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Abstract Ascorbic acid (AsA) is a strong antioxidant/
reducing agent that can be converted to dehydroascorbate
(DHA) by oxidation in plants. DHA, a very short-lived
chemical, is recycled to AsA by dehydroascorbate reductase
(DHAR). Previously, DHAR cDNA was isolated from the
hairy roots of the sesame plant, and DHAR-overexpressing
transgenic potato plants were generated under the control of
the CaM V35S promoter (CaMV35S::DHAR). An increase
in transgene expression and ascorbate levels were observed
in the transgenic plants. In the present study, proteomic
analysis revealed that transgenic plants not only accumulated
DHAR in their cells, but also induced several other
antioxidant enzyme-related proteins during plant growth.
These results suggest that DHAR is important for stress
tolerance via induction of antioxidant proteins, and could
improve stress tolerance in transgenic potato plants.
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T3t A AEY A 20 =EHA =Y A
7} superoxide anion radical (O;), hydrogen peroxide
, hydroxyl radical (OH) 59| Hh-g-Ao] =2 =49
A2 (reactive species, ROS) S 2 W3}A| F . ohoF
sEd ] o) fue Y30l i
20 WA LA F0 8ol i
@ S BAEEA ofof el RERS
x4 017]:[10 superoxide dismutase
ascorbate peroxidase (APX), peroxidase (POD), catalase
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W A AEA AR Foll o8 aEdoR
A A =t} (Noctor and Foyer 1998; Asada 1999).
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Shigeoka et al. 2002). A A 2 DHAR©o] a3 % &2 A
ol A FLF AsAQ] ofo] Z7bslgal, o] 2 213
1% wf

Th(Kwon et al. 2001; 2003). DHAR®| 93} 24 W=
29l AEA FABEA Q] AsAL Q1A Fa3
AL A vitamin C2A G RES] BFE A
A olsta ik A2 o] AN At B AL
A Absl G4 RN ofY e, 4549 "Hetd
kol 4| 9] zeaxanthine A §H4J, vitamin E (alpha-tocophrol)2]
skl AH FA4 59 o A Vee A Sl
(Conklin et al. 1996; 1997; Wheeler et al. 1998). £3], AsA=
SHHLE 2o oo FEEE ASIAEY A FOF vt
o A F O AAS FA sk AA FoAEERA 7]
5o gQlE o] theFet A7F X3y ub 9lthConklin et al.
1996; Kwon et al. 2003). 73] =&, DHARS 0]-&3F AsA 9]
A AR & BASE HHo R 2E5HH AE
A2 WA B AAE LT
g o] 28 b5 A
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Fig. 1 Schematic representation of the expression vector used to
create DHAR transgenic potato plants. CaMV 35S pro, cauliflower
mosaic 35S promoter; DHAR, sesame dehydroascorbate reductase;
NOS ter, nopaline synthase terminator; Mas pro, mannopine synthase
promoter; Bar, phosphinothricin acetyltransferase coded by the bar
gene; Mas ter, mannopine synthase terminator
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dHo R gh= AZA ot (Goo et al. 2008). & Al=AE
MS(Murashige and Skoog 1962) ul Z] of| sucrose 3% S %7}
sto] 1641749 # 270 A 40 umol'm™sec’ o] FH 9
25°Co] oAl Z A WeF Sho] £A3hsich

= v
of NRzAE Aol A Asm A8 Ha 5
10 mLo] ©hald == buffer [0.5M Tris-HCl, pH 8.3, 2%
NP-40, 20 mM MgCly, 4% [3-mercaptoethanol] (NP-40 buffer)
£ A7tsto] A3kt 3 12,000 pm o2 152 F3F A4
w2 sfo] AZolg RelshTHKim et al. 2001). 3%
87 T AL 15%2] PEG (poly ethylene glycol)of 2}&t
2228 Foll A5 L85 acctone 0 2 JHAIA 2
3t & 12+ A7) 9% buffer?l rehydration bufferof &3
AIFCHLee et al. 2007). S A ] A eFEH-S Lowry ]
2 o] &35to] A A5 HLowry et al. 1951).
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pH 8.8, 6 M urea, 30% v/v glycerol, 2% w/v SDS, and a trace
of bromophenol blue)o A HEH A7l 3 12% SDS-PAGEE
AT o]k M7 g0l B geld silver H A I}
Coomassie Brilliant Blue 22 &3] &ol= EojAQl o
WA ES gelof A Zefiffo] MALDI-TOF MSE o] &3t ©
W ZAof AFE5UTHBlum et al. 1987; Neuhoff et al.
1988). FAHo] Et gel-> GS-800 densitometer scanner (Bio-Rad)
= scandt § A& o|u|x] B4 g 73] PDQuest (Bio-Rad,
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t}. Database 7344-2 Protein prospector (http:/prospector.ucsfedu) T FAAZ A EA 9 Az ]Hh 16Z 2] w2 o] vt
£ o]&stlon, thid F4s 913t ofn| At A EE2 o F7H7F SR o] & F o|n A 45 F3f 26l

tlo] e Hjo] A= NCBI % UniProt> ©]-§-3}9itt. o]/Fe] ApolE Hol= ‘&‘iﬂé‘ié Spot 6 (pl 5.86, Mw
20.7 KDa), spot 14, 15, 16 (pI 6.17, Mw 23.7 KDa), spot 17
(pI 8.07, Mw 33.8 KDa), spot 24 (pl 7.68, Mw 44.5 KDa)=
Za ¥ oz o] F2HE 9lrh(Fig. 24). E 619 A&T FAAY 4
) A9 ol A= spot 6, 14, 15, 160] Al % A]7] 9} vpzt7}
M ADIO) T HRHE ASH 2o ThE bl A2 2w ol4ke] W Z71E HATHFie 2B).
1ol A AARSE A4S & 3] 7 (micro-tuber)& MSH Ao SR CREKIO| J|s 24
A Afuste] A2 AlATE A% o]F 671 Z[HollA K
£0EE N9 #712 Adue) 324 A8 9E 5 o I A 4849 Azel Y e A8
YAETE FAAS A g Ao QomRE thu Ao o|4 L 2u) o]4te] & W £5E Wl
AL =319k IEFQ] pH 3~ 10 H oA ofju] = il 2] 52 DHAR w2l E(spot 14, 15, 16) I} phosphinothricin
2L BA519S wo] & pH 5~8 HYoA W thul N-acetyltransferase (PAT) (spot 6)©]CHFig. 3 and Table 1).
ol FAE Q7 HFEE =ol7] 8l pH 5~8 Wl  FAAT AN A F7HE 359 DHAR G dE2 3F
olAe] Tl AAE Eosto] of 500050 TS B Aho] huld Az £olEl 27jo] DHAR G AT} i
& o}qlt(Fig. 2). DHAR FAHS A 249 4129 67 2 A4S Boh 1HE=, ARG Aol A A}
2 | oA thop SUAEY WS BT 4 G5 o] DHAR SHAS 9 wA ge Aow Bl
NT DHAR
A ps 1 e e .
—} gtk t mageibide
§ - e ara. 2ol S Lt
= p" .c!r'.t ;:..—‘.". ¥ 5 P .'.! -‘t -;.-vl‘lt..
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Fig. 2 Representative 2-DE images of total proteins extracted from non-transgenic (NT) and DHAR transgenic (DHAR) potato plants
after cultivation for one month (A) and 6 months (B). The spot numbers indicate proteins that were increased or uniquely expressed

in either NT or transgenic plants
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Relative expression value (folds)

-3.0 0.0 3.0
Months
Spot No. 1 6 Proteins
1 Not identified
2 ' Not identified
3 Not identified
4 Trx-like 3-2 (Chl)
5 Trx-like 3-2 {Chl)
6 Phosphinothricin N-acetyltransferase
7 Fruit protein pkiwi502-like
8 G5T L3-ike
9 GST L3-like
10 triosephosphate isomerase (Chi)
1 GST L3-like
12 harpin binding protein 1
13 proteasome subunit beta type-1-like isoform X2
14 DHAR
15 DHAR
16 DHAR

RN RN R RN =S = =
P OO KN = O © O =~

]
[+

Trx-like protein CDSP32 (Chl)

505 ribosomal protein L4 (Chl)

ferredoxin--NADP reductase, leaf-type isozyme (Chl)

plastidic aldolase

probable fructose-bisphosphate aldolase 2 (Chl)
sedoheptulose-1,7-bisphosphatase (Chl)

glyceraldehyde 3-phosphate dehydrogenase

probable N-acetyl-gamma-glutamyl-phosphate reductase (Chi)

Formate dehydrogenase, mitochondrial

Fig. 3 Comparison of relative expression levels of identified proteins in the leaves of transgenic potato plants as compared with NT
plants. The heat map, constructed using MULTIEXPERIMENT VIEWER VERSION 4.9 (MEVA4.9), displays normalized translational

levels of each protein in each sample

t}. PAT= Streptomyces hygroscopicus S-2f @) Tl 2l 22 wF
3 Al A z2A FFEA Y| o] E(glufosinate ammonium)o]] U
S et = §A RFo]th(Wohlleben et al. 1988; Droge et
al. 1992). 132 2, DHAR Y& dlglof 235 o] 9= 3
QABAS) PAAAZA A HAZN 7)5E ~da)
7| 98 wEE Aom B 4 v,

YRR 4EA A% A|7]o] BolH oz Wo] F
7 EE B AEe B A0l BN P
Ho] 7| =8 435t A 59 thioredoxm-hke 3-2,

chloroplastic-like (spot 4, 5), glutathione S-transferase L3-like
(spot 8, 9, 11), thioredoxin-like protein CDSP32, chloroplastic-like
(spot 17)0]th(Fig. 3 and Table 1). YHF& 6 2 Thull 2] 9] thiol

(SHZE B, AARQIAL Se S B3 W 18
720 7% WAQ oeE s, SH 7|9 Abs

= AZY 9] ArStA|of o3 WA E T Wheeler et al. 2004).
Thioredoxin (TRX)+ peroxiredoxin, methionine sulfoxide reductase,
glutathione reductase 52| AL} ®lo 7] Zkof 2o sh= ¢}
It BasoA AR FAANZA 7 eHFEeZA A2
ABFEUENE B 2 A5 AH
Zo|th(Gelhaye et al. 2005). Thiol 7] & Z++= tfE Aol o
21 9] TRXQ} gluaredoxin (GRX)-E Fof otA s 22 Ak
3elYaagA] Rzt oz oFAS o] AEZ Y
Hel 298 fAsEd 200 RS A
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Table 1 Identification of proteins showing differential expression in the DHAR transgenic potato plants
No Protein Organism (NCBI}BniProt) MW/pl, Score PM Peﬁgde SC (%)
1 Not indentified
2 Not indentified
3 Not indentified
4 Thioredoxin-like 3-2, chloroplastic-like  Solanum tuberosum XP_006361675 21808/6.51 19 3 - 18
5 Thioredoxin-like 3-2, chloroplastic-like  Solanum tuberosum XP_006361675 21808/6.51 19 3 - 27
6  Phosphinothricin N-acetyltransferase Gossypiumhirsutum FAZNF8 20709/5.86 123 11 1 68
7  Fruit protein pkiwi502-like Solanum tuberosum XP_ 006344204 32673/6.71 119 13 1 57
8  Glutathione S-transferase L3-like Solanum tuberosum XP_006339054 27251/5.16 75 9 - 43
9  Glutathione S-transferase L3-like Solanum tuberosum XP_006339054 27251/5.16 88 10 - 49
10 triosephosphatfs isomerase, Solanum tuberosum XP_ 006359648 35046/6.89 180 15 2 53
chloroplastic-like
11 Glutathione S-transferase L3-like Solanum tuberosum XP_006339054 27251/5.16 103 9 2 40
12 harpin binding protein 1 Solanum tuberosum XP_006354466 30301/8.31 104 10 2 48
13 Proteasome subunit beta type-1-like Solanum tuberosum XP_006340659 24944/594 168 17 69
isoform X2
14 Dehydroascorbate reductase Sesamumindicum A0S5Z5 23731/6.17 92 8 1 54
15  Dehydroascorbate reductase Sesamumindicum A0S5Z5 23731/6.17 517 13 6 80
16  Dehydroascorbate reductase Sesamumindicum AO0S5Z5 23731/6.17 406 13 4 83
17 thioredoxin.-lik.e protein CDSP32, Solanum tuberosum XP_006342085 33822/8.07 59 12 - 30
chloroplastic-like
18 508 riboso.ma¥ protein L4, Solanum tuberosum XP_006348359 31852/6.88 78 13 - 41
chloroplastic-like
19 .ferredoxin--NADP rejdu(.:tase, leaf-type  Solanum tuberosum XP_006340740 40717/8.37 115 21 - 47
isozyme, chloroplastic-like
20 plastidic aldolase Solanum tuberosum XP_006361998 43159/6.38 129 13 33
21 probable fructose-bisphosphate aldolase Solanum tuberosum XP_006340703 42948/8.14 133 16 40
2, chloroplastic-like
” zfl(ligrll()e&;i{[?:j;ll(;7-bisphosphatase, Solanum tuberosum XP 006355654 43145/6.07 96 14 ) 35
3 glyceraldehyde 3-phosphate Solanum tuberosum AAM92008 36795/6.34 228 14 2 43
dehydrogenase
” I{f_‘;‘i"i’;‘igamma_glutamyl_phosphate Solanum tuberosum XP_006346471 44496/7.68 47 8 . 32
reductase, chloroplastic-like
25 Formate dehydrogenase, mitochondrial — Solanum tuberosum Q07511 42297/6.64 110 13 2 39

PM, number of peptides matched
SC, sequence coverage assessed by peptide mass fingerprinting using MALDI-TOF MS
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Qlth(Meyer et al. 2008). AFS}E disulphide

el o] TRXE NADPH®} TRX reductaseo] Q3 24 &
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PGSCO003DMT400060241 p .PGS-CO:'J:\D'-"L):\:"J‘. 7
bDH t_j PGSCO00IOMT 400054729 et
ﬂ\ /
\ /
F |
PSBP qCB S f
a y
I;' o, POSCOO0NOUT 400082422
e e ~ |
e POSCO00} 3 ~ - ,."
= | o
HAR - [
2 - {
PGSCO00I0MT 400071050 /
= f
et { POSCO00XDMT000THE42
p AOX 4=
“ ~PGSCW3D"'!T4W‘945' POSCO00I0 '4“-‘"6"‘:1'\!")& 0008714
= GBC000I0MT 40 POSCO00IOMT 000267
AP OMTA000T0%0 PGSCO003DMT 400001279 )
A —H“"ﬁ
“ ‘D-’.-TCCIJJ'DC'."()}“..‘W»G |
. 1
| SO IOAAT
Y \PGSCOOO:&DV-T%OOORDQ& Af\;s-.;.-:.n.:v 400007904
Predicted functional partners Score Predicted functional parl:ners Score
PG SC0002DMT400032058 Monodehyd) rb ductase (488 aa) 0.729 PGSC0003DMT400050430 UMP synthase (472 aa) 0.526
= PGSCO00IDMT400060241 GATA transcription factor 15 (197 aa) 0672 * PGSC0003DMT400005104 Glutathione S-transferase omega (212 aa) 0.512
ADX Alternative oxidase (356 aa) 0670 PGSC0002DMT400028714 Glutathione 5 tnn!i!tase omega (236 aa) 0.509
= D11 Leucine zipper transcription factor (356 aa) 0.661 = PGSCO002DMT400079342 Glutathi 5 [ id (222 aa) 0.499
PG SCO00ZDMT400007000 (433 aa) 0.656 PGSC0003DMT400082422 Gluh'hione S-transferase Dmep: (295 aa) 0.496
= PSBP Oxweﬂﬂol\rmg enhancer protein ?(280 aa) 0.589 = PGSC0003DMT4000379356 Glut: 5 i id: (208 aa) 0.483%
PG SCO00IDMT400019491 L (556 aa) 0.565 PGSC0003DMT400020098 2,4-D i il 5 {254 aa) 0.488
» PGSC0O003DMT400001279 ¥ rb (481 aa) 0.564 w PGSC0003DMT400054729 Glutathione S-transferase (221 aa) 0.484
w GL2 L-gal: 1.4-lactone dehyds (589 aa) 0.556 w= PGSC0003DMTA00071059 Glutathione S-transferase T35 (220 aa) 0.479
= CBF3 CRT binding factor 3 (217 2a) 0.551 « PGSC0003DMT400071057 Glutathione S-transferase (219 aa) 0.476

Sesame DHAR:

Sesame DHAR :
Potato DHAR :
Potato DHARZ =

Fig. 4 Analysis of prediction of protein interactions (A) and amino acid sequence alignments (B) using two potato DHARs (DHAR,
DQ191638; DHAR2, NM 001288124.1) and a sesame DHAR (DQ287974). The protein interaction data, assessed using STRING
VERSION 10.0, displays the interaction levels for each protein. Sequence identities were determined using the NCBI BLAST search
tool, and multiple sequence alignments were performed using the Clustal X and GeneDoc programs

FAA Aol dEE o7l 552 DHAR -3}
7} a1 T o]l t(Mittler et al. 2004). AR 2 off 7] AFt] of A]
DHARE Q] thul 2l chulh 2] A}S AF8-O Z A3 H H ascorbate
At 1+ B E monodehydroascorbate reductase (MDHAR)
2 QA7 ATheh QX shl chokat RHatel Bl
91 GST, GPX, APX 50| DHARY} A& 2-8-3+S ol
A5 2L o & 2 7291 STRING (http:/string-db.org/)
SolA ST 4 Slrk(Elol e mIAA]). AR A= 2
Z23=09] DHAR ©@l o] H 1 x]o] 9] om, 7+x}9] DHAR
(DQ191638)> MDHAR, ¥&4¢] GR ¥ A2 Z A}
Z}Q1 CBF (CRT binding factor)Q} A& 28312 o &8 4=
Qlom, DHAR2 (NM_001288124.1)«= 959 t}oFst GST
S AT} A A3 Sl 4 qlek(Fig 4A) B ol
of AHEE 2le) AL AoIA] 5] DHAR whui
of ofulicAl 4L o] g3} wiE A T A BT A
SA-8S 2AbE| B, 7H49] DHAR (DQ191638)2 79%

N Mo m J:i

o] oju|iAke] A= Z Ho|n], DHAR2 (NM_001288124.1)
T 60%0] SAFES Ho]7] wio|, DHAR (DQ191638)
I} FAFSHA] MDHAR, GR, CBF 539 435285 =5
3} 4= 9] th(Fig. 4B). 1222, DHAR &2 A3 7hxbof A]
D/d4ta W DHAS tALS 246 g9 4
W FulEe Avbeln], gho dhuA HE

BEE o] 7| 2e 2AHE o] B8

ol rlr
ol

f
O

A=)

fo

9|1_',

T

g ’%gﬂﬂ«l 67 ¥ A= A=A F
A A} B E ferredoxin-NADP reductase, leaf-type isozyme,
chloroplastic-like (spot 19), plastidic aldolase (spot 20), probable
fructose-bisphosphate aldolase 2, chloroplastic-like (spot 21) T+
YA S0 Hdo] FolH oz F715H % thFig. 3 and Table
1). Ferredoxin-NADP reductase= 3F3Hd 2] o1 2] cj A} 2+
ol Al FA 1 i d o] NADPE NADPHE 2 A] 7w,
AR E AFsE 715S 3 SHH(Green et al. 1991).
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S w Mg s 43y St 55 2WFE F
3] F2 =3 Shoh(Stitt et al. 1987).
ool Az RE FarstaLel DHAR §AHA7}L =
FUAT P ABAE =8 oY) g B
of Bl S2ol A eHF OB Z715HS Bkl Bkl
SA7]10l wet 27] BEA o= DHA
l P A BRAT) U] 9
oul, 674 7re) WEA7
A}—g— £ e B
A B Zhse A
H ofito] AF&3t DHAR -S4}
1 %xﬂ. A AT Sl Az 4
Aol diulste] A8l 7] 4%
s B 57 et &2 uo]
Zhe A FF9 S 71

T4 Ut 22 247 E AR JEE vl

o
EN i

z s
S
T >
—|~ H.HU
19
032

¢
H

ﬂlﬁﬁ,‘
ﬂi]ﬂo
o FMZ
Lé
1T > K
Bl’lr
(o]
o8
o
%

L= R > = R A Vol
g Mok E .
T ) =
%0, 2
32
e
§:)
)
_>.:

hs) _|:10
o
=
ol
X
r_>.i
rﬂ

AL AL

o] =R2 015dx AGudr|edy gEts 4 AT+
| X Yol Qdle] ALEYLS

o

oA 5 2 ¥ AKascorbic acid, AsA)= 73 Akst E2
U SLAA ZA AlEo| A AFS}E AsAQl dehydroascorbate
(DHA)S 2432l 23y AsAZ WEA7|&= aadl
dehydroascorbate reductase (DHAR)®| ]3] AJ A Hct. A3
A7) ABZA, B ATHE o] mATo A He

& DHAR §-d4H2 o] gate] Al wrasti CaMV 358
m2REe) 37 FolHoR WHshs patain TR W
o zA3pel] A A7 FUAT wAE Astan

— HL
Co
d‘i o

FAAG A AEAES BFEASA Eop S7HE
DHAR 273} AsA & B9l v Slrh & AFtollA =
g AA #AE FelA FRAT A AEA A
DHAR Zhitglo] o3 2dsL thul 5S 2Ahgc)
A Aol AnEA, FAAT FAA ="
DHAR ©hell 8 o} choFgt ah4ha} e thil g o] AlE Al
A7) Eet Bt stolnh B Aol AngA, =9ld
F414H¢] DHAR©] g4bs} & é%ﬂ 4 2712 5o

FAAG A A 2EHA
N A= YzEr

References

Asada K (1999) The water-water cycle in chloroplasts: scavenging
of active oxygens and dissipation of excess photons. Annu
Rev Plant Physiol Plant Mol Biol 50:601-639

Blum H, Beier H, Gross HJ (1987) Improved silver staining of
plant proteins, RNA and DNA in polyacrylamide gels.
Electrophoresis 8:93-99

Chun JA, SeoJY, Han MO, Lee JW, Yi YB, Park GY, Lee SW, Bae
SC, Cho KJ, Chung CH (2006) Comparative expression and
characterization of dehydroascorbate reductase cDNA from
transformed sesame hairy roots using real-time RT-PCR. J
Plant Biol 49:507-512

Chun JA, Lee WH, Han MO, Lee JW, Yi YB, Goo YM, Lee SW,
Bae SC, Cho KJ, Chung CH (2007) Molecular and biochemical
characterizations of dehydroascorbate reductase from sesame
(Sesamum indicum L.) hairy root cultures. J Agric Food Chem
55:6067-6073

Conklin PL, Pallanca JE, Last RL, Smirnoff N (1997) L-ascorbic
acid metabolism in the ascorbate-deficient arabidopsis mutant
vtcl. Plant Physiol 115:1277-1285

Conklin PL, Williams EH, Last RL (1996) Environmental stress
sensitivity of an ascorbate-deficient arabidopsis mutant. Proc
Natl Acad USA 93:9970-9974

Dixon DP, Cummins I, Cole DJ, Edwards R (1998) Glutathione-
mediated detoxification systems in plants. Curr Opin Plant
Biol 1:258-266

Droge W, Broer I, Puhler A (1992) Transgenic plants containing
the phosphinothricin-N-acetyltransferase gene metabolize
the herbicide l-phosphinothricin (glufosinate) differently
from untransformed plants. Planta 187:142-151

Gelhaye E, Rouhier N, Navrot N, Jacquot JP (2005) The plant
thioredoxin system. Cell Mol Life Sci 62:24-35

Goo YM, Chun HJ, Kim TW, Lee CH, Ahn MJ, Bae SC, Cho K1,
Chun JA, Chung CH, Lee SW (2008) Expressional charac-
terization of dehydroascorbate reductase cDNA in transgenic
potato plants. J Plant Biol 51:35-41

Green LS, Yee BC, Buchanan BB, Kamide K, Sanada Y, Wada K
(1991) Ferredoxin and ferredoxin-NADP reductase from
photosynthetic and nonphotosynthetic tissues of tomato.
Plant Physiol 96:1207-1213

Kim ST, Cho KS, Jang YS, Kang KY (2001) Two-dimensional
electrophoresis analysis of rice proteins by polyethylene
glycol fractionation for protein arrays. Electrophoresis. 22:
2103-2109

Kwon SY, Ahn YO, Lee HS, Kwak SS (2001) Biochemical
characterization of transgenic tobacco plants expressing a
human dehydroascorbate reductase gene. J Biochem Mol Biol
34:316-321

Kwon SY, Choi SM, Ahn YO, Lee HS, Lee HB, Park YB, Kwak SS
(2003) Enhanced stress-tolerance of transgenic tobacco plants
expressing a human dehydroascorbate reductase gene. J Plant
Physiol 160:347-353

Lee DG, Ahsan N, Lee SH, Kang KY, Bahk JD, Lee 1J, Lee BH
(2007) A proteomic approach in analyzing heat-responsive



230

J Plant Biotechnol (2016) 43:223-230

proteins in rice leaves. Proteomics 7:3369-3383

Lowry OH, Rosebrough JN, Farr Al, Randall RJ (1951) Protein
measurement with the Folin phenol reagent. J Biol Chem 193:
265-275

Meyer Y, Siala W, Bashandy T, Riondet C, Vignols F, Reichheld
JP (2008) Glutaredoxins and thioredoxins in plants. Biochim
Biophysic Acta 1783: 589-600

Mittler R, Vanderauwera S, Gollery M, Breusegem FV (2004)
Reactive oxygen gene network of plants. Trend Plant Sci 9:
490-498

Murashige T, Skoog F (1962) A revised medium for rapid growth
and bioassays with tobacco tissue cultures. Physiol Plant 15:
473-97

Neuhoff V, Arold N, Taube D, Ehrhardt W (1988) Improved
staining of proteins in polyacrylamide gels include isoelectric
focusing gels with clear background at nonogram sensitivity
using Coomassie Brilliant Blue G-250 and R-250. Elec-
trophoresis 9:255-262

Noctor G, Foyer CH (1998) Ascorbate and glutathione: keeping

active oxygen under control. Annu Rev Plant Physiol Plant
Mol Biol 49:249-279

Shigeoka S, Ishikawa T, Tamoi M, Miyakawa Y, Takeda T, Yabuta
Y, Yoshimura K (2002) Regulation and function of ascorbate
peroxidase isoenzymes. J Exp Bot 53:1305-1319

Stitt M, Gerbardt R, Wilke I, Hddt HW (1987) The contribution of
fructose 2,6-bisphosphate to the regulation of sucrose
synthesis during photosynthesis. Physiol Plant 69:377-386

Toledano MB, Delaunay A, Monceau L, Tacnet F (2004) Microbial
H202 sensors as archetypical redox signaling modules.
Trends Biochem Sci 29:351-357

Wheeler GL, Grant CM (2004) Regulation of redox homeostasis in
the yeast Saccharomyces cerevisiae. Physiol Plant 120:12-20

Wheeler GL, Jones MA, Smirnoff N (1998) The biosynthetic
pathway of vitamin C in higher plants. Nature 393:365-369

Wohlleben W, Arnold W, Broer I, Hillemann D, Strauch E, Punier
A (1988) Nucleotide sequence of the phosphinothricin
N-acetyltransferase gene from Streptomyces viridochromogenes
Tii494 and its expression in Nicotiana tabacum. Gene 70:25-37



