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ABSTRACT

NADP –ME is the key enzyme for decarboxylation reactions in C4 CO2 concentration pathways.  So,
Amaranthus viridis has  been evaluated  with  regards to  photosynthetic  NADP-malic  enzyme  for  its
response under  light  and darkness.  Illumination (1000–1200 µEm-2s-1)  for  40 minutes  under  2 mM
bicarbonate (HCO3

-) sensitivity increased activity by 1.97 & 3.77-fold over darkness under 4.0 mM and
0.01 mM malate respectively. Limiting (0.01 mM) and saturated (4.0 mM) malate concentration had
significant changes in enzyme activities. The different kinetic parameters indicated had the feedback
inhibition  under  illumination.  The  activity  with  the  inducer  (citrate  and  succinate)  and  inhibitor
(pyruvate and oxalate) was significant with substrate concentrations. Dithiol had reduced the activity
by inhibition of the diminishing effect of light activation treatment. Therefore, NADP-ME is stringently
regulated by redox changes with illumination as a key factor. Moreover, the pattern of polymorphic
gene expression may be supportive in molecular modulation under  light/darkness.  This  study may
support  the role  of  NADP-ME as  a  biomarker  for  C4  weed species  under  oxidative  stress  through
light/darkness.

Abbreviations

NADP-ME:  nicotinamide  adenine  dinucleotide  phosphate-malic  enzyme;  HCO3:  bicarbonate;  CAM:
crassulacean acid metabolism; OAA: oxaloacetic acid; DTT: Dithiothreitol; EDTA: ethylenediaminetetraacetic
acid; SDS: sodium dodecyl sulphate, BSA: bovine serum albumin; PMSF: phenylmethane sulphonyl fluoride; β-
ME: β-mercaptoethanol.

Introduction

For  the  anaplerotic  metabolism  in  plants,  a  few
oxidative  decarboxylation  reactions  are  important.
The  NADP-malic  enzyme  (NADP-ME)  belongs  to  a
member of NADP oxidoreductase (EC 1.1.1.40) causing
decarboxylation of oxaloacetic  acid (OAA) as well  as
oxidation  of  malate  (substrate).  The  product  is
pyruvate,  reduced  NADP  (NADPH+H+)  with  the
simultaneous  release  of  CO2.  The  chief  function  of
NADP-ME  is  in  photosynthetic  C4-CO2 concentration
mechanism  (1).  The  reduced  carbon  with  different
forms is  required to donate  the carbon residues  for
the synthesis of biomolecules (2). In C4 plants like Zea
mays  L.,  Amaranthus  viridis  L. and  Saccharum

officinarum L.  NADP-ME  is  exclusively  bound  in
bundle  sheath  chloroplast.  In  CAM  plants,  it  is
localised  in  the  cytosol  (3).  Still,  few  non-
photosynthetic forms of NADP-ME are also important
with varying polymorphisms in different plant tissues.

Apart from malate metabolism, this could provide
the  reducing  potential  as  NADPH+H+  in  different
reactions.  Therefore,  in  C4 plants,  this  enzyme  has
been  a  pivotal  regulatory  step  of  organic  acids
metabolism. From the enzymological analysis, NADP-
ME is light sensitive, modulated by high pH and ionic
concentration,  particularly,  under  light-grown
chloroplast (4-7). On the contrary, in C3 counterparts,
this  protein  is  moderately  pH-sensitive  (optimum
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within pH 6.4–7.0). The activity is significantly lesser
than  C4 species  under  the  same  light  intensity.  In
cellular  regulation,  NADP-ME  is  sensitive  to  any
regulatory  sites  of  chemical  elicitation.  Specific
inducers  or  inhibitors  are  bound  on  regulatory
domains  with  histidine,  arginine  and  cysteine
residues  of  the  enzyme  (8).  Light  is  the  most
influencing  physical  modulator  of  NADP-ME.  The
chemical  modifications  to  alter  the  activities  under
varying  degrees  of  irradiance  are  compatible  with
other  enzymes  in  the  Calvin  cycle.  Of  those  later
mesophyll  chloroplasts  sited  proteins  (pyruvate
phosphate dikinase or NADP-malate dehydrogenase)
are important. This may suggest the compatibility of
NADP-ME for other physiological activities, excluding
C4 photosynthesis. 

The influence of light is more assured when the
enzyme  activity  increases,  relating  to  seedling
greening  (9).  Therefore,  light-induced  de-novo
synthesis  is  more  confirmed  for  this  protein  (10).
From other  studies  in  species  like  maize  has  been
paid  attention  for  precise  or  short  duration-based
light-induced  NADP-ME  activities.  More  so,  in  the
further investigation to overexpress non-purified leaf
extract with more than 55% increase in activity when
irradiated.  Therefore,  investigations  should  be
customised to revalidate the properties and trend of
NADP-ME activities  under saturated or limited light
sensitivity  in  C4 plants.  We  herein  performed  a
simple  experiment  where  a  weed  (A.  viridis),  a  C4

species was evaluated with its pattern and regulation
of  leaf  extracted  NADP-ME activity  under  light  and
darkness.  The  changes  in  activities,  its  modalities
under light/dark and effects of chemicals (inducers as
well as inhibitors) are discussed to characterise the C4

weeds with the NADP-ME as a physiological marker. 

Materials and Methods

Plant material and treatments

One of the C4 weeds, A. viridis, belonging to the family
Amaranthaceae was collected from natural habitats.
Plants  were  grown  in  hydroponics  with  ¼th MS
nutrients  medium,  pH 7.8  in  earthen wire  pots for
seven days (11). The nutrient solution was renewed
every  three  days  interval  with  proper  aeration.
Plants  in  the  nutrient  solution  were  kept  in  poly-
house  under  the  condition  of  14/10  hr day/night
photoperiod, 35/30° C day/night temperature, 80–85%
relative  humidity  throughout  the  experiment.  For
illumination,  plants  were  kept  under  active
photosynthetic  radiation  within  1000–1200 µEm-2s-1

photon flux density. For dark adaptation, plants were
placed in complete  darkness  for  four  hrs  (12).  The
activity  was checked with  varying concentration of
malate  as  4.0  and  0.01  mM.  The  data  represented
three independent replications.

Illumination  treatment  for  induction  of  enzyme
activity

Leaf samples were collected in a fully grown mature
stage from each plant under treatment. However, the
samples  were  done  in  three  replicates  from  each
treatment  of  solution  and  also  under  light  &  dark

treatment.  The  uniform  sizes  (0.5  cm  in  diameter
done by cork borer) of leaf discs were done carefully
and submerged in 20 ml 2 mM sodium bicarbonate
(Na2HCO3)  solution  in  Petri  dishes.  The  sets  were
illuminated with fluorescence light of the intensity of
1000–1200 µEm-2s-1 uninterrupted for 40 min with two
10  W  CFL.  Also,  another  set  was  transferred  to
complete  darkness  incubation for  the  same period.
For both the sets of light and darkness, the leaf discs
were  collected,  frozen  and  proceeded  for  further
enzyme extraction and biochemical estimations.

Enzyme extraction and purification

Leaf samples under light or darkness were ground in
liquid  nitrogen,  then  homogenised  and  dissolved
thoroughly  with  pre-chilled  extraction  buffer.  The
buffer composition was 100 mM Tris-HCl (pH 7.3), 10
mM MgCl2, 10 mM EDTA, 1 mM PMSF, 2 mM K2HPO4,
and  1  mM  β-ME  as  suggested  by  a  standard
procedure  (13).  The extract  was centrifuged (REMI,
KBM-70)  at  12000  rpm at  4  °C for  15  min and the
pellet  was  discarded.  The  protein  from the  extract
was partially  purified  by  80% ammonium sulphate
precipitation under  the  cold condition (4°C)  for 4h.
The pellet  recovered was separated by dialysis  bag
(50K MWCO) in the same buffer supplemented with 1
mM  DTT,  10  μM  BSA,  0.5%  SDS.  The  protein
concentration was determined by Bradford reagent
(14) and used for NADP-ME assay.

Assay reaction for NADP-malic enzyme activity

The assay mixture is made up to 1 ml, containing 60
mM Tris-HCl (pH 8.0), 10 mM MgCl2, 10 mM EDTA, 1
mM NADP-sodium salt  and protein extract  (0.1 ml)
(13). Two sets of assay mixture were incubated with
either  saturated  (4.0  mM)  or  limiting  (0.01  mM)
condition  of  L-malate  as  substrate  and  also
inducer/activator (citrate  & succinate)  and inhibitor
(oxalate & pyruvate) are used to see their effects. On
incubation  at  room temperature,  immediately  after
the addition of 50 μg protein from crude extract and
reduction of NADP was read at 340 nm in a UV-VIS
spectrophotometer (Cecil, CE 7200) for 3 min at 30-sec
intervals. The enzyme activity was expressed as nM
NADPH produced/min/mg protein.

Statistical analysis

Data  were  represented  as  mean  ±SE  of  three
replicates.  Variations  between  treatments  were
calculated with Duncan’s t-test (P ≤ 0.05). To validate
the  significant  variation  among  the  parameter
through each treatment one-way analysis of variance
(ANOVA) was performed, and F-values were marked
with an asterisk under each level of significance. For
statistical analysis SPSS software, IBM-version 26 was
used.

Results 

The  leaf  discs  of  A.  viridis were  incubated  under
illumination (1000–1200 µEm-2s-1) supplemented with
a 2 mM Na2HCO3 (pH 8.0). The enzymatic properties
of NADP-ME were evaluated under conditions of light
and  darkness.  The  concentration  of  substrate
(malate) was used either undersaturated (4.0 mM) or
limited (0.01 mM), pH 8.0 as suggested (13).
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Induction of activity of NADP-ME under light

At  the  PAR  (1000–1200  µEm-2s-1)  there  recorded  an
induction  of  in-vitro NADPH+H+ oxidation  that
otherwise denotes NADP-ME activity. Under varying
malate  concentration,  the  activity  was  linear  as  a
function  of  light  and  darkness.  As  compared  to
darkness,  illumination  was  significantly  (p≤0.05)
inductive while progressing through time for malate
concentration  of  4.0  mM  &  0.01  mM  (Tab.  1).  The

activity  reached  optimum  after  40  minutes  under
illumination (Fig. 1). This showed the time-dependent
kinetics  of  NADP-ME  independent  to  malate
concentration.  The activity  was recorded by 1.97 &
3.77-fold  respectively  under  4.0  mM  and  0.01  mM
malate  under  light  over  darkness.  HCO3

- acted  as
inducer  for  light-induced  enzyme  activity  and  also
significantly  elevated  through  the  concentration  of
salts. However, the activity was optimum in light at 2
mM  HCO3-  which  recorded  37.27  NADPH
produced/min/mg proteins. The darkness had hardly
any  effect  on  HCO3

- concentration  for  NADP-ME
activity (Fig. 2). The induction of optimum activity at
2 mM of HCO3

- was 1.39 & 1.40-fold under 4.0 mM and
0.01  mM  of  malate  concentration  respectively  as
compared to the darkness.

Effect of activator and inhibitor on the sensitivity
of activity under light and darkness:

The regulatory properties of NADP-ME from both the
sets  of  light  and  darkness  were  compared,
particularly  when  the  assay  mixture  contains
activator or inhibitor.  For that  two 2 mM citrate,  2

mM  succinate,  5  mM  pyruvate  and  1mM  oxalate
respectively  were  incubated  in  independent  assay
buffer.  The  comparison  was  significantly  (p≤0.05)
varied  for  enzyme  activity  to  both  the  effectors
(activator & inhibitor) under saturated (4.0 mM) and
limiting (0.01 mM) malate concentration (Fig. 3, Fig.
4).  The results  revealed the  role  of  activators  were
more inducing  at  0.01 mM than  4.0  mM of  malate
concentration.  This  recorded,  1.48  &  1.30-fold

increase for citrate and succinate respectively against
normal  condition  under  the  light.  In  addition  the
enzyme activities were enhanced by 1.40 & 1.43-fold
with citrate  and succinate  under  light  compared to
darkness.

Amaranthus  viridis responded  well  with
inhibitory effectors like oxalate and pyruvate in the
assay process. On illumination of enzyme activity, a
significant  (p≤0.05)  changes  irrespective  of  malate
concentration (4.0 mM & 0.01 mM) was recorded (Fig.
3,  Fig.  4).  At  saturated  (4.0  mM) concentration,  the
activity  declined  by  27.60%  over  the  normal
condition,  which  again  reduced  by  32.78%  in
darkness when oxalate, an inhibitor was used. With
pyruvate,  another  inhibitor,  the  fall  in  enzyme
activity was almost comparable to oxalate regardless
of  light  and  darkness.  Interesting  to  note,  for  the
inhibitors  in  the  assay  mixture  also  significant
(p≤0.05)  variations  between them were observed in
the regulation of enzyme activity (Tab. 1). Therefore,
NADP-ME appeared to be more sensitive to both the
inhibitors  against  the  uninhibited  condition.
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Table 1. Analysis of variance (by one way) of the different treatments interacted the parameters.

Parameter
Under saturated (4.0 mM) Malate Concentration Under limiting (0.01 mM) Malate Concentration

Light Dark Light Dark
Time Standardization 
(min)

F-value= 102.514***
CD= 1.460

F-value = 60.550***
CD= 2.295

F-value = 90.907***
CD= 1.460

F-value = 2.430
CD= 1.00

HCO3
- Conc. (mM) 

Standardization
F-value = 36.186***
CD= 2.323

F-value = 0.057
CD= 2.692

F-value = 16.213***
CD= 1.123

F-value = 0.154
CD= 1.487

NADP-ME activity with 
inducer and inhibitor

F-value = 258.867***
CD= 3.355

F-value = 620.799***
CD= 1.852

F-value = 148.607***
CD= 1.525

F-value = 105.626***
CD= 1.412

* Significant at p≤0.05       ** Significant at p≤0.01       *** Significant at p≤0.001

Fig. 1. The trend in enzyme activity of NADP-ME through a varying period (min) of illumination (1000-1200  µEm -2s-1) under saturated (4
mM) and limiting (0.01 mM) malate concentration. The standardisation was done in the assay mixture with 2 mM HCO3

- solution and the
mean ±SE values.
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Fig. 2. The activity of NADP-ME under varying (0, 1, 2, 4, 6 mM) HCO3
- concentrations. The illumination was maintained at 1000-1200 µEm -2s-1

for 40 min. The enzyme activity was measured in a reaction mixture supplemented with saturated (4 mM) and limiting (0.01 mM) malate
concentration and the mean ±SE values.

Fig. 3. Effects on NADP-ME activity with various activators (citrate and succinate) and inhibitors (oxalate and pyruvate) incubated with 4.0
mM malate. The activity was measured at intensity 1000-1200 µEm-2s-1 for 40 min against darkness and the mean ±SE values.

Fig. 4. Effects on NADP-ME activity with various activators (citrate and succinate) and inhibitors (oxalate and pyruvate) incubated with 0.01
mM malate. The activity was measured at intensity 1000-1200 µEm-2s-1 for 40 min against darkness and the mean ±SE values.



Therefore,  both  activator  and  illumination  had  a
positive role in minimising the dampening of enzyme
activity, as herein in the present experiment.

Changes  in  regulatory  properties  by  DTT
application

Almost  all  photosynthetic  enzymes  are  light-
dependent  in  regulation;  NADP-ME  activity  also
showed  distinct  modality  of  regulation.  The
regulation was more significant when supplemented
with  10  mM  DTT  under  light/darkness  adaptation
(Fig.  5).  DTT,  a  thiol  reducing  compound  added  to
enzyme  extract  either  with  4.0  mM  or  0.01  mM
malate  concentration,  reduced  the  activity.  The
results were represented as a ratio of enzyme activity
under  light  and  darkness  with  presence  (+)  or
absence (-) of DTT. Thus light/darkness (L/D) had an
opposing trend as a function of malate concentration.
At limiting substrate concentration DTT (+) enhanced
the  activity  under  L/D  by 1.04-fold  as  compared to
DTT  (-)  (Table  2).  On  the  contrary,  the  L/D  was
significantly  curtailed  by  10.08%  under  DTT  (-)
incubation  with  saturated  (4.0  mM)  concentration.

Therefore, the DTT has a definite role in reducing the
activity by thiol reduction of the allosteric site, even
ignoring the light/darkness effect on regulation.

Isozymic expression of NADP-ME under light and
darkness induction

A  distinct  separation  of  polymorphic  bands  of
NADP-ME  has  been  found  through  native  PAGE
(polyacrylamide  gel  electrophoresis)  and  bands
were significantly varied in expression according to
light and darkness (Fig. 6). On saturated condition of
malate  (4.0  mM) light  has  a  distinct  expression as
compared to darkness with higher molecular weight
polypeptide.  This  showed  that  either  chloroplastic
or  organelle  bound  isozymes,  higher  molecular
weight in nature were mostly variable.  Five bands
of  those,  three  mostly  distinct  and  concentrated
were demarked significantly. These variations were

more  pronounced  with  the  effects  of  light  and
darkness on expression. Therefore, light has also an
influence for site-specific expression of polymorphic
genes as illustrated herein NADP-ME. This was most
clarified  when  densitometric  analysis  through  Gel
Analyser  software  (Gel  Analyser  2010a)  was  done
(Fig.  7).  Through  scan  images,  the  most
overexpressed  protein  of  NADP-ME  as  identified
under  light  was  the  protein  of  Band  2.  In
comparison  with  the  dark,  a  several-fold  over-
expression recorded in NADP-ME activity under the
light.

Discussion

Several  reports  have  enriched  the  modality  of
regulation of NADP-ME in C4 categories, mostly from
crop  species.  NADP-ME  with  physiological
significance  attributes  implication  of  stress
responses  (15).  This  is  because  of  the  collective
involvement of NADP-ME in photosynthetic as well
as  non-photosynthetic  carbon  reduction  paths.
NADP-ME,  even  with  non-photosynthetic  form  has

been  contexed  in  stomatal  regulation  vis-a-vis the
osmotic  stress  tolerance  (16).  Incidentally,  weed
species  are  apparently  tolerant  to  environmental
stress rather than mesophytic crop species. This has
been  expected  to  involve  CO2 concentration  path
with  NADP-ME  interference  (17).  However,
significant  reports  for  adaptability,  survival  and
distribution of C4 weeds are few in the background
to  NADP-ME.  This  may  be  more  logical  when this
enzyme  activity  complements  the  diversion  of
reduced carbon from anaplerotic reactions that may
support stress tolerance (18). Therefore, it would be
interesting  to  monitor  the  activities  and  its
regulation  of  NADP-ME  in  a  weed  species  like  A.
viridis as presented herein.

The  variations  in  activities  of  the  enzyme
NADP-ME  was  significant  and  varied  with
regulatory  properties  on  light  and  darkness.
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Fig. 5. The changes in the activity of NADP-ME under light (1000-1200 µEm-2s-1) and darkness during 40 min in the presence (+) and absence
(-) of DTT and the mean ±SE values.



Bicarbonate (HCO3
-) was attributed as an effector or

inducer,  which  changed  the  enzyme  kinetics (19).
The  activity  recorded several  folds  increase  under
light within the concentration of 2 mM. Bicarbonate
stabilises  the  pH  of  the  assay  mixture  that  has  a
wider  range  of  sensitivity  according  to  plants
genotypes  (20).  Mostly,  the  later  concerns  maize,
sugarcane  and other crop species.  This  is  relevant
with the C4 photosynthesis where the CO2 limitations

might  have  overcome  the  effects  of  allosteric
inhibitors.  In  a  number  of  studies,  the  allosteric
modulators of C4 enzymes are commonly regulated
with  elevated  pH accompanied  by  high  irradiance
(21). The enrichment of CO2 from a pathway where
NADP-ME acts the decarboxylating reactions in both
C4 and  C3 species  is  important.  In  general,  the  C4

organic  acids  from  mesophyll  tissues  may  be
transferred  into  bundle  sheath  cells  fallowing
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Table 2. The values for changes in the activity of NADP-ME when incubated with presence (+) of 10 mM DTT or its absence (-) and the mean
values1

Treatments
Saturated (4 mM) Malate conc. Limiting (0.01 mM) Malate conc.

Light (L) Dark (D) L/D Light (L) Dark (D) L/D

DTT (-) 44.47±0.86*** 34.40±0.61*** 1.29 14.74±0.70* 12.33±0.37* 1.19

DTT (+)
36.66±0.65** 31.62±0.73** 1.16 11.52±0.33** 9.32±0.33** 1.24

* Significant at p≤0.05        ** Significant at p≤0.01        *** Significant at p≤0.001
1The activity was measured as nM NADPH produced/min/mg protein from both light (1000-1200  µEm-2s-1) and darkness. The light treatment 
was continued for 40 min in presence of 2 mM HCO3- under saturated (4.0 mM) and limiting (0.01 mM) of malate. The data represented 
from three independent replications.

Fig. 6. Expression profile of polymorphism of NADP-ME when separated through 10% native PAGE under light and darkness induction.
Light recorded a distinct overexpression of bands (1 & 2 respectively) under the saturated concentration of malate (4.0 mM) illuminated
with 1000-1200  µEm-2s-1 and darkness for 40  min.

Fig. 7. Densitometric analysis of NADP-ME activity under light and darkness induction. Individual polypeptides recorded 5 bands of those 3
(Band 1, 2, 3) had significant intensities as compared to others. The light and darkness had the compatible mode of regulation for intensities
of polypeptides under the saturated concentration of malate (4.0  mM) as substrate.



oxidative  decarboxylation.  Later  is  required  to
concentrate the CO2 within RuBP carboxylase active
site to balance the reducing equivalents (NADPH+H+/
NADP+).  This  is  essentially  required  in  the
homeostasis  of  oxidative/reductive  redox  to  resist
the disintegration of biomolecules through oxidative
stress. C4 species has been favoured to modulate the
oxidative  exposure  within  tissues  more  with  the
maintenance  of  reduced state  (22).  The  activity  of
NADP-ME from its time kinetics had more incline to
substrate  (malate)  saturation  under  the  light.  The
dark inhibition of any regulatory sites with possible
changes  either  through  redox,  dissociation  of
oligomers or addition of  Pi  is  common as referred
with few species (23).

It  could  be  speculated  that  the  elevated
concentration  in  CO2 in  the  bundle  sheath  is
responsible  for  feedback  regulation  to  the  light
induction of NADP-ME (24). This was also illustrated
in  A. viridis  in the present experiment.  The photo-
activation  has  not  much  been  clearly  understood.
Still, a fall in activities of the enzyme with pyruvate
as  well  as  oxalate  is  proportional  to  the
concentrations  of  those.  Likely,  cytosolic  pyruvate
may be increased and exceeds the threshold value
of  5  mM,  and  that  could  be  toxic,  as  in  other  C 4

species  through  pyruvate  sensitivity  of  NADP-ME
(25). Undoubtedly, pyruvate concentration acts as a
negative effector to the regulatory sites of NADP-ME.
The  HCO3

- concentration  must  be  critical  in  the
bundle  sheath  cells  above  the  ambient,  and  the
concentration  2  mM  being  an  inducer  for  the
enzyme activity.  Therefore,  it  would  be  no  less  to
speculate that NADP-ME has shown resistance under
the high level of HCO3

- (≈CO2)  as  well  as pyruvate.
Thus,  the  increase  in  activities  of  NADP-ME might
have  directly  responded  to  the  HCO3

- simulation
regardless  of  concentration  variations.  It  was  also
evaluated  for  the  sensitivity  of  pyruvate  like
substances  for  feedback  inhibition  of  the  enzyme.
This was illustrated in maize with a higher value of
Ki for the pyruvate (26). This might have been due to
a  compatible  sensitivity  with  other  C4 enzymes  as
that  of  A.  viridis in  the  present  experiment.
Similarly,  the  most  important  enzyme  for
carboxylation  in  C4 species  like
phosphoenolpyruvate carboxylase (PEPC) has equal
sensitivity/regulation on illuminated leaves. Even in
C3 species, the influence of light has markedly been
evident  for  other  enzymes  of  nitrogen  reduction,
sucrose metabolism etc.  (27). Therefore, the  extent
of  feedback  inhibition  would  be  a  general  trait  of
the  main  enzyme  in  photosynthetic  carbon
reduction,  and  may  by  post-translational
modification. So, the PEPC is an important enzyme
for anaplerotic pathways in carbon metabolism for
both of its C4 and C3 cycle. The citrate and succinate
as activator recorded the compatible pattern in the
induction of  enzyme activity.  This  also established
the  functioning  of  the  enzyme  in  a  concomitant
manner to varying concentrations (4.0 mM and 0.01
mM) of malate.

The post-translational amendment in C4 enzyme
involves  phosphorylation/dephosphorylation  of
regulatory  sites,  dissociation/oligomerisation  of
allosteric  sites,  changes  in  redox  of

sulfhydryl/dithiol  ligands  etc.  (28).  Sucrose
phosphate  synthase,  starch  phosphorylase,
phosphoenolpyruvate  carboxykinase  (PEPCK)  are
offered  with  all  possibilities  under  light-mediated
changes in redox. Still, NADP-ME, as observed in the
present  experiment  with  A.  viridis,  is  subjected  to
regulation by DTT. Thus, a sharp change in activities
was significantly correlated with DTT application in
a  concomitant  manner  with  malate  as  substrate.
Similar  results  also  interpreted  in  other  C4 plants
through  reduction  of  -S-S-  of  amino  acids  at  the
regulatory site for induction (29). DTT could dampen
the light induction any way by over folded enzyme
activities,  however,  in  a  dark  condition  also.
Therefore,  weed  species  like  A.  viridis would  be
more  flexible  for  adaptation  in  photo-inhibition
through  reduced  thiols,  oligomerisation  of  the
enzyme. This probably may give a clue about varied
ecological  distributions  of  weeds  under  over-
saturated  irradiance.  This  also  would  be  a
possibility  to  include  all  the  weeds,  however,  not
necessary  the  C4, as  invasive  sun  plants  (a  plant
groups  which  grows  normally  in  sunny  habitat)
groups. This was more evident even in enzymes like
malate dehydrogenase, fructose 1, 6-bis phosphatase
etc.  in  other  C4 species  where NADP serves  as  co-
enzyme. The tolerance to weed species from various
abiotic stresses resulting in the oxidative burst has
an  option  to  maintain  the  steady-state  C4

photosynthesis. These essentially grant NADP-ME as
a key regulatory  enzyme to sustain  photosynthetic
rate even under saturated irradiance (30, 31).

The  present  results  indicated  the  isoforms  of
NADP-ME  differed  in  their  electrophoretic
mobilities; however, significantly varied under light
and  darkness.  NADP-ME  in  C4 plant  species  is
represented by the gene family with smaller sizes.
A. viridis in the present case, representing by at least
three possible isoforms, distinctly varied with light
and  dark  exposure.  The  light-mediated
overexpression  of  the  polypeptides  would  be
involvement  in  light  regulatory  elements  in
promoter  sites.  Specific  light  regulatory  elements
have been identified which perceiving the signal to
regulate  the  gene  induction  (32).  Along  with  light
induced H+ transfer in stroma lumen, may be linked
with the  alkalinity  of  the  pH with HCO3

- induction
(33).  The  variations  with  pH  dependence  in
differential gene expression for NADP-ME like other
C4 proteins are quite common.

Oxidative stress is manifested by the improper
utilisation  of  light  energy  essential  for  cellular
pathways.  Thereafter,  its  balance  in  the  ratio  of
reduced  to  oxidative  state  causes  over  reduced
oxygen  and  its  transformation  into  active/reactive
oxygen  species  (ROS)  (34).  So,  a  plant  species
tolerant  to  oxidative  degeneration  would  be
maintaining  a  stable  proportion  of  reduced  to
oxidised  redox  through  some  key  enzymatic
pathways (35). From other C4 species, NADP-ME also
reported to be most important in complementation
of  CO2 enrichment  under  stress  condition  (3).  A.
viridis in  the  present  experiment  reported  the
equivalent  nature  of  responses  through  light  and
darkness  treatment  for  enzyme  activity.  This  is
more  prevalent  in  reactions  with  limited  and
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saturated malate concentrations. The HCO3
-  induced

faster  saturation  with  malate  at  the  active  site
would be the possible explanation in  A. viridis also
as that found in other C4 species.

Conclusion

Despite a significant increase in NADP-ME activities
under  light,  the  mode  of  activities  was  variable
according to allosteric effectors. The flow of carbon
from the organic acid pool (like citrate and succinate)
and its direct impact on NADP-ME would supplement
in  decarboxylation  reactions.  This  is  evident  from
other studies to sustain the C4 carbon concentration
paths  under  abiotic  stresses  subjected  to  water
deficits.  A.  viridis is  ecologically  quite  versatile  to
adapt  to  environmental  harshness,  including
depleted  soil  moisture,  an  abundance  of  metals,
excess  irradiation  etc.  Therefore,  C4 weeds  like  A.
viridis may accomplish better biomass accumulation
to sustain the  carbon concentration;  it  can exercise
the  stress  tolerance  mechanism.  The  CO2

concentration mechanism in C4 paths is marked with
few enzymes being  NADP-ME the predominant.  So,
NADP-ME  may  serve  a  better  screening  index  for
oxidative  stress  tolerance  under  such  a  condition
even with weed species. Further investigation would
suffice  the  regulations  of  enzyme  activity  in  light-
induced phenomenon at the molecular level.
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