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indicated by arréws). With the exception of fractions 1, 2, and 4,
which have very little template activity, P23 appears strongly in
all fractions across the gradient of RNA from light-grown shoots
(Fig. 5a). The proteins synthesized using RNA from dark-grown
shoots are very similar to those of '"light' RNA, but their distri-
bution within the gradient is quite different (Fig. 5b). P23 ié
prominent in fraction 11, but quickly fades in the higher and lower
regions of the gradient. RNA from dark-grown shoots also has much
more activity in synthesis of higher molecular weight polypeptides,
Likewise, ABA-treatment has yielded RNA which codes predominantly
for higher molecular weight polypeptides (Fig. 5c). Fractions 10
and 11 contain a protein which seems to comigrate with P23, but
which was subsequently shown to be a slightly smaller protein.

RNA from the same three total cellular RNA preparations described
above was fractionated by oligo (dT)-cellulose chromatography to obtain
a poly (A) fraction for each treatment., In addition, poly (A) RNA was
obtained from total RNA of unimbibed embryos. Translation of these
RNAs (Fig. 6) clarified the observations made using the gradient
fractions described above. The P23 band from dark-grown material
does indeed comigrate with the P23 band from light-grown material,
but the major band in that size range coded for by ABA-treated poly
(A) RNA is a different, smaller protein, There is a very weak band
above it at the P23 position. Immunoprecipitation was used to deter-
mine whether these proteins were the authentic precursor to the small
subunit of RuBPCase.

Immunoprecipitated translation products of these RNA fractions

are shown in Figure 7, Whether poly (A) RNA or a fraction from the




30

Figure 6., Comparison of cell-free translations of poly (A) RNA (A)

with those of enriched fractions of total cellular

RNA (B).
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Figure 7. Immunoprecipitation of cell-free tramslation products of

RNA from light—gfown, dark-grown, and ABA-treated embryos.
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Figure 8. Immunoprecipitation of cell-free translation products of
poly (A) RNA from light-grown, dark-grown, ABA-treated,
and unimbibed embryos.
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gradient was used as a template, P23 was immunoprecipitated from
translation products when the RNA was from shoots grown without ABA,
but was not immunoprecipitated when the RNA was from ABA-treated
axes, The presence of ABA seems to eliminate the mRNA for P23
entirely. The absence of light has a less dramatic effect: P23
constitutes 9,57 of the total proteins made from poly (A) RNA of
dark-grown shoots, as compared to 11.7% when shoots are from light-
grown seedlings. However, due to the greater template activity of
RNA from dark-grown shoots, P23 is synthesized in almost the same
amount per ug poly (A) RNA in the two translation assays. Since
mRNAs are translated with different degrees of efficiency, and willl
respond differently to changes in translation conditions (Lodish,
1976), it is best to use caution in making a correlation between the
amount of a translation product and the amount of mRNA which must
therefore be present., This is particularly true here since it was
not established that the concentration of RNA used was in the linear
response range of the translation system, Precise quantitation of
mRNA levels must wait ﬁntil a cDNA probe is available to directly
detect the mRNA,

In a separate experiment, translation products of poly (A)
RNA from unimbibed embryos were also immunoprecipitated (Fig. 8).
Again, the characteristic pattern of three polypeptides is seen in
immunoprecipitated translation products of RNA from shoots not
treated with ABA (Lanes 2b and 3b), but is missing when RNA from

unimbibed embryos (Lane 1b) or ABA-treated axes (Lane 4b) is used

as the template,
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Synthesis of the Small Subunit of RuBPCase is Transcriptionally Controlled

The absence of immunoprecipitable P23 from cell-free translation
products synthesized using poly (A) RNA from unimbibed embryos or
ABA-treated axes is strong evidence that a functional message for
the small subunit of RuBPCase is not present in these tissues. Nor
is it present in total cellular RNA from ABA-treated axes. The
extraction and fractionation methods employed exclude masking of the
small subunit mRNA by protein or as double-stranded RNA, although
the message could be present as an unprocessed, untranslatable
primary transcript., Kamalay and Goldberg (1980) have shown by
hybridization analysis that many rare mRNAs are post-transcriptionally
controlled. Genes belonging to this class, whose protein products are
not known, are constitutively transcribed in all tissues, but the
transcripts leave the nucleus and become cytoplasmic mRNA only in
those particular tissues in which the gene product is expressed.

The mRNA for the small subunit of RuBPCase does not belong to this
rare class of messages. According to Goldberg's model, abundant mRNAs
are transcriptionally regulated, and the evidence presented here for
regulation of an abundant mRNA appears to fit that model.

In the four types of plant material examined, presence of mRNA
activity for P23 correlated with synthesis of the small subunit
of RuBPCase as shown by in vivo labelling of the protein. This is
true of embryos four days after imbibition. Examination of earlier
time points could show that there is a lag period between appearance

of mRNA activity and appearance of the protein, which would indicate

that translational control, in addition to transcriptional control,
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is operating in this system.

The Small Subunit of RuBPCase as a Germination Marker

The postulated transcriptional control of the synthesis of the
small subunit of RuBPCase seems to operate at two levels: the
message is not present in the dormant embryo, but is transcribed
and translated to a certain extent during the first days of germi-
nation in the absence of light and hence greening, This initial
synthesis is part of the germination program and requires no
additional environmental stimulus once germination has begun.

Upon development of photosynthetic capability in the presence of
light, the mRNA level increases and much greater amounts of the
protein are synthesized.

ABA prevents normal germination, and may interfere with
expression of germination—specific‘genes at different levels of
control than those which operate during normal germination, The
inhibition of a-amylase synthesis in barley aleurone layers
treated with both gibberellic acid (GA) and ABA may involve such
a change in control level. GA alone has been shown to induce the
mRNA for a-amylase, an abundant protein, and to regulate synthesis
at the transcriptional level (Ho and Varnmer, 1976). Simultaneous
addition of ABA, however, prevents the appeagance of a-amylase.
Mozer (1980) has reported that transcription of o-amylase mRNA is
unaffected by ABA, and that inhibition of enzyme synthesis is due
to translational control. Subsequent work by Varner (1981) using
cDNA hybridization has shown that GA stimulates a forty-fold increase

in a-amylase mRNA sequences compared to untreated aleurone layers,
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while treatment with GA and ABA stimulates a much smaller (three-
fold) increase, This observation indicates that ABA may be affecting
transcription in this system.

Whether or nor ABA plays a role in a-amylase regulation in vivo
has not been established. There is no direct evidence that it does,
but the ability of the tissue to respond to ABA suggests that it may
be involved. Likewise, the work described in this thesis provides
no evidence that ABA is directly involved in regulation of RuBPCase
in vivo. ABA has been shown to prevent precocious germination in
vitro, and the presence of high levels of ABA during the maturation
phase of embryogenesis strongly suggests that it plays a major role
at this stage. The mRNA for RuBPCase is not present in the develop-
mentally arrested embryo, which precludes a role for ABA as a
suppressor of translation of the mRNA during embryogenesis. Rather,
it appears ‘that ABA acts to prevent transcription of the RuBPCase
gene, and presumably other germination-specific genes as well, during
embryogenesis, The low ABA level which is attained in the mature
seed allows for germination under favorable conditions, and initia-
tion of a germination program which includes, at some point, new
transcription of mRNA for RuBPCase, In cucumber cotyledon, the mRNA
for the small subunit first appears two to three days after imbibition,
fairly late in germination (Walden and Leaver, 1981). The time of
appearance of the mRNA for RuBPCase in wheat will be important to
d e termine, using a cDNA probe. Using cell-free translation, this
study shows that the mRNA for RuBPCase is present at high levels
four days after imbibition, and that its transcription is prevented

by the continuous presence of ABA. It would be interesting to
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germinate 20-day-old embryos without ABA for various lengths of time,
then add ABA, to see how late one could add ABA and still see develop-
ment in the embryogenic pathway; i.e., when do embryos become committed
to germination? Also, does commitment to germination always result in
RuBPCase synthesis? Can the two processes be uncoupled? 1In this way

we could learn more about the place of RuBPCase in the germination

pathway,
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