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The production of reactive oxygen species (ROS) occurs under normal metabolic conditions
but enhanced in response to various types of biotic and abiotic stresses. However, not only the
source of damage, ROS are also utilized as signaling molecules by living organisms to adjust the
metabolic processes to the changing environmental conditions and to bolster the defence mechanism
in response to stress. The redox homeostasis of ROS is vital for sustenance of normal function. The
sessile nature of plants implies that they must attune to extreme environmental conditions to keep
ROS at threshold levels. Thus plants, like other living organisms, have evolved a complex
antioxidant defence system to keep ROS in check and maintain cellular redox homeostasis. All the
sub-cellular compartments have the potential to produce ROS. Plants contain families of
ROS-scavenging enzymes localized in different sub-cellular compartments to check any increase in
ROS at the site of production.

The glutathione peroxidase (GPX) isoenzymes play a key role in the protection of
the mammalian cells against oxidative damage. GPX isoenzymes have been isolated
from different plant species; however, their exact function in plants is not well
understood. Eight genes (4¢GPX1-8) encoding proteins with significant homology to the
mammalian GPX isoenzymes have been identified in Arabidopsis thaliana. Like the
other GPX isoenzymes obtained from plant and photosynthetic organisms, these
isoenzymes are well conserved in the characteristic GPX domains but lack the amino
acids necessary for dimerization or GSH binding. Based on the putative aminoacid

sequences, it is predicted that these isoenzymes were directed to different sub-cellular



compartments. They are ubiquitously expressed throughout the life cycle of plants and
in different plant tissues. In-silico analysis of the transcripts exhibited that three
isoenzymes, AtGPX1, 2 and 6 were highly expressed at different growth stages and
plant tissues. The transcript abundance of A¢GPX 3, 4 and 8 was one third that of the
highly expressed GPX genes, whereas, AtGPX4 and 7 had very low expression. The
expression of the various GPX genes at different growth stages and plant tissues is
consistent with their sub-cellular localization. The transcripts and protein levels of
these isoenzymes increased significantly after exposure of Arabidopsis plants to various
types of stress conditions, surmising involvement in cellular protection.

Four mature GPX isoenzymes, AtGPX1, 2, 5, and 6 were over-expressed in
FEscherichia coli and characterized. Interestingly, these proteins can reduce H202 and
lipids hydroperoxides using . coli thioredoxin, but not glutathione as an electron donor.
The reduction activities of the recombinant proteins with H202 were 2-7 times higher
compared with cumene hydroperoxide. Lower reduction activities were recorded with
PUFAOOH and PCOOH. However, these isoenzymes were not able to reduce
hydroperoxides with the two cytosolic types of thioredoxins from A. thaliana. Similarly,
it was found that the three Cys residues conserved in the GPX isoenzymes from plants
and photosynthetic organisms are necessary for disulfide bond formation and reduction
of hydroperoxides using Trx. The Km values of the recombinant proteins for Trx and
H202 were 2.2~4.0 uM and 14.0~25.4 uM, respectively. Though they are weakly
homologous, they may form a new group of Prx in plants and photosynthetic organisms
due to their similar reaction mechanism, substrate specificity, affinity and catalytic
efficiency. Due to the three conserved Cys residues, it is suggested that the GPX
isoenzymes from plants and photosynthetic organisms may be classified into a distinct
group of 3-Cys Prx. These findings suggest the possibility that GPX isoenzymes function
to detoxify H2Oz and are also involved in the regulation of cellular redox homeostasis by
maintaining thiol/disulfide or NADPH/NADP balance.

The AtGPX6 is strongly expressed during the whole life cycles of plants and in
various plants tissues. Similarly, application of various abiotic stress conditions has
resulted in a significant increase in its expression. Thus, this isoenzyme and AtGPXS3,
also putatively localized in mitochondria, were selected to clarify the physiological role
of the GPX in plants. A homozygous knock out plant of A¢GPX3 with complete loss of
transcripts was identified in the Salk T-DNA insertion mutants. Plant with significantly
low A¢tGPX6 transcripts and double mutants were created using RNAi approach. The
mutants plants had significantly higher level of lipids hydroperoxides and sustained
more membrane damage after exposure to various abiotic stress conditions. There was
also a significantly more decrease in the total respiration and alteration in the O2
consumption by Cyt C and AOX-dependent pathways in the AtGPX3 mutant plants.
The mutant plants had thus accumulated more ROS, suffered a higher extent of

membrane damage and there was a redox shift in the activities of the two terminal



oxidases after exposure to abiotic stress conditions. These results demonstrate an
important role for GPX proteins in the protection against oxidative stress in plants and

other photosynthetic organisms

BERRDER

FOGHED @ EPERRSRFE (ROS) DAMUIT T B OMRHNERE T, AERAINEREE D D A
FLRIZE W FITERLTWD, LLARRNS, ER~0BEZ T TR, EWoHE
REDFHENC L 2 BRSO 72D DIEFHIRESL, A MLV AND OO0 A F1 = X L3
5| &4 L L TROS PEEREEZFFOZ LML TV,

ROS DR LR TCISE NI AR DO —EBERE DOMEFHR DT DITITNATH U | HEM D RIRER
BEF T T 572028 ROS O L~UL)3—EICHERF S LD, BITHEMI IO A & TR,
HIIE PN RSB TR RE DHERF D 72012, T727 B ROS DB ZRET 5 7= DI HE 72 PR L i
RER B 2 HIE I TV D, 2 TOMBNEET ROS 4K T 5 mWEEELFf > T
DT, HENEZFUTKIIGT 2581 ROS TH EHtE % 45 4« ORI REICHE LT\ 5,

TNEFF A2 —F (GPX) TA VWA LTERIEA b LA GIFHEY
HIE 2 5F 5 T2 DI P R EE 2 FFOBER TH Y . WL OO TH GPX 74 YV HA A
DIFEITHER IILTV DN, ENODIEHERERICOVWTIZELZAATH S, 22T, &
S C O ROS {HFSRITEN < GPX AIZHOW TR LEL F O R 2157,

v aA X RXF | Arabidopsis thaliana CTIXIZFHLEMWI D GRX 7 A VWA AIZIEH IZFHA]
PERENE R B E BT 5 8 DB T (AtGPX1-8) Z R L7-, Z DO&EIRTEY
IO EERD AR I BT GPX T A YA A EREE, 2D ORERITIER I8
972 GPX R A A & Ffo TV, GSHAER X 2 BRI B2 T I/ efE 4 Ran L T
Wi, #HEET X JBREYINS I NS DT A YA MIR AN REEEE R TEEZD
. OO T A 7 A 7 Vv EB LT, Bl DWWHERICIAS 9HT 52 ENEZL
Ni=, In silico TOMEGFEW DN CTIX, STEDOT A VYA L, AtGPX1,2 & 6 NE72 D
BB DT R DR TR L TWA Z E NP SN, —77 AtGPX3, 5, 8 13
WREHLRD GPX BAGF D =D —ThH V| AtGPX4 & TIXE HICHFITERWEI LIVRE R
MNoT,

AEBFERBEOBEV, B DEWETO GPX B FDRIFITZEN S OMINRE L —
L, YA XF X} EfADARNVAFHETIZES EINLDOT A YA LOEEE L 2
PRI B VLV ORM ERBTRD b, MBEBIEBERE B < Z L 2R LTS,

ZFZ T, GPX 7A VYA L ATFE, AtGPXL, 2,5,6 i & NIBEICEA L CGREIFRE S
BT, ZNHDX R EOMERIT 21T o7, BURENZ LI1C, ZHHDREHEZ R
BIIRIBETF AL REv o 2B L LT, H202 £ U B RE Ra ULty RE45fE
THZENHH L, 20L& I NETF A TBAGEREITR O T2,

AtGPX6 XMW DT A 7 A 7 N HFICFE 2 OFERE TR BB L, FRZEREA M LRI
KLTHLISE LT, ZDOT A VHPFA L EACPX3EI b RYTICRETHDOT, Y
2B D GPX OAERAMEEEZH LT H0ICEBIZINEDT A YA HJITHONT,
AtGPX BAGFD /) v 7 T 0 NERFEZER L CTHgt L7z, & 51T, AtGPX6 DEHRBGIEMEZ



BLOZTNVERBLAE T, ZROORYNREWE R Lt %y RLaULaRd 2 L
BREEA MLV AR B2 D LIRICEWVHEECTRENEEND Z EE2FEH L, X512, AtGPX3
ERMII b R T COBBERE FR) EEOET, 7 KL/ REv RGO
BHEYEDO LR iz, & L TEBRMYIIFERD ROS Z#EE L, LV & ks %
ATT, BEA ML AOBR LT, BILRICKE2A ML AZAEZBT Z EBNH LI
Rolo, ZIVDDOFERIL. GPX BMEM E IR & T D HEMEMITE N T, BIEA N L AND
DRI C R & R EN 2o 2 E RIS T o T2,

UL EORRIE, BT A0, DT EFER LORBAEMTFOSTFICRELE
T 2D THY ., K LOFEW T, RERBROFESR L IE T, L (F) o%Ar
ERGTHIELEEEY ERBDD,



