fig. 6, Fig. 7
sorbitol MSD2S3

NBT Ox89
Fig. 6 DAB

TNG67 Fig. 7  

 

protein phosphatase; 
PP protein kinase; PK

Haynes et al., 1999; He et al., 2004; Xu et 
al., 2007; Zhou et al., 2004

/ 2A PP2A
Janssens and 

Goris, 2001; Lechward et al., 2001; Virshup, 
2000

Hsing et al., 2007, Vij 
and Tyagi, 2007 PP2A

OsPP2Ac-2  Real-time PCR
sorbitol

OsPP2Ac-2

Yu et al., 2005

He et al., 2004; 
Zhou et al., 2004; Yu et al., 2005; Xu et al., 
2007  

OsPP2Ac-2

OsPP2Ac-2 OsPP2Ac-2

DAB NBT

TNG67 2, 4-D
MSD2S0 10

7 Fig. 
5a OsPP2Ac-2

MSD2S0 7
20

Fig. 5b
lag phase

MSD2S3 TNG67
25%

Ox55 Ox89 OsPP2Ac-2
MSD2S3 10

15 PVC
50% Fig. 5b, 5c

20

OsPP2Ac Yu 
et al., 2005

OsPP2Ac-2
 

NBT
OsPP2Ac-2 Ox89

sorbitol NBT
TNG67 Fig. 6

O2
-

superoxide dismutase; SOD
OsPP2Ac-2

SOD

34



J.Agric.For. (NCYU) 2015    

 

SOD PCR
Ox89 OsPP2Ac

Ox55 Fig. 4
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PP2Ac
SOD

 
Zhou (2014) 

brassinosteroid; BR
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BR
RBOH1-NADPH Oxidase

H2O2 H2O2 ABA

PP2Ac SBI1
PP2Ac BR BRI1 
(brassinosteroid insensitive 1) BR

 (Di Rubbo et al., 2011; Vert et al., 
2005; Wu et al., 2011) Cicchillitti et al. 
(2003) PP2A
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PP2A

PVC
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H2O2
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Fig. 1. Phenotypic observation and gene expression of OsPP2Ac-2 in TNG67 seedling under 
sorbitol treatment. (a)The 4 leaf-age seedling grown in at Kimura hydroponic solution 
containing 300 mM sorbitol for 0, 1, and 3 days. then moved to Kimura solution for 3 
days. (b)The shoot mRNA are used for qRT-PCR. The expression of Ubiquitin gene 
was used as the internal control. DAT, days after treatment; r3, recover for 3 days; 
Bar=5 cm  
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Fig. 2. pUbi::OsPP2Ac-2 construction map. Hph, hygromycin phosphotransferase; RB, right 
border ; LB, left border  

 
 

 
 

Fig. 3. Molecular analysis of transgenic rice cell lines of pUbi::OsPP2Ac-2. (a) Genomic 
PCR of HPT resistance gene. (b) Southern blot analysis. The genomic DNA was 
digested by PstI and HPT gene used as the probe. P, plasmid was used as the positive 
control.  
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Fig. 4. qRT-PCR analysis of OsPP2Ac-2 gene in different rice suspension cells under 300 
mM sorbitol treatment. Ox55 and Ox89 are transgenic cell lines of pUbi::OsPP2Ac-2. 
The expression of Ubiquitin gene was used as the internal control. 
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Days 

 
Fig. 5. Packed cell volume measurement of different rice suspension cell incubated in MSD

2
 

medium with or without 300 mM sorbitol for 20 days. Ox55 and Ox89 are transgenic 
cell lines of pUbi::OsPP2Ac-2. The suspension cell are initiated from resistance callus 
and amplified on selection medium containing 50 ppm hygromycin. Originally, 1 
mL/50 mL suspension cell are used and PCV are measured every 5 days. 
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Fig. 6. NBT staining of different rice suspension cells treated with 300 mM sorbitol for 20 
days. Ox55 and Ox89 are transgenic cell lines of pUbi::OsPP2Ac-2. Bar=0.25 cm  

 

Fig. 7. DAB staining of different rice suspension cells treated with 300 mM sorbitol for 20 
days. Ox55 and Ox89 are transgenic cell lines of pUbi::OsPP2Ac-2. Bar=0.25 cm
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Abstract 

The study aimed to understand the possible role of protein phosphatase 2A catalytic subunit 
isoform 2 (OsPP2Ac-2) on osmotic stress in rice by genetic transformation approach. The 
growth curve, nitroblue tetrazolium (NBT) and 3, 3'-diaminobenzidine (DAB) staining of 
transgenic cell lines under osmotic stress treatment were determined. The results showed that 
OsPP2Ac gene expression was inhibited under sorbitol treatment at seedling stage. The 
transformation efficiency is approximately up to 13%. All transgenic cell lines were confirmed 
by genomic PCR, Southern blot and quantitative real time PCR analysis. The growth curve of 
two transgenic cell lines, Ox55 and Ox89, either grown on MSD2S0 or MSD2S3 medium are 
similar to wild type, TNG67. But their growth efficiency are significantly decreased under 
sorbitol treatment owning to hypersensitive to osmotic stress. Besides, The NBT stain is 
stronger and DAB stain is lighter in OxOsPP2Ac-2 overexpression line, Ox89, under sorbitol 
treatment for 20 days than in TNG67 which may derive from higher level of superoxide and low 
level of hydrogen peroxide accumulation. It may cause from lower enzyme activity of 
superoxide dismutase in Ox89 under sorbitol treatment. We concluded that OsPP2Ac-2 gene 
may act as a negative regulator for osmotic stress tolerance in rice by affecting downstream 
stress responsive genes. In the future, more study is necessary to clarify the possible role of 
OsPP2Ac-2 gene on stress tolerance in rice. 
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