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Summary.

The effect of sucrose, Mg?* and deoxycholate on the yield of ribosomes

from barley leaves was determined and the changes in the amount and the composition of
ribosomes during senescence of intact and excised first seedling leaves were examined.

The extraction medium containing 20 mM tris-HC!, 0.25 M sucrose, 1 mM MgCl,
and 0.5 9, deoxycholate (pH 7.8) gave the maximum yield of polyribosomes and ribosomes.
That polyribosomes were not non-specific aggregates was suggested by their capacity to

synthesize nascent protein.

During senescence of both intact and excised leaves poly-

ribosomes and ribosomes were lost and the riboscmes-polyribosomes which originally
contained 48 9, protein and 52 % RNA showed substantial decline in the protein content
during senescence indicating the degradation of ribosomes and the loss of their function.

Excised green leaves. floated on water, senesce
rapidly which is manifested by fall in chlorophyll,
RNA and protein content and a decline in the capacity
to synthesize RNA and protein (21). The intact
first seedling leaf of barley is also induced to senesce
when the plant is about 7 days old and the second leaf
starts to grow. Due to a direct relationship between
protein synthesis and the polyribosome content it was
suggested (18) that decline in polyribosome level may
mark the initiation of senescence. Shaw and Mano-
cha (17) and Barton (2) later showed that 1 of the
first changes in senescing leaf cells was the swelling
of endop'asmic reticulum followed by a d'sappearance
of endoplasmic reticulum and ribosomes. No ana-
lytical studies dealing with quantitative changes in
polyribosomes and ribosomes of senescing leaves have,
however, been made. Therefore, in the present paper
the properties of ribosomes of barley leaves have
been studied and the changes in polyribosomes and
ribosomes during senescence of excised and intact
leaves have been examined.

Materials and Methods

Barley (Hordeum wulgare 1.. Var. Wolfe) plants
were grown in soil in pots on greenhouse benches and
given 16 hours of light per day. For studying ribo-
some changes during senescence of intact leaves the
first seedling leaves from 7. 9, 11, 15 and 19 day old
plants were analyzed. On the other hand, for exam-
ining ribosome changes in senescing excised leaves
the first seedling leaves from 7 day old plants were

1 Supported by National Science Foundation Grant
GB-4720X.

excised, washed with sterile deionized distilled water
and floated in 5 g batches on 300 ml of sterile distilled
water in sterile Pyrex trays at 25° in the dark.
Samples of fresh leaves and of leaves floated on
water for 2, 4, 6 and 8 days were analyzed.

Extraction and Fractionation of Ribosomes. In
order to obtain maximum yield of polyribosomes ex-
traction media containing sucrose and different con-
centrations of Mg?* and sodium deoxycholate were
tested, when 20 mw tris-HCl, (pH 7.5) containing
0.25 M sucrose, 1 mm MgCl, and 0.5 9, deoxycholate
(final pH 7.8) gave the best results. The incorpora-
tion of nuclease inhibitors such as bentonite, poly-
vinyl sulfate (5), zinc (1) or copper (8) in the
above extraction medium did not give any improve-
ment.

For the extraction of polyribosomes and ribosomes
5 g leaves were homogenized with 5 g acid-washed
sand and 8 ml of freshly prepared extraction medium
(20 nm tris-HCl, 0.25 M sucrose, 1 mm MgCl,,
0.5 9 deoxycholate, pH 7.8) using chilled mortar and
pestle. The temperature during extraction and
throughout subsequent operation was maintained close
to 0 to 1°. The homogenate was squeezed through
2 layers of Miracloth and the brei was centrifuged at
21,600 X g for 20 minutes. The supernatant ob-
tained was recentrifuged for 30 minutes at 28,700 X g.
The ribosomes were sedimented by centrifuging the
28,700 X g supernatant for 1 hour at 144,000 X ¢ in
the SW-30 rotor of the Spinco Model L ultracentri-
fuge. The ribosomal pellet was gently suspended in
0.6 ml of buffer (20 mM tris-HCl, 1 mm MgCl,,
0.25 » sucrose, pH 7.5) and clarified by centrifuga-
tion at 30,000 X ¢ for 30 minutes. The clarified
ribosomal suspension (0.8 — 1.0 ml) was layered on
27 ml of a 10 to 34 9, linear sucrose gradient pre-
pared in 20 mar tris-HCI, 1 ma MgCl,, pH 7.5
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buifer. The gradients were spun at 25,000 rpm for
3 hours in the SW 23-1 rotor and allowed to stop
without braking. Twenty drop fractions were col-
lected by bottom puncture of the tubes. diluted with
25 ml of 20 mym tris-HCL 1 mym MgClL, (pIl 7.5)
buffer and read at 260 my in a Beckman Mode! DU-2
spectrophotometer.  The approximate aggregate size
of major ribosomal components was determined
with reference to ferritin standard (635) and the
data of Howell, Loeb and Tomkins, (9).

Estimation of RN A and Protcin Content of Ribo-
somes. Adter determining the OD,,,. the fractions
containing ribosomes and polyribosomes (ca. fractions
20-90) were pooled and after adding enough cold
50 9% (w/v) trichloroacetic acid to give a trichloro-
acetic acid concentration of 39 the contents were
left overnight at 1°. The precipitate formed was
recovered by centrifugation (15000 X ¢, 30 mins).
washed once with cold 959, ethanol and air dried.
The residue was complete'y solubilized in 2 ml of
0.3 x NaOH and the solution obtained was incubated
for 16 hours at 37° to hydrolyse RNA. On an
aliquot of the hydrolysate the protein was estimated
by the procedure of Towry et al. (14). Another
aliquot of the hydrolysate. after the removal of Na'
by Dowex 50 H*, was loaded on a colummn (0.5 X
15 em) of Dowex T (200-100 mesh)Cl.  After
washing the column with 0.01 » NaCl the nucleot'des
were eluted with 50 ml of 0.9 x HCI plus 0.6 x NaCl.
IFrom the OD,y, of the nucleot’des the amount of
RNA in the sample was calculated taking 34 units
of OD.g, as equivalent to 1 mg of RN\ nucleot'des
rer ml (6).

Protein  Synthesis by Ribosomes. In order to
demonstrate that polyribosomal units were the site of
nascent protein synthesis the segments (0.5 mm) from
S g of first seedling leaves from 7 day old barley
plants were vacuum infiltrated for 3 minutes in 40 nyl
of medium containing 20 mu tris-HCl, 1 my MgCl,
(pHl 7.6), 40 pg/ml of chloramphenicol (23) and
N3 pe/ml of r-alanine-U-"*C and subscquently incu-
bated for 23 minutes on a shaker at 23°. After
incubation the leaf segments were quickly rinsed with
cold distilled water. Rilosomss from the leaf seg-
miznts were extracted with 20 my tris-HCL 1 mu
MgCl,, 0.25 a sucrose, (.3 9 deoxycholate (pH 7.8)
medium and fractionated as described earlier except
that 40 drop fractions were collected. After reading
the OD.g, of cach fraction 30 ug crystalline bovine
serum albumin and 1 ml 259, (w/v) trichloroacetic
asid were added to each fraction. The precipitates
formed were collected on discs (2.3 em diam.) of
Bac-T-Flex membrane filters (tvpe B,) and washed
4 to 5 times with cold 39, (w/v) trichloroacetic
acid.  The discs containing the precipitates were dried.
transferred to standard sc'ntillation via's containing
15 ml of scintillation fluid [4 g 2,3-diphenyloxazole
and 0.1 g p-bis-( (2-5-(phenyloxazolyl) )-benzene per
liter of toluene] and counted in a Nuclear Chizago
Series 720 scintillation counter.

Stability  of  Polvribosomes and  Ribosomes.  1n

PLANT PHYSIOLOGY

order to examine the stability of polyribosomes and
ribosomes the extracts obtained by squeezing the leaf
homogenates through Miracloth were allowed to stand
for 0, 1 or 2 hours at 1° before proceeding to isolate
and fractionate the rilosomes.

In other experiments the purified ribosomal sus-
pension from 13 g leaves was divided into 3 equal
parts. One part was used directly for density gradient
centrifugation whereas the other 2 parts werce treated
with varying amounts of crystalline pancreatic ribo-
nuclease before layering on the gradients.

Isolation and Fractionation of RN.A from Ribo-
somes. ‘The RN from the ribosomes was isolated
by phenol-sodium lauryl sulfate procedure and frac-
tionated by density gradient centrifugation as de-
seribed by Srivastava (20).

Estimation of Chlorophyll.  The chlorophyll from
the leaves was extracted with 809, (w/v) bhoiling
ethanol and the OD,,.. of the extract determined.

Results
and Discussion

The data presented in table T show that beth the
excised barley leaves floated on water and the intact
first seedling leaves of harley lost chlorophyll during
senescence.

The data presented in figure 1 illustrate that both
sucrose and magnesium were required for the stability
of the polyribosomes and in the absence of Mg?* the
polyribesomes were degraded bevond monomer stage.
In barley leaves the maximum yield of ribosomes was
obtained at 1 to 2 my Mg* and at 5 m Mg®* the
vield of ribosomes declined considerably (fig 2).
Similar requirements for Mg?" for other plant ribo-
somes have been reported (4.11,16). T[Furthermore.
the inclusion of deoxycholate in the extraction buffer
increased the yiceld of ribosomes (fig 3). Therefore.
for the {final ribosome extraction huffer containing
sucrose, 1 my Mg® and 0.3 9. deoxycholate was used.

The duplicate analysis of the ribosomes using the
finally selected buffer showed <imilar sucrose gradient
distribution profiles and only 3 9, variation from the
mean in the vield of ribosomes. The ribosomezs from

Table 1. The Chiorophyll Content of Excised and
Tutact Senescing Barley  Leaves

Excised leaves floated on water Intact leaves

Days of Chlorophyll Age of leaves Chlorophyll
floating content* days content*
() 99.0 7 90.0
2 32.0 11 93.0
4 0.0 13 79.2
0 17.0 19 520
8 100 — -—

ODuszamny per g fresh weight,

¥ Zero day leaves in this and other tables refer to
leaves from 7 day old plants and werce obtained
from different hatch of plants as the intact leaves.
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7 day old barley leaves had a 260/235 ratio of
1.66 = 0.03 and a 260/280 ratio of 198 = 0.02

(n = 13). When barley leaf segments were incu-
bated for short t'me with L-alanine-U-1+C {ollowing
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Fig. 1. The effect of sucrose and Mg? on the

vield of ribosomes from first seedling leaves of 8 day
old barley plants.
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Fic. 2. The effect of different concentrations of

Mg2* on the yield of ribosomes from first seedling
leaves of 7 day old barley plants.
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Fic. 3. The effect of diffcrent concentrations of
deoxycholate on the yield of ribosomes from first seed-
ling leaves of 9 day old barley plants.

which the ribosomes were isolated and fractionated.
most of the radioactivity was detected in the poly-
ribosome region (fig 4) indicating that the ribosomal
aggregates were active in protein synthesis.

The sedimentation diagrams of the ribosomes
before and after treatment with pancreatic ribo-
nuclease presented in figure 5 do not show the general
expected shift of optical density from polyrihosome
region to monosome region. Ribonuclease at low
concentration (0.05 ug) had little effect on the
ribosome profile whereas at high concentration (10 ug)
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F16. 4. Sucrose density gradient pattern of ribo-
somes isolated from barley leaf sections incubated with
L-alanine-U-14C,
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Fic. 5. Effect of ribonuclease on the sedimentation
profile of ribosomes from leaves of 7 day old barley
plants. Ribosomes were incubated with ribonuclease for
10 minutes at 37°.

it degraded the ribosomes completely. At medium
concentration (1-2 ug) of ribonuclease optical density
in fractions 10 to 40 and 80 to 100 increased at the
expense of fractions 41 to 79 indicating both aggre-
gation and degradation. These results may suggest
that particles assumed to be polyribosomes may repre-
sent nonfunctional ribosomal aggregates. However,
formation of aggregates on ribonuclease treatment of
functional ribosomes has been observed in peas (24),

Table II.
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pollen (13) and bacteria (10) and polyribosomes
resistant to ribonuclease have also been found in pea
seedlings (3) and Brasscia leaves (5). It has been
suggested (10) that ribosomes resistant to ribonu-
clease constitute special group of ribosomes and that
they form aggregates with other ribosomes as a
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Fic. 6. Effect of time of standing of the homogenate
(from leaves of 7 day old barley plants) on the sedi-
mentation profile of ribosomes.

BOTTCW

The Changes in the Amount* of Different Ribosomal Components in Intact and Excised First Seedling

Leaves of Barley
The data are the means of 2 separate series of experiments.

Breakdown Breakdown
Polyribosomes Monosomes product A product B
Total ribosomal (Fractions (Fractions (Fractions (Fractions
components 15-62) 63-69) 70-91) 92-101)
Treatment oD % OD % oD % oD % OD %
A) Intact
leaves, age,
days
7 76.9 100.0 36.4 47.5 14.7 19.0 20.2 26.0 5.7 7.5
11 20.5 27.0 6.3 30.5 4.9 24.0 5.5 27.0 3.8 18.5
15 14.5 19.0 49 34.0 2.4 17.0 1.7 12.0 54 37.0
19 6.4 85 1.8 29.0 0.5 7.5 0.4 6.0 3.7 57.5
B) Leaves
floated on
water, days
0 47.8 100.0 21.1 44.0 9.0 18.5 13.3 28.0 4.5 9.5
2 43.5 91.0 17.3 40.0 9.9 23.0 11.5 26.0 48 11.0
4 30.8 64.5 114 37.0 6.9 2253 5.7 18.5 6.7 22.0
6 228 48.0 8.1 35.5 5.5 24.0 4.6 20.0 4.7 20.5
8 12.0 25.0 3.0 25.0 2.5 20.5 23 19.0 42 35.5

*  ODuwoamn per g fresh weight.
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protection against further action of ribonuclease. It T T T T T
is possible that ribonuclease sensitive polyribosomes MONOMER |
were predominantly converted to monosomes and other B
lower forms during grinding and these were the ribo- o 7d° )
nuclease resistant polyribosomes which survived grind- < nd '
ing. This may also explain the good reproducibility C6= - 15d f 7
of the ribosomal pattern and the stability of the ribo- + 19d 4
somes in the homogenate when it was allowed to - \
stand at 1° for 1 to 2 hours (fig 6). If ribonuclease E L 1 —
action could be oprevented during the isolation of 3 \
ribosomes a much higher yield of polyribosomes from o
barley leaves may be obtained; about 90 9, of the :\04 i ! i
ribosomes in Brassica leaves are supposed to occur as s {
polyribosomes (5). Unfortunately this has not been Z $ \
possible and the incorporation of ribonuclease inhibi- o Y
tors (bentonite, polyvinyl sulfate, Zn, CU) into the I F X =
extracting medium has been ineffective. That ribo- E N \
somes were not severely damaged during their isola- a g 4 ~s %
tion is indicated by 23s and 16s major peaks in RNA o2l [ _
from the ribosomes (fig 7) aithough the presence of
some material smaller than 16s suggests some break-
down.
Since particles assumied to be polyribosome in this B T
paper were capable of nascent protein synthesis (as
indicated by the high specific activity of the poly- | oo
ribosomal region) we 'f‘f.:el that t}.1ey represent poly- o o 25 610 8% l(l)O
ribosomes. The possibility that some nonfunctional BOTTOM FRACTION NUMBER Top
F1c. 8. Sucrose density gradient pattern of ribo-
T T T T somes isolated from first seedling leaves of 7, 11, 15
and 19 day old barley plants,
23S . - . . .
ribosomal aggregates were formed during isolation
10.4 - - of ribosomes can, however, not be excluded. Never-
£ theless, it should be noted that ribosomal aggregates
o formed by the action of pancreatic ribonuclease ap-
c(g 16S peared in fractions 10 to 40 where only little ribo-
ST 03k ] _ somal material was detected in normal extractions.
= 4 as The sucrose gradient distribution profiles of ribo-
5 f somes from intact barley leaves of increasing age and
b from excised barley leaves floated on water are pre-
g ? sented in figures 8 and 9 respectively, and the amounts
02+ ; - of different ribosomal components are presented in
| 3
e , table II.
O . The data presented in table II show that in both
= ;’f intact and excised leaves senescence caused a decline
% ol pl | in the level of polyribosomes and as the senescence
& progressed the leaves progressively lost polyvribosomes,
monosomes and other ribosomal components. Since
ribonuclease activity in excised harley leaf tissue
floated on water does not increase (22) and since
0 L ! . L decline in ribosomal RNA (isolated directly from the

Ogerrpd® 20 30 40 50
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Frc. 7. The sedimentation profile of nucleic acids
from ribosomes of barley leaves. Nucleic acids were
sedimented for 15 hours at 25.000 rpm in SW 23-1
rotor of a Spinco Model L ultracentrifuge through 3 to
209, linear sucrose gradients containing 0.05 3 sodium
phosphate buffer, pH 6.8, and 1 mar MgCl,. Optical
density refers to 40 drop fractions diluted with 3 ml
of water.

leaves by phenol procedure and fractionated by MAK
chromatography) in barley leaves floated on water
has been noted (19) the loss of ribosomes in excised
leaves reported here is considered real and not due to
any artifacts of ribosome isolation procedure., Al-
though ribonuclease activity in intact aging barley
leaves has not been determined the loss of ribosomal
RNA in aging barley leaves similar to the loss of
riboscmes noted here has been found (unpublished
data). A oparallel loss of ribosomes and rhosomal
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Fic. 9. Sucrosc density gradient pattern of ribo-
somes isolated from first seedling leaves of 7 day old
barley plants (0 day) and from excised barley leaves
floated on water for 2, 4, 6 and 8 days in the dark.

RNA during senescence suggests that the RNA
formed during ribosome breakdown must be degraded.
This is in agreement with the finding of Giles and
Myers (7) who have reported that in Lupinus albus
hypocotyl the RNA of ribosomes produced by break-
down of polyribosomes was unstable. It is interesting
to note that in excised barley leaves loss of polyribo-
somes was closely followed by decline in the level of
chlorophyll (table I) but in intact leaves although
jeaves lost 73 9% of the total ribosomal components
and 82 9, of the polyribosomes by the eleventh day
the chlorophyll level of the leaves had not declined.
In any cvent the present results support the electron
microscopic observations of Shaw and Manocha (17)
and Barton (2) who have reported loss of ribosomes
in excised leaves floated on water. A similar loss of
polyribosomes and ribosomes as observed here has
also been reported (24) in endosperm of castor hean
seeds during ripening.

Table ITt.

PHYSIOLOGY

The protein and RNA content of the ribosome:
from 7 day old barley leaves (table II1) was typical
of ribosomes from other sources (12,15,16). Dur-
ing senescence of both excised and intact leaves the
protein content of the ribosomes progressively de-
clined indicating the degradation of ribosomes and
the loss of their function. The above results clearly
demonstrate that senescence in first seedling leaves of
barley either induced by the growth of the second
leaf or by leaf excision is accompanied by a loss of
ribosomes and thus decline in the capacity to synthe-
size proteins.
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