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ABSTRACT

Symptoms typical of senescence occurred in green detached
primary barley (Hordeum vulgare L.) leaves placed in dark-
ness and in light. Chlorophyll, total soluble protein, ribulose
1, 5-diphosphate carboxylase protein and activity each pro-
gressively decreased in darkness and to a lesser extent in light.
In all treatments most of the total soluble protein lost was ac-
counted for by a decrease in ribulose 1,5-diphosphate carbox-
ylase protein, suggesting that the chloroplast was a major site
of degradation early in senescence.

Loss of ribulose 1, 5.diphosphate carboxylase protein was
negatively correlated with an increase in proteolytic activity
measured against azocasein. Both rates were exponential, with
about a 30% difference in apparent rate constants. Cyclohexi-
mide essentially prevented the loss of chlorophyll, ribulose 1, 5-
diphosphate carboxylase protein, and activity and completely
inhibited the increase in proteolytic activity against azocasein.
Since chloramphenicol had little effect on the loss of ribulose
1, 5-diphosphate carboxylase protein or chlorophyll, or on pro-
teolytic activity against azocasein, it is suggested that the proteo-
lytic activity was developed on cytoplasmic 80 S ribosomes.

Kinetin greatly retarded the onset of such symptoms of senes-
cence by inhibiting the losses of chlorophyll and ribulose 1,5-
diphosphate carboxylase protein and protected against inacti-
vation of enzymic activity. It also prevented the increase in pro-
teolytic activity measured against azocasein. Incorporation of
labeled amino acids into ribulose 1,5-diphosphate carboxylase
during its rapid degradation showed that the enzyme was under
turnover. The changes in ribulose 1,5-diphosphate carboxylase
protein and activity, chlorophyll, soluble protein other than ri-
bulose 1,5-diphosphate carboxylase, proteolytic and esterolytic
activity during senescence indicate that senescence is a selec-
tive, sequential process.

thesis (32). Trewavas (35) measured both synthesis and degra-
dation rates accurately in Lemna minor, showing that cytokinin
could affect either synthesis or degradation depending on
growth conditions. In some plants IAA also inhibits senescence,
though the mechanism seems to be different from that for
cytokinin (28, 29).

Recent reports have shown that L-serine accelerated the
senescence of oat (23, 30) and tobacco leaves (11). The effect
was most evident in the presence of kinetin (23). The an-
tagonism between serine and kinetin did not appear to be the
result of opposing actions at the same site. Rather, it was sug-
gested that serine might be incorporated into the active center
of one or more proteolytic enzymes participating in the
senescence process, thereby allowing increased degradation
(11, 23, 31).
Much work has been done showing the loss of total soluble

protein during senescence, but comparatively little of it has
dealt with isolated fractions, and even less with purified pro-
teins. Several investigations have shown that fraction I pro-
tein was the main protein component lost in senescing tobacco
(5, 12, 13, 14) and Perilla (10) leaves. Fraction I protein as
usually isolated can probably be considered to be crude
RuDPCase' since it often contains several other enzymatic
activities in addition to that of RuDPCase (15, 18, 36). We
recently reported that intact barley seedlings placed in ex-
tended darkness lost soluble protein, almost all of which was
accounted for by the enzyme RuDPCase (9, 25). The results
of these investigations are not surprising, since this enzyme is
considered to be the major storage protein of many plant
leaves (18, 26). Since RuDPCase is also principally responsi-
ble for net fixation of CO2 in plants, its fate during senescence
is important. This study is a further extension to show the
effects of some chemicals and light on the loss of RuDPCase
and to correlate the concurrent development of proteases and
esterases during senescence. Evidence is also presented for the
turnover of RuDPCase under these conditions.

The process of senescence has been studied in intact plants,
detached leaves, and leaf discs in both light and dark (31, 37).
In general, senescence is speeded by detaching the leaves
and/or imposing darkness. Perhaps the most striking changes
in senescence are losses of Chl, nucleic acids, and protein
(39), accompanied by a general increase in proteolytic activity
as measured in vitro. Cytokinins (32, 33, 37) or light (7) de-
lay the appearance of several symptoms of senescence in de-
tached leaf tissue. Some studies indicate that cytokinin affects
leaf senescence through slowing the breakdown of protein
(20, 24, 30, 32, 33) rather than by stimulating protein syn-

MATERIALS AND METHODS

Plant Materials. Hordeum vulgar L. var. Numar was grown

in 28 X 33 cm plastic pans. Moisture was supplied by cotton
wicks connecting the vermiculite to a full strength nutrient
supply (8). Prior to treatments the plants were grown for 7
days in continuous light (500 ,ueinsteins cm-2 sec-') at 27 C and
55% relative humidity.

lAbbreviations: RuDPCase: ribulose 1,5-diphosphate carboxyl-
ase; CTN: N-carbobenzoxy-L-tyrosine-P-nitrophenyl ester; ANA:
a-naphthyl acetate.
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Plant Treatments. The top 10 cm of the first leaves of barley
were detached, and two replicate samples of 80 leaves each
were placed in 25 ml of treatment solutions in 200-ml beak-
ers in growth chambers in either light or dark under the same

temperature (27 C) and relative humidity (55%) mentioned
above. Under these conditions, the detached leaves remained
turgid throughout the test periods. Ten leaves were removed
from each of two replicated treatments at the indicated times
for assay. Treatment solutions were replenished as required.
Each experiment was replicated and the results shown are

the averages for the two experiments. Losses of RuDPCase
and soluble protein as well as Chl and proteolytic activity
were followed in plants treated with the chemicals listed below.

Cycloheximide and chloramphenicol were included in the
treatments to determine whether differential effects on the
symptoms of senescence might be detected on the basis of the
intracellular location of the response. Serine was used to de-
termine whether it would speed the onset of the symptoms.
Ammonium nitrate was used to determine whether an external
source of N might delay senescence. Earlier observations
showed that protein was not lost from detached leaves supplied
with N (40). Kinetin was included because of its well known
effects as a retardant of symptoms of senescence. The follow-
ing concentrations were used: chloramphenicol, 25, 50, and
100,g/ml; cycloheximide, 5 ,ug/ml; kinetin, 1 and 10 ,g/ml;
IAA, 0.01 and 0.1 ,ug/ml; 6 mm NH.NO; or 50 mM serine.
Cycloheximide at 5 ,ug/ ml produced no visible toxicity or

witing symptoms. All treatments, including controls, contained
0.2 mm CaSO4. CaSO4 was supplied since calcium ions help
maintain normal membrane function (6, 22, 27) in both root
(6) and leaf (27) tissue.
The concentrations of cycloheximide and chloramphenicol

were chosen on the basis of previous studies with detached
leaves. Cycloheximide from 2 to 8,g/ml and chloramphenicol
at 100,ug/ml differentially inhibited the incorporation of amino
acids into RuDPCase in detached barley leaves (4). Since the
present experiments lasted up to 3 days it was judged that
chloramphenicol at 100,ug/ml might be toxic; therefore, the
inhibitor was used at 25, 50, and 100,ug/ml.
A mixture of 3H-labeled (G) amino acids was supplied to the

excised leaves where indicated in both light and dark treat-
ments. Each treatment received the same amount, 1 uCi/ml
at an average specific radioactivity of 18.82 mCi/,tmole.

Preparation of cell-free extracts and assays. Cell-free ex-

tracts were prepared as described previously (19). RuDPCase
activity was determined by the method of Kleinkopf et al. (19)
by following the conversion of KH"4CO3 into acid-stable prod-
ucts at 28 C. The reaction mixture (0.1 ml) contained the
following, in,umoles: ribulose 1,5-diP, 0.5; KH'4CO3, 2.5
(with a specific radioactivity of 0.455 MCi/,tmole); MgC12, 3;
tris-SO, buffer (pH 8), 6. The reaction was initiated by adding
to the reaction mixture 0.1 ml of an appropriately diluted ex-

tract. After 10 min the reaction was stopped by adding 50,u1
of1 N HCI. Aliquots of 0.1 ml were dried on strips of filter
paper, placed in a toluene-base scintillator solution, and then
counted in a scintillation counter. Ribulose 1, 5-diphosphate
was prepared as described previously (8).

Azocasein (3) was used to measure proteolytic activity. The
reaction mixture contained 0.3 ml of 10 mg/ml azocasein, 0.5
ml of 0.2M sodium phosphate buffer, pH 6, and 0.2 ml of the
cell-free extract. After 2 hr at 40 C the reaction was stopped
by adding 2 ml of 12% perchloric acid. The precipitated pro-
tein was removed by centrifugation, and the absorbance of the
supernatant solution was read at 340 nm. One unit of azocasein
activity is the amount of enzyme which results in an increased
absorbancy of 0.01 per min.

Esterase activity was measured against the synthetic sub-
strates CTN and ANA. Used to measure activity against CTN
was a modification of the procedure of Klein and Harpaz (17).
The reaction mixture contained 1.4 ml of 0.1 M sodium phos-
phate, pH 6.2, and 0.2 ml of cell-free extract, and was started
by the addition of 0.2 ml of 2 mm CTN in acetone. After 10
min at 28 C the reaction was stopped with 0.2 ml of 50%
trichloroacetic acid, the precipitated protein was removed by
centrifugation, and the absorbance of the supernatant solution
was measured at 320 nm (17). Activity against ANA was fol-
lowed in a spectrophotometer at 310 nm at 28 C by the pro-
cedure of Burger et al. (2). The reaction mixture (3 ml) con-
tained 2.9 ml of 5 X 10-' M ANA in 0.05 M phosphate buffer,
pH 7.5, and 0.1 ml of cell-free extract. All reactions were
linear with respect to time and enzyme concentration.

Purification of RuDPCase (18), development of the rabbit
antibody against RuDPCase (18), determination of its specific-
ity for RuDPCase by double immunodiffusion in agar (18),
and quantitation (and its validity) of the anti-RuDPCase-
precipitable material (19) were all done exactly as previously
described. In the present study, double immunodiffusion of
the purified RuDPCase and the antibody showed one band of
precipitation. This line showed serological identity with the
line that developed between the crude enzyme homogenate
and the antiserum. The anti-RuDPCase precipitated 100% of
the RuDPCase activity from solution. In addition, the pre-
cipitated RuDPCase retained significant enzymic activity
when tested for its ability to fix CO.. in a standard reaction
mixture.

Incorporation of radioactive label into RuDPCase and
total protein was determined by precipitation with, respectively,
RuDPCase antiserum or trichloroacetic acid (final concentra-
tion 5%) in the presence of unlabeled amino acids. The pre-
cipitates were collected by centrifugation. The precipitates
were resuspended and washed 3 times with unlabeled amino
acids. The precipitates were then collected over Whatman
glass-fiber filters (GF-83), and washed with hot 10% trichloro-
acetic acid, then with 95% ethanol, and, finally, with ethanol
and ether (1:1). The filters were dried and counted in a Tri-
Carb scintillation spectrometer using a toluene-omnifluor so-
lution.

Chlorophyll was determined spectrophotometrically from
80% (v/v) acetone extracts of the pelleted cell-debris by the
method of Arnon (1). Protein was measured by the method
of Lowry et al. (21). The standard was BSA, fraction V.

RESULTS

Symptoms of senescence appeared within 24 hr in detached
barley leaves placed in darkness. Chlorophyll concentration
(Fig. 1), total soluble protein (Fig. 2), and RuDPCase activity
(Fig. 3) decreased similarly in plants treated with CaSO, (con-
trol), and serine. Chloramphenicol tended to decrease the loss
of RuDPCase activity between 24 and 60 hr. Chloramphenicol
was used at 25. 50, and 100,ug/ml. Since little difference was
observed among the three concentrations, only the results from
25,ug/ml are shown. Ammonium nitrate slowed the loss of
Chl somewhat but had very little effect on the loss of soluble
protein and RuDPCase activity. Cycloheximide markedly in-
hibited the loss of Chl, total soluble protein, and RuDPCase
activity. Kinetin was as effective as cycloheximide in inhibit-
ing the loss of Chl and total soluble protein, but not quite as
effective as cycloheximide in reducing the loss of RuDPCase
activity. Kinetin was less effective at1,tg/ml (data not shown)
than at 10,Ig/ ml in retarding loss of Chl and RuDPCase ac-
tivity. Since IAA at 0.1 and 0.01 [kg/ml had no effect on any
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FIG. 1. Time course for the loss of Chl in detached barley
leaves in the dark. The top 10 cm of 80 of the first leaves of 7-
day-old barley seedlings were placed in 200-ml beakers contain-
ing 25 ml of 5 ,ug/ml cycloheximide (CHI), 25 ,ug/ml chloram-
phenicol (CAM), 0.05 M serine, 6 mM NH4NO3, 10 ,ug/ml kinetin,
or 0.2 mm CaSO4 control. At given intervals, 10 leaves were re-
moved from each replicated treatment for analysis.
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FIG. 3. Change in ribulose diphosphate carboxylase activity

with time in detached barley leaves in the dark. See Fig. 1 for
treatment conditions.
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FIG. 4. Change in antibody-precipitable ribulose diphosphate

I i carboxylase protein with time in detached barley leaves in the
48 60 72 dark. See Fig. 1 for treatment conditions.

FIG. 2. Change in total protein with time in detached barley
leaves in the dark. See Fig. 1 for treatment conditions.

of the factors measured, these data were not shown in the fig-
ures.

Similar treatment effects occurred with RuDPCase protein
(Fig. 4). There was little loss of RuDPCase protein in plants
treated with cycloheximide; kinetin inhibited the loss to a
lesser extent. Compared with the CaSO4 control, serine, am-
monium nitrate, and chloramphenicol had little effect on the
loss of RuDPCase protein. The difference between the concen-
tration of total soluble protein (Fig. 2) and that of RuDPCase
protein (Fig. 4) showed little change in the amount of non-
RuDPCase protein (Table I) in any of the treatments up to 60
hr and only slight decreases (respectively 16 and 18%) in the
ammonium nitrate and serine treatments at 72 hr. Thus, in

Table I. Noni-RuDPCase Protein in Detached
Barley Leaves in Dark

Non-RuDPCase protein is the difference between total soluble
protein (Fig. 2) and RuDPCase protein (Fig. 4).

Time of Con4o CHI CAM Serine NH4NO, Kinetin
Darkness (C2 mm) (5,g ml-l) (25 pg ml-l) (50 mm) (6 mm) (10lg ml-)

hr mg protcinlg fresh wt

0 8.10 8.10 8.10 8.10 1 8.10 8.10
12 8.38 8.56 7.98 7.95 7.46 8.48
24 7.22 8.40 7.47 7.79 7.11 8.47
36 7.79 7.75 8.01 8.24 7.33 8.38
48 7.48 8.16 7.42 7.52 7.48 8.98
60 7.90 8.94 7.47 7.89 7.32
72 7.89 8.42 8.11 6.67 6.82 7.84

I
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most of the treatments the loss of soluble protein could be ac-
counted for almost entirely by the loss of RuDPCase protein.
To determine whether protein synthesis occurred while

RuDPCase was being degraded, detached leaves were treated
with tritiated amino acids in both dark and light. Labeled
amino acids were incorporated into RuDPCase even though it
was being rapidly degraded (Fig. 5). Because transpiration
rates were higher, amino acids were taken up more rapidly
in light than in dark, resulting in more incorporation and a
higher specific radioactivity of proteins in tissue in the light
(Fig. 5). In both light and dark the proportion of the label
going into RuDPCase protein represented about one-fifth of
the label being incorporated into total protein. Thus, during
senescence, RuDPCase protein was synthesized more slowly
than was non-RuDPCase protein. Even though the amount of
label incorporated into RuDPCase protein and total protein
differed between light- and dark-treated leaves, the ratio of
radioactivity in the protein to that taken up was the same for
both treatments (Fig. 6).

Plant Physiol. Vol. 55, 1975
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FIG. 7. Time course for the development of proteolytic ac-
tivity measured by the hydrolysis of azocasein in detached barley
leaves placed in dark. See Fig. 1 for treatment conditions.
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FIG. 5. Specific radioactivity of RuDPCase protein and total
soluble protein in detached barley leaves in the dark and light.
One ,uCi/ml of an 3H-amino acid mixture (G) was added to the
CaSO4 treatment solution at the beginning of each treatment at an
average specific radioactivity of 18.82 mCi/Aumole. Other experi-
mental details as in Fig. 1.
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FIG. 6. Ratio of the labeled amino acids in ribulose diphosphate
carboxylase protein (0,O) and non-RuDPCase protein from Ta-
ble I (U, El) to the total amount of labeled amino acids taken up
by detached leaves in the dark (,-) and light (0, 0). The total
uptake of labeled amino acids was determined by counting an ali-
quot of the initial cell-free extract. Other experimental details as
in Figs. 5 and 1.
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The loss of RuDPCase protein and activity was correlated
negatively with the appearance of proteolytic activity toward
azocasein. Protoeolytic activity was highest in control and
serine-treated leaves after 72 hr (Fig. 7). Kinetin inhibited
the development of proteolytic activity, and some inhibition
was noted with ammonium nitrate. Chloramphenicol had a
negligible effect (less than 20% at 60 and 72 hr). Cyclohex-
imide completely prevented the increase in activity against
azocasein.

After an initial lag, RuDPCase in the CaSO4 control was
lost at a constantly increasing rate (Fig. 4) that gave an ap-
parent rate constant of 0.011 hr-1 when plotted as the log of the
respective quantities (Fig. 8). The appearance of proteolytic
activity as measured against azocasein increased exponentially
(Fig. 7), yielding an apparent rate constant of 0.016 hr-1 when
plotted (Fig. 8). In the present experiments the amount of
proteolytic activity measured with CTN (Fig. 9) differed from
that measured with azocasein. In contrast to that observed with
azocasein no significant increase in activity occurred in any
of the treatments. Most noteworthy is the continual decrease
in activity after 12 hr in plants treated with cycloheximide.
No differences were detected among any of the treatments
when esterolytic activity was assayed with ANA (Fig. 10).
All treatments gave a similar slow decline in activity.

Senescence of detached leaves was slowed but still occurred
if they were placed in the light (Table II). In light, Chl, total
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FIG. 10. Change in the esterolytic activity measured by the

hydrolysis of ANA in detached barley leaves in the dark. See Fig.
1 for treatment conditions.

soluble protein, and RuDPCase protein were lost less rapidly,
whereas RuDPCase activity was lost almost as fast as in dark
controls. In light as well as dark, RuDPCase essentially ac-
counted for the loss of soluble protein. The reduced loss of
protein in the light corresponded with a reduction in proteo-
lytic activity measured against azocasein. Table II also shows
that kinetin depressed the appearance of azocasein activity and
maintained the other constituents more effectively than did
light.

DISCUSSION
RuDPCase and Senescence. Detached barley leaves showed

typical symptoms of senescence by progressive reductions in
Chl, RuDPCase protein and activity. In all treatments most of
the total soluble protein lost was accounted for by the de-
crease in RuDPCase protein. RuDPCase protein also ac-

counted for almost all of the soluble proteins lost from leaves

of intact barley seedlings placed in darkness to induce senes-
cence (23).

Kinetin had very important effects during senescence of the
detached leaves. It almost totally inhibited losses of Chl and
RuDPCase protein and significantly decreased the loss of en-
zymic activity. Kinetin also inhibited the increase in proteo-
lytic activity azocasein.

Other investigations have shown that light retarded losses
of Chl (7) and soluble protein (7, 38) in senescing tissue
mainly by allowing photosynthesis (7). In the present study,
light protected against a loss of soluble protein by greatly re-
tarding the loss of RuDPCase protein (Table II). Concurrently,
light also inhibited the increase in proteolytic activity against
azocasein.

Other investigators have shown that, during the senescence
of tobacco (4, 14) and Perilla (10) leaves, fraction I protein,
i.e., crude RuDPCase (15, 18, 36), was lost more rapidly than
low mol-wt fraction II proteins, and during the curing of to-
bacco leaves (12) and senescence of kikuyu grass and oats
(40) the chloroplast protein disappears more rapidly than cy-
toplasmic proteins. Those results, taken with ours, suggest
that the chloroplast is a major site of proteolysis early in leaf
senescence and that RuDPCase is the major protein hy-
drolyzed. It has been suggested that RuDPCase could be
considered a major leaf storage protein (9, 18, 26) since it
occurs in large quantities and is not rapidly turned over (9,
26). Perhaps the loss of RuDPCase during senescence is a
plant response utilizing this "stored" protein so as to main-
tain itself.

During greening (19, 25) or leaf expansion (8), when
RuDPCase is actively synthesized, large amounts of amino
acids are incorporated into the enzyme. After those periods of
synthesis, however, the enzyme seems remarkably stable un-
less the plant is put under conditions inducing leaf senescence.
We previously reported that little if any turnover (simultane-
ous synthesis and degradation) of RuDPCase protein was de-
tected in intact green barley leaves (25) under optimal grow-
ing conditions. Zucker (41) also observed the stability of
RuDPCase in green xanthium leaf discs. He found that little
radioactivity was detected in fraction I protein even though
significant amounts were incorporated into phenylalanine am-

Table II. Comparison betweent Detached Leaves
Placed in Conttinuous Light or Dark

Experimental conditions were 500 peinsteins cm-2 sec-1, 27 C,
and 55%- relative humidity. All treatment solutions contained
CaSO4. Treatment results are given as a per cent of the original
remaining after 60 hr of treatment.

Dark +
Original Light Dark 10 pg/mi

Kinetin

Chlorophyll, mg (g fresh wt)-' 1.37 83 67 95

Azocasein activity, units/min XI 15.2 150 195 122
(g fresh wt)

Solubleprotein,mg (gfresh wt)-1 16.0 91 62 96

RuDPCase protein, mg (g fresh 7.5 81 48 95

RuDPCase activity, ,tmoles/ 4.98 48 41 74
min X (g fresh wt)
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monia lyase. Likewise, when Kannangara and Woolhouse (10)
fed radioactive CO2 to fully expanded Perilla leaves only 5%
of the activity was in fraction I protein. In our previous work
observance of turnover depended upon changes in the specific
radioactivity of previously highly labeled RuDPCase protein
(25). Under this condition it is possible that a relatively small
amount of synthesis (less than 10% of the total) could have
gone undetected. The present study was designed to detect
small amounts of incorporation of radioactive amino acids
into RuDPCase protein while it was under active degradation
during senescence. The results showed that some synthesis
did occur in the detached leaves while RuDPCase was being
rapidly degraded.

Other differences were detected between non-RuDPCase
and RuDPCase protein in the incorporation of amino acids.
The specific radioactivity of RuDPCase protein increased
linearly with time, while that of non-RuDPCase protein
showed a lag of 12 (light treatment) to 24 hr (dark treatment)
before linearity occurred. A linear increase in specific radio-
activity indicates that the precursor pool(s) are saturated (9).
On this basis, then, the precursor pool(s) for synthesis of
RuDPCase protein were saturated much faster than those of
non-RuDPCase protein.
The difference in incorporation rate between leaves kept in

light and dark suggests a similar difference in rate of protein
synthesis (Fig. 6). Such a conclusion would be valid only if
there were no change in the specific radioactivity of the pro-
tein precursor pool with respect to both leaf treatment and
time. Since more labeled amino acids were taken up by leaves
maintained in the light it is quite likely that the specific radio-
activity of the precursor pool of these plants was also higher.
To test this, a ratio was determined of the radioactivity in the
soluble fraction to that incorporated into RuDPCase protein
and non-RuDPCase protein. The ratio was approximately
the same at any given time for both light- and dark-treated
leaves (Fig. 6). This suggests that, although the total amount
of radioactivity incorporated into protein differed between
light and dark, the rate of protein synthesis (the fractional part
of the label incorporated per unit time) was the same in both
treatments. Kemp and Sutton (16) obtained similar results
with tobacco callus. They showed that an apparent 2.3-fold
difference in rate of protein synthesis in callus of different
ages was the result of differential uptake rates of tritiated
leucine with age. Thus, the specific radioactivity of the soluble
leucine pool was greater in young tissue than in old. The dif-
ference in incorporation was due to a difference in the specific
radioactivity of the two pools, not a difference in actual syn-
thesis rate.
Our results present a possible explanation of an interesting

observation made by Mizrahi et al. (24). They pulse-labeled
detached Tropaeolum majus leaves with "4CO2 for 1 hr, trans-
ferred the leaves to 'CO2 and to kinetin or water control,
and then followed the radioactivity present in amino acids
and protein. The specific radioactivity of the leaf proteins
increased continuously in both the control and hormone-
treated plants as the leaves senesced. They concluded that
"the bulk of the proteins that became labeled during the ex-
periment degraded at a slower rate than the bulk of the un-
labeled, previously synthesized proteins." A possible ex-
planation is that RuDPCase protein may be synthesized much
more slowly than other proteins in the mature green leaves
and may be degraded more rapidly in senescing leaves, re-
sulting in the greater specific radioactivity of total protein.

Proteolytic Activity and Senescence. Of the proteolytic and
esterolytic activities tested in the study, only the activity
against azocasein appeared to be correlated with the loss of
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RuDPCase. It may be fortuitous; however, it was interesting
to note that the increase in extractable activity against azo-
casein and the rate of loss of RuDPCase with time were both
exponential and had apparent rate constants within about 30%
of each other (Fig. 8).

Cycloheximide almost completely prevented the loss of
RuDPCase protein, prevented the induction of increased ac-
tivity against azocasein, and allowed a loss of CTN activity.
Since chloramphenicol had little effect on any of the above
constituents, the proteolytic enzyme(s) responsible for the
hydrolysis of RuDPCase may be synthesized primarily on
cycloheximide-sensitive ribosomes. If these are the 80 S
ribosomes of the cytoplasm, then, after synthesis, the proteo-
lytic enzymes may be transported into the chloroplasts to
function in the degradation of RuDPCase. Another possi-
bility is that RuDPCase or its subunits may leak out of the
chloroplast into the cytoplasm if the chloroplast membrane
changes in property during senescence. Irrespective of the
localization of proteolysis, the results indicate that protein
synthesis may be required to support the degradation of
RuDPCase. The possible requirement for protein synthesis
for the inactivation of nitrate reductase in barley leaves has
also been reported (34).
The results suggest that changes in hydrolytic activities dur-

ing senescence are not random events but may have a degree
of specificity. Activity against azocasein (Fig. 7) increased,
against CTN (Fig. 9) changed little, and against ANA (Fig. 10)
decreased exponentially with time. The loss of RuDPCase
increased exponentially with time, while the bulk of the re-
maining soluble protein changed very little.
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