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ABSTRACr

Wheat leaves (Tniticum aestivum L. cv San Agustin INTA) were
detached when they reached maximum expansion, put individually in
tubes containing water and left in darkness. After 3 days the protein
content had decreased to 46% of the initial value. When the leaves were
placed in 1 micromolar kinetin, they retained 60% of the initial protein
content for the same period. This effect was observed only when leaves
were treated with kinetin within the first 24 hours after detachment. The
action of kinetin on both protein synthesis and degradation was quanti-
tatively measured. Synthesis was estimated by the incorporation of L-
I3Hlleucine into proteins. It was higher in kinetin treated than in non
treated leaves. It contributed to about 14 micrograms of protein retention
per leaf in 3 days. Measurement of protein degradation, evaluated by the
decay of radioactivity in leaf proteins previously labeled with L43HJ
leucine or as the difference between rates of protein synthesis and protein
content, showed that kinetin decreased protein breakdown rates. It ac-
counted for about 186 micrograms of protein retention per leaf in 3 days.
Hence, kinetin action on protein breakdown was 13-fold average higher
than its action on synthesis for the conservation of leaf protein. This
difference is higher in early stages of the process.

Since the initial study of Richmond and Lang (12) in 1957, in
which it was reported that kinetin retarded senescence of de-
tached cocklebur leaves, many authors have confirmed this effect
for different cytokinins on numerous species (3, 6-8). Detached
organs treated with kinetin maintain a higher level of proteins,
Chl and nucleic acids than controls. However, this synthetic
growth regulator has little or no effect as a retardant ofsenescence
in attached organs (9).
The decline in protein loss could be attributed to the involve-

ment of kinetin either in the activation of protein synthesis, or
in the inhibition of degradation. There are several pieces of
evidence showing protein breakdown as the principal event
affected by kinetin treatment (4, 15, 17, 18). At the same time,
these authors and others (10, 13, 16, 19, 20) have observed that
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cytokinin treatment also stimulates or maintains the ability of
isolated leaves to incorporate protein precursors. However, none
of these studies yield a quantitative analysis of the extent by
which the hormone affects the processes of protein synthesis and
breakdown. The availability of new reliable methods for the
measurements of protein synthesis and breakdown (5) makes a
reexamination of the problem interesting. We report herein the
quantitative data on kinetin effect on the rates of protein synthe-
sis and degradation in the first leaf ofwheat detached when they
reached maximum expansion and left in darkness.

MATERIALS AND METHODS

Plant Material and Chemicals. Wheat (Triticum aestivum L.
cv San Agustin INTA) was generously supplied by the Balcarce
Experimental Station of the Instituto Nacional de Tecnologia
Agropecuaria (INTA), Argentina. Plants were grown as previ-
ously described (5). At the indicated times, leaves were trans-
ferred to kinetin solution. Kinetin and L-leucine were purchased
from Sigma and L-[4,5-3HJleucine from Amersham. All other
reagents were of the highest purity available.

Analytical Procedures. Leaves were homogenized at 4°C in a
glass homogenizer containing 40 ul of acetone per mg of leaf
fresh weight. Acetone extracts containing Chl were separated by
centrifugation at 2000g for 15 min. This extraction was repeated
twice. The resulting cleared pellets were processed for the esti-
mation of protein content according to Gornall et al. (2). Radio-
activity in proteins was measured by scintillation spectrometry
as described by Lamattina et al. (5). All results are presented as
means ±SD.
Measurement of Rates of Protein Synthesis and Degradation.

At the indicated times after detachment, leaves were labeled with
a solution of 100 mM L-[3Hjleucine (357 jCi/mmol). Radioac-
tivity in leaf proteins was determined 2 and 4 h after precursor
addition and the rate of protein synthesis was calculated as
previously described (5). Protein degradation rate was measured
by labeling leaf protein in the moment ofdetachment with 4 gCi
of L-[3H]leucine (131 Ci/mmol) for 1 h, followed by a 4 h chase
with 100 mm nonradioactive leucine to avoid recycling of labeled
aminoacids. Measurement of radioactivity in proteins was per-
formed as described (5).

RESULTS AND DISCUSSION

Fully expanded leaves (13 d old) were detached and put in
darkness with water or different concentrations of kinetin. Their
protein content was measured daily during a period of 3 d.
Leaves treated with 1 JM kinetin retain 32% more protein after
3 d of detachment (200 ;ig protein per leaf, Table I, P column)
than controls. This effect on the maintenance of leaf protein is
in agreement with previous reports (18). One gM kinetin was
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Table I. Estimation ofProtein Content and Rates ofProtein Synthesis
Leaves were cut and processed at the times indicated in the "Materials and Methods." The total protein

content of whole leaf (P) was determined. Rates of synthesis for control and treated leaves (S) were estimated
each day after detachment by equation S = V/FI,, from the following data: (V) mass of leucine incorporated
per leaf and per day and (Fk,,) leucine proportion in leaf protein. The same FL, was used for both control and
kinetin treated leaves since no significant differences were detected between them. Each point represents at
least three leaves and it is the average of five experiments.

Time after Detachment Treatment P V FS,S
h #g AgLeu-d-' % Ag-d-'
0 1370 ± 100 2.32 ± 0.23 10.25 ± 0.5 22.7 ± 1.6
24 Control 1080 + 54 2.07 ± 0.17 10.40 ± 1.2 19.9 ± 1.9

Kinetin 1200 ± 60 2.50 ± 0.21 24.0 ± 2.3
48 Control 820 ± 80 1.82 ± 0.36 12.10 ± 2.1 15.0 ± 2.7

Kinetin 960 ± 58 2.56 ± 0.50 21.1 ± 3.8
72 Control 630 ± 38 1.77 ± 0.38 10.35 ± 0.6 17.2 ± 3.2

Kinetin 830 ±41 2.32 ±0.31 22.5 ±2.1

Table II. Estimation ofRates ofProtein Breakdownfor Control and Treated Leaves
Values of synthesis at the initiation and at the end of each day were averaged. The net protein changes were

calculated as the differences between protein content at the beginning and at the end of each period from
Table I. Rates of protein degradation were obtained from the difference between synthesis and net protein
change (degradation = S - AP).
degradation are indicated as A.

Differences between kinetin and control values for both synthesis and

Interval after Protein VariationTreatmentDetachment Synthesis A Change Degradation A

sg.d-'1 leafj'
0-24 Control 21.±2 2 -290.± 17 311.±21 -118

Kinetin 23. ± 2 -170. ± 10 193. ± 13
24-48 Control 17. ± 2 6 -260. ± 18 277. ± 28 -14

Kinetin 23. ± 3 -240. ± 13 263. ± 24
48-72 Control 16. ± 2 6 -190. ± 14 206. ± 23 -54

Kinetin 22. ± 3 -130. ± 7 152. ± 14

0 1 2 3
days after detachment

FIG. 1. Disappearance of protein radioactivity from leaves. Each leaf
was labeled with [3H]leucine immediately after its detachment and then
chased with nonradioactive leucine. After that, they were transferred to
1 'iM kinetin (@) or water (0). Five h after detachment the first point was
taken and it represented 1600 cpm per leaf in average. Percent of initial
value (%I.V.). Each point represents at least five leaves processed indi-
vidually and bars, SD limits. Probability ofsignificant differences between
the kinetin-treated and control groups was calculated by the Student t
test. Significance levels: 1 d, P < 0.05; 2 d, P < 0.02; 3 d, P < 0.01.

found to be the lowest, and nearest to the physiological concen-
tration (11) at which significant differences were obtained for
this system. All other experiments were performed at this con-
centration. To determine the ability of kinetin to maintain the
level ofprotein at any moment after leafdetachment, leaves were

detached, placed in darkness, and transferred to kinetin solutions
24, 48, and 72 h later. Results indicated that only when leaves
were treated with kinetin within the first 24 h after detachment,
was it possible to observe a delay in protein loss (data not shown).
Similar results were also obtained by Stoddart and Thomas (14)
with Lolium temulentum leaves.
The decrease of protein loss by kinetin could be due to an

increase in the rates of protein synthesis. Experiments were
performed to estimate the rate ofprotein synthesis (,ug of protein
synthesized per leaf and per day) at different times after detach-
ment, in leaves put either in water or 1 gM kinetin. In these
experiments, 100 AM leucine was used to expand the endogenous
pool available for protein synthesis. This leucine concentration
was previously found to be adequate and does not interfere with
the incorporation ofother amino acids (5). The rates ofsynthesis
(S) were calculated from the Ag of leucine incorporated per day
into total leaf protein (V) and the leucine proportion in the leaf
(F,u) as previously described (5). Table I indicates estimations of
S for leaves put in 1 MM kinetin or water (control) for several
times after detachment. It shows that kinetin increased V by 21
to 41% over the control values. However, this effect produced
by kinetin accounted for a small increase in the amount of
protein synthesized (Table I, S column). When these increases
are translated in terms of mass, they amount to 14 Mg of protein
in 72 h (Table II). Tavares and Kende (15) had also found that
incorporation of radioactive leucine into proteins of cytokinin-
treated leaves of Zea mays increased threefold over the control.
They concluded that, in spite of this increased incorporation,
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protein synthesis was not the main process involved in the
retention of protein produced by kinetin. It should be pointed
out that caution must be taken when evaluating only the incor-
poration of radioactivity. It could be helpful to obtain evidences
on the relative magnitude of some processes, like comparison
between protein synthesis rates of control and kinetin-treated
leaves. However, no further interpretation of these data is possi-
ble.
The rates of degradation (Mg of protein degraded per leaf and

per day) were indirectly calculated as the difference between
synthesis (S) and the protein change (AP). Table II shows that
kinetin inhibits degradation, resulting in a protein retention of
about 118 ,ug in the first 24 h and 68 jig thereafter. Another
experiment was performed to confirm the above described indi-
rect estimations of protein degradation. Immediately after de-
tachment, leaves were pulsed for 60 min with L-['H]leucine of
high specific activity and then chased with nonradioactive leu-
cine. After chase, leaves were put in darkness in solutions con-
taining kinetin or water. Radioactivity in proteins was measured
during the following 3 d. Figure 1 indicates that kinetin-treated
leaves retained about 30% more label than controls after 3 d of
detachment. These results indicate that there is a close correlation
between direct and indirect methods for estimation of protein
degradation.

Hence, the extent of kinetin effect on protein degradation is
at least 13-fold higher than its effect on protein synthesis in a 72
h period. This strongly supports the concept that kinetin action
is exerted by diminishing the protein degradation rate, previously
postulated by other authors (13, 15, 18).

In plant cells, as in other systems (bacteria and animal cells),
protein breakdown is important in determining developmental
and adaptative phenomena (1). This work is an example of how
the rate of degradation of cell proteins is determined by the
hormonal status of the cell. Variations in degradation rates
should be a quick and primary strategy of cells under stress
conditions to regulate their protein mass.
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