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Suumunary. The effect of sucrose, AIg2" and deoxycholate on the yield of ribosomes
from barlev leaves was determined and the changes in the amiount and the composition of
ribosomes during senescence of intact and excised firs,t seediing leaves were examined.

The extraction medium containing 20 mm tris-HUC'. 0.25 m sucrose, 1 mIAI MgClI
and 0.5 % deoxvcholate (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 ribosomes-polyribosomes which originally
contained 48 % protein and 52 % RNA showed substantial decline in the 'protein content
during senescence indicating the degra(lation of ribosomes and the loss of their function.

Excised green leav eS. floated on water, senesce
rapidly which i.s 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 shoxved that 1 of the
first changes in senescing leaf cells was the swvell.ng
of endoplasmic reticulum follow-ed by a d'sappearance
of endoplasmic reticu'lum and ribosomes. No ana-
lytical studies dealing witlh quantitatilve changes in
polyriibosomes and ribosomes of senescing leaves have,
however, been m-ade. 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 examinied.

Materials and Methods

Barley (Hordeumzl vilgare L. 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 seneSzcence of intact leaves the
first seedling leaves fromii 7. 9, 11, 15 and 19 day o'd
plants were analyzed. Oni the other hand, for exam-
ining ribosome changes in senescing excised leaves
the first seedling leaves from 7 day old p!ants vere

1 Stpported by National Science Foundation Grant
GB-472OX.

excised, wxashed with sterile deionized distilled xvater
and floated in S g batches on 500 ml of sterile distilled
water in, sterile Pyrex trays at 250 in the dark.
Samples of fresh leaves a,nd of leaves floated on
vater for 2, 4, 6 and 8 days wvere analyzed.

Extraction and Fractioniationt of Ribosomies. In
order to obtain maximum vield, of polyribosomes ex-
traction miedia containing sucrose and different con-
centrations of Mg22 and sodium deoxycholate were
tested, wvhen 20 mm tris-HCl, (pH 7.5) containing
0.25 m sucrose, 1 mm M1gCl and 0.5 % 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 mediumn did not give any improve-
ment.

For the extraction of polyribosomnes and ribosomes
5 g leaves were homogenized with 5 g acid-washed
sand and 8 ml of freshly prepared extraction medium
(20 nv\ tris-HCl, 0.25 -m sucrose, 1 mm MgCl,
0.5 % deoxycholate, pH 7.8) using chilled mortar and
pest!e. The temperature during, extraction and
throughlout sutbsequent operation was maintained close
to 0 to 10. The homogenate was squeezed through
2 layers of -Miracloth and the brei was centrifuged at
21,600 X g for 20 m-inutes. The supernatant ob-
tained was recentrifuged for 30 nminutes at 28,700 X g.
The ribosomes were sedimented by centrifuging the
28,700 X g supernatant for 1 hour at 144,000 X g in
the SW-O0 rotor of the Spinco Model L ultracentri-
fuge. The ribosomal pellet was gently suspended in
0.6 ml of buffer (20 mar tris-HCl, 1 mm MgCl.
0.25 Am sucrose, pH 7.5) aind clarified by centrifuga-
tion at 30,000 X g for 30 mnl'utes. The clarified
ribosomal suspension (0.8 - 1.0 ml) was layered on
27 ml of a 10 to 34 % linear sucrose gradient pre-
pared in 20 m-m tris-H,CI. 1 mat TgoCL,, pH 7.5
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buffer. T'hle g-adients wcre spun at 25,00() rpmll for
3) hour> in the SWN 95-1 rotor and( alloxwcd ta stop
without braking. Twenty drop fractioni- were col-
1ected -by bottomi)puncture of the tul)e>, diltuted with

.5 ml of 20 miu\i tris-H,G'l. 1 miiui Mg(L.'L (1)11 7.5)
btuffer and read at 260 nxip in a B'eckman IMode D)U-2
spectrophotonieter. The apqproximilate ag, regate size
of major ribosomiial components xva> (letermiiined
wvith reference to ferritiln standArd (65 ) and the
(lata of Howell, Loeh and(I 'lkomikins. .

Estimnationi of R.\.TA anid Protcini Coiitcit of Ribo-
soowis. A-fter determining the 01).,,., tlhe fractions
conitaining r.i)osomes and polyril)osoim,es (Ica. fractions
20-90) were pooled and after adding enotlugh cold
O{ % (w/v) trichloroacetic aci(c to give a trichloro-
acetic acid conicentraticin of 5 % the conteit- were
left overnight at 1°. T-liprecipitate foriecd xva
recovered by centrifugationi ( 115,0(g) X q, 3(0 miis).
xa-;lhed once with cold 95 % ethanol antl air dried.
'l11ie resi(lue was comiplete'v solubilized inl 2 ol of
0.3) N- NaOH and the solution obtained wa- incubated
for 16 hours at 370 to hydrolvse RNA. On1 an
ali.quot of the hydrolysate tlle plrottin \va- est-mated
l)v the procedure of Lowry et al. ( 14 ). Another
aliquot of the hvdrolv-ate. after- th! rmiioval of Na'
b)y Dowex S0 H+, Was loaded oni a colti ((1.5 X
15 cm) of Dowvex I (200--t4O miieshIlT. After
Wx.-hinmg the columnii wxith 0.01 xi NaCl the nltucleotdes
wxere eluted with 50 ml of 0.9 N HlCl plu- 0.6 x NaCl.
From the OD,1.1 of the nucleot des tlhle amioun:11t of
\NA in the sam)!e xvas calculated taking- 34 uniits

oif OD.;1 as equivalenlt to I mg1- of RN-A\ niti(Ieottdes
er mll (6).

Protein Suitl/csis by Ribosoesl.). In order to
dlemiionistrate that polyribosomial un:ts were thle site of
ia-cellt prote.nl >ynslthesis the .>egmnients (0.5 m'm) from

S g of first seedlingi- leaves fromii 7 (lax 01( barlev
i)'atits xx-ere v-acuumii infiltrated for S mllhlllte> in 40 mil'
(if imediumin contcaining 20 mixit tris-HiCl, 1 muIni\M l.,
(lIlT 7.6), 4(1 1_g/ml of chloramiphleniicol ( 25) and
031 /C/tm1l of -a!alanine-U- 4C' and suh>equently ilncu-
bated for 25) minute> oni a shaker at 250. After
incubation the leaf segments xwere quickly rinsed xwith
celd distilledl xxater. Ril osomes fromii the leaf seg-
n.,nts were extractcd wxith 20 miut tris>-HC. 1 illmi
MIgCG1., 0.25 \i snicrose, 0.5 % (leox\cliolate J14 7.8)
iied(liulll aln(l fractionate(l a> descril)e(l earl:er except
that 40 drop fractionis wxere collectecl. After- reading
tile OD1)..,;, of each fraction 50 p.- cry>talline lhovine
'-eCrunli alhumnin ald I mil 25 % (xx v) trichloroacetic
al.d wxere added to each fraction. 'I'lT i precipitates
forme2d xere collecte(l on (discs ( 2.5 cmii dalm.) of
11ac-T-Ftex mienii-branie filters (tvpe 1,; ) anl xtaIw hed
4 to 5 tine- x ith cold %% (x/v ) triclhloroacetic
acidl. The (li>cs containing the prel)pitate- x (er dried.
tr-ansferred to -tandard -<&ntillation xa colntinaing
15 ml of scintillation fluid [4 g 2,5-diplhemnloxazole
and 0.1 g P-bis- (2- 5-( plenyloxazolyl ) )-benzene per
liter of toluen-e] andl counted inl a Nuc1ear Chicago
Series 7120 scintillati(nl coiunter.

Stability of Pol/vrihbsonlcs oi/ Rib.osoics. Ili

order to examine the stahility of polvyrihboomei s anidC
rihosomiies the extracts obtained bl)y squeezin'g, the leaf
honlogenates tlhrouglh Miracloth were allow-ed to stand
for 0, 1 or 2 hlours at 1 0 efore proceeding to isolate
anl(d fractionate the ril osomes.

In otlher ex;perillmlnts the J)Llrified rihosonial sus-
pension frcomii 15 g leaves wxa div-ided into 3 equal
parts. One part was usecl directly for density gradient
centrifugation whlerea> tlle other 2 p)art> were treated
with varvilng amoUtts of cry-stallin-e pancreatic ribo-
nticlease hefore layerin,g on the gradient-.

Isol(ationi and Fractionationl of RN.- fr-om00 Ribo-
sonilcs. The RNA fromii the ribosomies Was isc!ated
by phenol-sodium latirvl sulfate procedure and(l frac-
tionlated 1w deleis t\ gradlient centrifugation ai (le-
scribed by Srivastava (20).

Esthmatioii of Cliloropliv/Il. Thlie chlorophlyll frolmi
the leaves \x a. extracte(ld witlh 8 % (w/x )-)iling
ethflallol and the O)D;,;, of tde extract detlrmline(l.

Results
and Discussion

T'hle data presentedl in table I show that bctlh the
excise(l barley leave; floated oii w\ater anld the inltact
first seedling- leaves of harley lost chlorophyll during
senescence.

The data presented in figutre 1 illustrate that botl
sucrose and magnesium wx ere requiired for tlle stability
of the polxribosomne aind in the albsenice of Mg29 the
polyribosomes \vere (legraded beyond monommer stage.
In barlev leaves the maxilmiull Viel(l of ribosomes was
obtained at 1 to 2 niwm Mgi'- and at 5 n.i M\g+2 the
v-ield of ribosomes declined considerably (fig 2).
Simiiilar requirements for Mg 2 for otlher plant ribo-
somiies lihae been reported (4, 11, 16). Furthermore.
the iniclusioin of dleox\ clholate in the extractioil buffer
increased the yield ot ribosomes (f, 3). Tlherefore.
for the finlal ribo-ome extraction b-tiffer conitaining
-uceroIe,1 mMl,\ Mg2\g andll ((.5 % (dox\ cholate \,as used.

The cltplicate anialx->i. (Af thie ril osoniies tusing the
finally selected buffer >lhox dcd >-lmilar sucrose gradienlt
di.stribution profiles alnd only 3 % variati.on from the
mean in the \iel1d of riho>coni121. FI'lie rilbo-som .-s fromii

Ta bl.e 1. I lic C/io rop/ih/i Conti u o, Exc.i.scd aid
Intact Scm,,ciio B(ileyv Lcivcs

EIxci,ed leaves floated oii wxater Iintact leaves

Davs of ChlorophyllAI-ge if leaves Chlorophyll
f]oating,) cintIlit: daxt*s coiitcit*

(9:-: 99.)
1^ 32.0)
4 40.0
di 17.(1
8

7 90.(
11 93.0
15 79.'
19 52.0

10) (

-w per g fresh xeight.
Zero dax leaxes in this anid( otther t1ables refer tc)
leaves frotmi 7 day (ld planits and xvere obtained
from (liffer-ent batch 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 1.98 + 0.02
(n = 13). When barley leaf segments were incu-
bated for short time With L-alanine-U-1,C folloving

0 I

0BOTTOM 20 40 60 80 I00TOPFRACTION NUMBER
FIG. 1. The effect of sucrose anid Mg2- on the

y-ield of ribosomes from first seedling leatves of 8 day
old barley plants.
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FIG. 3. The effect of differclit coiicenitrationis of
deoxycholate on the yieL!d of ribosomes from first seed-
ling leaves of 9 day old barley plaiits.

wWhsch the ribosoneas were iso'ated anid fractfonated.
most of the radioactivitv w-as detected in the poly-
ribosome region (fig 4) indicating that the rihosoomal
aggregates were active in protein synthesis.

The sedimentation diagramls 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 polyribosome
region to monosome region. Rilh,onnLzlease at low
concentration (0.05 ug) had little effect on the
ribosome profille whereas at high concentration ( 10 jg)

FRACTION NUMBER

FIG. 4. Sucrose density gradient patterni of ribo-
somes isolated from barley leaf sections incubated witl
L- lanine-U-1 4C.

0 2TTOM0 60 80 00TOP
FRACTION NUMBER

FIG. 2. The effect of differenit concentra-tions of
_Mg2+ on the yield of rilbosomes fromii first seedling
leaves of 7 day oldk barley plants.
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pollen (13) and bacteria (10) and polyribosomies
res'stant to ribonluclease have also been found in pea
seedlings (3) and Brasscia leaves (5). It has been
suggested ( 10) that ribosomes resistant to ribonu-

J1i!0 clease constitute special group of ribosomes and that
they form aggregates with other ribosomes as a

-08
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FIG. 5. Effect of ribonuclease on the sedimentation
profile of ribosomes from leaves of 7 day old barley
plants. Ribosomes were inicubated with ribonuclease for
10 minutes at 370.

it degraded the ribosornes conlpletely. At medium
con,centration (1-2 pg) of ribonuclease optical density
in fract.ons 10 to 40 and 80 to 100 increased at the
expen,se of fractions 41 to 79 indicatinig both aggre-
gation and degradation. These results may suggest
that partic'es assuned to be polyribosomes may repre-
sent nonfunctional riboso,mal aggregates. However,
formation of aggregates on ribonuclease treatment of
functional ribosomes has been observed in peas (24),
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FIG. 6. Effect of time of standing of the homogenate

(from leaves of 7 day old barley plalnts) on the sedi-
mentationi profile of ribosomes.

Table II. The Chantgcs i71 the Amount* of Different Ribosomtal Coninponents in Inttact and Excised First Seedling
Leaves of Barley

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

Total ribosomal
components
OD %

Polyribosomes
(Fractions
15-62)

OD %

Breakdouwn
Monosomes product A
(Fractions (Fractions
63-69) 70-91)

OD % OD %

A) Intact
leaves, age,
days

7
11
15
19

B) Leaves
floated on
water, days

76.9 100.0 36.4 47.5 14.7
20.5 27.0 6.3 30.5 4.9
14.5 19.0 4.9 34.0 2.4
6.4 8.5 1.8 29.0 0.5

0 47.8
2 43.5
4 30.8
6 22.8
8 12.0

* OD o,,,,) per g fresh weiglht.

100.0
91.0
64.5
48.0
25.0

21.1
17.3
11.4
8.1

3.0

44.0
40.0
37.0
35.5
25.0

9.0
9.9
6.9
5.5
2.5

19.0 20.2 26.0 5".7
24.0 5.5 27.0 3.8
17.0 1.7 12.0 5.4
7.5 0.4 6.0 3.7

18.5
23.0
22.5
24.0
20.5

13.3
11.5
5.7
4.6
2.3

28.0
26.0
18.5
20.0
19.0

4.5
4.8
6.7
4.7
4.2

Treatment

Breakdown
product B
(Fractions
92-101)

OD /

7.5
18.5
37.0
57.5

9.5
11.0
22.0
20.5
35.5
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protection against further action of ribonuclease. It
is possible that ribonuclease sensitive polyribosomes MONOMER
w-ere predominantly converted to monosomes and other
lower forms during grinding and these were the ribo- 7 d|
nuclease resistant polyribosomes wlhiclh survived grind- . d

Tng.This may also explain the good reproducibi'lity 0.6 - 15 d
of the ribosomal patternl and the stabilitv of the ribo- ,9 d
somes in the homogenate when it !was allowed to
stand at 10 for 1 to 2 hours (fig 6). If ribonuclease E
action could be prevented during the isolation of °
ribosoales a yuch hibgheroield f polyriubosnes from c-f
barle leaves mau be rybtained; about 90% of the !
ribosomes in Brassica leaves are supposed to occur as ,
polyribosomes (5). Unfortunately this -has not been
possiW'e and the incorporation of ribonuclease inhibi- C1
tors ('bentonite, polyvinyl sulfate, Zn, CU) into the _
extracting medium has been ineffective. That ribo-
somiies were not severely damaged during their isola- 1
tion is indicated by 23s and 16s major peaks in RNA 02
from the rilbosomes (fig 7) a'though the presence of
somiie material smaller than 16s suggests some break-
down.

Since particles assumned to be poln-ribosome in this
paper were capable of nascent protein synthess (as
indicated 'by the high specific activity of the poly-
ribosomal region) we feel that they represent polv- 0 =
ribosomes. The possibil'ity that Sonie nonfunctional BOTTOM FRACTION NIvMPRFRCTO NU 1MBElRl
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Fn.. 7. Thie sedimentation1profile of
If:-omn ribosomes of barley leaves. Nucle
sedimented for 15 hours at 25.000 rpm
rotor of a Spinco Mlodel L ultracenitrifuge
20% linear sucrose gradients containinlg 0
phosphate buffer, pH 6.8, and 1 mar
density refer- to 40 drop fractioiis dilutt
of water.

FIc. 8. Sucrose density gradient p)attern of ribo-
somes isolated from first seedlinlg leaves of 7, 11, 15
and 19 day old barley planits.
rilbosomal aggregates s ere formed (luring isolation,
of ribosomes can, however, not be excluded. Never-
theless, it should be noted that ritjosomal aggregates
formed by the action of pancreatic ribonuclease ap-
peared in fractions 10 to 40 where only little ribo-
somal material was detected in normal extractions.

The sucrose -radient distribution profiles of ribo-
somes from intact barley leaves of increasing age and
from excised bar'ey leaves floated on water are pre-

sented in figures 8 and 9 respectively. and the amounts
of different rilbosomal conponents al-e presented in
table II.

T'he data presentedl in table II show that in both
intact and excised leaves senescence caused a decline
in the level of polyribosomes aind as the seniescenice

progressed the leaves progressivel, lost polvribosomes,
monosonmes anid other ribosonial components. Since
ribonuclease activity in excised harley leaf tissue
floated on water does not increase (22) anl since
decline in ribosomal RNA (isolated directly from the

40 50 leaves by iphenol procedure and fractionated by- MIAK
chronmatography) in barley leaves floated on water

has been noted (19) the loss of ribosomes i:n excised
nucleic acids leaves reported here is considered real and lnot due to

ic acids were anv artifacts of ribosome isolation procedure. Al-

'hiOUCll * though ribonuclease activity in intact aging barley
leaves has not been determined the loss of ribosomal

).5 r\ sodiumi0 rOptical RNA in aging barley leaves similar to the loss of
d ribosomes noted here has been fouind (unputblished

data). A parallel loss of ri uosomes and rl)osonmal

23 S
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FtIG. 9. Suicrosc density gradient patltern of ribo-
somes isolatedl fromli first seedling leav-es of 7 day oldl
lbarley plants (O day ) and from excised barley leave:
floited oni 'vater for 2. 4, 6 and 8 days in the dark.

RNA during senescence suggests that the RKNA
formled during ribosome breakdown must be de-raded.
This is in agreement with the Ifinding of (iles and
i\Iyers (7) who have reported that in Lupi-Mus albus
hypocotyl the RNA of ribosonies produced by break-
down of pol\ ribosomes wvas unstable. It is interesting
to note that in excised barley leaves loss of polvribo-
sonmes was clo-ely followed tby decline in the level of
chlorophyl1l (table I) but in intact leaves although
leaves lost 73 % of the total ribosomal components
and 82 % of the polyribosomes by the eleventhl day
the chlorophy 11 level of the leaves had not declined.
In any' eveit the present results suipport the electron
microscopic observations of Shaw and Maniocha (1/7)
and Barton (2) -ho have reported loss of ribosomes
.n exc:sed leaves floated on water. A similar loss of
poly-ribosoomes anid ribosonmes as observed lhere has

also been reported (24) in endosperm of castor bean
seed's during ripening.

The protein anid RNA content of the ribosoniw-
from 7 day old barley leaves (table III) was tvpical
of ribosomes from other sources (12, 15, 16). Dur-
ing senescence of both excised and intact leaves the
protein conitent of the ribosomes progressively de-

clined indicating the degradation of rihosomes anid

the loso of their function. The above results clearly
demiionstrate that senescence in first seedling leaves O0
barley either induticed by the growvth of the second

leaf or 'b- leaf excision is accompaniied by a loss ot

ribosomiies and thuis decline in the capacity to svythe-
size proteins.
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