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Starting from senescent barley (Hordeum vulgare L. cv Hassan) leaf segments
receiving light and hormone treatments affecting senescence, the plastid polypep
tides synthesized by isolated chloroplasts and by leaf segments were analyzed by
radiolabelling followed SDS-PAGE and fluorography. Among 20 to 30 polypep
tides detected, a few were specifically synthesized (by chloroplasts and/or leaf seg
ments) aftcr each senescence treatment. Apparently, the polypeptides labelled in
assays with isolated chloroplasts are truly synthesized in vivo, because most of them
were also labelled in assays with leaf segments. The comparison of polypeptide pro
files, for every senescence treatment, after labelling with isolated chloroplasts or leaf
segments, suggests that most plastid polypeptides synthesized during senescence are
coded in plastid DNA.
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The levels of specific poly(A)+-RNAs
are different in senescent and non-senes-
cent cotyledons (6). Similarly, the poly
peptides synthesized by isolated chloro
plasts vary when senescent leaves or cot
yledons are treated with light or hormone
effectors of senescence (4, 11, 13) and are 
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very different in chloroplasts from green-
ing and senescent leaves (17). These results
and the retardation of leaf senescence by
inhibitors of protein synthesis (15, 16)
suggest that the development of senes
cence syndrome requires the expression of
specific genes controlled at transcriptional
(6) and translational level (7). However,
proteins synthesized by isolated chloro
plasts or by wheat germ system with leaf
mRNAs are not necessarily synthesized in 
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vivo, when specific control mechanisms of
protein synthesis and degradation do op
érate.

To know ir the polypeptides labelled af
ter protein synthesis by isolated chloro-
plasts are synthesized in vivo, they 'nave
been compared v/ith those synthesized by
leaf segments during senescence. Four-
teen-day-cld barley leaf segments were in-
cubated during 20 h under ten different
light and horrnone treatments affecting sen
escence. The plastid polypeptides la
belled with [l4C]-amino acids after protein
synthesis by isolated chloroplasts and leaf
segments were analyzed by SDS-PAGE*
and fluorography.

Materials and Methods

The growth of barley {Hordeum vul-
gare L. cv Hassan), at 23 °C under an 18
h photoperiod of white light, ca. 15 V/
m-2 (12.7 W m-2 PAR), has been de
scribed previously (2).

For leaf treatments, 2 g of 20 mm seg
ments, discarding base and tip, of the old-
est leaf of 14-day-old plants (ca. 1.42 mg
chlorophyll g-1) were incubated for 20 h
at 25 °C in the dark with 25 mi puré water
or 14 pM kinetin, 35 pM ABA, 70 pM
ethylene (as ethrel) or 45 pM methyljas-
monate. Sometimes dark was interrupted
at 9 h of incubation by 10 min red light
(3.2 W m-2 peaking at 650 nm, 38 nm
half-band width) or 10 min red light fol-
lowed by 20 min far-red light (13.5 W m-2
of a wide band from 700 to 800 nm, which
peaks near S00 nm). In other treatments,
leaf segments were incubated for 20 h in
continuous blue (0.4 W m~2 peaking at
450 nm, 12 nm half-band width) or 6 h in
near-UV (0.9 W m-2 peaking at 355 nm,
35 nm half-band width) followed by 14 h 

* Abbrevialúms: ABA, abscisic acid; SDS-PAGE,
polyacrylainide ge! electrophoresis in the presence of
scxlium dodecyl sulfate.

in the dark, as described in detail else-
where (2, 3).

Leaf radioactivo labelling was carried
out during the last 3 of the 20 h incubation
of leaf segments by adding 110 kBq of
[14C]-amino acid mixture (1.85 GBq (mg
atom)-1, Amersham) in 1.5 mi water. The
incubation was ended by washing with
distilled water at 0-5 °C. Results (unpub-
lished) showed that radioactivity incor
poraron in proteins was linear during the
3 h incubation.

For isolation of chloroplasts, incubated
leaf segments (2 g) were homogenized for
10 s at 0-5 °C in a Sorvall Omnimixer with
12 mi of a freshly prepared buffer (E) con-
taining 0.35 M sucrose, 25 mM Na-
HEPES, 2 mM Na,-EDTA and 2 mM Na-
isoascorbate (pH 7.6). The homogenate
was strained through 4 layers of muslin
and centrifuged for 5 min at 200 X g dis
carding the pellet. The supernatant was
centrifuged for 10 min at 2.000 x g. The
new pellet with chloroplasts was washed
with 6 mi of buffer E. The chloroplast
preparation was bacterial contamination
free (< 1 % particles after Gram staining)
and of mitochondria (< 5 % protein) and
cytoplasm (< 1 % protein). At least 70 %
of the chloroolasts were intact as mea-
sured by the ferricyanide reduction assay
or by ultracentrifugation in hypertonic
sucrose gradient (7).

When isolated from leaf segments in
cubated in the absence of radioactive ami
no acids, chloroplasts were immediately
incubated for light-driven protein syn
thesis as described previously (8) in 300 pl
incubation mixture containing 2.00 kBq of
[^CJ-ammo acid mixture (1.85 GBq (mg
atom)-1, Amersham) and around 400 pg
chlorophyll, at 30 °C during 40 min. In
these assays, dark incubation (> 90 %)
and 2 mM chloramphenicol (> 90 %) but
not 0.1 mM cycloheximide (< 10 %) in
hibir protein synthesis (8).

Chloroplast radioactive proteins (syn
thesized by isolated chloroplasts or la
belled in sitn) were precipitated with 8 %
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(w/v) final trichloroacetic acid. The ra-
dioactive pellets were resuspended for
SDS-PAGE in 75 p.1 of 60 mM Na2CO3,
60 mM mercaptoethanol, 2 % (w/v) SDS,
12 % (w/v) sucrose and heated as de-
scribed by Piccioni et al. (12).

Slab SDS-PAGE was performed with
10-20 % (w/v) linear acrylamide gradient
(2.5 %, w/w, bisacrylamide) with the
buffer system of O’Farrell (10) as de-
scribed previously (7). Radioactive gels were
impregnated with Amplify (Amersham)
dried and fluorographed with MAFE-X-1
film exposed for 30 days at —80 °C. Mo
lecular weight markers were detected by
Coomassie staining.

Chlorophyll was determined according
to Arnon (1).

Results and Discussion

Figures 1-3 show SDS-PAGE and fluo-
rographies of the plastid polypeptides
synthesized by isolated chloroplasts (C)
and of those labelled in situ (S) with [l4CJ-
amino acids during the last three of the 20
h incubation time of each treatment. Gír
eles on C lañes indicate the main plastid
polypeptides labelled after synthesis by
isolated chloroplasts but not in leaf seg-
ments. Bars on S lañes indicate the main
plastid polypeptides labelled in assays
with leaf segments but not with isolated
chloroplasts.

Although differences in relative label-
ling between C and S lañes (derived from
the same leaf treatment) were apparent,
and some patterns in S lañes were smeared
due to high total protein loading (to com
pénsate for the low protein synthesis ac-
tivity), most polypeptides labelled after
protein synthesis by isolated chloroplasts
(particularly in the low molecular weight
range) were also labelled when the corre-
sponding leaf segments were incubated
with [b,C]-amino acids. Few additional
polypeptides were labelled in assays with
leaf segments (bars), which suggests that

Fig. 1. Effects of ABA, ethylene and methyljas-
monate on the synthesis of chloroplasts polypep

tides.
Leaf segments were incubated 20 h in the dark,
dark with ABA (ABA), dark with ethylene (E)
and dark with methyljasmonate (M-J). The ra
dioactive polypeptides synthesized by isolated
chloroplasts (C) and labelled in situ (S) were

analyzed by SDS-PAGE and fluorography.
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Fig. 2. Effects of blue and near UV ligbts on the
synthesis of chloroplasts polypeptides.

Leaf segments were incubated 20 h in the dark,
in continuous blue light (BLUE) and in UV light

(the first 6 h) (UV). C and S as in fig. 1.
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Fig. 3. Effects of kinetin and phytochrome-related light treatments on the synthesis of chloroplast poly
peptides.

Leaf segments were incubated 20 h in the dark, dark interrupted with red light (R), dark interrupted
with red light followed far red light (R + FR), dark with kinetin (Kin) and dark with kinetin and red

interruption (Kin + R). C and S as in fig. 1.

most plastid senescence polypeptides are
synthesized in chloroplasts and, thus, en-
coded in plastid DNA.

In agreement with previous results (7,
13), chloroplasts isolated from leaf seg
ments incubated in the dark synthesized a
characteristic set oí polypeptides (senes
cence polypeptides) (figs. 1-3). Minor dif-
ferences with respect to previous results
with [35S]-methionine are probably due to
the new labelling with [HC]-amino acid
mixture. Although the relative labelling of
some senescence polypeptides was not al-
ways reproducible (e.g. the 48 kDa poly-
peptide, synthesized by chloroplast iso
lated from dark incubated leaf segments,
shows very low labelling in fig. 2), the poly
peptide pattem was satisfactorily re-
produced if leaf and chloroplast handling
was carefuliy controlled.

ABA, ethylene and methyljasmonate
stimulated the synthesis in leaf segments
of a 37 kDa polypeptide (fig. 1). Near-
UV, characteristically, stimulates the syn- 

thesis of polypeptides of 32 and 24 kDa
(fig. 2). Methyljasmonate treatment stim
ulated the synthesis by leaf segments of
a 66 kDa polypeptide and several poly
peptides in the range 36-40 kDa, which
were not labelled in experiments with iso
lated chloroplasts. Weidhase et al. (19)
also reportea that the treatment of 7-day-
old barley leaf segments with methyljas
monate accelerated the symptoms of se
nescence and stimulated the synthesis of
polypeptides having 66, 37 and 23 kDa in
leaf segments. Several polypeptides in-
tensely labelled in assays with chloroplasts
isolated from leaf segments treated with
methyljasmonate were barely detected af-
ter labelling of leaf segments (fig. 1). Ki
netin treatment of leaf segments (which
retards subsequent senescence) changed
the pattern of polypeptides synthesized by
isolated chloroplasts, as described pre-
viously (7), and by leaf segments (fig. 3).

Mulle? et al. (9) claimed that, in assays
of protein synthesis with isolated chloro- 
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piases, most labelled low molecular weight
polypeptides are artifaets resulting from
pausing of ribosomes at discrete sites on
plastid mRNA and they are not detected
by in situ labelling. Clearly, polypeptides
labelled in our assays with isolated chlo-
roplasts can hardly be artifaets, probably
because they v/ere incubated during 40
min, in the recommendable range (14),
while Mullet et al. (9) detected low mo
lecular weight intermediates after short
incubación times (5-10 min) with [35S]-
methionine or under condition oí low
ATP supply.

The leaf treatment effeets on the pattern
of polypeptides synthesized indicatcd that
the physiological State of leaf samples
must be carefully controlled to obtain re-
producible results.

When compared with the senescence
accelerated by incubation in the dark of
leaf segments, kinetin treatment and red
light interruption of the dark (in a phy-
tochrome mediated effect) retard senes
cence while ABA, ethylene and methyl-
jasmonate accelerate senescence (3) as
measured by chlorophyll or protein loss.
Continuous blue and near-UV lights re
tard senescence. Apparently, the effeets of
these treatments on senescence are me
diated by primary effeets on plastid pro
tein synthesis.

Polypeptides synthesized by chloro-
plasts during the first 20 h incubation of
leaf segments control subsequent senes
cence processes (2). To find out the role of
senescence polypeptides it may be easier
to work witn protein synthesis by isolated
chloroplasts than with leaf segments.
Most available antibodies against plastid
polypeptides (synthesized at the juvenile
stage) ao not react with polypeptides syn
thesized during senescence (5, 13) (al-
though senescent plastids still contain
polypeptides of the juvenile stage). On
the other hand, the presence of non-translat-
ed mRNAs in senescent chloroplasts (18)
makes the Identification of plastid genes
encoding senescence polypeptides diffi- 

cult. Hybrid select translation assays (18)
suggest that genes for most senescence
polypeptides probably map in the single
short copy región of plastid DNA.
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Resumen

Partiendo de segmentos de hojas senescentes
de cebada {Hordeitm vulgare L. cv Hassan) que
habían recibido tratamientos hormonales y lu
minosos que afectan a la senescencia, los poli-
péptidos sintetizados por cloroplastos aislados y
por segmentos de hojas se analizan por mareaje
radiactivo seguido de SDS-PAGE y fluorografía.
Entre 20 y 30 polipéptidos detectados, unos po
cos eran sintetizados específicamente (por clo
roplastos y/o por segmentos de hojas) después
de cada tratamiento que afecta a la senescencia.
Aparentemente, los polipéptidos marcados ra
diactivamente después de ensayos con cloroplas
tos aislados son sintetizados in vivo, ya que la
mayor parte de ellos también eran marcados en
ensayos con segmentos de hojas. La compara
ción de los perfiles polipeptídicos para cada tra
tamiento que afecta a la senescencia, después de
marcar cloroplastos aislados o segmentos de ho
jas, sugiere que la mayor parte de los polipép
tidos de cloroplastos sintetizados durante la se
nescencia están codificados en el DNA de clo
roplastos.

Palabras clave: Cebada, Cloroplastos, Hormonas," Se
nescencia, Síntesis de Proteínas.
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