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Abstract

Effect of 2, 4, 5-T in different concentrations and time of herbicide applications
on protein biosynthesis and enzymatic activity of proteases and acid
phosphatases in needles of spruce seedlings was investigated. 2, 4, 5-T in all
concentrations tested and applied on the seedlings during phase of
intensive growth caused significant increase in soluble protein content.

After spraying the seedlings with 100 and 300 mg-1—! of 2, 4, 5-T before bud
development a small decrease in soluble protein level was noted. The herbicide
caused marked disturbances in the activity of enzymatic systems of proteases
and acid phosphatases. No effect of 2, 4, 5-T on dry matter accumulation was
observed.

INTRODUCTION

The influence of exogenous chemicals on protein and nucleic acid
biosynthesis and enzymatic activity is a point of continuing interest for
many scientifists. Exploring ways of the phytotoxic action of herbicides
is of great importance. Papers by Humphreys and Dugger (1957),
Switzer (1957), Tonecki (1972) refer to the effect of herbicides
from the group of growth regulators on respiration intensity. The authors
generally note a stimulation of respiration intensity during the initiai
stages after treatment but this stimulating effect disapears after a few
days depending on herbicide concentration and a subsequent respiraticn
decrease can be observed. Many authors suggest that toxic effect of
herbicides is the result of inhibition of oxidative phosphorylation

* Butyl ester of (2, 4, 5-trichlorophenoxy) acetic acid.
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(Switzer 1957, Wedding and Black 1962, Lotlikar et al.
1968). In their papers Freed et al (1961), Hemker (1964), Ashton
et al. (1968) indicate a significant influence of herbicides from the group
of growth regulators on the activity of certain enzymatic systems. Sti-
mulatory or inhibitory effects of herbicides on protein and nucleic acid
biosynthesis were investigated by Key (1964), Datta and Sen
(1965), Fong and Yu (1965), Nooden and Thiman (1965) and
others.

The purpose of the present work is to investigate the effect of 2, 4,
5-T on the soluble protein content and enzymatic activity of proteases
and acid phosphatases in the needles of spruce seddlings depending on
herbicide concentration, plant growth phase and time of exposure.

MATERIAL AND METHODS

Material

Plant material consisted of two-year old spruce seedlings grown in
the nursery. Half of the plants (aprox. 5000) were treated with 100, 300
and 700 mg-17! of 2, 4, 5-T in spring 1970 before bud development. The
same number of plants were sprayed with 2, 4, 5-T in conc. of 100, 500
and 1000 mg-1~1 in July 1970 during bud formation. Protein content and
protease and acid phosphatase activity were measured 3'/2, 6, 8 and 13
weeks after treatment.

For the plants treated with herbicide before bud development the
measurements were also made in the newly formed needles at the end of
the vegetative season.

Three 20 g samples of needles, each taken from 50 plants, were taken
for extractions.

The needles of seedlings sprayed with water were used as a control.

Methods

Preparing enzymatic extract

Extractions were performed at +4°C. 20 g of fresh needles from
current-year shoots was homogenized with 80 ml 0.25 M Tris-HCI
buffer pH 8.5 in homogenizer Unipan type 302 at 16 900 g. The homo-
genate was then centrifuged for 10 min at 16 900 g in Janetzki K-24
centrifuge. The supernatant was again centrifuged for 30 min at 16 900 g.
In so prepared extract the measurements of soluble proteins and
enzymatic activity of proteases and acid phosphatases were performed.
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Protein measurements

The protein was measured by the method of Lowry et al. (1951).
The protein was precipitated in 0.5 ml sample using 10% TCA for 1 hr.
After precipitation the sample was centrifuged for 10 min in Unipan
302 centrifuge at 16 900 g. The pellet was then treated with 1 mln 0.1 N
NaOH; to the resultant solution of proteins in NaOH 5 ml of copper
reagent was added and after 10 min — 0.5 ml of Folin-Ciocialteau
reagent was added. After 40 min absorption was measured in a spectro-
photometer (Spectronom 202, made in Hungary) at the wave length of
750 nm against the blank sample. Protein content was determined from
the standard curve using albumin (Charles Druce LTD, London) as a
standard.

Protease activity determination

Protease activity was measured in 0.2 M acetate buffer pH 4.8. To
7 ml of extract 7 ml of buffer was added and the mixture was then cen-
trifuged. After centrifuging 2 ml of supernatant were pipetted to 6 test
tubes. 3 test tubes were placed in cold storage after adding 2 ml of TCA
and the remaining 3 tubes were incubated at 37° C. After 1 hr. incubation
TCA was added and the tubes were also transferred to cold storage. After
one hour all samples were centrifuged and protein was measured as des-
cribed above.

Acid phosphatase activity measurements

Activity of acid phosphatases was determined by the method of Fiske-
-Subbarowa (Mejbaum-Katzenellenbogen and Mochnac-
ka 1969). For measurements 0.2 M acetic buffer pH 4.8 was used. 1 ml
samples were incubated at 37° C with sodium p-glycerophosphate as a
substrate. Enzymatic reaction was stopped by adding TCA. The samples
where TCA was added before adding sodium f-glycerophosphate and plac-
ed into cold storage were treated as a control.

After an hour the extracts were centrifuged in Unipan 302 centri-
fuge at 16 900 g. Supernatant was then decanted into test tubes for inor-
ganic phosphorus measurements. To 1 ml of supernatant 7.3 ml of distill-
ed water, 0.5 ml of 10 N H,SOy, 0.8 ml of molybdate reagent and 0.4 ml
of eikonogen were then added. After incubating for 10 min at 37° C ab-
sorption was measured in photocolorimeter KF-5 at the wave length of
670 nm against blank sample. Inorganic phosphorus was determined from
standard curve using potassium phosphate as a standard.
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RESULTS AND DISCUSSION
Proteins

Changes of soluble protein content in needles of spruce seedlings due
to 2, 4, 5-T action are shown in Fig. 1. Protein content measured 3!/, §,
8 and 13 weeks after treatment rapidly increases in proportion to the
concentration applied.
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Fig. 1. Effect of different 2,4,5-T concentrations

on soluble protein content in needles of two-

-year-old spruce seedlings treated with 2,4,5-T

during bud formation. Measurements were made
31/2, 6, 8 and 13 weeks after application

An increase in protein level was also observed in the needles of untrea-
ted seedlings; this is probably connected with plant preparation for win-
ter dormancy and with the induction of frost resistance as suggested by
Pomeroy et al. (1970). Protein increase is reflected in dry matter ac-
cumulation in the needles at the end of vegetative season (Table 1).

2, 4, 5-T in conc. of 100 and 300 mg-1 ! applied before bud develop-
ment causes small decrease in soluble proteins in the newly formed need-
les; 700 mg of herbicide slightly increases protein content — Fig. 4. It can
be assumed that 2, 4, 5-T affects protein biosynthesis in vivo or reduces
activity of the enzymes responsible for their hydrolysis or alfects both
processes simultaneously.
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Table |

Percentage of dry matter in needles of scedlings treated with 2,4,5-T
and tested for protein content and enzymatic activity

o, dry matter

time of harvesting

Concentration

mg-1-"
18. VI * 50X 19.1X(11)
0 31.5 32.0 5.7
100 326 34.6 37.9
S00 326 34.6 [ 952

1000 31.4 33.6 | 361

Proteases

The results ccncerning the changes of proteolytic activity in needles
‘reated with 2, 4, 5-T are shown in Fig. 2 and 4.
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Depending on concentration and time of exposure the herbicide sti-
mulates or inhibits proteolytic activity. Six weeks after treatment 2, 4,
5-T in all concentrations tested stimulates protease activity but after 8
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and 13 weeks inhibition in activity of this group of enzymes as compared
to the control can be observed. At the end of vegetative season activity
of proteolytic enzymes in the needles of untreated seedlings is also very
small (Fig. 2). This can be associated with plant preparation for winter
dormancy, as it was earlier suggested. Changes in soluble protein content
measured on the same dates and in the same extracts were not related
to changes in activity of proteolytic enzymes hence it can be assumed that
the protein increase is due not only to inhibition of proteolytic system as
it was suggested by Kretowicz (1964) and Masztak ow et al. (1971)
but maybe also to stimulation of protein biosynthesis in vivo.

]

Acid phosphatases

Changes in activity of acid phosphatase in the needles of seedlings
treated with 2, 4, 5-T are presented in Fig. 3 and 4. As it shows in Fig. 3
2, 4, 5-T applied during vegetative season reduces activity of acid phos-
phatases responsible for hydrolysis of phosphate compounds.
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Fig. 3. Effect of different 2, 4, 5-T
20- concentrations on activity of acid
. Phosphatase in current-year needles
» of spruce seedlings treated with
j herbicide during bud formation.
el 3 pe 2 "2 r.; Measurements were made 3'/2, 6, 8
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In case of plants treated with herbicide before bud development the
stimulating effect of 2, 4, 5-T on the activity of the enzymes tested can
be observed (Fig. 4).
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The results of the present work show that the effect of 2, 4, 5-T varies
according to the growth stage and the concentration applied. Metabolism
disturbances in newly formed needles as influenced by 2, 4, 5-T may in-
dicate a possibility of herbicide translocation from old to newly formed
plant organs. This confirms the results of earlier Audus’ investigations
(1964).

Conclusions

1. Butyl ester of (2, 4, 5-trichlorophenoxy) acetic acid considerable in-
creases soluble protein content in needles of spruce seedlings.

2. Significant disturbances in proteolytic activity is ckseried. Depend-
ing on herbicide concentration, growth stage and time o/ exposure 2, 4,
5-T can stimulate or inhibit proteolytic systems.

3. 2, 4, 5-T in all concentrations tested and applied during intensive
seedling growth retards activity of acid phosphatases. Applied before bud
development the herbicide can stimulate activity of this group of enzymes.

4. No significant effect of herbicide cn dry matter accumulation cau
be observed.
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Zmiany poziomu bialek rozpuszczalnych oraz aktywnosci enzymatycznej proteaz
i kwasnych fosfataz w iglach sadzonek swierkach (Picea abies L. Karst)
pod wplywem 2, 4, 5-T

Streszczenie

Badano fitotoksyczny wplyw estru butylowego kwasu 2, 4, 5-trojchlorofenoksy-
octowego na poziom bialek rozpuszczalnych, aktywnosé enzymatyczna proteaz i kwas-
nych fosfataz w iglach sadzonek §wierka. W wyniku przeprowadzonych do$wiadczen
stwierdzono znaczny wzrost poziomu biatek rozpuszczalnych, proporcjonalny do za-
stosowanych stezen oraz istotny wplyw na aktywnos$¢ enzymatyczng proteaz i kwas-
nych fosfataz. Nalezy zaznaczyé¢, Ze wzrost poziomu bialek nie jest spowodowany
wylacznie hamowaniem systemu proteolitycznego, lecz prawdopodobnie rowniez sty-
mulacjg biosyntezy bialek in vivo.
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