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Time-course accumulation of metabolites and expression of anti-
oxidative enzymes in Glycine max under temperature stress

D Pradhan and U Chakraborty®*
Plani Bischemistry Labomtory, Department of Botany, University of Morth Bengal, Siliguri 734011,

Abstract

(e month old seedlings of four cultivars of Glveine max (L.) Merrill were subjected 1o a cold stress of
5% for a period of 0-24 h and anslyses were done every 2 h. Results revealed that among the antioxidagive
erurymes, cathlase and mscorbate peroxidase showed an initial decline epto 4 h after which there was an
increase. The other 1 enmymes- :Lq:lll:m:l.id: dismunase, g;lma:h.im: reductase and pr.rmidu: exhihited
increased activities during the early periods of stress Followed by & decline, In all cases, 2 peaks were
obtained- one during the early periods of stress, and a second during the laie period, Decrease m calalase
and sscorbaie peroxidase activitkes were concomitant with mcresse in accumulation of HpOy during indtial
stress, Accumulation of small amtioxidants — sscorbate and carotenoids showed differences among the 4
cultivars, In J5 71-08 and J5 335 both these antioxidonts decreased initially, whereas in the other 2
cultivars- Ressio and WRC 37, an initial increase was evident. In these 2 cultivars, besides the 3
antioxidative enzymes. ascorbaic and carmotenoids also may play a role in conferring tolerance. Total
phenois increased initially in all coltivars. Protein accumulation during the different periods of stress also
varied with the cultivars. Tt is quite clesr from the results that the time of over expression of enzymes or
accumulation of antioxidants varies with different cultivars and this differential time relsted response may

be imvolved in tolerance.
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Among the abiolic stresses lemperature i one of the
most  important  environmenial siress that e plamt
encounters and o & also a mojor Bctor limiting the
prowih of plamts. Tempersiure stress = heat, cold or
freezing is o principal cause for yield reduction [n crops
(Boyer,1982) and ROS (reactive oxygen species)
generabed by these stresses have been shown o injure
cell membranes and proteins which lead to oxidative
stress (Larkindale and Knight, 2002). The effects of
chilling on cell membranes have been booked at as an
oxidative stress that resalts in the production of highly
reactive subsiances, such as hydrogen perosxide aed
oxypen fres madicals { Elstner and Oewald 1594, Prasad
ef af, 1994 g, b). Not only temperature but also the rae
of emperanure changes (Steffen o0 of 1989 and
duration of exposure determine the degree of injury
{Rajashelcar of af 1983). Tropical and subtropical plant
species are prone to mjury & chilling temperstares of 0-
15°C (Zhang er al 1995)

Leguminous oll seed crop like Ghelre max (L) Merr,
are hot sesson arnuals and the plants are more sensitive
i cold season. [ is assumed that al low lemperalures,
the antiowidant systerd of heat-loving plams fadil w
overoome the imcressing level of ROS and peroxides
nrising there from; such failee is on initial stage of
injury {Harladi and Parkin, 1993).

The present study was underiaken 1o mvestigate how the

responses of 4 cultivars of soybean to cold temperature,
with special emphasis on  antioxidative responsss,
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praceed with inereasing duratlon of stress at a specific
temperature.

Materials and Methods
Plant maverial and imguciion of codd siress

The seeds of 4 different culiivars of soybean (Rossio,
MRC 37, 15 335, JS TI-051 were obtained from the
Matioral Centre for Soybean Research, Indore, MP. amd
one (Rossio) from [CAR Gangiok, Viability was
checked in lshoratory and seedlings of the different
cultivars were then raised from this sipck of seeds
Seeds were sonked owermight in distilled water nfber
surfsce sierilization with ui% HgCl amd grown in
petriplaies. For experimental purposes small seedlings
were tranaferred 1o pods containing sandy loam soil
mixed with farmyard manure. Planis were watered
regularty snd mainiained properly. One month old
seedlings were exposed to low temperature of 5C for -
24 howrs, during cold tempersture trestment, plants were
kept in plant growih chamber, with controdbed humidity
end light

Anliaxidand ercyme extraction and esays

For extraction of enzymes, beal samples were imitially
proand so powder in liquid aitrogen ond then extrecied
with 0.05 M sodium phosphate buffer, pH 6.8-72
(peroxidase, sscorbale peroxidase and catalase) amd 0.1
M potnssium phosphote buffer, pH 7.6 [ glutathione
redisciase  and  superoxide dismulase)  wsing
polyvinylpyrralidone under ice cold conditions. The
homogenates were then centrifuged nb 10,000 mpen for 15
min. Supcrnatants were wsed as crude enzyme extracts,
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Table 1: Accumulation of Hz0y in difTerent cullivars of
sovbenn al differend time periods of cobd treatment

i, comfent { mAg thasue)
Thme! o 15338 s 05 NRCT
0 1384 1049 1222 |4
2 2008 L6l 41 |.268
i 2025 1478 Lt .691
8 108 248K 1947 | &7
B 2006 2381 1214 643
10 2089 2328 2.24 b 1
12 2083 1 1822 . 268
14 1628 222 1643 1.213
16 1,138 1.5 1,553 1.22
1% 2048 1358 1.483 2125
20 2812 1358 228 1114
13 1411 278 23 3.10%
24 1286 1697 191 1161

*Treatmsens timet @ hoas, ireaiment ot 3°C; sverape of Y eplicales

Peroxidee (POX: EC. L1117

Peroxidise activity was assayed spectrophotometrically
in UV WIS spectrophotometer  (Model 118
SYSTRONICS) a1 460 om by monitoring the oxidation
of O-dianisidine in presence of HyOy (Chakrabotry
edal, 1993} Specific activity was expressed as A A
Frr— F'I"Iﬂl-il. L mim )

Ascorbate peroxidase (APOX : EC.LI1111)

Activity was mssayed as decrease i absorbance by
manitoring the oxidation of ascorbate mt 290 nm
acconding 1o the method of Asada efal (1987) with
same modification. Enzyme activity was expressed as A
Amm;]:ml:in" min "

Cotalase (CAT: EC.1.11.1.8)

Catalase activiry was assayed as described by Chance
and Machly {1954) by estimating the breskdown of
Hy; which was measured af 240 nm im n
spectrophotometer. The enzyme Bctivity was expressed
a3 A A mg protein ' min 7.

Superoxide dsmutase (SO0 EC 1.15.1.1)

Activity was assayed by monitoring the inhibition of the
photochemical reduction of nitroblue tetrazolium (NBTY
according 10 the method of Dhindsa ef ol (1981) with
some modification. The shsorbance of samples were
measured at $60mm and | unit and activity was defined
a5 the amourd of enzyme required to inhibit 50% af the
MBT reduction rate in the confrols cotaiming o
ENEVMEL,

Cilutathione raductae (GR: EC 1.6.4.2)

Glusthione reductase sctivily wos determined by the
oxidation of MADPH s 340 nm as described by Lee and
Lee (2000). Ereyme activity wes finally expressed a3
M NADPH oxidized mg prodein” min',

lsazyme analpsiz

lsoeyme analysis was carried oul by PAGE following
standard cechniques, Following electrophonesis, gels
were thcated

Cramniificanon of Wpdrogen perogide

The hvdmgen perowide wia exiracicd and calimased
foflowing the methied of Jena and Choudhuri {1%81)
using titanlum sulphade. Conceniration of H:D; was
caleulaled uiing tbe extinetion cocfficient (0.28umal
'em™)

Nowt- encymalic oniloxidaniy

Ascorbaie

Ascorbate wis extracted ond eatimaled by following the
method of Mukhesjee and Choudinerl (1983). The
conceniration of ascorbate was coloulated from @
standord curve plotied with known concentration of
ascorhic ncid

Cardenodds

Carodenoids were extracted and estimated following the
method described by Lichienthaler (1987} Exiraction
wos done in methanol and the exiract was filbered.
Absorbance of the filtralc was noted at 430nm, 663nm
and S4%am in & VIS spectrophoiometer and the
carpdcnoid contem was calculated using the following
standard frrmula

Phenals

Phenol was extracted by following the method of
Mshadeven and Sridhar (1982). Towal phenol was
estimaied by following the methisd of Bray and Thorpe
(1954},

Protein quentification

Toizl soluble protein exracted in 0.05M  sodium
phosphate buffer were-used as crude profein extract for
quentification and analysis analysis of protein pafterm.
Proteins were estimated following the method of Lowry
(1951,

Feswhis

Effect of low femperature freatments on anfioxidatier
EHIVRES
The scedlings were exposed o 5°C for a period of 24 b

and sampling was dome every 2 h s described in
Materials and Methods. Catalose sclivities showed an

Table 1: Accumulation of carotenoids in diflenens
cultivars of sovbean at different time periods of cold
lempermbire resiment

Time* f.‘-_mltnh_i content (mg'g fresh wi.
Romio  J5-335  JS-71-05 MNWRCIT
2 0.02 0.044 0.012 0017
4 002 009 0,003 0018
] 002 0.019 PRI 0.019
B 004 o021 0026 {02
L] .05 0031 0033 0.02
12 007 0.042 0.045 o021
14 0.08 0.051 0.049 0.022
16 004 0029 0.057 0023
1] 004 D027 0.0%4 0024
o 00 0.027 0.0T% 0028
1 001 0.025 0027 ooy
pe 0.01 0.025 0.027 0019

*Tiestmend time m howrs; iresiment &0 350, average of § eplcauss
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inberesting  trend.  Tnitially,  actvily  declived o all
cultivars updo 4 b, with the dechine being very steep in
Rossin and NRC 37, After 4 b, there was an incrense in
sctivity ull 22 b i Rosslo, and 16 & in NRC 37, [n IS
135 and IS TI-08, & gom of plalcsu was observe
hetween [0-14 b and then (here was o further decline
iFig. 1

Aspurbate peroxidnse sctivities alee showed an initial
decline vl 4-b b in all cutivars, 16 all cultivars activigle
farther incrensed LI 14+ 1B b of treatment ond declined
aguin afler it (Fag2) In case of perovidase pciivity,
Rossio showed enhanced activity il 12 b, a decline
thercafter anel o Tasther increase ofter 20 b In oll the
oter 3 cultivary, activities indtially increased il & h and
then  dechined  (Fig.d).  Glutathione  reduciase  and
supcronide dismudnse petivitiea incrensed significantly in
Rassio il B-10 b ond then declined. [ the oibier 3
cultivars, there was an initial mcrense in esdivities 41 4.6
I Fodlosving which there was a decline (Figs, 4 and 5)

Arcumulation af B4

This was also monitored for 24 b and resilts taken every
2 b I was observed that in all cultivars, two peaks wers
gvidert im the accumilation pattern- one during the carly
hivrs [ 68 h) ad the other towands the erd | i<, 20 ki in
Rissio and 24 b all ather 3 cubtivars (Table

Effect of low temperature on small antiovidants

Toal phenols increased indially im ali 4 1esied culiivars,
followed by a decline and another increase following
knger duration of stress. However, while im J5 335, 15
Ti-05 and in WRC 37, decline sigmed afier 4-6 h in
Bossio il was maimizined till 10 b (Table ). In cxse of
smeorhate, in 2 of the cubtivass, 15 335 and J5 714045, 8
declme in sccwmu'ation was obtained even during Lhe
carly periods, and enly afier 20 b of stress an incrense
wis oblained However, in Ressio and NRC 37, there
was an initia] increase GH 4-6 b, followed by o decling
and anoiher increase later an (Toble 31 Similar trend was
alse ohenined in case of sccumulation of carctenoids- iz.,
in J5 335 and J5 T105, 4 decling in accumulation wis
abilzined till 8 b afler which there was an increase.

Table 3; Accusmulatlon of ascorbate in dilfersnt eultivars
of soybean at different time periods ol cold remperature
treatmenl

Ascorbate content (m3 g fresh wt

Time* —pio  15-333  J5-71-05  NRCIT_
7 613 160 148 LW
f g58 125 148 226
§ £33 |60 120 240
i 417 | W} 1.20 X3l
W 21 em ;LB
12 38 04 080 542
14 0.4 L8 Q.90 54
16 514 14 {1,590 5T
[} B 16 L6 .50 4.m
m G4 030 07 ddo
1 L] i3 (.65 150
W BRI} 023 0sy 30

*Tywalmenti Umie in ey, meaimei pi Y0 Avonge ul 3 icgliates
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Fig 1. Cwialeee acinilses in &ferent cullivans of soybean
subyecied 1o a emperainre of $%C for dsfTerent duradines
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Fig. 2: Ascorbaie ponouidase sctnalies in dflerent cultivars of
sy bean subjectod 10 4 weperaiure of 55T for differend
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Fig. 3 Penooadise aginibes m different cultivars of soyhean
subjecied b & lenperature oF 5T T dilferent durstions

However, in Fossio snd WEC 37, ihere was an snitial
increase bl 4-6 b follewed by o decline and amother
incresse bater on (Tahle 43

Effeet of cold $ivess on peodein aocimulation

Patiern of protein sccumulation in seedlings of sovbean
over ke pprim] of siress varied among the four cullivees,
I ¥ of the cultivars, o decredse in prolain accumulution
was evileni Ul 1416 h after wheh there a shigh
ngrease followed by furibor decline. Howewver, in
Rosslo, mn inoncise in wocnmualstbon was ovident initially
il & & fofluwed by & decline ol snother peak was
obtaiwed al 20k of gold treatiens | Table 55 SDS-PAGE
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Tahde 4: Accomslation of phenels ivaifTerent cultivars
ol mryhene ol dhifferent tme periods o] cold femporalire
Iremtmenl

Tiome* Fhenal contend [mg/g tisoe)
Henssais 15-135 J5-TI-K3 MRCIT
F rd 1.1 H 14
4 13 19 1R 1.9
[ Lh 19 i R3 1.z
] i 7 1 |6
L[] 4.4 .y R LR
12 10 L. | 95 1.0
i 14 4 i I4
6 20 1K 4.0% (-
1% R 13 53 1%
20 [ 1.8 3d X
22 27 33 44 4.7
24 16 1.9 34 16

*Vrramoni ivme 10 howrs; irmaimenl el 5°C, Average of ¥ ecplicaics

amalysia of protcins revealed the accumulation of few
mew prodeins during cold sineas,
[iscwisbon

The time—ourse dependent biochemical responses of
:u}bm !wdﬂlﬂ'ﬂ. iml:iﬂll}' the antioxidani FES[EIMSES
were determined o 4 culfivers exposed 10 a8 cold
emperature of 5'C for & period of 24 h, with analyses
being done every 2 b, Among five antioxidative enzymes
iested. pesults revealed that both catalase and ascorbale
peroidase showed an indtial decline in activity for 4-6 b
before being enhanced. This decling in sctivity could be
correialed with an increaxe in accumulation of H,0,
detected duning the early hours. 11 is quite clear that in
the carly pericd of oxidative siress, there is un
secumubation of HA0, which, besides being an ROS, is
also involved mn signaling ( Chakraborty, 20051 11 i3 now
clear that ROS, besides being loxic molecules causing
damage to profeins and DA, are alse invelved in
signaling substances for goard cell  functioning,
photoprotection, pathogenesis and developmem (Desikun
el ol 2004; Emset ef af 2007},

With increase in the durntion of cold stress, catalase and
ascorbaie  perovidase  activities increass resuling in
breakdown of Hal);, Thais, daring the carly period of
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strcas, prolection against oold-strcis o provided by
wotivities of peroaddase.  superoalde dismuiase amd
glutathione reductase which are enhanced intially and
lead 10 & coriain degree of protection against oxidative
swress. Profonged period of siresa or increasing the siress
imensiny, however, beads wo & declme in activiey
indicating that the plants succumb o owidative stress
afler am initial resistance, 1 was reported by Ceinoe o
all {1998) that in coffee seedlings subjected o chilling
siress of 15-10°C, ascorbate peroxidase and catalase
activities did noit change, in contrast with the activities
of guaicol peroxidase, which increased. Cellular damage
caused by superoside and lpld peroxidation might be
reclaced or prevented by protective mechanisms liks fres
radical processing by ensvmes such as 500D, CAT, POX
and APOX (Asada and Takohashs, 1987 Ascorbec
perovidese  gene  expression and sctivity has  been
reported W be ropidly indeced by various stress
conditions  including chilling (Prasad e al 1994
Keoshavant and Maithani, 2001) Lukekin (2002)
comipared SO0 sctiviny in various plant species differing
i their cold-resistnnce during chilling. Ascording 1o
him. in resistam coltivars, chilling sharply  sctivaied
S00 productione 1t ks been reported that under strois
conditions diffcremt planis and tisswses respond 1o SO0
imduction differently with regard to S0D induction
suggesting that different mechanisms may be involved

Table 8 Accumulstion of proteing in different cultivars

of soxhean at different time periods of cold remperature
fresimeni

_ Pratein content fissuel
Time* —poiv JS033  JS01-05  NRCHT
;] 151 144 w2
4 157 1%} 192 M
(/] 290 (LUK, 138 Sl
B 129 84 1%2 i
1] 13 N [ 78 1%4
12 11 178 152 1]
4 I 260 12 152
1 KL 200 b %4
14 130 il R 11 L
{1 151 led 256 144
22 L2 144 150 116
k1| (KL 140 i TS

—

*Tradivvinl linee wn hosgrs; isalmeal g 50 wverape il 1 replicaies
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e prodection ngninst oxidstive streas | Wokhing eof af
2003, Huang mial Chan {2003} reporied (hat, onder
chillimg conditians, SO activity of nkemm rice cultvar
remainesd similar o commol, while that ol suscepible
cultivar decreased  afler chilling and  remakned  bow
Wrensghout the chilling period. In the present sk nfac,
the mare of responses varled sinong the  cultivirs
Rossio coukd mairdain antiogidant resposes fw more
prolonged petod than the other culiivars, BRC 37 ol
showesl responses more or less sdmilor o Rosslio, while
the other 2 cultivars varbed.

Besicles, antioxidotive cneymes, sinnll amboaddums sch
s '|'l-|'hl'b.'||:l. nacisthate and camtencids are alse pvolved
i stress falemnce. Inthe presot siudy, sceummdntion of
hese was alse determined al specilic time infervals, Tt
wis ehsered s while waiel phemals initially inoncascd
ol caltivers, mereased sccurmulation was: mssrnkied
i Hossio for longer periodds than in the oiher 3. The mber
2 antjoxidants- ascorbate anad corelenoids decrensed in 15
335 anad 15 7103 with increase In the durabion of eald
stress p &0 Bh afler which they increased. In Rossio and
NRC 37, the resporses were diflferert, with un initial
mcrense, [blowed by o decline. It 2eema prabable i in
Rossio, and MRC 37, 1o some exient, which are more
nderam than fhe other two, small antioxidams also play a
robe miteally, whereas, in the more suscepiible cultivars,
they e e invalved in protection.

In conclusion, # may be stated that soybean plass
respond 1o cold-stress by an initial enhancement of
antioxidant  sciivity which however, declnes  with
stress. Amang the cultivars, Rossie, which i3
growmn in the hilly regions exhibited more olerance
towands cold-streds a8 evideneed by maimonance of
antioaidant activities for longer periods in comparison (o
the athed cullovars. ||'|!.|1Er activilies of anboxsdaiive
enzymes during chilling. nleng with sccumulatien of
other antioxidants, could be associnted with tolernnce
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