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Abstract

The expression of components of the 70S plastid ribosome has been determined during the first 13 days of
spinach plant development. Total cellular RNA and proteins were used to determine the relative steady-state
levels of mRNA for ribosomal proteins (r-proteins) by dot blot hybridization and the relative amounts of pro-
teins by immunodetection with specific antibodies. The 16S rRNA as well as mRNAs for 9 out of 11 proteins
studied, including those for the 32 kDa polypeptide of photosystem II and the large subunit (LSU) of ribulose-
1,5-bisphosphate carboxylase (Rubisco) show a marked increase at the beginning of the germination (day 5).
At this time the plastid DNA content increases from 4% to 6% of total DNA content and so the plastome
copy number can only in part account for the important increase in mRNA steady-state levels. Interestingly
the transcripts of the 7p/23 and rps19 genes show a different accumulation pattern, indicating either a differen-
tial gene transcription and/or an increased stability of the transcripts. In the western blot analysis a group
of r-proteins can be detected in dry seeds or after 24 hours of imbibition while a second group of proteins
accumulates after 3 to 5 days of development. The differential accumulation pattern of r-proteins and mRNA
for r-proteins indicates that post-transcriptional control plays an important role in plastid r-protein synthesis.

Introduction

Plastid ribosomes of higher plants are composed of
4 rRNA species and 52— 55 r-proteins. The 4 rRNA
species and about one third of the r-proteins are en-
coded by the plastid DNA (ptDNA), while the re-
maining r-proteins are encoded on nuclear DNA.
Therefore ribosome biogenesis requires the expres-
sion of nuclear and plastid genes. With one excep-
tion, all components are present in the ribosome in
equimolar amounts and we wonder how synthesis
and assembly of such a protein-RNA complex may
be regulated.

Until now, the effect of light on differential gene

expression has been extensively studied essentially
for the synthesis and assembly of Rubisco and pho-
tosystem reaction centers (for a recent review of the
literature see [13]). Seedlings have usually been
grown in the dark for several days and then trans-
ferred to light. But these etiolated seedlings have al-
ready undergone a considerable development and
critical molecular events have already occurred.
Therefore, in addition to this system, we also studied
the synthesis of components of the 70S ribosome
from the very earliest stages of spinach plant de-
velopment, i.e. the imbibition and germination of
seeds, as the most crucial phases in plant develop-
ment. We determined for nuclear- and plastid-coded
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r-protein genes the changes in the relative mRNA
levels and the sequence of appearance of the pro-
teins.

We studied one ribosomal protein gene for which
the transcript and the gene product had been deter-
mined. For the other genes, the identification of the
gene products is not yet done. We show that
ribosomal protein genes are expressed at a very early
stage of seedling development and that transcription-
ally as well as post-transcriptionally operating
regulatory mechanisms are implicated in the synthe-
sis of components of the 70S ribosome.

Materials and methods
Plant material

Spinach seeds (Spinacia oleracea L. cv. Géant
d’hiver) were imbibed, germinated and grown in soil
at 25°C in the dark.

Two grams of dry seeds (day 0) and of seeds
swollen for 1—4 days until germination, i.e. the pro-
trusion of the radicle, were collected for protein and
nucleic acid extraction. Material (whole plantlets
with seed residues) was further collected at each suc-
cessive day during the germination period (day
5~day 8). Dark-grown seedlings with fully devel-
oped cotyledons (day 9) were transferred to continu-
ous light and 2 g of plants (cotyledons and stems)
were taken before exposure to light (day 9) and dur-
ing the greening period (day 10—day 13) for chlo-
rophyll, protein and nucleic acid extraction. All sam-
ples were frozen immediately in liquid nitrogen and
stored at —80°C until use.

Isolation of total cellular DNA, RNA and protein

Total cellular RNA was extracted from 2 g of materi-
al as described by Westhoff et al. {38] with the fol-
lowing modifications: after ethanol precipitation,
the nucleic acids were dissolved in 80 mM Tris-
borate, pH 8.3, 1 mM EDTA to a final concentration
of 1 ug/pl. RNAs were precipitated twice with 2 M
LiCl and, after dissolution in sterile water, stored at

—~80°C until used for dot blots. Total cellular DNA
was precipitated from the LiCl supernatants with
0.3 M sodium acetate and ethanol and cellular pro-
teins were isolated according to Nechushtai and Nel-
son [21].

Determination of plastid DNA content

Determination of plastid DNA content was as
described by Aguettaz et al. [1], using as radioactive
DNA probe an intragenic fragment coding for the
LSU of Rubisco (Table 1).

Detection of relative steady-state levels of
r-proteins

To determine relative amounts of specific r-proteins
in seeds and seedlings, aliquots of the protein ex-
tracts were electrophoresed on 12.5% polyacryl-
amide-SDS gels [14]. The proteins were transferred
from the gels to nitrocellulose papers (BA 85,
Schleicher and Schiill or Hybond C-Extra, Amer-
sham) by electrotransfer. The blots were im-
munodetected with antibodies raised against in-
dividual or groups of 708 r-proteins, which had been
separated and purified by HPLC ({18] and unpub-
lished results). Reacting proteins were visualized
either with 12°I-protein A or with the enzymatic
peroxidase reaction (anti-mouse IgG sheep im-
munoglobulins conjugated with peroxidase; Bio-
Sys).

Preparation and labelling of the DNA probes

Table 1 summarizes the different gene probes used
in this study. Nuclear coded r-protein genes were ob-
tained as follows: Poly(A)* RNA was selected by
chromatography on oligo-dT cellulose. Integrity
and enrichment of poly(A)* species were assessed
by electrophoresis in highly denaturing conditions
and by in vitro translation in the reticulocyte system.

Double-stranded cDNA was synthesized using the
“cDNA synthesis kit” of Boehringer. ¢cDNA
libraries were constructed using the Amersham kit
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Table 1. List of spinach and tobacco genes used as hybridization probes to determine relative amounts of mRNA and rRNA during

the early development of spinach plants.

Genes Gene products Coded  Origin of  Specification of the Reference
for by!  the probe probe

psbA herbicide binding, ‘‘32 kDa photogene’’

of photosystem I1 pt spinach Sal 1-Pst 1, 1200 bp [42]
rbcL large subunit of Rubisco pt spinach Pst 1-Eco RI, 1500 bp [41]
rpsl ribosomal proteins of the small n tobacco Eco RI-Eco R1, 1100 bp  P. Seyer

ribosomal subunit (30S) (unpublished results)
rps3 pt tobacco Sal 1-Eco RI, 216 bp [34]
rps7 + rpsi2 pt tobacco Pst 1-Pst 1, 1300 bp [30]
rpsll pt spinach Sal 1-Xba 1, 600 bp [31]
rpsl9 pt tobacco Sma 1-Bgl 1, 400 bp [30]
X2 n spinach Eco RI-Eco RI, 700 bp P. Seyer

(unpublished results)

rpl16 ribosomal proteins of the large pt tobacco Eco RI-Bam HI, 300 bp [34]
rpi23 ribosomal subunit (50S) pt spinach Eco RI-Xho 1, 510 bp [43]
16S rDNA 16S ribosomal RNA pt spinach Eco RI-Pvu 11, 1100 bp [5]

I n = nuclear-coded, pt = plastid-coded.

2 Not determined; the cDNA reacts with the antibody against the spinach r-protein CS-S7, but sequence data did not yet allow us to

determine a homology with an E. coli r-protein.

of Agt 10 and Agt 11 as vectors. The Agt 11 libraries
were screened immunologically with anti-30S serum
as described [9]. The cDNA clones obtained were
recloned in pUCI18 and further analysed by sequenc-
ing. Information of the identification of these
c¢DNAs is given in Table 1.

Plasmid DNAs containing cloned spinach or
tobacco ptDNA or cDNA fragments were purified
according to Birnboim and Doly [3]. The plasmids
were cut with appropriate restriction enzymes and
gene-specific DNA fragments were purified by elec-
troelution from agarose gels [20]. DNA fragments
were radiolabelled with (33P)dCTP using the nick-
translation kits from Amersham or Boehringer.
Specific activities ranging from 10* to 10® cpm/ug
DNA were obtained.

Preparation of RNA dot blots and hybridization

Dilution series of 1-0.125 ug of total cellular RNA
were bound to nitrocellulose filters (BA 85,

Schleicher and Schiill) according to White and Ban-
croft [39]. Each radioactive probe was hybridized to
2—4 independent dot blots. Prehybridization and
hybridization of the filters was according to Thomas
[36] omitting dextran sulfate in the hybridization
mixture. After hybridization for 48 h filters were
washed, dried and exposed to Kodak XAR-5-Omat
or Fuji RX films for 1—3 days using intensifying
screens, After autoradiography, radioactive dots
were cut out and counted in a Beckman scintillation
counter.

Nomenclature of plastid r-proteins and r-protein
genes

In this study we used two different kinds of nomen-
clature: 70S r-proteins from spinach and their cor-
responding antibodies are named according to
Mache et al. [17]: CS-S1, CS-S2,..., CS-L1, CS-
L2,..., whereas r-protein genes are designated ac-
cording to their homology with r-proteins from Es-
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Table 2. List of spinach r-proteins, their coding compartment
and their corresponding counterparts in E. coli as identified until
now (R. Mache, unpublished results).

Spinach r-protein  Coded for by!  E. coli r-protein  Gene

CS-823 pt S19 rps19
CS-L4 pt L2 rpl2

CS-L20 n L7/L12 rpl12
CS-L29 pt Li4 rpll4

! pt = plastid-coded, n = nuclear-coded.
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cherichia coli {8, 30): rpsl, rps2,..., rpll, rpl2, ...

Table 2 summarizes the spinach r-proteins for
which the corresponding E. coli r-protein has been
identified.

Results

The steady-state levels of components of the plastid
ribosome during the first 13 days of spinach plant
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Fig. 1. (A) Changes in total cellular polypeptide content during imbibition, germination and illumination of dark grown spinach plants.
Total cellular proteins were isolated as described in Materials and methods. Aliquots of 3 ul were electrophoresed in 12.5% polyacrylamide-
SDS gels and proteins were visualized by Coomassie blue staining. Numbers on top of the slots indicate the developmental stage (in days)
as described in Materials and methods. Lane L shows the protein pattern of green spinach leaves. Numbers on the left margin refer to
molecular weight of protein standards in kDa. The protein bands corresponding to the two subunits of Rubisco (LSU and SSU) are indicated
on the right. (B) Time course of changes in chlorophyll content after illumination of etiolated spinach seedlings. Chlorophyll determination
was according to Vernon [37]. Numbers indicate the stages of development in days. The open triangle in lane L indicates the chlorophyll

content in green leaves of spinach plants.



development have been determined. Relative con-
centrations of 16S rRNA, mRNAs for 8 r-proteins,
the large subunit of Rubisco and the 32 kDa protein
of photosystem II as well as changes in the relative
concentrations of 14 r-proteins have been followed
during imbibition and germination of seeds and dur-
ing subsequent greening of seedlings.

Figure 1A shows the changes in the protein pat-
tern of the different developmental stages studied.
The four most intensive stained protein bands of ap-
proximately 49, 35, 23, and 21 kDa, respectively,
representing probably the main spinach storage pro-
teins, decrease drastically with the protrusion of the
radicle at day 5 of development and disappear com-
pletely in the course of germination. During the fol-
lowing continuous illumination of etiolated seed-

imbibition
probe 0 2 3

germination
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lings, the amounts of large and small subunit of
Rubisco (LSU and SSU) increase considerably.
Chlorophyll synthesis accompanying the illumi-
nation period is shown in Fig. 1B. Chlorophyll syn-
thesis starts after a lag phase of about 2 hours after
exposure to light, Until 24 h in the light (day 10)
there is a rather large increase, then the chlorophyll
synthesis slows down to reach 0.65 mg/g of
‘cotyledons after 4 days of illumination.

Relative transcript levels of mRNAs _for 708
r-proteins and from psbA and rbcL genes
Figure 2 shows a typical series of dot blot experi-

ments in which 1 ug of total cellular RNA from dry
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Fig. 2. Hybridization of developmental dot blots. RNA was extracted from seeds during several stages of imbibition and germination
and from seedlings during de-etiolation. Dilution series of 1-0.125 ug of total cellular RNA were dot-blotted on nitrocellulose filters
and hybridized with the radioactive DNA probe listed on the left margin. “x” = not determined; the cDNA clone reacts specifically with
the spinach r-protein antibody CS-S7, but partial sequencing of the clone did not yet allow us to determine a homology with an E. coli
r-protein. Typical results obtained with 1 ug RNA are shown. Numbers on top represent the developmental stages (in days) as described

in Materials and methods.
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(0), imbibed (2—4), germinating (5—8) seeds and
from etiolated (9) and greening (10—12) seedlings
were bound to nitrocellulose and hybridized with the
radioactive DNA fragments corresponding to the
probes noted on the left margin. The probe named
“x” (not determined) represents the cDNA encoding
the spinach r-protein CS-S7 for which a correspond-
ing E. coli r-protein could not yet been identified.

Because autoradiographies only give a visual,
rather imprecise, impression of the radioactivity
bound to the filters, we cut out the dots and counted
them in a liquid scintillation counter. The values ob-
tained show that RNA species for all genes studied
are present in dry seeds, though in minute amounts
for some of them. A significant burst in accumula-
tion of the different mRNAs is observed at two
different stages of development. Most of the
mRNAs studied show an important increase in ac-
cumulation at the beginning of germination (day 5,
Fig. 2, lane 5). Among these mRNAs are not only
those for plastid and nuclear coded ribosomal pro-
teins (rps3, rpl16, rpsll, rpsi, rpsl2, rpsl, “x’’) but
also the mRNAs for the 32 kDa polypeptide of pho-
tosystem II (psbA) and for the LSU (rbcL). Yet there
are two mRNAs showing an increased steady-state

level in seeds at day 3 of development under our
growth conditions (Fig. 2, lane 3). These are the
transcripts of the rp/23 and rps19 genes which are
clustered on the plastid DNA in an arrangement
similar to the S-10 operon of E. coli [34, 35].

Besides the different mRNAs, we looked also at
changes in the steady-state levels of the 16S rRNA
(Fig. 2). Already present in dry seeds, the 16S rRNA
is much more abundant than all the mRNAs studied,
but there is also an increase in accumulation at days
5 and 6 of development. The results shown in Fig. 2
are obtained by hybridizing the probeto 1 ug of total
cellular RNA and at this concentration the dots are
saturated. Results obtained with 0.125 ug total RNA
show, that the 16S rRNA increases between day 6
and day 12.

We next asked the question if the increase in tran-
script levels we observe during germination could be
due to an increased number of ptDNA molecules.
Figure 3A shows that in dry seeds the amount of
ptDNA is 4% of total DNA. This amount remains
constant during the four days of imbibition, but
doubles between day 4 and day 6 of development.
Plastid DNA content further increases to reach 16%
in fully green cotyledons. The comparison of the in-
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Fig. 3. (A)Changes in the percentage of ptDNA in total cellular DNA during the first 13 days of spinach plant development. Determination
of the percentage was according to [1], using as radioactive probe an intragenic fragment of rbcL. (B) Summary of the developmental
RNA dot blot hybridizations, indicating the time of accumulation of the mRNAs of the different genes studied. “x” = not determined;
the cDNA clone reacts with the spinach r-protein antibody CS-S7, but sequence data did not yet allow us to determine a homology with

an E. coli r-protein.



crease in ptDNA content (Fig. 3A) with the burst in
accumulation of the different mRNAs (Figs. 2 and
3B) shows, that the increase observed for the ptDNA
level is much less than the increase observed in the
mRNA steady-state levels. This suggests that plas-
tome copy number only plays a minor role in the
augmentation of the mRNA levels.

Sequence of appearance of 708 r-proteins

We studied changes in the steady-state levels of some
of the 70S r-proteins during imbibition, germination
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and subsequent greening of etiolated spinach plants
with an immunological approach [21], using specific
antibodies raised against individual or groups of
r-proteins from spinach ([18] and unpublished
results).

Figure 4A shows some typical results. It is obvious
that the sequence of appearance of the 70S
r-proteins is more complex than the increase in ac-
cumulation of the different mRNAs as shown in
Fig. 2. The mRNAs accumulated at two different
times of development (days 3 and 5), while the differ-
ent r-proteins studied show rather each an individual
accumulation pattern. Using different protein con-
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Fig. 4. (A)Sequence of appearance of some of the r-proteins studied. Total cellular proteins were separated on 12.5% polyacrylamide-SDS
gels and electrotransferred to nitrocellulose. After immunodetection with the specific antibodies noted on the left margin, the protein-
antibody complex was revealed with 125I-protein A. Numbers on top of the lanes correspond to the development stages in days as
described in Materials and methods. (B) Summary of the developmental western blot analysis for r-proteins and the LSU of Rubisco,

indicating the first detection for the different proteins studied.
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centrations and different gel systems (data not
shown), we always observed the same pattern of se-
quential appearance. Thus we conclude that the
differential pattern we observe is not due to a differ-
ent sensitivity of the various antibodies used, but
reflects differences in the steady-state levels of the
proteins studied.

Fig. 4B summarizes all results obtained in our de-
velopmental western blot analysis (not all patterns
are shown in Fig. 4A). A rather important number
of r-proteins can be detected at the very earliest
stages of development: either they are already pres-
ent in dry seeds (CS-S4 and CS-S14) or they accumu-
late after one day of imbibition of the seeds (CS-S5,
CS-S10, CS-S21, CS-L4, CS-L.20). A second group
of proteins accumulate between day 3 (CS-L.32) and
day 5 (CS-S23, CS-L28, CS-1.29, CS-L15) of de-
velopment. It is interesting to note that there is no
preferential early accumulation of nuclear (CS-L20)
versus plastid (CS-S23, CS-L4, CS-L29) encoded
r-proteins.

Two r-proteins (CS-S4 and CS-S5) show an unex-
pected pattern: their steady-state levels decrease af-
ter day 4 or day 6, respectively, and only start increas-
ing again after day 11, ie. after 48 hours of
illumination. The significance of this reproducible
observation is difficult to explain and we tend to con-
sider them as artifactual.

Discussion

As a first step towards an understanding of plastid
ribosome synthesis at the molecular level we looked
for information about the expression of some of its
components. In order to examine highly metaboli-
cally active stages in plant development we decided
to extend the classical physiological approach of
light-induced changes during the greening of etiolat-
ed seedlings to the imbibition and germination of
seeds. So we studied for the first time changes in the
steady-state levels of r-proteins and mRNA for
r-proteins in dry seeds and during the first 13 days
of spinach plant development.

Different organisms employ distinct molecular
strategies to ensure the coordinated synthesis of
their r-proteins (for a recent review see [19]), and it

is interesting to note that until now there is nothing
known about the regulatory mechanisms operating
in higher plants.

Changes in the steady-state levels of mRNA for
708 r-proteins and the LSU of Rubisco

The procedure of dot-blot titration we used in this
study, enables us to follow the changes in the steady-
state levels of individual RNA transcripts in a given
amount of total RNA throughout the earliest stages
of spinach plant development.

We can detect low levels of mRNA species for all
genes studied in mature dry seeds and this result is
in good agreement with the existence of preformed,
stored mRNA in seeds permitting protein synthesis
to start immediately at the earliest time of imbibition
and germination [2, 4].

The objective of the present study was to identify
possible regulatory mechanisms operating during
the synthesis of components of the 70S ribosome. At
day 5 of development, we observe a burst in accumu-
lation of the transcripts of most of the genes studied
(Figs. 2and 3). Although ptDNA level increases, this
increase is much less than the augmentation ob-
served in the mRNA steady-state levels, suggesting
that the plastome copy number only plays a minor
role in this increase. Other factors influencing this
augmentation could be an increased rate of tran-
scription and/or a decreased rate of transcript degra-
dation. It is interesting to note that at the same time
a burst in accumulation of two transcripts for nucle-
ar coded r-proteins (Fig. 3B, rpsl and “x”)is also ob-
served, indicating a coordination of the transcrip-
tion in the two compartments. A similar coordinated
transcription has been reported for the mRNAs of
the plastid coded LSU and the nuclear coded SSU
genes in pea [29].

Ofthe mRNAS studied, two show an increased ac-
cumulation at day 3 of development (Fig. 3B). These
are the transcripts of the rp/23 and rpsi9 genes,
which are clustered on the plastid DNA in a S10-like
operon {22, 34, 35]. The whole cluster comprises the
genes rpl23, rpii2, rps19, rpl22, rps3, rpll6, rpil4
and rps8 (genes in bold type have been studied in this
paper). By Sl nuclease mapping it has recently been



shown in our laboratory that at least the genes rpi23,
rpl2, rps19 and rpl22 are cotranscribed [35], but the
transcription unit probably extends to further genes
and the question arises upon the mechanism and the
significance of the early accumulation of the
mRNAs for the 7pi23 and rps19 genes. Concerning
the mechanism it could be either an increased stabili-
ty of the transcripts [12, 33] for these genes and/or
a differential gene transcription.

After day 6 of development the steady-state levels
of all r-protein mRNAs seems to remain essentially
constant. This result has to be interpreted carefully,
because we measure here the abundance of individu-
al mRNAs relative to total RNA, which is mainly
rRNA, and changes in rRNA content surely in-
fluence the titration of individual mRNAs. But the
result that the steady-state levels of mRNA for
r-proteins remain stable during greening of our etio-
lated seedlings (after day 9 of development) is in
agreement with two other reports. Posno ef al. [23]
showed that there are no differences in the steady-
state levels of rps12 and rps7 transcripts between
etiolated and greened Spirodela plants and Russel
and Bogorad [26] reported that the pool of rps4 tran-
scripts does not change significantly upon illumina-
tion of dark-grown maize seedlings.

The finding that the transcript level of the rbcL
gene does not increase with light in spinach shows
once more that the mechanism of regulation of this
gene varies between different plant species: like in
spinach there are in mustard [15, 16] and in maize [6)
only minute or no differences between transcript lev-
els in etiolated and illuminated plants, whereas in
pea [10, 27, 28, 32] and Spirodela [23] an increasing
steady-state level of LSU transcripts has been ob-
served during greening of etiolated plants. In barley
[12] rbcL transcript levels increase first in the light
and then decline with increasing age of the seedlings.

Changes in the steady-state levels of r-proteins

In wheat endosperm of dry seeds, plastids have been
observed, which appear to contain ribosomes [11].
So mature dry seeds have to contain the whole set
of r-proteins. Despite that we cannot detect all
r-proteins studied in dry seeds (Fig. 4A), indicating
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that the method of immunodetection used here is
not sufficiently sensitive to detect small amounts of
a protein. But the interesting conclusion we draw
from our results is that the r-proteins are not present
in equal amounts throughout the developmental
period studied, but that there are significant differ-
ences in their steady-state levels and it seems that at
least at the beginning of the development the pattern
of r-proteins is dominated by unassembled and/or
partially assembled r-proteins. This is in very good
accord with recent results reported by Feierabend et
al. [7]. They found that in extracts of rye leaves
grown at 32°C, a temperature which is non-
permissive for plastid ribosome formation, 8 to 10
plastid r-proteins accumulate markedly as unassem-
bled polypeptides. During chloroplast development
Posno et al. [23] studied the expression of the rpsi12
and rps7 genes and they observe no significant
changes in the steady-state levels of these proteins
during the greening of etiolated Spirodela plants.
They conclude that etioplasts already contain the
complement of ribosomes necessary for the further
development. Based on our results, we can confirm
this hypothesis, but we can show further that impor-
tant steps in the synthesis of components of the
plastid ribosome are taking place during imbibition
and germination of seeds.

The crucial question arising is about the biologi-
cal significance of the sequential appearance of 70S
r-proteins. The fluctuations we observe could reflect
steps in the sequential assembly of the 70S ribosome.
In E. coli, for example, in vitro reconstitution experi-
ments [24] suggest that complexes consisting of
r-proteins coded for by genes in the same operon are
formed and incorporated as preformed complexes
into the ribosome, instead of individual proteins, a
mechanism which would obviously accelerate the as-
sembly process. So it could be that the different
steady-state levels we observe indicate that some
r-proteins are not only present in the ribosomes, but
also stored in preformed complexes, ready to be in-
corporated when there is an increased need for ribo-
somes. The ribosomal proteins detected very early in
development (Fig. 4B) could also be primary RNA-
binding proteins which are important for the early
assembly of the ribosomal particles {40]. This may
be the case at least for r-proteins CS-S10 and CS-S14
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which have been identified as being primary 16S
rRNA binding proteins in spinach [25].

For one r-protein studied here a correlation has
been established with a r-protein gene, i.e. the rpsl9
gene codes for the spinach r-protein CS-S23 (cf. Ta-
ble 2). So, in this case we can compare the develop-
mental appearance of one r-protein with its proper
mRNA. The mRNA shows a burst in accumulation
at day 3 of development (Fig. 2), while we can detect
the corresponding protein (CS-S23) at day 4 of de-
velopment, indicating for this specific protein a tran-
scriptional control.

Conclusion

The results presented in this paper show that the
components of the 70S plastidic ribosome do not ac-
cumulate synchronously during spinach plant de-
velopment and that different regulatory mecha-
nisms are implicated in their synthesis.

1. The plastome copy number can only account
for a very minor part in the drastic increase of
mRNA levels for plastid coded r-proteins at day 5 of
development. Other regulatory factors as an in-
creased rate of transcription and/or a decreased rate
of transcript degradation have to be responsible for
this augmentation.

2. Atleast two genes, rpi23 and rps19, which form
a transcription unit with some other r-protein genes,
are regulated by an altered gene transcription and/or
an increased stability of their transcripts.

3. The differential accumulation pattern of r-pro-
teins and mRNA for r-proteins indicates that post-
transcriptional regulation also plays an important
role in plastid ribosome synthesis.
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