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SUMMARY INTRODUCTION

Peroxidase activity was assayed in crude extracts Peroxidases (EC.1.11.1.7, PODs) have been
integument, cotyledons and embryo axis of radisreported to have various physiological roles in
seeds, deteriorated under accelerated ageing conplant tissues (Gille and Joenge, 1991), including
tions. Over five days of ageing, in which germina—ox'dat'on of a wide range of biomolecules by

tion decreased from 100 to 52%, the enzyme activaccumulation of active forms of oxygen, such as
ty in integument was higher than that in other seethe superoxide radical (9, the hydroxyl radical

) o i . (OH), and hydrogen peroxide {8;). The most
parts, increasing in the first days of ageing and theg.o . ently cited cause of seed deterioration is lipid

decreasing sharply in extremely aged seeds. Polperoxidation, which may begin with production of
acrylamide gel electrophoresis analysis showed folfree radicals, leading to cell damage and seed
peroxidase isoenzymes with MM of 98, 52.5, 32.tdeath (Wilson and McDonald, 1986; McDonald,
and 29.5 kDa in the embryo axis of unaged seed1999). In soybean (Stewart and Bewley, 1980;
and only the 32.8 and 29.5 kDa MM isoforms in theSung and Chiu, 1995Acer platanoidegPukac-
integument and cotyledons. In these parts of thka, 1991), peanut (Sung and Jeng, 1994), water-
seed, only the 29.5 kDa MM isoenzyme increased iMelon (Chivet al.,1995) and sunflower (Baillgt

activity in early days of ageing and decreased thern?‘l" 1998), deterioration during accelerated ageing

after. In the embryo axis, the 29.5 kDa MM isoen.'S associated with a decrease of total POD activity

o : , as well as that of other peroxide- and radical-scav-
zyme activity increased slowly in the first day Ofenging enzymes

ageing, while the 98 and 52.5 kDa MM isoenzyme sing polyacrylamide gel electrophoresis or iso-
activities disappeared. A cytochemical localizatior glectric focusing to study the possibility that differ-
of peroxidase activity in the various tissues showeent isoperoxidases may be specifically expressed
that main differences between unaged and extremduring seed ageing, distinct isoenzyme profiles have
ly aged seeds occurred in the embryo axis. been documented in deteriorated seeds (Priestley,
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1986). Little data have been reported on relatior The germination test was carried out on five
ships between changes in total peroxidase activilreplicates of 20 seeds each in 9 cm Petri dishes
and corresponding quantitative and qualitative-varicontaining two sheets diVhatman No. 1 filter
ations of enzyme isoforms with respect to theilpaper imbibed with 10 ml distilled water at°25
localization. In artificially aged peanut seeds, peroxin the dark. Seeds with a radicle length of 1-2 mm
idase activity has been measured separately were considered to have germinated. Counts of
cotyledons and embryo axis, the latter being found tgerminating seeds were made at 48 h and when
have most of the activity (Jeng and Sung, 199/maximum germination was achieved.

Sung and Jeng, 1994). Some POD activity has be: At 48 h imbibition, germinated seeds with 2 mm
detected in the husk and in the transparent or grejength radicle from each aged sublot were sorted:
layer of the pericarp of barley (Cochrage al., integument, cotyledons and embryo axis were
2000) and in the integument Bfassica juncedle  separated by scalpel and immediately used for
Beller et al., 1986) and soybean (Schmiét al.,  bjochemical and cytochemical assayse cyte
1997). In imbibedBrassica oleraceaeeds, enzyme chemical test was carried out also on 48 h unger
activity measured in the integument and in th¢minated aged seedghe aleurone and hyaline ay
cotyledons was higher than in the embryo axis at tfer, strictly joined to the integument, were consid

start of imbibition (Bellanet al, 2002). Contrasting ered with this seed portion, although offeliént
results may be due also to applied experimental priembryogenetic origin.

tocols. In most studies, tifences in aged seeds
have been averaged, combining germinating arg|ectrical conductivity assay

hon germinating seeds before any analysis is mac Twenty seeds in five replicates were transferred
This procedure is acceptable for unaged, highlyg 25 m| flasks containing 20 ml water and incu
viable seed lots, in which few seeds fail to germipated at 2% for 24 h on a rotary shaket the
nate, but not for studying the physiological state 0gng of incubation, the surface of seeds was dried,
deteriorated seed lots, in which the percentage ne seeds weighed, and the related leachate elec
unviable seeds increases with ageing. In this casqyjcg] conductivity (EC) was measured by a -con

the extraction procedure should be made on germqyctive meter (H19032, Hanna Inst.) and reported
nating seeds within a deteriorated seed lot, instead ;¢ percentage change of unaged seed basis.

a bulk extraction carried out on the entire seed lot.

In this paper we report peroxidase activity in
radish Raphanus sativus) seeds during accelerat
ed ageingWe use polyacrylamide gel electrophore
sis and cytochemical analysis to investigate tote
peroxidase activityisoenzyme changes and cell
localization in integument, cotyledons and embryc
axis of deteriorated seeds.

Peroxidase spectophotometric assay

500 mg of each tissue were placed in 2 ml 0.1M
potassium phosphate tieff pH 6.1, and homoge
nized in a cold mortar and pestle for 2 nmifter
centrifugation for 15 min at 130Qf) the resulting
supernatant was cleaned by removing a floating
lipid layer and used as enzyme source of soluble
POD activity
MATERIALS AND METHODS Supernatant protein content was determined usi_ng
the Bio-Rad dye reagent with bovine serum albumin

Radish Raphanus sativus. cv tondo rosso pre 25 Standard (Bradford, 1976Jhe POD activity

cocissimo 2') seeds with 100% germination (G)gssay was carried out at room temperature accord
were used for the trials. ing to the method of Markkolat al. (1990).An

aliquot of 0.25 ml supernatant was added with 3 ml

Accelerated ageing, germination test and sam distilled watey 1Iml of 0.1M phosphate Hef, pH
ple preparation 6:2, 0.5 ml of 2M HO, and 0.25 ml of 10 mM 3,3’

Seeds were deteriorated by accelerated ageildimethoxybenzidine dihydrochloride (o-dianisine,
technique (Delouche and Baskin, 1973) at°@> Sigma).The reaction was run against a non-enzyme
and 100% relative humidity for 5 days. Sublots oiblank.The efect of sodium dodecyl sulphate (SDS)
aged seeds were collected every,dsgaled in 0N enzyme activity was tested by incubating o-dian
glass bottles and stored in a desiccatorét 5 isidine and HO, with a standard enzyme (horserad
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ish POD typeVl, Sigma) in the presence of 2% mg phenylendiamine, 20 mg pyrocatechol and 0.2
(w/v) SDS.The absorbance was measured at 470 nm| 1% (v/v) fresh HO,. The control was per
for 5 min using a spectrophotometer (Caiyatian)  formed without HO,(Gahan, 1984). Sections were
and reported as increase in absorbance per fregphserved and photographed soon after staining.
weight of sample during the first minute of incuba
tion (Auzonm@* Min).

_ _ _ RESULTS

Separation of peoxidase isoenzymes byAGE

Native polyacrylamide gel electrophoresi8@E)  \yhen radish seeds were aged under accelerated
was performed using a Biorad Protean apparaliageing conditions over 5 days, final cumulative ger
according to the manufactuterinstructions. 4% mination dropped from 100 to 52% G (Fig. 1A).

.(W/V) and 9% (V‘.'/V) acrylamide were used for stack Seed leachate electrical conductiviégxpressed as
ing and separating gels, respectivaliquots of 30-

50l containing 5Qug of total proteins from integu
ment, cotyledon and embryo axis samples wer
loaded on the gel. Electrophoresis was run at rooi
temperature at 120 for 60 min. On completion,
the gel was stained for POD activity for 30 min with
a freshly prepared solution of 10 mM 10% o-diani
sidine in 0.1 M acetate et pH 4.5, replaced at the
end of incubation with a 0.03% (v/v),®k in the
same buer until POD bands were visibl&o estt
mate molecular mass (MM)ABE was carried out
as above, except that the gels and runnindebuf an |- Py -
contained 2% (w/v) SDSThe mild procedure I -
allowed a separation of various isoforms on the
basis of molecular mass and preserved POD activ i
ty, according to experimental protocol used to sep: o i P 3 4 B
rate peroxidase isoenzyme pattern in the skin ¢ !
maturing tomato fruit (Andrewst al, 2000)A set £ i [B]
of prestained molecular mass marker proteins (wit g |
a broad range of 180 - 26.6 kDa, Sigma) was incluc E f%--__ :
ed with crude extractéfter running, the gels were " & | &
stained for peroxidase activity as described above _‘__,_.{L_\__H_ )

The POD profiles on the gels were captured witt - ﬁ_ —% e

a high resolution commercial scanner (JX-33( = i e
Sharp model), and the scans were analysed wi '

Imagemaster 1D v3 software package (Amershal §
Pharmacia Biotech). Quantitative analysis o
isoenzyme bands were made by determining tk
optical density of the relative protein band peak
according to Collinet al. (1995).The results are Aging time [d]

the average of three r_epllcates expressed as plFig. 1 - A, germination (G) and electrical conductivity (EC),
centage of corresponding unaged seed bands. and B, peroxidase activity in radish seeds deteriorated under
accelerated ageing conditions. Symbols are as follows: final
Localization and cytochemical assay cumulative germination[{), electrical conductivity &) and
Integument, cotyledons and embryo axis wenpergx'dase_ ag'v'\t/yl'” integumentf, ‘f3°ny'ed0”|~? ©t) ano][ 20
: : : embryo axis 4). Values are means of five replicates o
frozgn and Se(.:tloned with a CryOStat'Hm_t.hICl.( seeds for the germination and electrical conductivity test,
sections were incubated for POD localization in 2(espectively and of 100 seeds for the peroxidase activity

ml 0.1M Tris-HCI bufer, pH 7.6, containing 10 assayVertical bars represent SE.
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percentage afnaged seed basis, increased with agecotyledons and embryo axis of 4&®grminated
ing, reflecting substantial membrane damageal  seeds during ageing is shown in Fig. IBe period
POD activity in the crude extract of integument,of 48h was chosen because preliminary experiments
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Fig. 2 - Native FAGE pattern and peak intensity profiles of peroxidase activity in the crude extracts obtained from integument,
cotyledons and embryo axis of unaged radish seeds germinated at 48 h with a 2 mm length radicle. MM of isoenzymes (indi
cated by letters a - d on the right of the gel) on the left side of the gel were calculated by running standard MM pagp@ins in

allel SDS-RGE separation.
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confirmed a progressive increase in enzyme activit52%. In the embryo axis, POD activity decreased
in all three anatomical parts of unaged seed from slowly, as ageing proceeded.

to 48h imbibition (data not shown)otal enzyme  Several POD isoenzymes were present in the
activity in integument was greater than that in otheintegument, cotyledons and the embryo axis, as
seed parts and its increase up to two days of ageirshown by RGE analysis (Fig. 2). Molecular mass
as shown also in cotyledons, was followed by a-dra:assigned to the isoenzymes was calculated by SDS-
tic decrease at 5d ageing, when germination WéPAGE after partial denaturation in diluted SDS.
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peak intensity on unaged seed basis, (on the right), in integument, cotyledons and embryo &israfydifged radish seeds
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The densitometric analysis allowed to compartily stained or sometimes emptigut disappeared
peaks of POD between control and aged seeds. from the hyaline layer (Fig. 4B). In the cotyledon of
integument and cotyledons, a more abundant isoehighly viable seeds, POD activity was associated
zyme of 32.8 kDa MM, and one of 29.5 kDa MM with the cells of the epiderm and with xylematic
were separated. In the embryo axis, two other POelements (Fig. 4C), while in those of aged seeds
isoforms of 98 and 52.5 kDa MM were detectedenzyme activity was mostly observed in not well
Their peak intensity was lower than that of the 32.idifferentiated xylem elements (Fig. 4D). In the
and 29.5kDa isoenzymes, and disappeared in tlembryo axis of unaged seeds, POD activity was
axis at the beginning of ageing (data not shown). associated with epidermal and procambial cells and
POD activity of isoenzymes with low MM was with xylematic elements (Fig. 4E). In the extreme
investigated in aged seeds (Fig.8ROD isoform ly aged embryo axis, a slight peroxidase activity
with 32.8 kDa MM was constant in integument,was localized in the cells of epidermis and external
cotyledons and axis of seeds with 83, 79 and 72¢cortex layers and in the tunica at the level of the
G final germination, and slightly declined in seedsfuture leaf primordium (Fig. 4F).
with 52% G.The activity of 29.5 kDa MM isoen
zyme increased (235% of control) in integument o
seeds with 83% G, was stable in seeds with 79‘DISCUSSION
G, and then declined in seeds with 72 and 52% (
The same trend was also evident in cotyledon: Decrease in isoenzyme activity together with other
where the highest (638% of control) POD activityphysiological and biochemical changes have been
was found in seeds with 83% G. In the axis, aireported as markers of seed ageing (McDonald,
appreciable increase (189% of control) in isoen1999). Our results on total peroxidase activity seem
zyme activity was detected in seeds with 83% Cto confirm this trend in extremely deteriorated seeds
followed by a strong reduction in seeds with 72(52% G), whereas aged seed lots which maintained
and 52% G. high viability showed an increase in POD activity in
The localization of POD activity was studied attwo distinct parts of the seed, integument and
48h imbibition in tissues of seeds withfdient via  cotyledonsA more detailed analysis, using®E
bility level and growing state (Fig. 4): germinatedand a cytochemical localization of peroxidase activ
unaged seeds (100% G) and ungerminated extrerrity in seed tissues, provided a partial explanation of
ly aged seeds (52% GA.comprehensive observa this data, apparently conflicting with other reports in
tion allows to describe the anatomy of the seed:the literatureThe accumulation of 29.5 kDa MM
The seed coat is constituted by an external layer isoenzyme in the integument and cotyledons of aged
epidermal mucilaginous cells, a palisade layer witlseeds, may be associated with the potential role of
thickened cell walls, and a pigmented layer formeithis peroxidase isoform in protecting lipid peroxida
by parenchymal cells. Some endosperm cells persition during accelerated ageing. Many isoperoxidas
in the late seed development to form an aleurores have been found in the cell walls and vacuoles of
layer closely associated with the integument, and vascular plants and they seem to play a role in-ligni
hyaline layer is joined to the aleurofievo cotyle  fication of cell walls (Gaspaet al, 1985). More
dons with oil drops and protein bodies are foldecover, in cell culture of peppeaccumulation of POD
along the mid axis to envelop the embryo. Generahas been reported to be a sign of a defense reaction
ly, in aged germinated seeds, POD activity waby lignification prior to fungal invasion reactions
localized in the same tissues of control (data nc(Egeaetal., 2001). In deteriorated radish seeds, the
shown), whereas in ungerminated seeds, enzynpersistent high level of 29.5 kDa MM isoenzyme in
activity declined or disappeared in some tissues. Ithe integument of seeds with 83, 79 and 72% G
integument of unaged seeds, the localization ¢seems to confirm the hypothesis of an indirect phys
POD activity was observed in the cells of pigmentiological response of seed to contrast the weakness
ed layer in the wall and in the cytoplasm of the of membrane integrityas shown by seed leachate
aleurone cells, and in the cells of the hyaline layeelectrical conductivity data. It is noteworthy that this
(Fig. 4A). In aged seeds, POD activity was found irPOD isoform, contrary to that with 32.8 kDa MM,
the pigmented layer and in the aleurone cells,-heashowed the highest activity increase in cotyledons
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Fig. 4 - Histochemical localization of peroxidase activity in tissues of unaged and 48h germinated (A, C and E) and ungermi
nated, aged with 52% G (B, D and F) radish seeds: integumemtd(R), cotyledons (C and D) and shoot apex (E and . Sec

tions of unaged and aged seeds showing the following layers: mc, mucilaginous cells; pa, palisade; pi, pigmented; al, aleurone;
hy, hyaline; xy xylem elements; ep, epidermal cells; procambial cells; sa, shoot apéxrows indicate sites of peroxidase

activity. Bar = 1Qum.

of seeds with 83% G, which was progressivelyed in cotyledons, could be a good marker of advanc
reduced with ageingThese findings also seem to ing seed deterioratioithe 32.8 and 29.5 kDa MM
indicate that the 29.5 kDa MM isoenzyme, as detecisoenzymes are presumably coded byfedst
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genes or are accumulated feliéntly in separate Delouche, J.C., and Baskin, C.@ccelerated aging teeh
compartments of cells, which are more damaged iniq_ues for predicting the relative storability of seed lots. Seed
axis than the other two parts of the seed. In contraS¢i- Téchnol.1, 427-452, 1973.
to results of Sung and Jeng (1994) with aged peanEgea, C.Ahmed,A.S., Candela, M., and Candela, M.E.:
seeds, we did not find higher total peroxidase acti\Elicitation of peroxidase activity and lignin biosynthesis in
ity in the axis than in cotyledons, likely due to-dif B°PPe" fgSpfg‘ls'i’gsCg'(')sofﬁhyto"htora capsiciJ. Plant
. - ! siol. -158, .
ferent ageing conditions. Y 8 _ _ _
More attention should be focused on relationshipGahan, B.: Plant Histochemistry and CytochemistRp.
between isoenzyme patterns and deterioration (215-216/Academic Press, London, 1984.
seeds. Even if many enzyme activities have beeGasparT., Penel, C., Castillo,.F, and Greppin, HA two-
reported as biochemical markers of seed qualitStep control of basic and acidic peroxidases and its signifi
results are difcult to compare because of experi “cance for growth and development. Physiol. Pl&At.418-
; ) 423, 2001.
mental diferences (Priestley986). Our results also o o
indicate that tissue localization of peroxidase activiGille, J.J.F and Joenge, H.: Biological Significance of Oxy
ty along with RGE characterization make relative gen Toxicity: An Introduction. In:Vigo-Pelfrey C. (ed.):

. . . Membrane Lipid Oxidation. Pp. 1 — 32. CRC Press, Boca
isoenzyme patterns easier to be related to ageing. gaion 1991
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