Wt GRBRERE) T IT74 AVAVE INVAT=

20X E &
Chlorophyll Biosynthesis: A Target of Oxidative Stress
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Due to sedimentary and stationary phase of life, plants have to face
various biotic and abiotic stresses. Although each of the various stress
conditions has distinctive characteristics and elicits its own specific
responses when subjected on plants, they share a common feature:
establishment of oxidative stress that resulted into further damage. Due to
involvement of potent intermediates like porphyrin molecules and due to
having certain enzymes which have shown to be redox regulated, chlorophyll
biosynthesis pathway can be a one of the major targets of oxidative stress.
In this study therefore, I have studied the effects of oxidative stress on
chlorophyll biosynthesis pathway using the vascular plant Cucumis sativus
as a model.

To generate reactive oxygen species (ROS), cucumber cotyledons both

14 h illuminated (green) and etiolated were treated with 100 M methyl

vilogen (MV) and were subjected to dark (D) or low light (L) (40-45
UE/m?/s) condition. Upon MV treatment the cotyledons could not accumulate

chlorophyll compared to control upon illumination and this observation was
mainly attributed to significant inhibition of chlorophyll biosynthesis at
precursor level i.e. at ALA synthesis. This suggested the inhibition at

either Glutamyl tRNA reductase (GIluTR/) and/or élutamate—l—semialdehyde

(GSA-AT). MV treatment also showed to exacerbate its effects on later stage

of tetrapyrrole porphyrin molecule synthesis when cotyledons are provided
with 5-aminolevullinic acid (ALA) and quantitatively analyzed by high
performance liquid chromatography. It showed the accumulation of Proto IX,
Mg-proto IX and Mgproto IX ME and there was an increase in the
"accumulation of intermediates upon subjection of cotyledons from D to L.
This increase in the accumulation of porphyrin molecules was always

accompanied with decreased concentration of Protochlorophyllide (Pchlide),
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the end product of chlorophyll biosynthesis in dark. This suggested that MV
induced oxidative stress has inhibitory effects on intermediate
tetrapyrrole synthesis also. The accumulation of Mg-proto IX ME might be
due to inhibition at Mg—proto IX ME cyclase whereas the accumulation of
Proto IX can be ascribed to inhibition of any or all of the following
enzymes: Mg—chelatase, Fe—chelatase and Protoporphyrinogen IX oxidase. When
effects of MV treatment on chlorophyll biosynthesis were compared with
effect on PS II activity, former one was observed to be more susceptible.

As like MV treatment, I also checked the effects of high light (HL)
induced oxidative stress on chlorophyll biosynthesis during which
etiolated cotyledons failed to synthesize chlorophyll entirely unlike
green cotyledons. When transfer to L conditions, the etiolated cotyledons
could resume the chlorophyll biosynthesis and subsequent accumulation
following an initial 2-12 h delay. This severe inhibition found in
etiolated cotyledons was also mainly because of impairment at the step of
ALA synthesis. However, it was not due to decrease in the protein level of
respective enzymes i. e. GluTR and GSA-AT. The expression of HEMAI was
also not found to be inhibited under HL treatment. This suggested that the
inactivation of respective enzymes or the deformation of complex between
GluTR and GSA-AT may be the reason behind this inhibition. However,
neither heme nor flu protein was the responcible factors since heme level
remain unchanged during HL and this effect we observed mainly under light
where Pchlide was not accumulated to exert effect of flu. Like MV
treatment, HL also showed to affect the intermediatory éteps of pyrrole
biosynthesis in chlorophyll biosynthesis pathway. Upon feeding with 0.5
mg/ml ALA, HL treated cotyledons accumulated Proto IX with concomitant
decrease in the Pchlide concentration. This again suggested that either
single or in combination Mg-chelatase (Mg— che I) or Fe-chelatase or
Protoporphyrinogen IX oxidase (PPX I) might be inhibiting under high light.
Upon western blotting (W. B.) analysis, PPX I and Mg-che I did not show
any decrease in their level which indicated that inactivation of enzymes
is the probable cause behind the effect observed. From these results, I
demonstrated that oxidative stress impedes key steps in chlorophyll
biosynthesis by either directly or indirectly inhibiting the activity of
these enzymes.
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zunz it RNV X—2HIR L, EFEEOHELE S | KEARITK
ARBRZFTHD, LML, 7uar7 o i zoRBEBIEIIRESIT S & EER
REEHLHTBERRSFTHLH D, F0ORD, 7oo 7 4 LERRIIED TEELR
HEZITRITIERG7220, bL, 20X 5 RFAGEEL LR, ZJuno 7 o RH
FRIERCHZ VR BIZBRYAENRZW aa T o M5 FREETI L ERIED
IZFE3ES B,

MEMIT, RIR, R, BB EARVEA R AN AR BENIZIZITITCWS, Zh
HbDA VAL, ZLDOBE, BEEITIIBBER FL R ER ST, EUBEORLE
EHY, ZOLD RIENBREEZREIIBRETERVES. EYIXEES 2T, 5
ICED, BRIER P LV ADOERT, HERITBIT 2 ZBILRFOBEEEER., EHEEE
BREBER, FUNTHEERRREVS ONPREEN TR, 7o a 7 0 LARM
BEER B L XADERIZR S TWANIARBETHo 7,

ARG, BIER PV AR a7 g VRBICED L I REEBL 52 50 FHL
MIZTBH L EEBIIThbNE, '

BRAER PV RADEBERRD7-H, Fa U ) FEICREFE LTHALNTWA S
7 22— b (Methyl viologen, MV) JLEEZ = RVVEMEER Y REIW7-, MV AE
L7eFETIZBILFE BRFERIC. 7uu 7 VOERIIRSITHES N,
ZTZT. WAER I aa 7 A VARDEDERELZREL TWADONEFH LD,
zaur A NVEROBREERBELEZLNTWE5-7I L7 Y B (ALA) OB
EHZRE Lz, DR, ALA ARREMEII MY ABIZ X > TRESHESRE, &
W2, 7087 4 VORISEETH S ALAZFERIZE L, Zau 7 VERERELE
RRICERET 27007  VRABITRIGLZ AN, 2ORE W AR L-FET, 7
7 rARY 74U IX (ProtolX), Mg-7' 1 hRYD 7 ¢ V> IX (Mg-ProtoIX). Mg-7
O hRY T4 Y IXE AF LT AT (Mg-ProtolXME) BNER L, “DZ &
X, 7T A VARREOEROBEN W LB > THESNW TS 2 %
TELTWS, RIZ, B{ER F VA BELHTHEALELZITV., Juo 7 404
FAEMEZ ATz, ZORE, BLETIE, BALER o7 LEKREPRELICH
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ELEOIF LT, BLFETIE. Z7ua 7 VEROBEENEEINREPS T,
Fim . MV ALER L RIBEICERYED ALA BFRRICH - 2 DB LA L T A, ALAGRIT
BILETIREEENZDIZH LT, BMEETIEERRONRPoT, Eo,
MEE L7 ECETIXALA R E 2B . 7ua T o VHREHED ProtolX BEFE L T2,
WIZ MV AR AN ERICEERBORESRE > TV AP ERAEIZL - T
PR A suaT 4 VOESKREE L B, DRENR KL TWVD I LBERS
hiz, &5, bR ML Rz B 7 un 7 A VEROBEMELRA LD, 7
ne 7 4 VAREBEOEBEFREARL. B ZHWEEBRI VI EOEREZITo T
ZOWE. BER L RIT, BEFRASCERSY VAVEOERIZIIEEL 2N

EBALMNCR 0T, TNODRERND, BIER FLVRIZE DT auT L VERD
FHEIT., BEREMOREL FRINE,

BRRIZE ST, 7aa 7 4 VERBERILR hLRIZK - TEREi S5 Z &
STl BT, BALBICZ DEERKRE L, THINEERBHEERP+2
Bk FEENS, ZTREDORIE. B{ERXA NV ADERD—D2 2 L)
WLEZLICBE LT MYOARASZOERICLEERERY 75 b0 LHRHS
nsd,

BEE—FRIT. ThODORBREZETML, THAEL LTHENLOBLTDH
V. KFERELREBIIRIT AECEREMRE b DY, REESEL (KRR
ERE) OFNEREINIEREETH LOLHEL,
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