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ABSTRACT

Strain Nostoc calcicolaHN9 of Cyanobacteria, which was in the static uai was
collected biomass in death and log phases to exarafiect on the antioxidant system of
soybean Glycine maxL.) Merr. “Nam Dan”] in the vegetative stages.

Suspension dN. calcicolaHN9 in death phase caused to oxidative stressyibesan leaves
with a burst of superoxide anion radical,(Din stage V1 and hydrogen peroxide,() in
stage V3. InN. calcicolaHN9-treated plants, whereas generation of ascaitt was inhibited,
total phenolics was early accumulated to high adntparallel, activity of enzymes such as
superoxide dismutases (SOD), catalase (CAT), aat®rperoxidases (APX) and polyphenol
oxidase (PPO) were enhanced during the vegetadges An enhancement of SOD, CAT, and
APX firmly regulated ROS products to reduce celluiamages, and allowed them to play
crucial function in enhancement soybean toleranmt®reas, the defensive role of PPO should
be more clarified in the prospective studies.

Contrary, suspension of. calcicolaHN9 in log phase only raised content of ascorbid,a
and induced activity of SOD and APX, however, itswnulated level was lower than that in
death phase. Lack of convinced evidences disctioed strainN. calcicolaHN9 in log phase
affected to biosynthesis of total phenolics andvsagtof CAT and PPO.

Keywords:soybean “Nam Dan”, cyanobacteridgstoc calcicolaHN9, enzymatic antioxidant;
non-enzymatic antioxidant.

1. INTRODUCTION

Generation of reactive oxygen species (ROS), imetudhydrogen peroxide @@,) and
superoxide anion radical 0, is a common phenomenon in plants [1]. The acdatiom of
these ROS often connect to plant defense respomgegsh might be a central component
mediating cross-tolerance [2]. However, ROS camnrtetaxic effects, and their uncontrolled
levels can result in oxidative damage of cellumponents, change the membrane ion fluxes,
and often associate loss of function leading tbdesth [3]. Plants protect themselves to stresses
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through different defense mechanisms, in which,d@nge in property of non-enzymatic and
enzymatic components of the antioxidant systenbleas suggested to be among first responses
[4]. The typical non-enzymatic components comprigeascorbic acid (vitamin C), total
phenolics, and common enzymatic components inclsulgeroxide dismutases (SOD, EC
1.15.1.1), catalase (CAT, EC 1.11.1.6), ascorbaexidases (APX, EC 1.11.1.11) and
polyphenol oxidase (PPO, EC.10.3.2). These antioxidants operate in differsmbcellular
mechanisms and respond in concert when cells gresed to oxidative stress via controlling
biosynthesis of KD, and Q”, maintain ROS in low level [5], therefore, reducridative
damage.

Cyanobacteria have been known to produce a greaberof bioactive compounds such as
phytohormones, enzymes, antibacterial and antigiraktances, etc... that improve plant growth
and productivity as well as stimulate plant defeagstem [6]. Several cyanobacteria species
have been applied to improve quality of agricultymepduction. In four-phase static culture of
cyanobacteria, suspension collected in log phasgationary phase expresses positive effects to
crops. In the death phase (decline phase), sugpemdten contains several decomposing
productions such as ethanol, organic acids... trataic to plants. Suspension in death phase
plays as unfavourable factor that cause damagkamntspand lead to operate defense mechanism.

The main objective of this work was to find out thiferent influences oNostoc calcicola
HN9 collected in log phase and/or death phase eratttioxidant system d&lycine max(L.)
Merr. “Nam Dan” - a local cultivar of soybean adated with the famous product as “Nam Dan
sauce”. This cultivar was degenerated and hasbpest regenerated since the year of 2009; its
physiological, biochemical characteristics neetapecifically fulfilled.

2. MATERIALS AND METHODS
2.1. Materials

Plant used in experiments is cultivar “Nam Dan”soiybean Glycine max(L.) Merr.].
Soybean seeds have been provided by Nam Dan Gd#rAgricultural Extension.

Strain Nostoc calcicolaHN9 is isolated and cultured in the Phycology Jabénh
University.

2.2. Experiment
2.2.1. Preparing the cyanobacterial suspension

Strain N.calcicola HN9 is homogeneously cultured in BG11l medium. Biem was
collected in log phase and death phase, centriftgieg at 10.000xg for 15 minutes to remove
culture medium, and then diluted in distilled waitetio the tested suspensions with separately
concentrations such as 0.10, 0.30 and 0.50 graritneefg/L).

2.2.2. Setting up experimental formulae

Soybean seeds were surface-sterilized by HOIL % and incubated in 22 — Z3. After
imbibing in Petri dishes 48 hours, germinating sesdre put in neutral plastic boxes containing
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Hoagland medium. Experiments were carried out exgrowth chamber (Department of Plant
Physiology, Vinh University) at temperature of 227 °C, relative humidity of 65 — 70 %,
irradiance of 110 - 13@mol.m%s™ and light regime of 14 h light/10 h dark.

In the 10" day after emergence out of ground, surface of esmybeaves were sprayed by
the cyanobacterial suspension following formulaes{keh as:

+ F1: plants treated by suspension of sthdicalcicolaHN9 in death phase, concentration
of 0.10 g/L;

+ F2: plants treated by suspension of sthdicalcicolaHN9 in death phase, concentration
of 0.30 g/L;

+ F3: plants treated by suspension of stiicalcicolaHN9 in death phase, concentration
of 0.50 g/L;

+ F4: plants treated by suspension of sthiicalcicolaHN9 in log phase, concentration of
0.10 g/L;

+ F5: plants treated by suspension of sthiicalcicolaHN9 in log phase, concentration of
0.30 g/L;

+ F6: plants treated by suspension of sthiicalcicolaHN9 in log phase, concentration of
0.50 g/L.

Formula control is without cyanobacteria treatment.

Leaves in control and treated plants were careftdjected in specific time as (1) before
treating by cyanobacterial suspension, g2¢dlings in stage V1 with one unrolled trifolielat
leaf, (3) plants in stage V3 with two unrolled dfiblates enclosing auxillary buds and (4) plants
in stage V5 with 5 unrolled trifoliates. Leaves weaveighed, frozen in liquid nitrogen and kept
at -80°C for subsequent analyses of antioxidant enzymdsampounds. Content of hydrogen
peroxide (HO,) and superoxide anion radical (D was determined in fresh materials at
particular time points for all variants.

2.3. Methods of analysis
2.3.1. Chemicals and equipment

All chemicals used for analysis were purchased fgagma-Aldrich (USA).

Analyses were carried out on the Agilent Cary 60-U¥ Spectrophotometer (USA)
connected with computer. Data were processed bgdng WinUV software version 5.0.

2.3.2. Determination of hydrogen peroxide and sapiele anion radical content

Content of hydrogen peroxide {8) was determined following the spectrophotometric
method described by Becana et al. (1986) [7]. Timeumt of HO, in soybean leaves was
expressed gsmol.g'FW.

Determination of superoxide anion radicab(Ocontent was based on its ability to reduce
nitro blue tetrazolium (Doke, 1983) [8Level of Q" in soybean leaves was expressed as
absorbance at 580 nm per 1 g fresh materialg, (& FW).
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2.3.3. Quantification of non-enzymatic antioxidants

Ascorbic acid and total phenols were analyzed byhods of Kampfenkeét al [9] and
Mechikovaet al[10], respectively. Content of these non-enzymatitoxidants were expressed
as miligram/gram fresh materials (MgEyV).

2.3.4. Assays of enzymatic antioxidants

Enzymes in soybean leaves were extracted by horimggmwith an identified volume of
phosphate buffer (pH 7.0). After that, the homodgenaas centrifuged at 12.000xg for 20
minutes at 4C. The supernatant was selected for enzyme assays.

Activity of superoxide dismutases (SOD) was measwecording to modification from
method of Scebbat al. [11]. Catalase (CAT) activity was assayed follogvithe method of
Chenet al. [12] with minor modification. Ascorbate peroxidas@APX) activity was analyzed
following the method of Caet al. [13]. Polyphenol oxidase (PPO) activity was meadiby
the method of Gonzélezt al. [14]. Enzymatic unit was expressed as nanokatalnpkgram
protein (nkat.mg protein).

Protein concentrations in extracts were quantifgd Bradford’s method with bovine
albumin as the standard [15].

2.3.5. Statistical analysis

All analyses were performed in at least three capdis in three independent experiments.
Analysis of variance (ANOVA) was applied to verifyhether means from independent
experiments within a given experimental variant eveignificant with level of significance
a = 0.05. Data shown in the figures are means amlatd errors (s.e.) for each variant.

3. RESULTS AND DISCUSSION

3.1. Effect of cyanobacterial suspension on hydrogeperoxide and superoxide anion
radical in “Nam Dan” soybean leaves

Suspension o.calcicolaHN9 induced to release ROS such as hydrogen pirdkbO.)
and superoxide anion radical {p in “Nam Dan” soybean leaves (Fig. 1). Generatiom
alteration of HO, and Q" are different from effects dfl.calcicolaHN9 in death phase and log
phase, howerer, content of these ROS in all cyasteba-treated formulae is significant higher
than in controls, which maintained in low levelgidg the vegetative stages of soybean.

Treatment by different suspensions induced to wiffdy generate of 30, in “Nam Dan”
soybean leaves (Fig. 1a). StraihcalcicolaHN9 in death phase induced this ROS molecule
rapidly increase to peak in stage V3, in which nsity of HO, generated correlating with
effects of cyanobacteria concentration. MaximurgOH content (9.16pmol.g* FW) was
accumulated in the highest concentration (0.50) fpimula, having by 2.48-fold higher than in
control (3.69umol.g* FW). After that, generation of 8, strong reduced in stage V5. Contrary,
content of HO, in leaves treated by straid.calcicola HN9 in log phase slightly increased
during the vegetative stages of soybean.
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Figure 1 Effect ofN. calcicolasuspension on hydrogen peroxide (a) and superaxigha radical (b) in
“Nam Dan” soybean leaves.

Similar to HO, generation, release of,Owas strongly induced after treatment by strain
N.calcicolaHN9 in death phase but reached to peak earligeistage V1, where content of O
was recorded to correlate with influence of cyamtdr@a concentrations (Fig. 1b). Following a
significant reduction from stage V1 to stage V3, @ N. calcicola-treated leaves maintained
in low level till ending of experiment. Comparingtlweffect of strairN.calcicolaHN9 in death
phase, release of,0in formulae treated by strain HN9 in log phase wiasilar to; however,
value of peak was much lower. The highest conte@,0 generated in leaves treated by 0.3 g/L
concentration (1.503 #g* FW) only corresponded to 48.94 %, compared to ifailants
treated by straifl.calcicolaHN9 in death phase (3.07%#g" FW).

A strong generation of ROS level together with ictin cell death in damaged area is the
oxidative response in plant defense against ssefe Our recent study on “Nam Dan”
soybean-lead (Pb) interaction [16] discovered thatenhancement of,8, va Q" improved
the self-defense capability of soybean, of whidgnalling molecule KO, triggered defense
cascades, and,Dis an improtant component in that mechanism [Pht@ining toxic subtances,
N. calcicolaHN9 in death phase played as unfavourable fakb#irresulted in oxidative stress to
“Nam Dan” soybean and also induced plant defenseserning accumulation of;@, and Q".

3.2. Effect of cyanobacterial suspension on non-gnmatic antioxidants in “Nam Dan”
soybean leaves

N. calcicolaHN9 suspensions differently effected on metabolirascorbic acid and total
phenolics in “Nam Dan” soybean leaves, whereasethmn-enzymatic antioxidants in control
plants were in minor changes from beginning to eqaif experiments (Fig. 2).

Suspension dfl.calcicolaHN9 in death phase seems to inhibit the biosyighesascorbic
acid as content of that antioxidant in cyanobaataeated soybean leaves was lower than in
control. Contrary,N. calcicola HN9 in log phase induced this process. Ascorbid ac
cyanobacteria-treated leaves rapidly increasedgtolevel in stage V1 (3.49 - 3.77 mg.GW).
After the peak point, ascorbic acid slightly rediite stage V5, however, its content was always
significant higher than in control. ConcentratidnOa30 g/L showed the best positive effect as
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content of ascorbic acid in soybean leaves infladry this concentration was the highest in all
point of studied time (Fig. 2a).
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Figure 2.Effect of N. calcicolasuspension on ascorbic acid (a) and total phenolitNam Dan” soybean
leaves.

Different from ascorbic acid, total phenaolics irylsean leaves treated by.calcicolaHN9
in log phase and in control plants was similar ioeatain level (Fig. 2b)N.calcicolaHN9 in
death phase caused a big fluctuation in contertbtal phenolics. A large amount of these
antioxidative subtances was early released anchedato peak in stage V1 by the highest
content (8.01 - 8.36 mg'gFW) in 0.50 g/L-treated soybean, which is 12.507-41 % higher
than in control (7.12 mg:gFW). In next growth stages, total phenolics rapidécreased to
level that was significant lower than in controlN@VA firmly recorded a correlation between
content of total phenolics and concentration distN.calcicolaHN9 in death phase.

3.3. Effect of cyanobacterial suspension on anticdant enzymes in “Nam Dan” soybean
leaves

3.3.1. Activity of CAT

Activity of CAT in leaves treated bi. calcicolaHN9 suspension in log phase was in a
minor alteration (17.49 - 21.29 nkat.Hmyotein) during the vegetative stages of “Nam Dan”
soybean, and was similar to expression of this mrimycontrol (18.33 - 21.41 nkat.fygrotein).
Contrary, CAT activity in the treatment formulae Mfcalcicola HN9 in death phase was
continuously increased and was proportional tocefiemm the used concentrations. The highest
activity of CAT obtained in 0.5 g/L-treated soybeanstage V5 was 36.75 nkat.ifgrotein,
having by 1.72-fold and 2.01-fold higher than imtrol and at beginning, respectively (Fig. 3).

Functioning to catalyze 4@, into H,O and Q, a strong enhancement of CAT in soybean
leaves treated bi. calcicolaHN9 in death phase decreased level gbtkince stage V3 (Fig.
la), therefore, protects the cells against an exoésHO, and thus against considerable
membrane damage.
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Figure 3.Effect ofN. calcicolasuspension on Figure 4.Effect ofN. calcicolasuspension on
activity of enzyme enzyme catalase (CAT) in activity of enzyme superoxide dismutases (SOD) in
“Nam Dan” soybean leaves. “Nam Dan” soybean leaves.

3.3.2. Activity of SOD

Analyses of spectrophotometric assays showed #uetyity of SOD in control litte
changed (8.20 - 10.90 nkat.iotein), whereas this enzyme in soybean leavesetlebyN.
calcicolaHN?9 in different phases expressed a big fluctuatiostudied time (Fig. 4).

Being induced earlier and stronger than others, $©vity in formulae ofN.calcicola
HN9 in death phase increased rapidly, reached tarmoan levels as soybean in stage V3. The
highest activity of SOD recorded in 0.5 g/L-treakealves was 20.83 nkat.itgrotein, having by
1.94-fold and 2.54-fold higher than that in contfb0.72 nkat.mgprotein) and before treating
by N.calcicolaHN9 (8.20 nkat.mdprotein). In addition, SOD activity in leaves tregtoy HN9
in death phase was always higher than control anduiae ofN.calcicolaHN9 in log phase.
ANOVA results surely confirmed a correlation betweetivity of SOD and concentration Mf
calcicolaHN9 when soybean was in stages of V3 and V5.

Activity of SOD in leaves treated b\.calcicolaHN9 in log phase showed the similar
trend of changing, however, was lower level in cangg to that in death phase. After a minor
alteration from beginning to stage V1, SOD actiwitysoybean leaves treated by concentrations
of 0.30 and 0.50 g/L oN. calcicolaincreased to peak in stage V3 then slightly deeatas
whereas, this enzyme in formula of 0.10 g/L incegasontinuously to ending of experiment.

Increased activity of SOD, enzyme engaged in teendfation of @ to H,O,, resulted a
strong decrease content of'Qn leaves as soybean in stages of V3 and V5 (F{,. which
support plant cells to protect cellular componendsn being oxidized by ROS productions.
Similar to CAT, SOD regulated ROS generation toidexidative damage and allowed them to
play crucial functions in signal transduction [Z]herefore, we suggested that, the enhanced
activity of SOD and CAT observed in “Nam Dan” soghds one of the important elements in
the defense responses to oxidative stress.

3.3.3. Activity of APX

Suspension dfl.calcicolaHN9 in log and death phases both induced expresgidPX in
“Nam Dan” soybean leaves (Fig. 5). Activity of thesizyme in all experimental formulae
differently enhanced from beginning to stage V5tivity of APX in soybean treated by this
cyanobacteria straiin log phase was little higher than in control. Example, the highest
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activity of APX obtained in V5-stage soybean trdaby 0.50 g/L ofN.calcicolaHN9 in log
phase was 22.83 nkat.tgotein, having by 1.24-fold higher than in cont(®B.44 nkat.mg
!protein). Whereas, activity of this enzyme in saybeimpacted by the used strain of
Cyanobacteria in death phase showed the fast sereastage V3, then seems to maintain in
high level till stage V5 (23.97 - 25.22 nkatfpgotein). Although activity of APX in those
treated formulae was always higher than others, XNQlid not confim any correlation
between the accumulated activity of APX and thiuariced concentration df.calcicolaHNO.

APX is the key enzyme that detoxifies peroxideshsag HO, in plant cell using ascorbic
acid as a substrate. The importance of APX is estricted to chloroplasts; it also plays a role in
ROS scavenging in cytosol, mitochondria and pemmwes [17]. Expression of APX often
results change in content of ascorbic acid ap@,HAdditional evidence clearly confirmed this
relation in “Nam Dan” soybean as APX maintainedhhigtivity during stages V3 and V5, a
large amount of ascorbic and:®} reacted, therefore, content of both those substatowed
levels (Fig. 1a and 2a).
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Figure 5.Effect ofN. calcicolasuspension on Figure 6.Effect ofN. calcicolasuspension on
activity of enzyme ascorbate peroxidase (APX) in activity of enzyme polyphenol oxidase (PPO) in
“Nam Dan” soybean leaves. “Nam Dan” soybean leaves.

Previously collected data firmly indicate that ARXay direct function as protective
element against adverse environmental conditioii [Ihe diverse effects of knockdown or
knockout of different APX isoforms on the plant gth, physiology and antioxidant metabolism
indicate that APX may also regulate redox signafiaghways involved in plant development.
These results suggested the importance APX intfining the antioxidant metabolism in “Nam
Dan” soybean in the vegetative stages.

3.3.4. Activity of PPO

N. calcicolasuspension in log and death phases showed tlealitfeffects on expression
of enzyme PPO in “Nam Dan” soybean leaves. PP@awds treated by stracalcicolaHN9
in log phase seems to be stable during the vegetatages as activity of this enzyme was
similar to that in control, which was in minor alidon in level (Fig. 6). Contrary, PPO activity
in formulae of N.calcicola HN9 in death phase was induced to increase syoagd
continuously from beginning to ending of experimertie highest activity of PPO obtained in
0.50 g/L-treated leaves in stage V5 was 13.77 migdlprotein, having by 1.92-fold higher than
in control at the same point of time (7.18 nkat'pmptein).
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Plant PPO is a widely distributed and well-studiedtlative enzyme that has broad specific
substrates of phenolic compounds. PPO has beensermty studied as part of mechanisms of
plant defense against abiotic and biotic stresk8F This enzymatic antioxidant was enhanced
in “Nam Dan” soybean leaves after treatment by ensjpn ofN.calcicolaHN9 in death phase,
and caused to reduce content of total phenolicsatabolic reactions in stages V3 and V5 (Fig.
2b). This evidence suggested that, PPO may takeipatefense mechanism of “Nam Dan”
soybean, however, it was uncertain to confirm WwARO contributes to soybean defense against:
biotic factor (strainN.calcicolaHN9) or abiotic factor (toxic subtances such agaaoic acids,
ethanol... in death phase suspesion). This imporaoblem should be clarified in the
prospective studies.

4. CONCLUSION

StrainNostoc calcicolaHN9 in death phase played as an unfavourablerfiitab caused a
burst of ROS productions such ag @ stage V1 and D, in stage V3, leading to oxidative
stress in leaves of “Nam Dan” soybean. Treamenthiy cyanobacterial strain differently
induced to non-enzymatic antioxidants: total phiesoéarly increased to high content whereas
generation of ascorbic acid was inhibited. The erayc antioxidants such as SOD, CAT, APX
and PPO inN. calcicola HN9treated plants were differently enhanced during tbgetative
stages. High efficiency of the enzymatic antioxidamibserved in “Nam Dan” soybean is one
important element of soybean defense responsesidatve stress. Enzymes SOD, CAT, and
APX regulated ROS products to avoid oxidative daenagd may allow them to play crucial
functions in signal transduction leading to inceeasybean tolerance. Only the defensive role of
PPO should be clarified in the prospective studies.

Contrary,N. calcicolaHN9 in log phase slightly raised generation ofoalsic acid and
induced activity of SOD and APX; the effective leveas much lower in comparing to those
resulted byN. calcicolaHN9 in death phase. Lack of convinced evidencesrilied how this
strainin log phase influenced (stimulated or inhibited) lwosynthesis of total phenolics and
expression of CAT and PPO.
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ANH HUONG CUA VI KHU AN LAM Nostoc calcicoldOl VOl HE THONG CHONG OXY
HOA CUA GIONG BDAU TUGNG NAM BAN
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Chang vi khifin lam (VKL) Nostoc calcicolaHN9 ¢ pha suy vong va phéay thiradé céanh
huong khac nhawddi voi mot sb thanh phn aia ke thong cibng 6xy hday caydau trong Nam
ban [Glycine maxL.) Merr.] trong cac giaiioan sinh tedng phat trén sinh drdng.

Dich N. calcicolaHN9 ¢ pha suy vongia gay stress “Oxy h6a¥ la dau twong Wi sy téng
hop manh n& gbc tr do superoxide (©) trong giaidoan V1 va hydrogen peroxide £8,) ¢ giai
doan V3. Sau khi c6 tadong aia VKL, ham lrong phenoléng $ ting nhanh con sintéig hop
axit ascorbic buc ché; cac enzyme nh superoxide dismutase (SOD), catalase (CAT) va
ascorbate peroxidase (AP&)oc cam rng ting arong do hoat dong. Sr gia &ing nay gop
kiém soat qué trinkbhg hyp, chuygn héa Q” va HO,, giam tac hi cua stress “dxy hoa”.

Tréi lai, dich VKL & pha tiy thira c6 tac dng %t ddi véi sinh Hng hyp axit ascorbic trong
giai doan V1, thcddy gia ting hait 6 cac enzyme SOD va APX ahg & mac do thip hon so
Vv6i tAc dong aia dch VKL & pha suy vongdong thyi anh hrong chra ré rangtén phenol éng
s6, CAT va PPQy caydau trong Namban.

Tir khéa: dau twong Namban, vi khian lam, Nostoc calcicolaHN9, chit ching oxy hoa,
enzyme chng éxy héa.
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