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Introduction

Reactive oxygen species (ROS) such as superoxide anion radical (O, ) and
hydrogen peroxide (H,0,) are involved in the defense of plants against patho-
gens attack (MitTLer 2002). During such response ROS are produced by the
activity of plant NADPH oxidases, amine oxidases and cell-wall-bound pero-
xidases (GranT & Loakg, 2000; Hammonp-Kosack & Jones, 2000). Some of the
plant pro-oxidant compounds upon photochemical or metabolic activation may
also generate reactive forms of the oxygen (BARBEHENN et al., 2003). ROS can
react with biomolecules such as DNA, RNA, proteins and lipids causing alte-
rations within their structures.

Among the generated ROS, hydrogen peroxide plays a central role in plant
defense responses (Wu et al., 1995; Menpy et al., 1996; Kuzniak & URBANEK,
2000). However, herbivores insects possess antioxidant mechanisms composed
of catalase and ascorbate peroxidase that destroy toxic H,O, (SumMMERs &
FeLTON, 1993; MATHEWS et al., 1997; L.ukasik, 2007). The inefficiency of catalase
at low hydrogen peroxide concentrations and lack Se-dependant glutathione
peroxidase, a key enzyme for the removal H,O, in mammals, suggests that
ascorbate peroxidase may play a crucial role in protecting herbivores against
H,0, toxicity (MaTHEWS et al., 1997).

The aim of the present paper is to compare the level of the hydrogen
peroxide and activity of the catalase and ascorbate peroxidase within tissues
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monophagous grain aphid, Sitobion avenae (F.) and oligophagous bird cherry-
oat aphid, Rhopalosiphum padi (L.) fed on winter triticale.

Material and methods

The experiment was conducted on apterae and larvae of the grain aphid
Sitobion avenae (Fabricius, 1775) and the bird cherry-oat aphid Rhopalosip-
hum padi (Linnaeus, 1758). Insects came from the aphid stock cultures kept on
winter triticale cv. “Tornado’ (susceptible) and ‘Witon’ (less-susceptible) at the
University of Podlasie at Siedlce.

The collected aphids were placed in 50 mM K-phosphate buffer pH 7.0
and then homogenized for 5 min at 0°C. The homogenates were filtered
through two layers of cheesecloth and centrifuged at 3000 x g for 15 min.
The pellets were discarded and the supernatants were used to assay
the hydrogen peroxide content and activity of catalase and ascorbate pero-
xidase.

The level of the hydrogen peroxide was determined according to GREEN &
HiLw (1984), based on the reaction of 4-aminoantipyrine and phenol with H,O,,
catalyzed by peroxidase. Thereby the colored product (chinonimin) was for-
med that was determined spectrophotometrically at 510 nm.

The activity of catalase was determined by monitoring spectrophotometri-
cally the degradation of hydrogen peroxide at 240 nm (AEsi, 1984). The activity
of ascorbate peroxidase was measured as described by Asaba (1984). This
assay was based on the disappearance of the ascorbate (measured by its ab-
sorbance at 290 nm) as it is oxidized to dehydroascorbate by hydrogen pero-
xide.

The content of proteins within homogenates of the studied aphids was
determined by the BRapForp method (1976).

Results and discussion

The carried out experiments showed quite clear differences in the content
of the hydrogen peroxide within tissues of the cereal aphid morphs. Generally
the higher H,O, concentration was recorded for apterae adults of both aphid
species. In case of the bird cherry-oat aphid, the level of hydrogen peroxide
within wingless females was 5-7-fold higher in comparison to larvae morphs
(Fig. 1). This is in agreement with studies considering level of another bioche-
mical marker of oxidative stress, lipid peroxidation products (TBARS) (Luka-
sIK et al., unpublished). These results may point out more effective antioxidant
mechanisms that protect larvae from damages caused by oxidative stress. It is
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supported by results of our earlier studies where /arvae possesed higher level of
non-enzymatic as well as enzymatic antioxidants than apterae adults (Lukasik,
2006; Lukasik, 2007; L.ukasik & Gorawska, 2007).

On the other hand, the host-plant clearly affected accumulation of H,O,
within the cereal aphid tissues. The studied morphs fed on ‘Witon’ cv. had
a higher content of hydrogen peroxide than which occurred on ‘Tornado’
cv., with the exception of the bird cherry-oat aphid larvae which showed similar
H,O, level on both triticale cultivars (Fig. 1). These differences may be asso-
ciated with different susceptibility of the studied winter triticales towards the
cereal aphids, since ‘Witon’ cv. was more resistant to the aphids infestation
than ‘Tornado’ cv. Electrical penetration graphs (EPG) recordings showed that
S. avenae females fed on ‘Witon’ cv. seedlings were characterized by longer
duration of no probing, total pathways and shorter time of salivation into sieve
element and phloem sap ingestion that apterae adults fed on the “Tornado’ cv.
(SemprucH et al., 2008). The Russian wheat aphid, Duraphis noxia (Kurdjumov,
1913) infestation caused a higher generation of hydrogen peroxide within re-
sistant wheat than in susceptible wheat (Moror & WEstHuizen, 2006). Plants
may use hydrogen peroxide not only as inducer of the defensive metabolic
processes but rather as defense mechanism itself (Lams & Dixon, 1997).

The wingless females of oligophagous species R. padi, which change the
hosts between trees and grasses, showed higher concentration of hydrogen
peroxide than apterae of monophagous species S. avenae. However, R. padi
had asignificant higher activity of the ascorbate peroxidase that decompose
toxic hydrogen peroxide with the help of ascorbic acid (Fig. 2). It was not so
clear in the case of the catalase, where apterae adults of both studied species
had comparable activity of CAT, but the larvae of the bird cherry-oat aphid
possessed higher catalase activity than the grain aphid ones (Fig. 3). Diverse
results were obtained for two species of grasshoppers, where polyphagous
Mellanoplus sanquinipes had comparable activity of antioxidant enzymes as
the graminovorous Aucolara ellioti (BARBEHENN, 2002).

In contrary to hydrogen peroxide content, no differences in the activity of
the studied enzymes were found between aphids fed on both triticale cultivars,
with exception of the bird cherry-oat aphid females that showed higher APOX
activity on ‘Tornado’ cv. (Fig. 2 and 3). Loayza et al., (2000) noted the lack
significant effect of wheat cultivar on catalase activity within the grain aphid. It
contrasts with results obtained by Ficueroa et al. (1999) where twofold increase
of CAT activity in S. avenae morphs treated with DIMBOA was observed. On
the other hand, dietary o-dihydroxyphenols decreased catalase and ascorbate
peroxidase activity within herbivorous insects (Aumap, 1992; Lukasik, 2007).
Thus the level of antioxidant enzyme activities within cereal aphid tissues may
be affected by the quantitative composition and pro-oxidant status of their host
plants. The higher content of hydrogen peroxide within the wingless apterae fed
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on ‘Witon’ cv. without the greater antioxidant potential may lead to free oxy-
gen radicals cascade and damages of the aphid main macromolecules, e.g.
nucleic acids and proteins.
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Figure 1. Content of hydrogen peroxide (nmol/mg protein) within tissues of the grain aphid and the
bird cherry-oat aphid fed on the winter triticale cultivars
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Figure 2. The activity of ascorbate peroxidase (mol oxidized ascorbate/min/mg protein) within
tissues of the grain aphid and the bird cherry-oat aphid fed on the winter triticale cultivars
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The results presented here demonstrated that the host plant feeding
might cause the oxidative stress within the cereal aphid tissues what was
evidenced by accumulation of H,O,. On the other hand, the cereal aphids
have antioxidant enzymes system that allow them to decompose toxic hydro-
gen peroxide. The larvae of the bird cherry-oat aphid seems to possess the
most efficiency of hydrogen peroxide scavenging mechanisms since they had
the higher level of catalase and ascorbate peroxidase activity in comparison to
other morphs.

[ Apterae Rhopalosiphum padi B Apterae Sitobion avenae

M Larvae Rhopalosiphum padi ~ OLarvae Sitobion avenae

CAT activity
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Figure 3. The activity of catalase (mol decomposed H,O,/min/mg protein) within tissues of the
grain aphid and the bird cherry-oat aphid fed on the winter triticale cultivars

Conclusions

1. Among the studied triticale cultivars ‘Witon’ showed a stronger effect on the
content of the hydrogen peroxide within tissues of the cereal aphids.

2. The cereal aphids possess the activity of catalase and ascorbate peroxidase
that decompose the toxic hydrogen peroxide.

3. The studied aphid species showed similar catalase activity but the bird
cherry-oat aphid had a several times higher level of ascorbate peroxidase.
It points out a very important role of this enzyme in antioxidant system of

R. padi.



170 LUKASIK I, GOLAWSKA S., WOJCICKA A., POGONOWSKA M.

References

Agstr H. 1984. Catalase in vitro. Meth. Enzymol., 105:121-126.

AnMap S. (1992) Biochemical defense of pro-oxidant plant allelochemicals by her-
bivorous insects. Biochem. System. Ecol., 20: 269-296.

Asapa K. 1984. Chloroplasts: formation of active oxygen and its scavenging. Meth.
Enzymol., 105: 422 — 429.

BarseHEnN R.V. 2002. Gut-based antioxidant enzymes in a polyphagous and grami-
nivorous grasshopper. J. Chem. Ecol., 28: 1329-1347.

BArBeHENN R. V., PooraT U., SPENCER B. 2003. Semiquinone and ascorbyl radicals in
the gut fluids of caterpillars measured with EPR spectrometry. Insect Biochem.
Mol. Biol., 33: 125-130.

Braprorp M.M. 1976. A rapid and sensitive method for the quantitation of micro-
gram quantities of protein utilizing the principle of protein-dye binding. Anal.
Biochem., 72: 248-254.

Ficueroa C.C., Koenig C., Araya C., Santos M.J., NiIEMEYER H.M. 1999. Effect of
DIMBOA, a hydroxamic acid from cereals, on peroxisomal and mitochondrial
enzymes from aphids: evidence fort he presence of peroxisomes in aphids.
J. Chem. Ecol., 25: 2465-2475.

GranT J.J., Loake G.J. 2000. Role of reactive oxygen intermediates and cognate
redox signaling in disease resistance. Plant Physiol., 124: 21-29.

Greexn MLJ., HiL H.A. 1984. Chemistry of dioxygen. Methods Enzymol., 105: 3-
-22.

Hammonp-Kosack K., Jones J.D.G. 2000. Responses to plant pathogens. [In:] Bio-
chemistry and Molecular Biology of Plants. Buchanan B.B., Gruissem W. and
Jones R.L. (eds.), Rockville, MD: Am. Soc. Plant Physiol., 1102-1156.

Kuzniak E., UrBanek H. 2000. The involvement of hydrogen peroxide in plant
responses to stresses. Acta Physiol. Plant., 22: 195-203.

Lame C., Dixon R.A. 1997. The oxidative burst in plant disease resistance. Annu.
Rev. Plant Physiol. Plant. Mol. Biol., 48: 251-275.

Loayza-Muro R., Ficueroa C.C., NieMEYER H.M. 2000. Effect of two wheat cultivars
differing in hydroxamic acid concentration on detoxification metabolism in the
aphid Sitobion avenae. J. Chem. Ecol., 26: 2725-2736.

L ukasik 1. 2006. Effect of o-dihydroxyphenols on antioxidant defence mechanisms of
cereal aphids associated with glutathione. Pestycydy/Pesticides, 3-4: 67-73.
Pukasik 1. 2007. Changes in activity of superoxide dismutase and catalase within
cereal aphids in response to plant o-dihydroxyphenols. J. Appl. Entomol., 131:

209-214.

Lukasik 1., Gorawska S. 2007. Activity of Se-independant glutathione peroxidase
and glutathione reductase within cereal aphid tissues. Biol. Lett., 4 (1): 31-39.

MatrEws M.C., Summers C.B., FELton G.W. 1997. Ascorbate peroxidase: a novel
antioxidant enzyme in insects. Arch. Insect Biochem. Physiol., 34: 57-68.

MEeupy M.C., SHARMA Y .K., SatHASIVAN K., BAYs N.W. 1996. The role of activated
oxygen species in plant disease resistance. Physiol. Plant., 98: 356-374.



ACTIVITY OF CEREAL APHID ENZYMES TOWARDS SCAVENGING... 171

MirTLEr R. 2002. Oxidative stress, antioxidants and stress tolerance. Trends Plants
Sci.,7: 405-410.

Motror M.J., Van bER WEsTHUIZEN A.J. 2006. The reactive oxygen species are invol-
ved in resistance responses of wheat to the Russian wheat aphid. J. Plant Phy-
siol., 163: 1118-1125.

SemprucH C., Woicicka A., Makosz M., Leszczyxski B. 2008. Changes in activity of
ornithine decarboxylase in winter triticale seedlings stressed by grain aphid
attack. Zesz. Probl. Post. Nauk. Rol. (in press).

SummMmers C.B., FELton G.W. 1993. Antioxidant role of dehydroascorbic acid reduc-
tase in insects. Bioch. Biophys. Acta, 1156: 235-238.

Wu G., SHorTT B.J., LAWRENCE E.B., LEVINE E.B., Frrzstmmons K.C., Snan D.M. 1995.
Disease resistance conferred by expression of a gene encoding H,O,-generating
glucose oxidase in transgenic potato plants. Plant Cell., 7: 1357-1368.

Aktywnos¢ enzyméw neutralizujacych nadtlenek wodoru
w tkankach mszyc zbozowych

Streszczenie

W prezentowanej pracy poréwnano poziom nadtlenku wodoru (H,0,) w tkankach
mszycy czeremchowo-zbozowej Rhopalosiphum padi (L.) i mszycy zbozowej Sitobion ave-
nae (F.), zerujacych na dwéch odmianach pszenzyta ozimego, réznigcych si¢ podatnoscia
na badane gatunki mszyc. Oznaczono rowniez aktywnos¢ katalazy i peroksydazy askorbi-
nianowej, enzymow neutralizujacych toksyczne dziatanie H,O,. Przeprowadzone badania
wykazaly, ze zerowanie mszyc na mniej podatnej odmianie “Witon’ powodowalo wyzsza
kumulacje nadtlenku wodoru w ich tkankach. W tkankach bezskrzydtych samic (apterae)
zaobserwowano wyzszy poziom H,O, w poréwnaniu z larwami. Badane gatunki mszyc
charakteryzowaly si¢ podobnym poziomem aktywnosci katalazy, natomiast gatunek oligo-
fagiczny R. padi wykazywat kilkakrotnie wyzsza aktywnos¢ peroksydazy askorbinianowe;.
Nie zaobserwowano natomiast wyraznych réznic w poziomie aktywnosci enzymow usuwa-
jacych nadtlenek wodoru w tkankach mszyc zerujacych na badanych odmianach pszenzyta.
Wyjatek stanowity bezskrzydle samice R. padi, dla ktérych zanotowano wyzsza aktywnosé
peroksydazy askorbinianowej podczas zerowania na odmianie ‘“Tornado’.
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