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Abstract

Content of polyamines and activities of antioxidative enzymes in response to stripe rust disease caused by Puccinia
striiformis have been studied in two wheat (Triticum aestivum L.) cultivars PBW 343 (resistant) and HD 2329
(susceptible). Various infection stages ranging from traces to 100 % were collected. Infection leads to stimulation of
peroxidase (POD), superoxide dismutase (SOD), catalase, diamine oxidase and polyamine oxidase activities along with
increase in putrescine, spermidine and spermine content while ascorbate, tocopherol and chlorophyll content decreased
in HD 2329 and no visible symptoms appeared in PBW 343. Histochemical localization pattern of POD and SOD
activities revealed correlation with lignin deposition in cell walls.
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Stripe rust, also known as yellow rust, caused by
Puccinia striiformis f. sp. tritici, is a widespread fungal
disease hampering wheat production worldwide (Sache
and de Vallavieille-Pope 1993). Consequently, major
effort has been devoted to development of stripe rust
resistant cultivars.

A common consequence of most biotic stress is an
increased production of reactive oxygen species (ROS),
such as superoxide anion (O,"), hydrogen peroxide
(H,0,) and hydroxyl radicals (OH") (Suzuki and Mittler
2006). Excessive levels of ROS is potentially damaging
to plant cells unless detoxified by antioxidative system
(Agarwal et al. 2005). Peroxidase (POD), superoxide
dismutase (SOD) and catalase (CAT) are considered to be
the main protective enzymes, being engaged in the
removal of free radicals and ROS (Liu ef al. 2008). SOD
is the key enzyme in the active oxygen scavenger system
that dismutates O, into H,O, which is further utilized by
CAT and POD. Diamine oxidase (DAO) also produces
H,0, by catalysing oxidative deamination of the
putrescine (Put) into H,O, and pyrroline whereas
polyamine oxidase (PAQO) cleaves amino-propyl side
chains at secondary amino group of spermidine (Spd) and
spermine (Spm). In addition, their role in eliminating

Received 6 June 2008, accepted 25 March 2009.

cellular polyamines (PAs) and the products formed from
their action have been established (Su and Bai 2008). PAs
have been differentially expressed in disease resistant and
susceptible cultivars of tobacco (Marini ef al. 2001). In
developing barley grains, involvement of DAO in H,0,
production is required for POD-mediated lignin
formation in chalazal cells (Asthir et al. 2002). Induced
cellular lignification restricts pathogen entry into the cells
and thus constitutes a typical defence reaction against a
number of fungi, including rust fungi (Moldenhauer e? al.
2006).

The hypersensitive response (HR) which is typical of
resistant reaction serves as a trigger for the above events.
This is followed by a cascade of signal transduction steps
culminating in the expression of PR proteins. A relatively
weaker induction of the cascade is observed in the
susceptible host genotypes which lack the strong trigger
provided by HR. In this study, the role of antioxidants
and polyamines was investigated in a susceptible wheat
cultivar at various levels of infection with stripe rust.

Resistant (PBW 343) and susceptible (HD 2329)
cultivars of wheat (Triticum aestivum L.) were grown in
pots filled with clay loam soil in the regular crop season
following standard practices. Plants were inoculated at

Abbreviations: CAT - catalase; DAO - diamine oxidase; HR - hypersensitive response; PAs - polyamines; PAO - polyamine oxidase;
POD - peroxidase; ROS - reactive oxygen species; SOD - superoxide dismutase.
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seedling stage. A mixture of P. striiformis pathotypes
prevalent in the region were used as fresh ureidial
suspension (300 uredia cm™). Inoculated plants were then
incubated at 13 £ 2 °C in opaque polythene chamber for
48 h to ensure saturated atmosphere for infection. Flag
leaves of control plants as well as inoculated plants
showing various infection stages ranging from traces to
100 % (0 to 100 S) were selected for laboratory studies.
Leaves (1 g) were homogenized in 5 cm’® of ice-cold
50 mM phosphate buffer pH 6.5 (for POD, SOD), pH 7.5
(CAT) and pH 7.0 (DAO, PAO). The extracts were
centrifuged at 10 000 g for 20 min at 0 to 4 °C in a
Beckmann refrigerated centrifuge, and the supernatants
were used for the enzyme activity assays. POD was
assayed by the method of Claiborne and Fridovich
(1979), CAT was measured using the method of Chance
and Maehly (1955), whereas SOD was assayed by the
method of Marklund and Marklund (1974). One unit (U)
of SOD is the amount of enzyme that inhibits pyrogallol
autooxidation by 50 %, monitored at 420 nm on Elico
spectrophotometer (UV-SL 159). DAO and PAO were

assayed following the method as described by Asthir
et al. (2004). Ascorbate content was extracted and
estimated as described by Gossett et al. (1994), toco-
pherol according to Hira et al. (2000) and polyamines
according to Szczotka (1984). Chlorophyll content was
extracted and estimated by the method of Hendry and
Price (1993). Data from three replicates were statistically
analyzed by a one-way analysis of variance. The
differences were considered significant when P < 0.05.

Sporulation in the wheat-stripe rust system began at
6 to 7 d post inoculation and ‘yellow islands’ forming
around infection sites were visible to the naked eye on the
leaves of the susceptible cv. HD 2329 from this time
onwards. In the resistant cv. PBW 343 there was no such
visible formation of yellow islands at any stage following
inoculation.

POD, SOD and CAT activities were higher in the
leaves of resistant cv. PBW 343 than in the susceptible
cv. HD 2329 in the controls (un-inoculated) (Table 1).
However, after inoculation, all the three antioxidative
enzymes increased in susceptible cv. showing their

Table 1. Effect of stripe rust on activities of POD [AA4g g (f.m.) min™], SOD [U g''(fm.)], CAT [AAy g(fm.) min™'], DAO
[nmol(A-pyrroline) g (f.m.) min™'] and PAO [nmol(A-pyrroline) g'l(f.m.) min™'] in control leaves of resistant (PBW 343) and control

and inoculated leaves of susceptible (HD 2329) wheat cultivars. Values are mean £ SD of three determinations. S - stands for
susceptibility; TS, 10S, 20S, 308, 40S, 60S, 80S, 100S stages are according to infected leaf area from traces (TS) to 100 % infection

(100S).

Cultivars POD SOD CAT DAO PAO

PBW 343 239+ 9 20.3+£2.0 284+1.9 72.1+3.8 63.1£2.5
HD 2329 control 198+ 5 125+1.3 143+£1.0 64.3+2.7 523+2.8
TS 229+ 8 145113 17.2+1.2 69.6+2.5 56.5+2.1
58 258 + 10 163+1.2 195+1.3 75.1+£3.1 63.1+22
10S 295+ 12 20.5+1.5 223+1.7 83.4+33 724 +3.2
208 345+ 14 25.1+14 26.1 £2.1 91.2+3.7 80.1 £3.5
408 393+ 16 294 +2.1 314+26 99.4+43 86.4+2.6
60S 320+ 11 32.1+2.7 40.1+£3.2 1063 +4.5 91.3+25
80S 208+ 7 19.6 £ 1.4 213+1.8 112.5+5.1 97.1+3.6
100S 168+ 5 123+ 1.1 9.1+£0.2 120.7+£5.3 111.0+4.7

Table 2. Effect of stripe rust on contents of total ascorbate, o-tocopherol [umolg™(fm.)], chlorophyll (mg g'(f.m.)], polyamines
(nmol g'(f.m.)] in leaves of resistant (PBW 343) and susceptible (HD 2329) wheat cultivars. For other detail see Table 1.

Cultivars Ascorbate a-Tocopherol Chlorophyll Putrescine Spermidine Spermine
PBW 343 97.4+5.38 3.25+0.080 124.6 £5.7 60.4+3.0 323+28 194+1.5
HD 2329 control 78.6 4.2 2.71 £0.072 1145+£5.0 52.6+24 26.1£2.1 143+1.2
TS 75.1£4.8 2.62 +0.064 108.7£5.9 63.1£3.1 202+22 172+£1.3
5S 73.3+32 2.51+£0.058 99.3+£5.6 67.3+32 374+1.8 28.0+ 1.6
10S 65.7+£2.8 2.38 £0.051 88.0+5.2 72.7+£3.8 413+24 35.7+£20
208 59.2+23 2.19+0.042 743 +4.38 752+23 47.1+£25 39.8+1.2
408 52.5+2.1 2.04 +0.035 59.4+3.7 81.4+34 51.5+23 456+ 1.4
60S 436+ 1.8 1.83 £0.027 445+33 87.2+2.2 58.2+3.1 495+ 1.6
80S 331+ 14 1.60 £ 0.021 32.7+3.2 953+25 65.4+3.4 57.4+2.0
100S 254+1.2 1.32+0.012 24.7+2.1 105.3£2.7 69.1+2.4 643+22
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Fig. 1. Histochemical localization of POD (4, D), SOD (B, E) activities and lignin (C, F) content in inoculated leaves of PBW 343

(4, B, C) and HD 2329 (D, E, F).

maximum value at 40S - 60S stage. An increase in POD
activity has been reported as a early response to plant
pathogen interactions (Sasaki et al. 2004) and increased
production of H,0, was detoxified by POD and CAT.
Similar results were reported in barley following powdery
mildew (Harrach et al. 2005) and Botrytis cinerea
(Kuzniak and Sklodowska 2005) infection. However,
high SOD and CAT activities could not maintain at high
infection of 80S - 100S, probably due to severe damage
to cell machinery.

DAO and PAO activities showed consistent increase
following infection and were highest at 100 S stage
(Table 1). Activities of these enzymes were greater in the
infected leaves than in the controls indicating their
specific metabolic role in response to infection. The
enhanced activities of these enzymes have been

associated with resistance against, e.g., powdery mildew
in barley (Cowley and Walters 2002, Asthir et al. 2004)
and Ascochyta rabei in chickpea (Angelini et al. 1993).
When leaf strips were incubated in acetate buffer
containing 3 amino-9-ethyl carbazole, a dark reddish
colour appeared near the cell walls of HD 2329, which
showed POD activity (Fig.14,D). As POD helps in lignin
formation, so higher POD activity probably leads to
higher lignin formation in infected leaves. Intense blue
coloration was found in sections of HD 2329 showing
higher SOD activity (Fig.1B,E). In cereals, induced
cellular lignification has been shown to be an important
mechanism of disease resistance against a number of
fungi, including rust fungi (Moerschbacher and Mendgen
2000). Lignification has been implicated in rendering
papillae more resistant to fungal penetration. In infected

331



B. ASTHIR et al.

wheat leaves, the appearance of pink colour may be a
positive outcome of the phloroglucinol-HCl stain
indicating the deposition of lignin or lignin like material
in the necrotic cells. This structural defence reaction was
more pronounced in resistant cv. PBW 343 than in
susceptible cv. HD 2329.

The consistent increase in Put and Spd contents from
0 to 100S stages in HD 2329 (Table 2) suggests that these
polyamines have a role in the resistance mechanism.
Since H,0, is a product of SOD, DAO and PAO
activities, it seems likely that these enzymes may be
responsible for the production of the H,0, as a result of
pathogen attack.

Put is a precursor of hydroxycinnamic acid and
different alkaloids, which are known to be involved in
resistance to pathogens (Liu et al. 2007). In addition,
aminoaldehydes, which are derived from polyamine
oxidation, may also be involved in the resistance
mechanism as they are toxic to a variety of organisms.
Supporting evidence for increased activity of polyamine
synthesizing enzymes in wheat leaves after inoculation
with P. striiformis comes from the work of Walters
(2003), in which they presented evidence for increased
activities of arginine decarboxylase, ornithine decarbo-
xylase, and S-adenosylmethionine decarboxylase. Put,
Spd, Spm contents were higher in control of PBW 343 as
compared to HD 2329. Put was present in higher amount
as compared to Spd and Spm in healthy and diseased
leaves. Similar increase in PAs were also reported by
Asthir et al. (2004) and extensively reviewed by Liu ef al.
(2007) indicating their ability to participate in stress
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