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Table 1: Effect of treatment,

species,

and treatment

& species

Source of variation
Plant variable
Treatment Species Treatment & Specizss

ELONGATION *k % NS NS
FRESH MASS:
Foliage % ok NS % %
Leaves % % % NS * % %
Stems % % % * & % * %%
DRY MASS:
Leaves LS NS NS
Stems % % 3¢ 5% % % %
Roots d % % s % % 5 v
Total % % k% .
LEAVES:
Chloropnyli * % % * % w %k
Nitrogen k% NS NS
Phosphorous %% % Yok NS
Chloride NS NS NS
Sodium * % NS | NS
Potassium * K% NS % %
Calcium * k% N'S NS
Magnesium % % % * % % %k %
Iron NS * . NS
Zinc * NS ! NS
Manganese s de % o v o % % %
Copper * k% * x
STEMS:
Nitrogen * %k %k % NS
Phosphorous *k ok * % % | ek
Chloride T * % % ' W
Sodium % k% * % % 3 % %
Potassium %k s * % % ® %%
Calcium * % % NS *
Magnesium *ok R -
Iron NS NS NS
Zinc * % % NS NS
Manganese * k% % % % | * % %
Copper * % % %% % : % % %
ROOTS: [
Nitrogen NS NS E *
Phosphorous NS * % % i NS
Chloride NS NS | NS
Sodium NS NS i NS
Potassium * % % * & % | 4% %
Calcium * v % * %k | * % %
Magnesium %* k% NS | * %k k
Iron %* NS ! .
Zinc % ok e NS ! NS
Manganese %* % % % % % | 0 % %
Copper % %k ok % %k % * %%

**% = highly significant at p < 0.01 NS = n sigrificarz
* = significant at p < 0.05




Table 2: The effect ofl species and treatment on tnhe rnitrogen
content (g.kg™* dry mass) in the leaves, stems and roccts
of 2 . pummularia and A. vestita (n = ¢&).

Treatment Leaves Stems Roots
g.m"3Cu A. numm.|A. vest.|A. numm. A. vest.|2. numm.fA vest.
0.0005 25.200 24.748 14.605 11.430 19.087 | 17.878
0.005 20.515 19.330 13.005 10.135 i16.215 | 1£.988
0.05 16.533 15.000 10.268 9.008 18.788 : 13.260 |
0.5 13.803 16.828 10.398 10.058 17.525 | 13.878
5.0 7.990 9.568 8.523 8.035 17.943 : 14.973
LSD (ps0.01) = 7.365 |(p<0.01) = 3.355 |{p<0.01) = 5.214¢ |
(p<0.05) = 5.464 | (p<0.05) = 2.494 |(p<0.05) = £.087
LSD = least significant difference

Table 3: The effect of .species .and treatment or the phospncorous
content (g.kg’1 dry mass) in the leaves, stems and rocts of
- nummularia and A. vestita (n = 4).

Treatment Leaves Stems Roots i
T i

g.m~3cu |A. numm.|A. vest.|A. numm.|A. vest. A. numm. A. vest.
0.0005 3.156 4.375 2.313 3.831 | 3.438 é 3.625
0.005 3.063 3.500 2.469 3.0¢€3 i 2.8x3 | 3.138 g
0.05 1.969 2.625 1.250 2.875 | 2.500 | 2.656 |
0.5 1.844 3.063 1.313 3.406 1 2.200 i 3.275 ;
5.0 1.313 1.969 1.250 £.000 ' :1.833 @ *.767 ;
LSD (p<0.01) = 0.896 |(p<0.01) = 0.920 {ps<0.01) = 0.911 |
(p<0.05) = 0.666 |(p<0.05) = 0.675 |(ps0.05) = 0.576 .




Table 4: The effect of spec1e§ and treatment on the chloroph 1YL
concentration (g.kg™* dry mess) in the leaves cZ
A. nummularia and A. vestita (n = 3).
Treatment chlorophyll a i chlorophyll » Total c“¢ch:;}lif
- l o
g.m 3cu |A. numm.|A vest.E numm. |A. ves:.'A. numm. A. vest.
0.0005 | 3.283 | 10.739 | 1.350 | 6.555 | 4.633 | 17.265 |
0.005 3.689 12.903 1.691 8.522 5.380 21,431 ¢
0.05 2.057 8.916 1.527 6.404 3.584 15.321
0.5 3.229 8.627 2.204 6.6¢1 S.43 16.318
5.0 0.218 0.801 0.144 6.599 C.362 1.3%3
LSD (p<0.01) = 2.68 | (p<0.061) = 2.01 (ps0.01) = 4.35
(p<0.05) = 1.96 (p<0.05) = 1.47 (p£0.05) = 3.23
Table 5: The effect of spec1es and treatment on tie sodium content
(g.kg7~ dry massy [in [Rie leaves, stems ana roots o
A. ngmmgla:; and A. yestita (n = 4).
Treatment Leaves Stems Roots i
g.m~3Cu |A. numm.|A. vest. numm. |A. vest. A. numm.!A. veszt..
0.0005 181.62 172.89 32.31 39.¢61 27.08 23.506
0.005 156.80 183.12 30.61 50.04 7.08 25.38
0.05 164.26 186.97 30.12 38.08 31.03 25.22
0.5 151.00 173.88 27.04 36.61 29.29 27.7¢C
5.0 79.35 83.66 | 22.49 29.690 26.16 27 .42
LSD (p<0.01) = 37.79 | (p<0.01) = 7.45 i (p<0.01) = 10.48
(ps0.05) = 28.07 (p<0.G3) = 5.54 E(pﬁ0.0S) = 7.78
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Table 6: The effect of. species and treatment on the potassium
content (g.kg'1 dry mass) in the leaves, stems and roote
of A. pummularja and A. vestita (n = 4).
Treatment Leaves Stems Roots
g.m'3Cu A. numm. [A. vest.|!A. numm.|A. vest.|A. numm. A. vest !
0.0005 12.557 14.865 3.958 6.560 €.725 10.€¢8¢C E
0.005 10.560 10.145 4.360 7.323 7.083 8.538
0.05 10.705 8.783 4.303 6.715 9.583 6.513
0.5 8.103 9.623 4.103 10.123 5.878 10.3260 |
5.0 6.555 5.560 2.140 5.665 5.838 6.365 i
LSD (p<0.01) = 2.786 |(p<0.01) = 2.225 |(p<0.01) = 3.824 %
(p<0.05) = 2.069 |(ps0.05) = 1.652 |(p<0.05) = 2.840 |
Table 7: The efffct of'species‘and treatment on the calcium content
(g.kg™" dry mass) .in the leaves, stems and roots oI
A. ia and 'A. 'vestita (n'= 4).
!
Treatment Leaves Stems Roots
g.m‘3Cu A. numm. [A. vest.|A. numm. A. vest.|A. numm. [A. vest.{
0.0005 7.365 6.828 9.320 6.965 11.212 6.502 E
0.005 6.565 6.848 6.603 6.760 8.250 5.158 |
0.05 6.695 6.815 6.495 6.833 6.970 &.648
0.5 6.140 6.553 6.315 £.290 6.590 6.473 |
5.0 5.948 6.228 7.740 6.035 10.288 10.€35 |
LSD (p<0.01) = 0.930 |(ps<0.01) = 2.514 |(ps<0.01) = 2.709 ;
(p<0.05) = 0.690 |(p<0.05) = 1.867 |(p<0.05) = 2.012




Table 8: The effect of fpecies and treatment on the magnesium
content (g.kg < dry mass) in the leaves, stems and roots
cf A. nummularia end A. vestita (o = 4).

Treatment Leaves Stems Roots ;
g.m"3Cu A. numm. |A. vest.|A. numm.|A. vest.|A. numm. 2. vest.|
0.0005 2.945 3.858 1.503 2.040 3.150 2.802 %
0.005 3.051 3.865 1.503 1.733 3.113 2.848
0.05 2.665 3.313 1.170 1.350 Z.86€5 2.720
0.5 2.708 3.203 1.095 1.553 2.608 2.853
5.0 2.523 2.645 1.053 1.120 3.175 3.820
LsSD (p<0.01) = 0.682 |(p<0.01) = 0.477 (p<0.01) = 1.426 %
(p<0.05) = 0.506 |(p<0.05) = 0.354 |(p<0.05) = 2.359 |

Table 9: The egfect of. species,and, treatment on the iron content

(g.kg dry mass) in 'the leaves, stems and roots oI
A. nummularia and A. vestita (n = 4).
Treatment Leaves Stems Roots
g.m‘3Cu A. numm. |A. vest |A. numm.|A. vest. A. numm.;A. vest.|
0.0005 0.215 | 0.310 0.229 0.162 0.855 C.453
0.005 0.205 0.274 0.146 0.2C4 ¢.700 0.525
0.05 0.207 0.210 0.155 0.180 0.643 0.742
0.5 0.162 0.199 0.159 0.242 0.422 £.858
5.0 0.150 0.255 0.172 0.215 0.480 0.£15
LSD (p<0.01) = 0.166 |(p<0.01) = 0.1067 ! (px<J0.0X); = $.&72 ?
(p<0.05) = 0.123 [ (ps0.05) = 0.079 (n<2.0E) = 0.34: :




Table 10: The efﬁect of species and treatment or the zinc contenct

(g.kg™* dry mass) in the leaves, stems &nd rocts o
A. nummularia and A. yvestita (n = 4).

Treatment Leaves : terns Roots
g.m’3Cu A. numm. |A. vest.|A. numm.|A. vest.|A. numm. | A. VE&ET
0.0005 0.114 0.072 0.058 0.067 i 6.0869 | 0.17¢6
0.505 0.084 0.056 0.040 0.047 &.082 G.085
0.05 0.049 0.072 0.034 0.052 0.072 0.C82
0.5 0.031 0.059 0.025 0.040 0.038 0.C%7
5.0 0.044 0.060 0.036 0.033 £.037 C.Cl57
LSD (p<0.01) = 0.056 |(p<0.01) = 0.028 |(p<0.01) = C.CZ¢

(p<0.05) = 0.042 !(p<0.05) = 0.021 | (p=0.05; = C&.C0Z7
Table 11: The effect of_species and treatment on the marnganese
content (g.kg = dry mass)'in the leaves, stems and roots
of A. pummuleria and A. vestita (n=4).
Treatment Leaves Stems Roots é
g.m 3Cu |A. numm.|A. vest.|A. numm.|A. vest. A. numm.|A. vest..
0.0005 0.074 0.048 0.034 0.068 0..01 ¢.C5¢C
0.005 0.068 0.053 0.028 0.035 6.061 .04
0.05 0.067 0.045 0.023 0.02¢6 .042 0.020 |
0.5 0.045 0.048 0.027 0.032 0.043 0.041
5.0 0.046 0.042 0.033 0.025 0.038 0.038 .
LSD (p<0.01) = 0.019 |(p<0.01) = 0.000 ;(p<0.01) = 0.345 |
(p<0.05) = 0.014 |(p<0.05) = 0.000 |(p<0.05) = 0.335




Table 12: The effect of species and treatment cn the copper con: nt
(g.kg™* dry mass) in the leaves, stems and roots cf
A. pummularia and A. yestita (n =
Treatment Leaves ! Stems RoctTsE
g.m‘3Cu A. numm. vest. |A. numm. vest. numm vesc
0.0005 0.019 0.014 0.022 0.013 0.032 C.5.0
0.005 0.012 0.016 0.011 0.014 0.6z3 0.015
0.05 0.014 0.021 0.010 0.017 €.G622 C.017
0.5 0.011 0.029 0.014 0.030 0.035 €.C37
5.0 0.054 0.057 0.053 0.056 0.256 J.325¢8
LSD (p<0.01) = 0.039 |(ps0.01) = 0.019 |[{(p=<0.0l) = C.>48
(p<0.05) = 0.029 [(p<0.05) = 0.014 |(»<0.05) = C..:0C

Table 13: The effect of

content (g.kg~™ }

SpecresSrand mtrea
drymaseg) Zn, the leaves,

tment on

CrL_.orice

and roots

of Aa. erla and A. vestita (an = 4).

Treatment Leaves Sters Roots g
g.m”3Cu A. numm. A. vest.|A. numnm. vest veet |
0.0005 197.56 197.21 4.21 20.77 2..7%2
9.005 191.00 12.39 40.0¢ 58.8% ZL.09
0.05 198.98 225.03 | 37.45 £3.2E8 22.%95
0.5 194.46 207.321 24.77 45.91 25.61
5.0 204.39 208.46 23.85 28.27 21.98

LSD (p<0.01) = 48.79 (p<0.01) = 13.83 = 13 5;
(p<0.05) = 36.23 | (p<0.CS5) = 10.27 = .03
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CHAPTER 3
THE INFLUENCE OF OQOPPER ON THE ACTIVITY OF CERTAIN COPPER
OONTAINING ENZYMES IN THZ LEAVES OF Atriplex nummularia

Lindl. and A. vestita (Thunb.) Rell.
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ABSTRACT

The activity of oopper containing enzymes, cytochrame
oxidase, superoxide dismutase, ascorbate oxidase and taccase
in the leaves of Atriplex numularia Lindl. and A. vestita
(Thunb.) &Aell. was exaiined in relacicn to copper supply.
Plants were grown in Hoagland nutrient solution in a Fisons
growth cabinet at three different copper concentrations viz.
0.0005, 0.05 and 5.0g.m'3 copper. Treatment and species
had a highly significant (p<0.01) influence on the
activities of cytochrome oxidase, superoxide dismutase and
ascorbate oxidase. No significant differences were observed
in laccase activity between the different copper treatments
and species. Cytochrame oxidase and superoxide dismutase
activity were maximal at 0.05g.m‘3 copper . Enzyme
activity was significantly inhibited’ at 5.Og.m'3 copper .
Ascorbate oxidase activity increased consistently with the
increase in copper treatment suggesting that the enzyme
requires a copper concentration above S.Og.m'3 for

optimal action.

UITIREKSEL

Die effek van verskillende koperkonsentrasies op die
aktiwiteit wvan die Kkoperbevattende ensieme, sitochrocm-
okeicdase, supercisieddismuiace, agkorkiznzsucrokesidoze en
lakkase in die blare van Atriplex mmm;}.an_a Lindl. en A.

vestita (Thunb.) Rell. is ondersoek. Plante is in Hoagland
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voedingsoplossing in ’'n  Fisons groeikabinet by drie
verskillende koper konsentrasies nl. 0.0005, 0.05 en

5. Og.m'3

koper gekweek . Behandeling en spesies het die
aktiwiteit van sitochroamoksidase, superoksieddismutase en
askorbiensuuroksidase hoogs betekenisvol (ps0.01)
beinvloed. Geen Dbetekenisvolle verskille in lakkase

aktiwiteit 1is tussen die verskillende kcperbehandelings en

spesies waargeneem nie. Die aktiwiteit van sitochrcam-
oksidase en superoksieddismutase was cptimaal by O.C:’Jg.m’3
koper. Betekenisvolle stremming van die ensiem het bv
S.Og.m'3 koper voorgekan. Die’ aktiwiteit wvan

askorbiensuuroksidase  het konstant toegeneem met toename in
koperkonsentrasie, wat daarop dui dat die optimum waarde

vir koper 5.0c_:;.m'3 oorskry.

Keywords:  Atriplex  pumwlaria,  Atriplex  vestita,
cytochrame oxidase, superoxide dismutase, ascorbate oxidase,

laccase, copper.
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3.1 INTRODUCTION

Many specific enzyme sites oontain copper through which
copper supply may exert major effects on the growth and
development of plants (Walker et al. 1981). Copper
influences enzyme activities either by being involved in the
synthesis of the enzyme itself or same other protein might
be implicated in the incorporation of copper into the
enzyme. In cytochrame c¢ oxidase for example mere
incorporation of copper in the enzyme is involved (Walker et

al. 1981).

Plants react differently to copper —availability in the
soil. Woolhouse (1983) distinguishes between copper-
tolerant and copper-sensitive plants. Copper-tolerant
plants grow equally well in soils with adequate or toxic
copper levels, while copper-sensitive plants are killed by
excess oopper supply. ‘Both |groups, ‘however, are adversely

affected by a deficient copper supply.

Past research primarily dealt with copper deficiencies in
plants with fewer articles published on copper toxicity.
Copper deficiency has a direct impact on energy metabolism
because it affects the synthesis of the copper-containing
electron carriers, plastocyanin and cytochrame oxidase,
resulting in decreased photosynthesis and respiration rates

(Walker & Webb 1981). The effect of copper deficiency on a



- 74 -
nunber of copper-containing enzymes has been reported.
Diamine oxidase, ascorbate oxidase, o-diphenol oxidase,
superoxide dismutase and cytochrame ¢ oxidase activities
decreased in plants grown in copper depleted media (Hill

1973, Walker et al. 1981, Delhaize et al. 1985).

The primary effect of copper deficiency is to retard rather
than inhibit plant development (Reuter et al. 1981). Upon
addition of ©copper, these plants will often develop
normally. Copper toxicity—on the other hand causes
structural damage of -cellular  membranes and chloroplast
lamellae, resulting in decreased photosynthetic activity and

ultimate death of the plant (Baszynski et al. 1988).

This study was undertaken to asses the relation between
ocopper supply and the activities of a number of copper
containing enzymes viz. laccase, ascorbate oxidase,
cytochrame oxidase and superoxide dismutase in the leaves of

Atriplex nummlaria Lindl. and A. vestita (Thunb.) Aell.

3.2 MATERIALS AND METHODS

3.2.1 Cultivation of test plants

&. pumularic and A. vestita seeds were cupplied ky the
Agricultural Research Institute for the Karco Region,
Middelburg, Cape. A quantity of seeds of both species were

rinsed with running tap water for 48 hours, to remove excess
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sodium chloride from the seed coats. The salt tends to
inhibit seed germination and must be removed prior to
sowing. The seeds were germinated and grown in purified
sand 1n =2 Fisons growth cabinet (model nc. 600G3) under
twelve hour illumination with day temperature of 28°C and
night temperature of 16°C. The relative humidity was 60%
for day and 80% for night temperatures. The sand (20/40
grade) was washed in a 1:1 mixture of 15% HCl and 1% oxalic
acid solution (Hewitt 1966). The seedlings were treated,
for two months, with half-strength Hoagland solution minus

copper, before they were transfered to water culture.

Seedlings, of approximately the same size, were transplanted
into 500am® milk ‘bottles. The bottles were first painted
black and then white to prevent 1lilumination and overheating
of the developing roots. The bottles were thoroughly washed
and repeatedly rinsed with distilled-deionised water.
Initially the seedlings were treated with a half strength
Hoagland solution minus copper. Two weeks were allowed for
the seedlings to recover fram the transplant before
treatments were started.

Three treatments, 0.0005, 0.05 and 5.0g.m'3 copper were
used. Analytical grade reagents were used throuch~ut the
experiment. The degree of copper contamination of the salts
and water supply was determined polarographically and ranged

between 0.0001 and 0.0005g.m'3copper. The final copper
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concentrations of the test solutions were obtained by the
standard addition method. Fresh nutrient solution was
supplied on a weekly basis and daily supplemented with
distilled deionised water to avoid the ooncentration of
mineral elements due to water loss. The experiment was laid
out according to a random block design. Fifteen plants were
used per treatment. These were divided into five groups of
three each. Each group represented one replicate of a
specific treatment. This was done to ensure sufficient test

material for enzyme analysis.

Due to the early establishment of toxic effects, plants were
harvested a month .after treatments started. Photographs
were taken to record the visual effects (Figs 1, 2 & 3) and
only the leaves were coollected for enzyme analysis. The
leaves were weighed and stored. in plasticibags at -40°C in a

freezer.

3.2.2 Extraction of protein

The leaf material was freeze dried and ground with a Wiley
intermediate mill (40 mesh). This lyophyllized powder was
collected in glass vials and stored at 0°C until the time of
analysis. Enzyme extraction was done on 0.2gram of the
ground material. The powder was hamogenized in 10am ice
cold extraction buffer with a mortar and pestle. The buffer
consisted of 0.1M potassium phosphate buffer, pH 7.8 and

0.1mM potassium EDTA (Giannopolitis & Ries 1977). A few



- 77 -
grains of purified sand were added to enhance the extraction
of protein from the cellular tissue. The hamogenate was
filtered through two layers of cheese cloth and centrifuged
twice &t 13000xg in & Beckman J21 centrifuge. The
supernatant was collected in a volumetric flask, made up to
10an> with extraction pufizr aad stoered at -30°C in a

freezer.

3.2.3 Detemmination of protein content

The method of Bradford. .(1976). was modified to determine
protein content. This method involves the binding of
Coamassie Brilliant Blue G-2530 to protein. A standard curve
was prepared uesing bovine serum albumin (BSA) as protein
stock solution (25mgBSA + 500ml water). Standard
concentrations of 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 4.5
& 5.0ug protein were used (10ul = 0.5ug protein), three
replicates each. The stock solution was made up to 100ul
with distilled deionised water in a lmm plastic cuvette.
Three millilitres Bradford reagent was added and thoroughly
mixed by inversion. Ten minutes were allowed for
protein-dye binding and the optical density was measured at
595mm on a Milton Roy Spectronic 601 spectrophotameter.
This data was represented in a standard curve fram which the

protein content of the test samples was determined.

The reaction mixture of the test samples consisted of 10ul

diluted (1:1) protein extract, 90ul distilled deionised
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water and 3am® Bradford reagent. Three determinations
were performed per sample and the average protein content
was determined from the standard curve and expressed in

milligrams protein per gram freeze dried material (table 2).

3.2.4 BAssay of enzyme activities

3.2.4.1 Cytochrame oxidase

Cytochrame oxidase activity was determined by the
microspectrophotametric method of Cooperstein et al.
(1950). A reduced cytochrame c solution was prepared by
adding 0.166am’ freshly prepared 1.2M sodium thiosulphate
to 50am® 1.7 x 1072 cytochrome ¢ —in 0.03M potassium
phosphate buffer. The mixture was continuously stirred to
remove excess sodium thiosulphate and prevent autoxidation
of the reduced cytochrame c. Reaction mixtures were

prepared in 10mm plastic cuvettes.

Sample Blank
Reduced cytochrame c 0.3 0.3am3
Enzyme extract 0.05am3 —
Distilled deionised water -—- 0.05am’

The change in optical density at 550mm was measured every
thirty seconds. After 3 minutes two drops of saturated
potassium ferricyanide solution were added (to campletely
oxidize the cytochrame «c¢) and the total extinction

determined. Temperature was kept at 25°C.
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Cytohrame c oxidase activity is expressed as the first order
velocity constant for the oxidation; the reaction is first
order with respect to the reduced cytochrame c (Smith 1955 &
Cooperstein et al. 1950). The value for the optical density
(OD) of the totally oxidized cytochrame c is subtracted fram
the values for optical density determined at definite
intervals during the oxidation. The value of this
difference plotted against time should give a straight line

on semilog paper (OD values on log scale). Fram this plot:
k={10G(OD;.{-OD5,) ~10g(ODy. p-ODy,) } - {ty-t1 } 1

where OD.,;, OD;, and OD,  represent 'the extinctions at
£y t, and after the |addition| of ferricyanide

respectively.

3.2.4.2 Superoxide dismutase (SOD)

Because of the instability of its substrate all available
assays of superoxide dismutase (SOD) are indirect and depend
upon its ability to scavenge superoxide radicals from
reaction‘ mixtures and thus inhibit reactions caused by these
radicals (Beauchamp & Fridovich 1971). Hence SOD activity
was determined based on the photoreduction of nitroblue
tetrazolium (NBT) by superoxide radicals. SOD inhibits the
formation of blue formazan and was quantified on this

basis. The photochemical procedure was chosen as being
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independent of other enzymes and proteins and therefore more
reliable in the case of crude extracts (Giannopolitis & Ries
1977). The original assay of Beauchamp & Fridovich (1971)
was modified. The reaction mixture consisted of 13mM
methionine; 63pM nitroblue tetrazolium, 1.3pM riboflavin,
0.05M sodium carbonate, 0.333an® sample extract and 0.02mM
potassium ferricyanide in a final volume of lan® in a 10mm
plastic cuvette. The solution was thoroughly mixed by
inversion and the change in optical density measured at
560nmm against a distilled deionised water blank. The
initial rate of the reaction was determined as the increase
in absorbance at 560nm-in the absence of enzyme extract. In
the presence of plant extract or SOD the increase in
absorbance is inhibited and the percentage inhibition was

used to quantify the-enzyme activity.

3.2.4.3 Ascorbate axidase
Ascorbate oxidase activity was assayed at 25°C by following
the decrease in absorbance at 265mm (Vines & Oberbacher
1963). A matched pair 10mm quartz cuvettes were used. The
reaction mixtures consisted of:
Sample Blank
0.1M Phosphate/EDTA buffer pH5.6 2.9am>  2.9am
0.005M L-ascorbic acid 0.1an  0.lam

Enzyme extract 0.1am3 -
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Blank solutions were prepared fresh to prevent autoxidation
of the L-ascorbic acid. The blank cell was placed in the
sample campartment and the test cell in the reference
campartment of the spectrophotameter and the increase in
absorbance was monitored at 265nm for 3 minutes. Enzyme
activity was expressed as the change in absorbance per

minute.

3.2.4.4 laccase
The method of Reinhammar (1969) was used to determine laccase

activity. Reaction mixtures were prepared as follows:

Sample Blank
0.6mM N,N-dimethyl-
p-phenyleneamine pH7.5 3.0am 3.0am3
Enzyme extract 0.05am’ _—
Distilled deionized water - 0.05am’

The solutions were thoroughly mixed by inversion and the
increase in absorbance at 323mm was measured for 3 minutes in
a Hitachi U3201 spectrophotameter, equipped with a time
drive. | Temperature was kept constant at 25°C and enzyme

activity was expressed as increase in absorbance per minute.

3.2.5 Statistical analysis

Results were subjected to statistical analysis of variance
using ANOVAl2, a Significant Statistics (SIGSTAT) package,
and least significant differences between species‘ and

treatments were calculated at the p=0.01 and p=0.05 levels.
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3.3 RESULTS AND DISCUSSION

3.3.1 Visual symptams:

Atriplex nummlaria and A. yestita exhibited normal growth
at 0.05(_;.m‘3 copper (Fig. 1, 2 & 3). When campared to the
preceeding experiment (chapter 2) it was evident that copper
stress effects established quicker in water than in sand
culture. This is attributed to the even, easily accessible
spread of mineral nutrients through a liquid medium and the
absence of a possible adsorbant for the copper ions. Three
weeks after treatments were started, plants at 5.Og.m'3
copper showed severe toxic symptoms. Leaves were chlorotic
and leaf growth was strongly —inhibited (Fig. 4). Toxic
symptoms appeared first on the new growth as a reddish
ocolour before severe interveinal chlorosis started. Plants
appeared dessicated ' and ' stunted @ and /an'early harvest was
necessary to ensure sufficient' fresh material for enzyme
analysis. Similar symptams have been described for
'Samantha’ roses (Rey et al. 1987), sugarbeet ( Agarwala et
el. 1985) and subterranean clover (Reuter et al. 1981). No
typical .deficiency symptams like necrosis, bending of leaf
tips and grey leaf blades (Reuther & Labanaskus 1966) were
ocbserved (Fig. 5). Rey et al. (1987) attributed the lack of
deficiency symptams to the Cu:Fe ratio in the plant.
Although the ocopper level is below the critical level, the

Cu:Fe ratio is still sufficient to counteract the deficiency

symptams.
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3.3.2 Protein concentration of the plants

The interaction between copper treatment and species had no
significant effect on the protein concentration of the
leaves of the Atriplex species, although highly significant
(p%0.01) differences were observed between species and

treatments seperately (table 1). The protein concentration

in A. yestita was higher than that of A. nummularia, with

3 copper in

the highest concentrations measured at 0.05g.m”
both species (table 2). In both species no significant
differences were observed between the two lower copper
levels, while the protein concentration at 5.Og.m'3 copper
decreased highly significantly —(p<0.01). In subteranean
clover this decrease in protein content was caused by a
decrease in nitrogen fixation, which 'is caused by the
depression in activity of copper containing enzymes in the

presence of excess copper’ (Snowball et al. 1980).

3.3.3 Cytochrame oxidase:

Both oopper treatment and species highly significantly
(p=0.01) influenced cytochrame oxidase activity in the
leaves 6f Atriplex (table 1). Copper stress significantly
(p<0.05) inhibits cytochrame oxidase activity in A.
vestita. In A. nummlaria no significant differences were
observed in cytochrame oxidase activity between the
different copper treatments (Fig. 6). Maximal activity was
recorded at O.OSg.m'3 copper for both species. Cytochrame
oxidase activity was highly significantly (p=0.01) highef in
A. yestita than in A. pumularia at 0.05g.m’3 ocopper.
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Cytochrame oxidase 1is the terminal oxidase in the
mitochondrial electron transport chain (Walker et al.
1981). Due to the more xeramorphic nature, the greater
number and smaller leaves, a greater volume to leafarea
ratio, smaller intercellular spaces and more palisadic
tissue (Esau 1977), it can be concluded that A. vestita
contains more mitochondria than A. pummularia explaining the
higher activity readings. The decrease in cytochrame
oxidase activity, at deficient oopper levels, corresponds
with the decrease in cytochrame oxidase activity recorded in
cultured sycamore cells (Bligny and Douce 1979),
subterranean clover (Walker et al.~1981) and in red clover

(Hill 1973).

3.3.4 Superoxide dismitase:

Superoxide dismutase activity is| expressed.as the percentage
inhibition of the |'photoreduction of nitro-blue tetrazolium
(Fig. 7). Copper treatment and species had a highly
significant (p<0.01) influence on the SOD activity in the
leaves of Atriplex (table 1). The percentage inhibition
recordedr at 5.0g.m‘3 copper was highly significantly
(p=0.01) lower campared to the other treatments implicating
low SOD activity. SOD activity at the low and adequate
copper levels showed no significant differences between the
species and the treatments (Fig. 7). Maximal inhibition

3

i.e. SOD activity occured at 5.0g.m > copper 1in both

cases.
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The lack of NBT inhibition at the low copper levels can be
attributed to the presence of three SOD isoenzymes viz a
plastidic Cu/Zn-SOD, a cytoplasmic Cu/Zn-SOD and a Mn-SOD
(Ayala & Sandman 1988). During copper deprivation the
activities of both Cu/Zn-SOD isoenzymes decreased, but a
concurrent increase in Mn-SOD suppress the establishment of
deficiency symptams (Byala & Sandman 1988). Nevertheless,
total SOD activity normally decreases with a reduction in

tissue copper.

3.3.5 Ascorbate oxidase:

Ascorbate oxidase activity | in | Atriplex was significantly
(p<0.01) influenced by the interaction between treatment and
species (table 1). Bscorbate oxidase activity increased
with the increase in copper concentration in both A.
nummularia and A. vestita (Fig. 8), with activities in A.
vestita highly significantly (p<0.01) higher than that of A.
numularia. The inhibition of ascorbate oxidase activity at
the low copper level corresponds with the low activities
recorded by Hill (1973) in red clover. The high activity
readings at 5.0g.m'3 copper can be attributed to
additional oxidation of L-ascorbate by other enzymes such as
o-diphenol oxidase (Hallaway et al. 1970). cu?® ions also
catalyse the oxidation of ascorbate (Hallaway et al. 1970) .
However, EDTA was added during the assay procedure,
chelating the cu?t ions and neutralizing their effect.

The influence of o-diphenol oxidase was not investigated,

but pH and temperature specificity should eliminate possible
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effects of o-diphenol oxidation of the substrate. Another
possibility is that the critical level (Rey et al. 1987)
above which copper will decrease ascorbate oxidase activity
may well exceed 5.0g.m™> in A nummlaria and A. vestita.
According to Rey et al.(1987) the critical value for enzyme
action 1is species dependent, explaining the unique behaviour
of the two species in question. However, this needs to be

further researched.

3.3.6 Llaccase:

No significant differences in laccase activity were cbserved
between the different copper treatments. and between the
species (table 1). Laccase..activity -.in A. vestita was
slightly higher than in A. nummularia (Fig. 9). Although
little difference . ~was observed between the different
treatments, the trend. exhibited | optimal: enzyme action at
0.05g.m~3 copper. Slight © inhibition occured at

0.0005g.m'3 and 5.Og.m'3 copper.

3.4 COONCLUSION

Copper availability has a definite influence on the activity
of certain oopper containing enzymes in the leaves of A.
nummularia and 2. yestita, with activities in A. vestita
normally higher than that of A. nummularia. ILow copper
reduces the activity of laccase, ascorbate oxidase,
cytochrare oxidase and superoxide dismutase in both

species. Optimal activity occurs at O.OSg.m_3 ocopper,
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while excess copper strongly inhibits enzyme activity, with
the exception of ascorbate oxidase. This can be attributed
either to a high critical copper level or to additional
catalization of L-ascorbic acid by other enzymes such as
o-diphenol oxidase (Hallaway et al. 1970). However, this

needs to be researched.

The low enzyme activities in copper deficient leaves may be
a result of a copper limiting holoenzyme assembly, in which
the apoproteins of these enzymes are still synthesized
(Delhaize et al. 1986). This was the case for cytochrame c
oxidase in copper deficient yeast (Keyhani et al. 1975) and
for galactose oxidase in. copper deficient Dactylium
dendroides (Shatzman & Kosman 1978). An alternative
mechanism would be™ for copper to regulate the synthesis of
the apoprotein so ' that no apoprotein/isisynthesized in its
absence. Delhaize et al. (1985) presented indirect evidence
that diamine oxidase, ascorbate oxidase and o-diphenol
oxidase are synthesized only during early leaf development
and that in copper deficient leaves, apoproteins of these
enzymes are either absent or cannot be reactivated, even if

copper becames available.

Atriplex nummularia and Atriplex vestita are both
copper-sensitive species. The decrease in enzyme activity
at toxic copper levels can be attributed to structural
damage of cell membranes and chloroplast lamellae (Baszynski

et al. 1988), which result in decreased photosynthetic
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activity and ultimate death of the plants. Copper toxicity
therefore not only inhibits, but eventually terminates che
activity of laccase, ascorbate oxidase, cyotchrame oxidase
and superoxide dismutasz in A. nummularia and A. vestita,

which lezds tc thie death of the plauits.
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Table 1: The effect of copper treatment and species on the protein
- concentration and activities of certain copper-containing

enzymes in Atriplex.

Source of variation
Variable:
Treatment| Species |Treatment & Species

Protein concentration * % % d ok NS
Enzyme avtivity:
Laccase NS NS NS
Ascorbate oxidase * %k * %k * kK
Cytochrome oxidase * % * k% * Kk Kk
superoxide dismutase ¥ ok * %k * ok ok
*** = highly significant at p<0.01
NS = not significant

Table 2: The effect of copper on the protein concentration in the

leaves of A. pummularia and A. vestita (n = 5).
Protein_ concentration
Copper g.kg‘l dry mass
Treatment
g.m” A. nummularia A. vestita
0.0005 22.30 22.90
0.05 20.40 28.00
5.0 7.00 13.97
*LSD (p<0.01) = 8.38
(pt0.05) = 6.12

* = least significant difference
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Figure 2: The effect of different copper concentrations

on the growth of A. vestita.
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SUMMERY
The interaction between <copper supply and species
significantly influenced the growth, chemical camposition

and activities of copper-containing enzymes in Atriplex.

Maximal growth occured at O.OSg.m’3 copper in Atriplex
nummularia Lindl. and Atriplex wvestita (Thunb.) ARell.
(=halimus). Except for slower growth, no typical deficiency
symptoms were detected in both species. Copper toxicity
significantly depressed plant growth as measured by
internode elongation, lateral ranching, and root
development in both species (Chp. 2). The plants appeared
desiccated and stunted, with small and chlorotic leaves.
The largest part of the root systems were dead and the
reduced new growth showed severe discoloration with few

lateral branches.

Due to the halophytic nature of the plants, sodium and
chloride contents were exceptionally high in the leaves of
both plants. The lower copoer concentrations had no
significant influence on the mineral nutrient concentration
of both species. However, when related to the total dry
mass (appendix) it is evident that maximum growth and
nutrient accumulation occured at 0.05g.m‘3 copper. Copper
toxicity significantly depressed the uptake and
translocation of cations, with a concamitant decrease in
nitrogen, phophorous and chloride in the leaves, stems and

roots.
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This is attributed to cation leakage, campetition of copper
with other cations for &bsorption sites in the roots,
cellular damage, and the depression in activity of
copper-containing enzymes. Leaf chlorosis, associated with
copper toxicity, 1is the result of decreased iron uptake and

structural damage to chloroplast lamellae.

Treatment and species had a highly significant (p=0.01)
influence on the activities of cytochrame oxidase,
superoxide dismutase and ascorbate oxidase. No significant
differences were observed in laccase activity between the
different copper treatments and species. Cytochraome oxidase
‘and superoxide dismutase @ activity @ were maximal @ at
0.05(_:j.m'3 copper. Low copper hardly inhibited enzyme
activity, while significant inhibition occured at the toxic
copper ooncentration. Ascorbate oxidase activity increased
with the increase in copper treatment suggesting that the

enzyme has a critical value for copper adequacy above 5.0

g;m‘3 copper.

Atriplex vestites grows bpeccer than A. Dumuiaria in iow
copper enviromments, with significantly higher yields in
fresh mass, dry mass, and chlorophyll production. When
related to total dry mass, it contains significantly more
mineral nutrients and the activity of certain
physiologically important copper-containing enzymes 1is

higher in this species.
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