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Effects of Magnesium Deficiency on Induction of Activity of
Antioxidative Enzymes”
Kim, B.C. and J.J. Lee
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ABSTRACT

The influence of deficient(7uM) and suffcient(1000pM) magnesium(Mg) supply on the content of
mg, chlorophyll, protein and the activity of superoxide dismutase(SOD), scavengers of superoxide
radical(O;"), and ascorbate peroxidase(AP), H.O, scavenging enzyme, and glutathione redutase(GR)
were studied in pumpkin(Cucurbita moscatc Ducnesse) plants over a 1l-day period. Over the 11
days period of growth in nutrient solution with sufficient and deficient Mg supply, the contents of
Mg, chlorophyll, protein and the activities of the antioxidative enzymes remained more or less
copstant in Mg-sufficient leaves. In Mg-deficient leaves, the contents of Mg, chlorophyll and
protein was scriously decreased with dme, however the activities of SOD, AP and GR highly
enhanced compared to those of Mg-sufficient. The results indicated the stimulative effect of Mg

deficiency on toxic oxygen species and scavenging enzymes in plants

Key word © Cucurbite moscata DUCHESNE. Antioxidative enzymes, Mg deficiency, Active oxygen

species

arc far more reactive than ground state oxygen
INTRODUTION and can potentially cause damage to the normal-

Iy reducing cellular envimoment. These forms of

The oxygen in atmosphere is relatively unrcac- oxygen are therefore often called active oxygen.
tive, but when it comes into contact with meta- Some of these species can cause formation of
bolic systems it can be transformed into more organic free  radicals which, because they are
reactive forms such as superoxide(O. )., hydro- reactive, can interact with a wide range of mole-
gen peroxide(H;0,), hydroxy radical(OH - ) and cules and cause damage. The response of plants
singlet oxygen('0:). All these forms of oxygen under extreme enviroment are known to be asso-
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ciated with free radical or oxidative damage. The
enviroments of extreme are often attributed 1o air

9

24 ‘s 4, . a9 L
pollutanes™, herbicides toxic metals™. nuirient

.t I : o 26
deficiencies’, postanoxic injury””, temperature ex-

tremes’ high photosynthetically active irradiance
and ionizing radiation'. The resistance of plants
against the oxidative stress have an  important
signiticance from the point of survival strategy
for given species. The toxic oxygen species is
miro-

generated  essentially in chloroplasts  and

chondrias

althcugh the plants grow in normial

condition™™ However planms  have been  ag-

quired # kind of defensive ability (0 overcome

the oxidative siress in the course of evolation

The defense  mechanisms  contain  anvoxidants

such as vieamin C, E, carotenoid and glutathione,

and antioxidative enzymes  such  as superoxide

dismutase, ascorbate  peroxidase.  glutathione  ye-

1,28
ductase and caralase

Only a little is known about the eftect of

mineral nutrient deficiency as a stress factor that

affecrs  antioxidative mechanisms in  plants™,

Magnesium is a cofactor of chloroplast ribosome
(a 708 ribosoms) in stroma, and the 705 ribo-
some s responsible for biosynthesis of large su-
bunits of ribulose  1,5-bisphosphate(RUBP)  car-
boxylase that catalyze CO: fixation in photosyn-
thesis'”. In Mg-deficient chloroplasts, CO: fixa-

tion can be impaired because chloroplast 708

ribosomes  dissociate  into 308 and 308 units,

which result in inhibition of biosynthesis of
RUBP carboxylase. Thus the enhanced O, activa-
tion can be expected due to the reduction of
COn
photoreduction of O

5 w0 27%

fixation. Alse in nonstressed  chloroplasts,

is estimated 10 be between

" Photo-

of the total electron flow”
generation of txic O species can be intensified
when plants grown at a high light intensity are
exposed o an environmental stress  that impairs
the utilization of absorbed light energy for poho-

}

, oy . TR
tosynthetic CO» fixation™ ™.

Photoreduction of molecular O in chloroplasts
leads to the production of superoxide anion radi-
cal(O: ) and H,0."".

H>0s,

Superoxide anion  radi-

cals, and their derivativies i¢, hydroxy

radical(OH - ) and singlet oxygen('Os) are highly
toxic, resulting in destructive effects on the func-
rional and structual integrity of chloroplasts' ™'’
As protection mechanism against these toxic 0
with  several

species, chloroplasts are  equipped

antioxidants and defense enzymes as above, SOD,

mostly localized in chloroplasts in leaves™, cata-
to HxO: and O,
and the changed H:0: is converted into (3 and

Hg(). As

lyze the dismutation of O

catalase  is not  present  in chioro-
g‘,lux;isz“‘r”s the conversion of H:(O» in these or-
ganclles is mediated by a H.O» scavenging sys-
tem with the involvement of AP, dehydroascor-
bate reductase and GR'™'M. In many instances,
activities of SOD and enzymes involved in the
Ho(xr scavenging  pathway are increased in re
sponse  to environmental  stress  factor such  as
drought™. chilling™, and treatment with hyper-
baric O, fevel"" and air pol]t.lmnlxﬁ“J

In this study, we studied the alteration of ac-
tvities of Op  and Ha0» scavenging enzymes in
pumpkin plants subjected to Mg-sufficient and
deficient condition as a part of understanding for
the process of acclimation of plants to environ-

mental siress,
MATERIALS AND METHODS

Plant Growth

Pumpkin(Cucurbita moschata Ducuessg)  plants
were grown under controlled environmental con-
ditions(light/dark regimes 14/10h at 27/22°C, rela-
tive humidity 65-75%) with light intensities of
20,000 tux provided by fluorescent and incan-
descent light.

Seeds were germinatied in vermiculate saturat-

ed with water. After 7 days, the seedlings were

[



transferred to nutrient solutions. The nutrient so-
lution was made by slightly modified composi-
tion of nutrient solution described elsewhere®.
Composition of the nutrient solution used was as
follows(M) : 0.88 % 10 K,S0, ; 2x 107" KCI; 1
107 HiBO; ; 4 10°  FeEDTA | 1+ 10°
MnSO, ; 1x10°  ZnSOs; 1 <107 CuSO, ; 1 -
10%(NH4)6MoO,, ; 1 <107 Mg(sufficiency)  or
0.7 107 Mg(deficiency) as MgSO..

Plants were harvested after 5 to 11 days
growth in nutrient solution. At harvest, primary
leaves were separated and photographed and
dried at 105°C during 24 hours for determination
of Mg concentration.

For analysis of enzyme

activities determination of chlorophyll contents,
primary leaves were harvested, frozen in liquid

nitrogen, and stored at -70°C prior to analysis.

Enzyme Determinations
About 0.5g leaf

midrib  was

material without the main

ground  with  liquid

100mM
phosphate buffer(pH 7.0) containing 5mM EDTA,
ImM AsA and 20% PVP(w/v) in a mortar and

pestle.  The

nitrogen and

homogenized with 5m¢  of potassium

homogenate was  centrifuged  at
12,000g for 20min. The supernatant was kept in
icy water and used for determination of enzyme
activities, All enzyme activities were measured at
257 in a final volume of Imf using various
aliquots of the supernatants(25-50u¢ for ascorbate
peroxidase ; 1002 for glutathione reductase | and
25 - 100 tor superoxide dismutase).

Activity of AP was measured according to
Nakano and Asada’’ by monitoring the rate of
ascorbate oxidation at 290nm(E=2.8mMcm ). The
consists  of  50mM
0.lmM  H:0,;, 0.5mM

ascorbate, and the enzyme aliquot. Glutathione

reaction  mixture potassium

phosphate  buffer(pH7.0),

reductase was assayed according to the method

and Halliwell'”

of by following the de-

crease in absorbance at 340nm due to NADPH

oxidation(E=6.2mMcm'). The reaction mixture
contained 100mM potassium phosphate buffer(pH
7.8), 3mM MgChL, 05mM GSSG, 0.2mM
NADPH, and SOD  was

measured by the described by

the enzyme aliquot.
method — as
McCord and Fridovich™. Prior to assay, crude
enzyme was dialyzed for 24hours at 2. The
assay mixture comprised of 50mM  potassium
phosphate  buffer(pH7.8), 0.1mM xanthine mono-
sodium salt, [0mM cytochrome C, and an ali-
quot of xanthine oxidase(XOD) that required to
cause 0.04 increment of the absorbance at 550nm
arised by reduction of cytochrome C during 120
second, and the enzyme aliguot. One unit of
SOD activity was defined as the amount of

enzyme to decrease 50% of absorbance that

increased by XOD addition.

Analytical Methods

The Mg concentrations were determined by in-
ductively coupled plasma(ICP) spectrometer after
drying samples at 105, followed by grinding
in a mortar and pestle and extracting in IN HCI

for 12hours™. Concentrations of chlorophyli(a 4

b) were measured after extraction with dimethyl

sulfoxide at 60 for 12hours as described by

)

. 17 . -
Hiscox and Israelstam . Protein concentration

was determined by the method of Bradford”,

RESULTS AND DISCUSSION

Sufficient Mg supply increased dry matter
production significantly in roots and shoots over
1l days of growth. However, at low Mg supply,
dry  weight increments were slight(data not
shown). As compared with Mg-sufficient plants,
the Mg concentrations in the leaves of Mg-
deficient plants were significantly lower during
I/14 in 5

sufficient Mg supply(Fig. 1).

the growing period, and were about
days to that of

And in the leaves of Mg sufficient, Mg concen-
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Fig. 1.
pampkirs plants over 1 days of growth in
nutrien: suffictent{ 1,000M3
and  deficient7uMy Mg supply. Each da

solutions  with

point represents the mean of  three repli-
cates. Bars indicate SE.
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Fig. 3. Concentrations  of  chlorophyll in primary

foaves of pumpkin plants over 1L days of
growth in nuirient solutions  with  sufficient
(LOOOUM  and  deficient(7uM) Mg
Fach point  represents  the
three replicates. Bars indicue SE

supply.

data mean  of

most  distinguished  in Mg-deficient  leaves  after
i1 days. Chlorophyll contents were little aftected
by two different Mg concentration after 3 days
growth(Fig. 3). Thereafter, chlorophyll content in
Mg-sutficient leaves was increased slightly. How-
ever, in those that were Mg-deficient, decrease
in chlorophvll content was especially distinguished
at the period from 7 davs o0 9 days.

The decrease in protein concentration  became
leaves  with

remarkable  in

41

more Mg-deficient

tima(Fig. Protein concentration in Mg-suffi-
ctent leaves decreased gradually to 845 in plants
atter Pldavs but that in Mg-deficient leaves de-
creased vapidly 0 32% compared 10 those grown
for 3 days in norient solution, respectively. The
rate of reduction of protein was most remnarkable
within & 10 7 days in Mg-deficion leaves. Since
degradancon of Chlorophyll was most siroking at

7

the period from 7w 9 days(Fig, 2, decomposi-
o of protein seems o rapidly preceded thar of
chlorophyl

Fffect. of Mg supply on antioxidative enzvme
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Fig. 4. Changes of protein
leaves of pumpkin plants over 11 days of
growth in nutrient solutions with sufficient
(1,000uM) and deficient(7uM) Mg supply.
Each data point represents the
three replicates. Bars indicate SE.

contents in - primary

mean  of

activities are shown in Fig. 5. For a given har-
vest, Mg levels shown in Fig. | influenced the
enzyme activites in  Mg-deficient leaves. The
activity of AP, GR and particularly SOD(Fig. 5)
increased as a function of time and process of
Mg-deficient symptom development(Fig. 2, 3, 4).
Even as carly as day 5, when first visual symp-
toms of chlorosis became evident(Fig. 2), activi-
tes of AP, GR and SOD were about 2.1, 1.4
and 1.4 times higher, respectively, in leaves of
Mg-deficient compared with sufficient plants(Fig.
5). For a given period, the activites of antioxida-
tive enzymes by day 9 were highest : the activi-
tes of AP, GR and SOD were higher by times
of about 5.2, 34 and 8.1, respectively, in
Mg-deficient leuves than in Mg-sufficient Jeaves.

With the onset of visual Mg deficiency symp-
toms, there is a rapid increase in the activities
of antioxidative enzymes against toxic O; spe-
AP, GR

and SOD in Mg-deficient plants occur with dis-

cies. The increase in the activities of

tinct declines in chlorophyll and protein concen-
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Fig. 5. Activities of ascorbate peroxidasc, glutathi-
one reductase and superoxide dismutase in
primary leaves of pumpkin plants over |l
days of growth in nutrient solutions with
sufficient(1,000uM) and deficient(7uM) Mg
supply. Each data point represents the mean
ol three replicates. Bars indicate SE

trations(Fig. 3, 4, §), indicating that elevated

levels of antioxidative enzymes can be consid-
ered as physiological defense response of plants
to Mg deficiency. Commonly, it is known to

that active oxygen species attacks to  biomole-



cules such as lipids, proteins, nucleic acids and

carbohydrates e in plant cells and  caused

! ,
eventually to well death”. We assumed that en-

hancement  of  andoxidative  defense  mechanism

also arised i the plants which was peroxidizing

by attack  of Mg deficiency-induced roxic O
species, since the protein and chlorophyll concen-
tration decreased rapidly with time, whereas the
activities of AP, GR and SOD increase  greathv
in My deficient plants(Fig. 3, 4, 5.

The enhancements in activities of antioxidative
enzymes by Mg deficiency most probably ke
place in chloroplasts where SO and the H:0.
detoxifyving  enzymic uyclv“" are  predominantiy
located. From the results presented here, 1o seems
that photooxidation. of  thylakoid constituents are
a major conrributing factor in development  of
Mg

¢ deficiency chlorosis. Furthermore, the ditfer-
ences between plant species in e expressior ol
visual Mg deficieney symptoms may he related
ty vonstitutive differences i generation or delox-
tication of harmful Oy species in the  chlero-
plastsin preparation). The enlargement in antioxi-
dative defense enzymes indicates My deficiency
induced enbancement of production o toxic Oy
spectos, particidarly  superoxide and HoO» bods
veell reported thar such protective mechanism s

mduced under convironmental stress conditions can

produce toxic O ospecies as mentioned  else-
Wh(‘l‘x" #Hls

Increased  capacity  for  the  detoxification  of
toxic O species was  known o thar increase

tolerance or vesistance of plants {0 related stress

1y 2 5 [
such asx chilling™, orone” and herbicide para-
it , . .o
guat Recently,  we  found that  Mg-deficient
leaves are much more resistant o paraguat and

oxytluorten than Mg-sufficient leaves, and newly

s nduced in different plant species by Mg

cnicy(in preparation).  Experiments  are now
underway in our laboratory to sequence the pro-

wins that are induced in various plant species by
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Mg deficiency.
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