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Oxidative Stress-dependent Structural and Functional Regulation of
2-cysteine Peroxiredoxins In Eukaryotes Including Plant Cells
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ABSTRACT Peroxiredoxins (Prxs) are ubiquitously distributed and play important functions in diverse cellular
signaling systems. The proteins are largely classified into three groups, such as typical 2-Cys Prx, atypical 2-Cys
Prx, and 1-Cys Prx, that are distinguished by their catalytic mechanisms and number of Cys residues. From the
three classes of Prxs, the typical 2-Cys Prx containing the two-conserved Cys residues at its N-terminus and
C-terminus catalyzes HO» with the use of thioredoxin (Trx) as an electron donor. During the catalytic cycle, the
N-terminal Cys residue undergoes a peroxide-dependent oxidation to sulfenic acid, which can be further oxidized
to sulfinic acid at the presence of high concentrations of H>O; and a Trx system containing Trx, Trx reductase,
and NADPH. The sulfinic acid form of 2-Cys Prx is reduced by the action of sulfiredoxin which requires ATP
as an energy source. Under the strong oxidative or heat shock stress conditions, 2-Cys Prx in eukaryotes rapidly
switches its protein structure from low-molecular-weight species to high-molecular-weight protein structures. In
accordance with its structural changes, the protein concomitantly triggers functional switching from a peroxidase
to a molecular chaperone, which can protect its substrate denaturation from external stress. In addition to its
N-terminal active site, the C-terminal domain including ‘YF-motif’ of 2-Cys Prx plays a critical role in the
structural changes. Therefore, the C-terminal truncated 2-Cys Prxs are not able to regulate their protein
structures and highly resistant to H>O,-dependent hyperoxidation, suggesting that the reaction is guided by the
peroxidatic Cys residue. Based on the results, it may be concluded that the peroxidatic Cys of 2-Cys Prx acts
as an ‘H>O,-sensor’ in the cells. The oxidative stress-dependent regulation of 2-Cys Prx provides a means of
defense systems in cells to adapt stress conditions by activating intracellular defense signaling pathways.
Particularly, 2-Cys Prxs in plants are localized in chloroplasts with a dynamic protein structure. The protein
undergoes conformational changes again oxidative stress. Depending on a redox-potential of the chloroplasts,
the plant 2-Cys Prx forms super-molecular weight protein structures, which attach to the thylakoid membranes
in a reversible manner.

Key words: C-terminal truncation, high molecular weight, hydrogen peroxide signaling, chaperone, over-
oxidation, reactive oxygen species, 2-Cys peroxiredoxin.
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superoxide anion (0;)3} H,O0»,+= peptide growth factor,
cytokines 18] 11, heterotrimeric GTP-binding protein-
coupled receptor®] =2 HEe A|Fol A AT (Burdon
1995; Martindale and Holbrook 2002). WM, 548
ERiE FERT We HOrs AE ] olisdg 24
(second messenger)i o3 AA =, o]jgldt AL H,0, A
4& SolHog AHalAl7|H platelet-derived growth factor
9} angiotensin 110l ©]3} A& A o] A3 2etes A}
2XE 2 5= ¢Jt} (Sundaresan et al. 1995; Ushio-Fukai et
al. 1999). 1efLh, AE Ul BAEREE] B E7ka,
s A AN GEaE fdae dHe
ZI7) e ABAYOEA Mot 2Bz T
ol NEAL H4L BAFANY (Figure 1),

E 1 HEASE B smdag uuaed
4o WY @ $PoRRE AEES W)
8}04 (Butterﬁeld et al. 1999; Kim et al. 2002), supe-
roxide dismutase, catalase, oJ& 7}x] HE}<] peroxidase &
ZEet B &atsl gl (Storz et al. 1990)3) thokst
chaperone ©¥lA 2 B §3t1 9t} (Hendrick and Hartl
1993). tF-% o] daMF e WA LA thioredoxin
(Trx)$ electron donor2 o]-§3}o] H,0,, peroxinitrite,
organic hydroperoxideE 33l 2L Fe o &g
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Figure 1. The sources and cellular responses to reactive
oxygen species (ROS) (Ref: Finkel and Holbrook 2000). ROS
are generated not only as a by-product of normal intracellular
metabolism in mitochondria and peroxisomes but also as a
result of exposure to UV and other environmental agents. Lo-
wering ROS levels below the homeostatic set point may
interrupt the physiological role of oxidants in cellular proli-
feration and host defense. Similarly, increased ROS may also
be detrimental and lead to cell death or to acceleration in
ageing and age-related diseases. Traditionally, the impairment
caused by increase ROS is thought to result from random
damage to proteins, lipids and DNA.

g So] AU AHgolle
peroxidase (TPx)& E3 7, peroxiredoxin (Prx)o 2 7]
HHEATH, o] AhpFERE M5 ¥ AhpCAy B
& @l Ao electron donor 2 TrxE AFE3HE AL ol7y)
w3Z-o]t} (Chae et al. 1994; Poole et al. 2000). 2-Cysteine
peroxiredoxin (2-Cys Prx)2 Trx-folding motifE 7}x1
S the v waslel dAH ofe Al M)
TAMdo] E=2]= ZA T Trx-fold superfamilydl] 4:8it}=
At o] vra Ao} (Schroder and Ponting 1998). 2-Cys Prx
go] AR AHg3vte B Hugl 94 ATR,
23} wWaduke, Az, , AEANE 7R 2 A
I 71Ee B2 R Hodstam 9ltt (Hirotsu et al.
1999; Neumann et al. 2003). &}A]%} 2-Cys Prx9) t}okst
Aol E7etal AE Hollxe FEd 75 of % B
=gste] ojoll tigh A7t A atEa gl AAolrh
£38] 2-Cys Prx7} catalasel} glutathione peroxidase (GPx)
o Hl&] H0, 3] &80 W% 31 H0, 57} 2713}
W 529 71289 10, Aol 9stel 47 B84 Ak
Had] 8= peroxidase 241 9] 7]5ato 2= MHu3)y)
o 0134% Bkg-Eo] wo] A3t (Yang et al. 2002).
g, & FAAME e AARSo] #ojdte 2-Cys
Prx iiﬂ o3t mechanismg E3fo] S-S 2AHF=
A9 7] 4 mechanism¥} 7)5% W] w2 g
o] Fx4 WA S v A gtk 3 2-Cys Prxe]
3-89 2o &g A U] Azl lold LAt
A AYE Adel N A2 Aus deinnd do

thioredoxin-dependent

OEZZ

2-Cys Prx2| H,0, &3l £+ MFHHS
2-Cys Prxi= ojv|x= oy} 7122 A] dhdol| 2 By
7Rl cysteine Z71E 7HASL Qi H0p Ha kg0l A
dimer®2 2Fg3tt}l. = 719] cysteine 2b7] Fol|A], ofn|i
L] peroxidatic cysteined FAFSE 7)Aol sk A A
7 ZX F9olth Figure 204 & o] reviewel] A %—7@2—12
2 T}E typical 2-Cys Prxe] H,0, £3) vlem AL o=
Prx isotype?l atypical 2-Cys Prx, 1-Cys Prx ¢} v]us}s
t} (Choi et al. 1999). 2yl = thA| 2 1) o] %=1
redox active cysteineo] —1 FAlo| itk 3 WA GAA,
W& Prx isotype& 2] peroxidatic cysteine-& #ALSIE 7|2
9] FZo| 23| cysteine sulfenic acid (Cys-SOH)Z 2+8}%l
t} (Ellis and Poole, 1997; Wood et al. 2003a). 18]
cysteine sulfenic acid& 235}7] A3+ F A TA= A
Fhel Presol We) 083 ol thzs) wgatt 2-Cys
Prxoll of3f 2344 disulfide bondi= Trxol o] Eojxo
=T v, 1-Cys Prxe] AJg]a el electron donors}
aE9 AA JellAe] 715 WaelA waAA gyt
(Fisher et al. 1999). Typical 2-Cys Prx2] A3}% sulfenic



Aap AEg|Ao| o ZE A2 I FBAME 2-A|AHQ! HEAMH S J5 ZH - 3

1,0, SOH H s — 8§
- -
172 -SH HS H,0 |-SH HS H:0 SH HS
Trx” $ Trx~ SH
~8 ~SH
B slsu SOH H s s
H,0,
- — ||
152 -SH HS H,0 |-SH HS HO S HS
Trx $ Tre” SH
~q ~ SH
C 47 L-sH HO, FSOH
-
s HO HS
X>___< i,

Figure 2. Reaction mechanisms of peroxidase activity in the
three Prx classes (Ref: Rhee et al. 2005b). The conserved
peroxidatic Cys in all three Prx classes is oxidized to Cys
sulfenic acid (SOH) by peroxide substrates. In the typical 2-Cys
Prx (A), Cys51-SH is attacked by the resolving Cys (Cys172-
SH) from a different subunit and condenses to form an in-
termolecular disulfide bond. The atypical 2-Cys Prx (B) has the
same mechanism as the typical 2-Cys Prx. However both the
peroxidatic Cys and its corresponding resolving Cys are con-
tained within the same subunit and the condensation reaction
results in the formation of an intramolecular disulfide bond.
The disulfide bond of 2-Cys Prx is reduced by thioredoxin. The
1-Cys Prx (C), containing only the peroxidatic Cys, is reduced
by a thiol-containing electron donor (XH2) that has yet to be
identified.

acid (Cys-SOH)= ®211F disulfide bondZ 341317 13l
dimere] ©}E subunitd] ZA)5l+= resolving cysteined} 2
gatel, iU, F 1Y cysteine2 3 Ax} Abole] At
oF 13 Ao 2 Ay "wold ¢l7] wj&ol (Schroder et al.
2000), 2-Cys Prx9] disulfide bond®) &A1& HH 3] dojut
t}. 845}k sulfenic acid (Cys-SOH)= E-<Hy&l7] wjiel,
Zu WS- EoF o} 3t sulfinic acid (Cys-SO,H)Z 1 Al
218 5o] =& Ero] Hy0p0 A peroxidase”]| 52 &84
3} ®t} (Rabilloud et al. 2002; Yang et al. 2002). 7134
Fo) ZA8kE 2-Cys Prxebe tizd oz, A xe] 2-
Cys Prxi= AL gl staiA] deke] SAjghs
GGLG$} YF-motif7} gloiA) Absta] B&8Adel wIztatA] &
t} (Wood et al. 2003b). 2-Cys Prx2] Cys-SH7} #Hikstel
sulfinc acid el Waldw H,0,8 23)3l= peroxidase
gajo] B AR AL Trxoll o8] B2 &= giA "k
o|2}3} peroxidase E&AI 3} 4L B2 o HHO, o=
= Cys-SHO #4k3tE Yo 7)x E£3tal Hy0,, Trx, TR
(thioredoxin reductase), NADPH7} B &EAjsjobt 715

Inactivation-
Catalytic cycle Reactivation
H,0, cycle
Thioredoxin Prx-SOH Sulfiredoxin
\ Prx-SH H,0,
Prx-8-S-Prx Prx-SO,H

Figure 3. Reversible regulation of 2-Cys Prx activity by the
H,0, concentration and sulfiredoxin (Ref: Rhee et al. 2005a).
During the catalytic cycle of 2-Cys Prx, the sulfenic acid of the
peroxidatic Cys (Prx-SOH) undergoes further oxidation to
sulfinic acid (Prx-SO;H) at the presence of high H,O, concen-
tration, thus inactivating its peroxidase activity. Sulfiredoxin can
reactivate the enzyme with the help of ATP hydrolysis, Mg™,
and a thiol group as an electron donor. However, in the low
level of H,0,, 2-Cys Prx catalyzes H,O, with the formation of
intermolecular disulfide bond, which can be reduced by thio-
redoxin.

ghell, o] 2-Cys Prx 9] #atsirt ZEufjukg 74 Foll doj
e ousit). Aakskol] 93k 2-Cys Prx 2] peroxidase”| s
o] A BEAHL o}F FLH AE Al &4
7ol UF w7 A A elch olelgt AFAEZFE, O,
7l 2o ez &A% u 2-Cys PrxE peroxidase 0]$] 9]
T2 7154 7H Aolgkm 458 4= Atk o] ¥ AdEelA,
FHakstE 2-Cys PrxE S9AZ = & E491 sulfire-
doxin (Srxl)o] TR 2HE ¥3K ) (Figure 3) (Biteau et
al. 2003). &2 Srx12] &7l o]oJA], human Srx 2} sestrin
o] & A|Fo)A ibatE 2-Cys Prxo] &S &0
o RuE 9t} (Chang et al. 2004; Budanov et al. 2004).
ahtel & m&EA cysteine 715 7ML AYE Srxl A
A Z gt EA5=d, ol YA E 2-Cys Prx7} 4t
a2 2g4o wiztelx] gvhs #Ew 2 dA g 1
A3 2-Cys Prx9] cysteine-sulfinic acidE 4A1717] 93l
AE Srx19) BEH cysteine 27], ATP 71453, Mg™,
clectron donor® ©]-€5+= thiol & €28 3l

& SHo|L} AEt AER A0l o8t TIHMIE 2-Cys Prx8l
peroxidase €1 chaperone2=22| =M, 754 g

ML 2-Cys Prx7} #23tE o] peroxidaseZA]2] 7]
So] ¢kAs BgAs Aves A 2 2E 2-Cys Prx9]
sulfinic acid Sej= A3t 2B~ 2AH0A ZEshe 2

o gAT 23 sl FHOR Qg AdlEa A
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Figure 4. Oxidative-stress-dependent structural and functional
switching of 2-Cys Prxs in yeasts (Ref: Jang et al. 2004). There
are two classes of 2-Cys Prxs with different structures that are
formed by two independent pathways: one is HoO»-insensitive
(A), whereas the other is H,O,-sensitive (B). One class of 2-Cys
Prxs consists of dimeric, tetrameric, and oligomeric species
which form under normal conditions without the involvement of
Cys". In the presence of the Trx system, the other class of
high-molecular-weight (HMW) 2-Cys Prx can be formed by the
Cys'-mediated polymerization pathway. Reactive oxygen species
(ROS) can be generated by external stresses such as heat shock
or oxidative stress. Srx1 plays a critical role in the dissociation
of the protein complexes into low-molecular-weight (LMW)
protein species. The predominant function of the LMW 2-Cys
Prx is as a Trx-dependent peroxidase, whereas the HMW
proteins act as super-chaperones. The function of 2-Cys Prx is
switched reversibly by heat shock or oxidative stress in vivo,
accompanied by structural changes from LMW to HMW protein
species. In this regulatory mechanism, the Cys' residue of
2-Cys Prx acts as a highly efficient H>Oz-sensor in yeast.

ok kst A 34T, AHME 2-Cys Prxe= 4F

2 o) e} 7jFo| FustA £
BAE Abdo] FHHAT (Jang et al. 2004). I AHE
2-Cys Prx= 324 w3t} g7 peroxidase$} chaperone
o] ¥ 714 7)%& e chaperone 7]l 2t} &
FA7 gd sedzd 9 /12 WAL BRHeE
AEITh 55 2-Cys Prcd) 7154 AL 43 Pl
Ae) vieret wsel waaA Apslel ke A A%
t}. Size exclusion chromatography, native-PAGES} A28
u]7 Bel| o3k ARz RE 2-Cys Prx7h 8 7H4] 2
71¢] @A g, & high molecular weight (HMW)
complex T-%9] sphere 9 (1000 kDa ©]) ¥} ring 2%
o] 737 B34 18] E5F2 3 low molecular weight
(LMW) €raid (2F 40004 120 kDa)E2 45 ke
AAL okotth, HMW complex3= chaperone 7|52 WY
£ dhd, LMW 9982 peroxidase7] 5§ YERL F3F
A7)9] hul o A= peroxidase 9} chaperone?] F 7}4] 7|
= nEx2 Ul Al E 2-Cys Prxe peroxidase
348 Ve = dimer7t HMW complex® 2§32 w

chaperone 0. 22] 7 2] .
75 MEe d FZHo} qkgl 2EH 2 o3 Tiztels)
49 HE 4 F
perone 7|50 22 o
Efae HEH o= 2-Cys Prx7} dimero] 4] HMW com-
plex9] FZ& AZEE AS F3gch LMW thEizof A
HMW ool 24 ®ghe TrxA|28® (Trx, Trx
reductase, NADPH) 2] & A7k dojr}m o] gk 2-Cys
Prxe] Fz4¢) AZtoA T4 &Rt cysteine (Cys 47)
L g 203 &S =3} 222 E 2-Cys Prxe] N-
terminal cysteine®] E@HolE o] GulA o] LA [A3F
HE As AAARIGE AR FE], o] ¥ 4tEF
A g&Fos fadEgE A8 o 5 Avk webA 2-Cys
Prx 2] N-terminal cysteine-> 213} 2B =S

Fo A Hi029] & AAE = sl wi¢ 3R] H0,-
sensor®. 248 Ao FAHC ook 2L FxH
& ATPE ALg3}] 2-Cys Prx 9] sulfinic acid2] ¢
sk Srx1E HdstE AXAAAME 793R 2
(Biteau et al. 2003). H,0, 2 A ASHE 2-Cys Prxe] HMW
complex= Srx19] #H-go o] LMW widz 2387
2 Aol chaperoneol| Al peroxidaseZ 7|54 o] dojk
o dedoz, FAHEA JHAE 2-Cys Prxe 2L
Z7F 27] 22 A8t peroxidase$} chaperoned]
7HA 7158 YERNARE 27 @ FHo 4t AEd
2 ¥ 59¥ 2-Cys Prx2} LMW = HMW complex
2 724 ZH%ko] dojubA] chaperone /o] AA F7}st
A Hol AEE Atsl2EY 22 HE B3 (Figure 4).

o
Y
o)
)
5,
o,
m e
e
i
-9,
v
=
-4
Bx
0y

o &

o]
=

o

c

il
4
¥

ZISHM|Z 2-Cys Prx2| hyperoxidationZ} TX& Xl
UM FI2EA| LLte| odgt

2Nz} AN L] 2-Cys Prx7} FF2EA] Wk A
QI3 RO A ofu]izal M Aitel e FAMIS HolA|gh
Hy0,0] o8t BaAle] wiztes wl$ 2 A vehdrt *
M 2-Cys Prx7} overoxidationol] )¢ 717}3h whedol]
dhe|glote) 2-Cys Prx overoxidation®] th3l o5 733}
t}. Wood 5 (20032)2 HHelgjolel E&-9] 2-Cys Prx&] 2
HPEE v)aste] -2 AHME 2-Cys PrxofjA] 5o]
oz Yepe F 9 ofuAt ME BE A
=1 GGLG motif¢} C-Ze2] YF-motif 24 overoxidation
of e NAAde FEE 5 ek 2-Cys Prxe| ¥kg #A
YZollA AAlg 2o w2, GGLG motifE 7<= X
81432 2-Cys Prxo] loope} C-2et extension motifE 714
= helixs A& 7HHA packing= o] 213 H0, 7H-23)
74 E<F peroxidatic cysteine2 2L AT 53], A
S A E 2-Cys Prx&] C-wet helix7} peroxidatic 84 #}2]
pocketS ©eh3] <7]7] W&ol dimere] thE subunitdl] &



el AE A0 o EF A U FHME 2-AAH Q] HEAYSM Vs =ZH . 5

A8l resolving cysteine¥} disulfide bondE 431717}t
& oj# ) whHol, GGLG motife} C-¢e YF-motif7}
2 whglglo} 2-Cys Prx= &4 A cysteineo] &4
AdE TXH EAL AA %7 wiel HheEet 2-Cys
Prxe] 84 A7 &L C-TH resolving cysteine®} A3}
g uf AAH Fojr) gich olep 22 PR FAdHS &
A7} disulfide bond) A& FHsta dhde] Fitsks
R she] AkslA Bl Wigt st ARAEES UERAA
&t} (Wood et al. 2003b). whehA], C-2he] packingS 3t
ke ojw Fx7 WIEL Ikl o] EEA H7
A TAE Aol AZIA wHeTh Abskd EEdolA
2-Cys Prx9} C-&¢t YF-motife] 5248 F /< 2-Cys
Prx isotypeS &3} Schistosoma mansoniol X 83}
Al Ho]Z&th (Sayed and Williams 2004). & 714 F579
2-Cys Prx isotype & C-2%+ YF-motifE 7IA& &4+
3 2z 23 B vl$ RIS w4,
isotypets C-wet me|7} Zg =] 93 Axbkstol Aok
Atk ol d A2 HE, HAE 2-Cys Prxo] C-Z
e H000 93 B840 dlg 1z F24 ol
93 9L e 22 UE & Jrh IR
2-Cys Prx7} Atgl 2E# 29 @ $A0 =Z2HUS W &
WAool et 7)Fo] HEATHE A3 (Jang et al. 2004)
5 nyd & o, +E2A wslel HAkstEel o) i)
HE ks @4 Aloldle THE BAA el EHE)
of. 2828, A#HAE 2-Cys Prx9 C-¥e-g st 2-
Cys Prxi= qbatell 71703 ol g FejoA] A gHo] Q=
ez WA "He A8, 1 A AsE AEd
o ZHsi HMW complexd ¥4J3l#] £& ¥k op]e}
o) 75 s FEE A ge] #EUT (Koo et
al. 2002; Moon et al. 2005). 53], calpainol] 2JsjA C-%+
to] Hwke human 2-Cys Prxghdido] gl 27
(Cha et al. 2000)% ©. 24 2-Cys Prxo] ©9d Haje
overoxidationel] 3l AL wrEe] A W @ A
Z9} 7158 24T o SHr

AzA oz ZIAE 2-Cys PrxE ©& 552 H0.9
A e dld B A 7158 AN 520, F ol A
= gzl o] 7] 9] peroxidaseo] A4 molecular chaperone ©.
2 A =9 oy 7|vxdE Ae4l, 2-Cys Prxe=
YF-motif' & 7H& C-2d §-99 =go i H0.00 9
3} peroxidatic cysteine®] ¥i1EE B5lo] gwlAe] 3
7} wk2 A §siAl He Aolth ol Adte Akst 2EY
2o i3k A Fxe 7|F-S vtre C-gw Y-
motifE 7}2)= AHMAE 2-Cys Prxo] 24 v|AYES A
A E 23} B Foll Aoz FEHISS Al

3 Stk

ox S
4o o e >

av

My

2-Cys Prxol| 2{8t H,0, AISHE =H

o5 Aol WA A H WEA I EH = 0
AZ U A5 dgtzs Fe8 71ES dFE AT
= e ARAge] BARA AEY BE el &
& 9l S4do|t) T, H0xE mild A15kA 0] 7] el

T

finic acid 3= disulfide® A3} Al 4= 9lon 28 25
= ok A U ddAol o8] cysteineo 2 gAl Eof
Z 4 gt} skAu, o8& cysteine thiol®] pKa kel 8.5
B o) a1 W3 cysteine 27| £ cysteine thiolate anion (Cys-S)
o] H= AT Hy0,0] 98 A4sks]7]7h o) o 7] wjiol,
AZ Well A HoO0l 2]8)) A AbshE= Cys-SHE 7HA &=
gl Ao e cEg Jdls B7EtaL, o wde
cysteine 7] 2213} thiolate$} ©]%3+ s} ofnleit
A& Aol 2] M3} Aol 23] 1E9] pKagto] HobAA
24 pHellA thiolate anion SEj= &gt} 2-Cys Prxe=
W& pKa cysteineZ7|E 7HAE APAQ] A e o
oA Awst Az} o] (Figure 2), active site cysteine
H;0,Z g3 tpdat abalaol 93] Hol4 iksto] £4
ola o]#g WL TrxAlz=glo] o) HEold = Uk

AN A Hy0r2 o} B2 GOz EXste A4
&9 2-Cys PxE X33 o] T/ FatstAlel] 2]
ARYAQ o7 FAHETE Ty dAHOE AE Y
i3t E ) Fe] FA) FrhEd oY AaEE wEA

gAatE o] B Mg B34S 93 AF oM A

AR D BabslEe e g o] Z9 38 cysteine 271 9]
A8E BelM 7)eS a7 A vl Qlitkst A

£ z4sl7)o) st} (Chang et al. 2002). 5402 hy-
droxyl radical 2. A ¥8E 4 JE ¥ =9 HO.7t
24 A2, GPxt} catalase U} B4 FHo] IAl w2
2-Cys Prx¥ H,0,& A7 3}= peroxidase 4ol ¢33
201X 22 HMW complex?] BAla} 34 w2 88 7HA
chaperone ©.29] A3lo] 7}53ith o3 75Xl Mg
28 =4 radicald) e zRE AX | TAHLAE
o] £4E BEF & 9tk o]fl {33t Aol catalase
¢} GPx= FtstEo] AeFEo 3152 W7k 08
AAsA Hel AZ W H0; =71 355", 2-Cys Prx
=Srxl ¢ 5802 LMW gla o7 Ba)%o] pero-
xidased] 7]%5& HFA Hr} (Jang et al. 2004). #AH3HE
Fxol wlEste] ghe] el v)Fo] 2AEE A
. 2-Cys Prxi= A|E7F A8bHel ~Eg 2ol B3] =86
7} 18] kA Hsle A= FAdh

218 A|3E 2-Cys Prx@] peroxidase’} A|¥u Aaddx}
249 94 A Hie vAYUSTE of HEsA ¥
A7) FIAR F7HE H0p FE7F #AEE] As de

tlo 1
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Figure 5. Regulation of intracellular signaling pathways by 2-
Cys Prx in response to H;O; concentration (Ref: Vivancos et al.
2005). Under normal conditions, the peroxide-induced activation
of Papl requires the peroxidase activity of 2-Cys Prx for the
formation of an intramolecular disulfide bond in Papl. However
under H,O; stress, 2-Cys Prx is inactivated by the transfor-
mation of its peroxidatic Cys-SH to Cys-sulfinic acid, delaying
Papl activation until the Styl-dependent transcriptional response
is activated. In turn, the phosphorylated (P) active Styl can
activate the transcription of Srx1, which restores the peroxidase
activity of 2-Cys Prx to reactivate Papl.

S FAg3eA He AL B Aor Azdnh AR
Schizosacharomyces pombeol| | ﬁﬂi’ﬂf\oﬂ )3 Eilﬂp:]-
5= p38/INKo| A8 MAP kinase$l Styl- 2-Cys
Prx@] peroxidatic cysteine®} Styl2] cysteine Z+7] Ale]el
disulfide bondE ¥/dsto] LA 35+ mechanisme 2 7
Hxjo} 9ir} (Veal et al. 2004). S. pombeo) A= 213t ~E
gl2ol whgate] Yehhs 5 7R Syl Ao A
TAY BA o= Paplo] 9 213} Styl/Spel &3 20| &
A, o5 HEE skl JoRgdoR A4
g} Style & L H0x004] AlZe] ASlA F2
& &g 3tn, Papl 2 B2 TER AL o ool A<
&t7] 913k A|Eukgo] B2 3t} (Quinn et al. 2002). o]

AFAG FAA, 2-Cys PrxE ¥& 9 H000A
Papl¢] upstream activator 24 2831 H0,9] &7} &
o}A ) w} suppressor 4] 2H-&-3}7 €t} (Vivancos et al.
2005). 2-Cys Prx¢] overoxidation- Styl-2]&4 AAMHS-
o] Yol wj7}A] Paple] B43HE A AAZIE} o] whgol
A, Srx1-& 2-Cys PrxE QA7) 224 2-Cys Prx-Papl
Alole] redox-relay ®WHS-3} Paple] 43S 3 EA|7ITh
ZAE Hy0p 2EH 2004 Srxl2] TA-e Stylel oj&4
o]7] o, Styl-& 2-Cys Prx] zj@Adstol] B2 o]t}
old AFEL 2-Cys Prx9] cys-sulfinic acid #F4do] S
pombed) A A3 AEL Al AL dAETh
2-Cys Prx-Papl9] redox-relay #|o]i= Papl S3f747t
Al vy o g 2EEY, o] AL H0-9 &< A%
Aol @A) ul$ Fa3slt}h (Figure 5).
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Figure 6. Model of the postulated reaction mechanism of plant
2-Cys Prx and its redox-dependent translocation in chloroplasts
(Ref: Konig et al. 2003). 2-Cys Prx in plant cells exists as re-
duced decamer (/) and is oxidized in two steps to the sulfenic
acid form involving specific amino acid residues (2 and 3). The
decamer remains associated with the thylakoid membrane when
overoxidation occurs (4). The regular catalytic cycle involves
disulfide bridge formation with a conformational change (5).
Trx or DTT regenerate 1 form.
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