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Both negative and positive G, cell cycle regulators undergo
proteasome-dependent degradation during sucrose starvation
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he proteasome pathway regulates

many aspects of biological pro-
cesses in plants, such as plant hormone
signaling, light responses, the circadian
clock and regulation of cell division. Key
cell cycle regulatory proteins including
B-type cyclins, Cdc6, cyclin-dependent
kinase inhibitors and E2Fc undergo
proteasome-dependent degradation. We
used the proteasome inhibitor MG132
to show that proteolysis of Arabidopsis
RETINOBLASTOMA-RELATED
1 (AtRBR1) and three E2Fs is medi-
ated by the proteasome pathway during
sucrose starvation in Arabidopsis suspen-
sion MM2d cells. We found previously
that estrogen-inducible RNAi-mediated
downregulation of AtRBR1 leads to a
higher frequency of arrest in G, phase,
instead of G -phase arrest in the unin-
duced control, after sucrose
tion. Degradation of not only negative
(AtRBR1 and E2Fc) but also positive
(E2Fa and E2Fb) cell cycle regulators
after sucrose starvation may be required
for arrest in G, phase, when cells inte-
grate a variety of nutritional, hormonal
and developmental signals to decide
whether or not to commit to entry into
the cell cycle.

starva-

Because of their sessile lifestyle, plants
must be able to respond flexibly to changes
in environmental conditions. Plants need
to sustain a dynamic balance between
growth rate and developmental pattern
in response to intrinsic genetic cues and
extrinsic environmental signals.! One of
the most important mediators of these
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signals is sucrose. Sucrose acts as an
important signaling molecule that tightly
regulates the patterns of gene expression in
a spatiotemporal manner.?

In  eukaryotes, cyclin-dependent
kinases (CDKs) play pivotal roles in
cell cycle control’> Two major types of
CDKs, CDKA and CDKB, participate
principally in plant cell cycle control.
Additionally, D-type cyclins (CYCDs) are
thought to act as mediators linking extra-
cellular and developmental signals to the
cell cycle. GeneChip analysis revealed that
expression of genes involved in S-phase
entry decreases during sucrose starvation,
a process which may be linked to G -phase
arrest.’

A number of cDNAs encoding E2Fs
and RETINOBLASTOMA-RELATED
(RBR) proteins have been identified in
plants. In Arabidopsis, the E2F/DP family
consists of six E2F and two DP proteins.”®
E2Fa and E2Fb can bind with DPA to
transcriptionally activate target genes,”
although E2Fc lacks transcriptional acti-
vation properties." It is assumed that RBR
represses transcription by binding E2Fs,
whereas CDKA-mediated phosphoryla-
tion of RBR during G, phase releases
a functional E2F-DP to activate target
genes and allow cell cycle progression to
S phase.

We reported previously that Arabidopsis
suspension MM2d cells downregulating
Arabidopsis RBR (AtRBR1) to evaluate
the role of AtRBRI in cell cycle arrest
after sucrose starvation.'? Downregulation
of AtRBRI causes a higher frequency of

arrest in G, phase in response to stationary

Volume 6 Issue 9



A Normal condition

sucrose \

CYCD3
CDKA
AtRBR1 £ DP ARBR1 PP _ £pp
i
Ep
>
G1phase G1/S transition S phase
B Sucrose starvation
s Proteasome-
cycp3—>CYC D3 mediated
degradation
CDKA
X W o
AtRBR1 DP oo AT
(i ) (inactive)
>
G1 phase

Figure 1. Model of G,-phase arrest after sucrose starvation. (A) Under normal sucrose condi-
tions, RBR represses transcription by binding E2Fs during early G, phase. However, CDKA/CYCD3
phosphorylates RBR during late G, phase, which results in releasing a functional E2F-DP to
activate target genes involved in progression into S phase. (B) During sucrose starvation, CYCD3;1
undergoes proteasome-dependent degradation and disappears rapidly within several minutes.
However, both AtRBR1 and E2Fs also undergo proteasome-dependent degradation, and this may
be required for G,-phase arrest after prolonged sucrose starvation.

phase and sucrose starvation. Our data signals to commit to entry into the cell
imply that AtRBRI plays a key role in  cycle. CYCD3;1 is a highly unstable pro-
G,-phase arrest in sucrose starvation. tein that undergoes proteasome-depen-

In our recent study, we found that dent degradation and disappears rapidly
AtRBR1 and three E2F proteins were after sucrose starvation.” In Arabidopsis
degraded under limited sucrose condi- MM2d cells, overexpressing CYCD3;1
tions, while protein abundance increased  partially overcomes the G,-phase arrest
in response to treatment with the protea- induced by sucrose removal. Given that
some inhibitor MG132."® These results AtRBRI is most likely acting downstream
thus indicate that not only negative of CYCD3;1 before the G,/S transition,
(AtRBR1 and E2Fc) but also positive overexpressing CYCD3;1 may cause inac-
(E2Fa and E2Fb) cell cycle regulators tivation of AtRBR1 by phosphorylation,
undergo proteasome-dependent degra- leading to a higher frequency of arrest
dation after sucrose starvation. The pro- in G, phase in response to sucrose avail-
teasome pathway regulates cell division ability. As observed in downregulation of
by degrading key regulatory proteins AtRBRI, degradation of AtRBRI after
including B-type cyclins,”* Cdc6,” CDK 12 h of sucrose-starved culturing may
inhibitors (CKlIs),'""® and E2Fc.”” The cause a higher frequency of arrest in G,
control of the transition from G, to S phase, thus suggesting a model in which
phase is a critical step in cell cycle regu-  degradation of E2F activators (E2Fa and
lation, because before this G /S transi- E2Fb) may be required for maintaining
tion cells have to integrate a variety of G -phase arrest after prolonged sucrose
nutritional, hormonal and developmental  starvation (Fig. 1).
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It has recently been shown that the
plant hormone gibberellin promotes cell
proliferation by stimulating the destruc-
tion of DELLA proteins, which restrain
cell division by enhancing the accumu-
lation of CKIs.?' It will be important to
identify the mediator which links sucrose
starvation and degradation of key cell
cycle regulators.
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