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Abstract

While many are the examples of DNA damaging treatments that induce p21 accumulation, the
conception of p21 upregulation as the universal response to genotoxic stress has come to an end.
Compelling evidences have demonstrated the existence of converging signals that negatively
regulate p21 bellow basal levels when replication forks are blocked. Moreover, conclusive reports
identified the E3-ligase CRL4CPT2 (CUL4-DDB1-CDT2) as the enzymatic complex that promotes
p21 proteolysis when treatments such as UV irradiation trigger replication fork stress. A pre-
requisite for CRL4PT2_driven proteolysis is the interaction of p21 with PCNA. Interestingly as
well, CRL4CPT2_dependent proteolysis is not limited to p21 and affects other PCNA partners,
including the specialized DNA polymerase n(pol eta). These recent discoveries are particularly
intriguing since the UV-induced degradation of p21 has been shown to be required for efficient
pol n recruitment to DNA lesions. Herein we review the findings that lead to the identification of
the molecular mechanism that triggers damage-induced PCNA-coupled protein proteolysis. We
propose a novel model in which CRL4CPT2.dependent protein degradation facilitates a sequential
and dynamic exchange between PIP box-bearing proteins at stall forks during Translesion DNA
synthesis (TLS). Moreover, given the tight spatiotemporal control that CRL4PT2-driven
proteolysis is able to confer to PCNA-regulated processes, we discuss the impact that this
degradation mechanism might have in other molecular switches associated with the repair of
damaged DNA.
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1. p21 levels after DNA damage: what to expect?

Few topics in cell biology have received as much attention as the p53 activation pathway
after genotoxic stress. Since p21CIPLYWAFL discovery [1,2], and during the “golden p53 age”
in the 90’s, a strong dogma stating that DNA damage activates p53 to trigger accumulation
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of p21 and subsequent cell cycle arrest was established. The knowledge of this emerging
pathway spread widely in the scientific community and transcended to such a degree that
nowadays it can be found in most cell biology books. The universality of this pathway was
therefore not questioned for about 15 years and is still deeply seated in many scientists’
minds.

During the last few years, a significant number of reports provided increasing evidence of
exceptions in the induction of p21 after genotoxic stress, both at mMRNA and protein level
[3-12]. However, a somehow expected skepticism caused that these findings went
unnoticed. This is particularly noteworthy in the case of UV irradiation. Several reports
demonstrated that p21 is not induced after UV, but on the contrary it is actively
downregulated [6-10,12]. This notion is conceptually important not only because it provides
an obvious exception to the p53/p21 dogma, but also because it suggests the existence of a
novel signaling pathway that promotes p21 degradation in certain conditions of genotoxic
stress. From a more practical point of view, being aware of this exception is beneficial since
a significant number of research groups still attempt to detect the “expected” p21
upregulation after UV irradiation, troubleshooting the experiments endlessly when they do
not observe an increase in p21 levels.

The conception of p21 as a stress-induced protein is therefore certainly restricted by these
findings, which mandates the re-evaluation of the physiological relevance of p21 levels both
before and after stress. It is well established that high p21 levels induced by p53
accumulation after some genotoxic agents (i.e. gamma irradiation) are involved in cell cycle
arrest. However, basal p21 levels, that were historically considered insufficient to affect any
cellular process, have recently gained the attention of the field due to the discovery of the
ability of the cell to downregulate p21 “below the basal levels” in certain conditions (i.e.
after UV)(Figure 1).

2. Keeping p21 levels low: redundancy or specificity?

Among the multiple roles reported for p21 [13], the most studied ones are related to its CDK
and PCNA binding domains. It is well established that low p21 levels are required to allow
efficient CDK activity during S-phase. In fact, it should be kept in mind that basal p21 levels
are amounts of protein compatible with the progression of the cell cycle and therefore not
sufficient to inhibit CDK activity [14]. Much more difficult to predict is the effect that low
levels of p21 might have on the fraction of PCNA bound to replication forks. In this respect,
by comparing p21+/+ cells with p21 knock-out derivatives, our group showed that basal p21
levels in proliferant cells selectively impair the interaction of certain polymerases with
chromatin-bound PCNA [15] (for review see [16]). These data therefore suggest that the
mechanism that downregulates basal p21 levels is more likely to regulate a function of p21
at replication forks.

Although upregulating p21 levels is mechanistically rather simple (achieved by p53-induced
transcriptional activation), the pathways in charge of its downregulation are much more
complexly controlled. Multiple cellular mechanisms were reported to keep p21 levels low,
acting in cooperation during transcription, basal protein turnover and DNA damage-induced
protein degradation.

2.1 Keeping p21 low at the mRNA level

The first evidence of an exception to the p53/p21 dogma was observed when RKO cells
were treated with drugs that block DNA replication, as hidroxyurea (HU) or aphidicolin
(APH). Similarly to other agents as y rays, HU and APH induce high levels of p53, but are
not followed by the expected increase in p21 mRNA levels [4]. Although the level of

DNA Repair (Amst). Author manuscript; available in PMC 2011 April 4.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Soria and Gottifredi

Page 3

impairment in p21 mRNA accumulation varies among different cell lines, these observations
suggested that p21 transcription is controlled at some step during replication blockage.
Subsequentially, chromatin inmunoprecipitation experiments scanning the p21 promoter and
coding sequences revealed that upon HU treatment, p53 efficiently accumulate, binds to p21
promoter, and recruits components of the transcription machinery, but RNA Pol I1-
dependent elongation is impaired [5].

Failure to upregulate p21 mRNA was also observed after UV irradiation in other p53wt cell
lines [7].Thus, it seems that different types of DNA damage that converge on the blockage
of replication forks might potentially impair p21 mRNA transcription despite the efficient
activation of p53. This is in line with recent findings showing that HU-dependent block of
p21 mRNA elongation depends on ATR/CHK1 activity [17], a pathway that is known to be
activated after replication fork stress [18].

2 Keeping p21 low at the protein level

Various pathways control p21 protein turnover. Some of these pathways operate to maintain
the basal levels of p21 [19-22] while others are in charge of the increased proteolysis of p21
after DNA damage [6-12].

The control of basal p21 turnover is a subject of controversy, being the ubiquitin-dependent
or independent nature of its proteolysis the major point of disagreement. While there is
consensus on the fact that p21 can be ubiquitinated in vivo, different groups have reported
that p21 ubiquitination is not a pre-requisite to allows its proteosomal degradation [20,22].
In fact, it was shown that p21 C-terminus is able to directly interact with the 20s subunit of
the proteosome, bypassing the necessity of ubiquitination [20]. Other groups support the
opposite model, in which ubiquitination of p21 is required to trigger its proteolysis
[21,23,24]. Two E3-ligases were implicated in ubiquitin-dependent p21 basal turnover:
SCFkPZ controlling p21 levels during G1/S [24] and APC/CC420 triggering p21 degradation
during G2/prometafase [23].

It was not until recently that evidence of a DNA-damage inducible mechanism for p21
degradation was reported. An initial report stated that p21 proteolysis is induced by low but
not high UV doses [12]. However, subsequent papers have shown that p21 degradation after
UV increases in a dose and time-dependent manner [6-8,11]. In fact, p21 degradation is only
clearly observed in most cellular systems at high UV doses (>10J/m2), while lower doses
seem to keep p21 levels rather unchanged (see figure 2 and following sections for further
discussion).

Other genotoxic agents are also able to efficiently trigger p21 degradation, such as MMS

[8], HU [3,8] and Cisplatin [11]. Not surprisingly, all these agents cause replication fork
stalling, thus suggesting that the signals that trigger p21 proteolysis might not result from the
simple accumulation of DNA damage, but more likely, from the accumulation of damage-
processing intermediates. This is in line with the fact that ATR is essential for p21
degradation ([7,12] and our unpublished results). However, it is not yet clear whether p21
degradation requires also CHKZ1 or results from independent ATR downstream effectors. A
report in line with the latter possibility indicates that p21 phosphorylation by the GSK-33
serine/threonine kinase is required for its proteosomal degradation [7].

It is important to highlight at this point that p53 accumulation is not observed in all the
cellular systems used after UV irradiation. For example, p53 accumulation is efficient in
normal HFL1 fibroblast and U87 glioma cells, but not in U20S and HCT116 cells.
Nonetheless, p21 degradation is similarly detected in these cell lines regardless of p53 levels
(figure 2). Moreover, even in p53 null or mutant cells lines, the residual amounts of p21
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detected are also efficiently degraded after UV (figure 2). Remarkably in line, the DNA
damage-induced p21 degradation pathway is dominant over others signal capable of
upregulating p53. In fact, if cells are treated with agents that efficiently activate p53 and
markedly increase p21 levels (i.e. y rays and Daunorubicin), the subsequent treatment with
UV or HU triggers efficient p21 proteolysis, regardless of the continuous presence of the
p53-activating agent throughout the whole length of the experiment [4,8]. These data brings
into light a counterintuitive concept: the reduction and not the upregulation of p21 levels is a
priority for the cell after some types of genotoxic stress.

The E3-ligase involved in the UV-induced p21 degradation was initially reported to be
SCFkP2, the same complex working under unstressed conditions[12]. However, several
subsequent reports demonstrate that UV-induced p21 degradation occurs with identical
efficiency in cells with impaired or null expression of the SCFSkPZ complex [6,7,9,10].
Moreover, DNA damage-induced p21 ubiquitination have some particular features, which
suggested that a different E3-ligase would be involved. First, the agents able to increase p21
proteolysis are characterized for triggering replication stress, thus suggesting that the E3-
ligase involved might be activated at stalled replication forks. Second, p21 undergo a non-
canonical type of ubquitination at its N-terminus [21], which was shown to be required for
the UV-induced p21 degradation pathway [8]. Recent reports by three different groups had
identified CRL4CPT2 s the E3-ligase involved in the UV-induced degradation of
p21[9,10,25]. As predicted, this complex is associated to replication forks, is recruited to
DNA after genotoxic stress and is able to ubiquitinate target proteins at their N-terminus
([9,10,26], see next section for further discussion about the mechanism).

In summary, if we consider the various versatile pathways presented in this section, it seems
that when it comes to the regulation of the p21 levels, the most accurate answer to the
original question inquiring whether these pathways provide “redundancy or specificity” is
simply: both.

3. Emergence of a PCNA-coupled degradation pathway

Protein degradation coupled to PCNA interaction is a mechanism that was originally
described for the CDK inhibitor Xicl [27] and the licensing factor of DNA replication,
CDT1 [28]. Since PCNA is a master coordinator of the replication process [29], coupling
proteolysis to PCNA confers the unique attribute to inactivate proteins at the replication
fork. Notably, these replication-coupled inactivation mechanisms are not restricted to
metazoans, since similar processes were described in S. pombe [30] and even in E. coli [31].
More intriguingly, PCNA-coupled degradation of CDT1 was also shown to be activated
after DNA damage [26] and to depend on the CRL4PT2 E3 ligase complex [32]. Several
subsequent reports revealed that other PCNA partners such as p21, Pol ), CKI 1 and E2F
follow similar degradation patterns [9,10,33,34]. These findings are exciting, since they
suggest the existence of an undefined degradation pathway that could depend on the
recruitment of target proteins to replication forks.

3.1 Coupling protein ubiquitination to PCNA: How does it work?

Recent findings revealed that proteins engaged by the PCNA-coupled degradation pathway
share two common features. First, they all are able to interact with PCNA directly. This
interaction requires a special motif known as PCNA interaction protein, or PIP box. In fact,
for all the proteins reported so far, mutations of critical residues on the PIP boxes inhibit
protein degradation [9,10,26-28,33,34]. Second, all the identified proteins that follow the
PCNA-coupled pathway (CDT1, p21, Pol n, E2F and CKI 1) are triggered to proteosomal
degradation by the same E3-ligase complex: CRL4CDT2,
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CRL4CDPT2 ‘also known as the CUL4-DDB1-CDT2 complex, is member of the culling-
RING finger ligases (CRLs). Cullin 4 and the adaptor protein DDB1 constitute the
conserved core of the complex. The ubiquitination specificity is conferred by a third protein,
known as DCAF (for DDB / CUL4 associated factor)[35]. Although the interest of this
review is focused on CDT2, the CUL4-DDB1 core associates with others DCAFs, like
DDB2 and CSA, which were previously shown to trigger the degradation of the DNA repair
proteins XPC and CSB respectively [36,37]. Outstandingly, more than 50 novel DCAFs
have been recently identified, opening an entire new field for investigating the stability-
control of proteins involved in the DNA metabolism [35].

Mutational analysis of central proteins in this pathway suggested that the mechanism of
recruitment of the CRL4CPT2 complex is hierarchic, involving an initial interaction of the
PCNA partner with PCNA, which is followed by a subsequent recruitment of the E3
complex. The ubiquitination step takes place in situ, and seems crucial to allow the
sequential recruitment to other/s PIP box bearing proteins to PCNA. Other significant
feature of this pathway is that the degradation of PCNA partners is apparently linked only to
chromatin bound PCNA and not to free PCNA [28,38]. This latter feature is particularly
important since it might explain why CRL4CPT2¢coupled degradation occurs in S-phase or
after DNA damage, two circumstances where PCNA is bound to chromatin.

The data discussed above therefore indicate that the number of processes controlled by
PCNA-coupled degradation is difficult to predict. In theory, any event that involves
recruitment and tight interaction of PCNA partners with the DNA could represent a potential
trigger for its CRL4%Ytcoupled degradation. This possibility is particularly intriguing for the
various DNA repair processes that require PCNA, since CRL4“PT2-coupled degradation
might represent a central component for the inactivation and/or sequential recruitment of
repair proteins (see section 4 for further discussion)

3.2 Specialized PIP boxes drive PCNA-coupled degradation

Perhaps the most puzzling aspect of this emerging pathway is why some PIP box bearing
proteins such as p21 and CDT1 are degraded by the PCNA-coupled mechanism while many
others PIP box proteins seems to be stable. Experiments using small peptides containing the
PIP box of p21 demonstrate that the E3 complex interacts directly with the PIP box [38].
This observation suggests that the PIP box sequence itself, might be responsible for both the
docking onto PCNA and the activation of the ubiquitination step. Thus, it is possible to
hypothesize that a small difference between the PIP boxes might determine whether or not a
PCNA partner is subjected to PCNA-driven proteolysis.

Initial mutagenesis analyses suggested that, in addition to the PIP box, basic aminoacidic
clusters flanking the PIP box are important to allow ubiquitination [10]. More recently, a
paper by Havens and collaborators reported the intriguing finding that the PIP boxes of
known CRL4CPT2 targets like p21 and CDT1 share two functional features [38]. The first
one is a high affinity for PCNA. This condition was fulfilled in most of the PCNA partners
examined by a TD motif in positions 5 and 6 of the PIP box. The second is a basic
aminoacid (K or R) in position +4 from the PIP box. Without exception, all the PIP boxes
analyzed in that study share this last feature (figure 3A). Notably, these specialized PIP
boxes were shown to be “portable”, and sufficient to trigger the degradation of stable PCNA
partners such as FEN1. This was proved utilizing a site-direct mutagenesis approach to alter
the PIP box of FEN1 in a way that mimicked critical residues of a specialized PIP box
[38].These findings provide additional and categorical evidence supporting the existence of
a precisely controlled PCNA-coupled, S phase-driven and DNA damaged-induced pathway
that promotes degradation of proteins such as p21.
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While more work is required to establish whether these conserved PIP boxes are common to
every CRL4CDT2 target, it is likely that there will be at least some exceptions. For example,
Polymerase n from C.elegans, a PCNA partner that was recently shown to be degraded by
this pathway [34], carry a conserved specialized PIP box (figure 3A) [38]. However, despite
a very conserved PIP box core, the flaking residues of Ce Pol n are not conserved in
mammalian variants of Pol n, including human Pol n(figure 3B). This sequence divergence
suggests that Pol n in mammals might not be sensitive to the stress induced degradation
pathway. However, we were able to detect UV-induced degradation of human Pol n in a
dose and time dependent fashion (Figure 3C), thus indicating that CRL4CPT2 might be able
to recognize other types of PIP boxes. Given the high number of known PCNA partners, it is
likely that these findings will prompt the identification of novel targets of the CRL4CPT?2
shortly.

4. PCNA-coupled degradation: a master switch for TLS?

During DNA replication, synthesis across damaged DNA is achieved by specialized DNA
polymerases in a process known as TLS (Translesion DNA synthesis)[39,40]. The initial
recruitment of TLS polymerases to the replication fork is stimulated by mono-ubiquitination
of PCNA [41]. TLS polymerases can act either alone or in pairs depending on the type of
damage (in the latter case there is a sequential recruitment of two polymerases, that carry out
an initial and an extension step respectively). In any case, DNA synthesis must be resumed
later by a replicative Polymerase, which is reloaded to replication forks with a poorly
understood mechanism [42].

TLS polymerases must be tightly controlled since they are prone to induce mutagenesis due
to their permissive active site and their lack of proofreading activity. One protein that was
reported to be critical in the control of TLS is p21. In fact, UV-induced p21 proteolysis was
shown to facilitate at least two independent TLS-associated events. First, p21 degradation
after UV is required for efficient PCNA mono-ubiquitination, indicating that p21 impairs
PCNA ubiquitination [8]. Second, p21/PCNA interaction strongly impairs Pol n focal
organization at DNA lesions [15]. This effect is linked to the ability of p21 to selectively
impairs Pol n interaction with chromatin-bound PCNA without altering the loading/activity
of the replicative polymerase 6 [15]. These studies revealed that, while very high levels of
p21 might impair PCNA-driven DNA replication, the much lower p21 levels reached during
basal expression are sufficient to selectively block PCNA interaction with TLS polymerases.
Thus, these data collectively suggest that p21 degradation after UV represent a biological
relevant step critical for the success of TLS [16].

In this context it is appealing to imagine that PCNA-coupled p21 degradation might
represent the perfect switch to shut down “in situ” the negative effect of p21 on TLS when
required. The model we propose envisions replication fork stalling at DNA lesions as the
initial signal that triggers p21 degradation. This event promotes PCNA ubiquitination, which
in combination with the increase in free PCNA binding sites that results from p21
degradation, allows the recruitment of Pol j and promote TLS (Figure 4). Moreover,
findings by the group of Matthew Michael suggest that the rationale of this model could be
extended to other sequential steps of TLS. Using a C. elegans model, they discovered that
Pol n follow an identical degradation mechanism as p21 after UV (coupled to PCNA and
dependent on CRL4CPT2), They hypothesize that Pol 1 degradation might be required for
Pol n unload after TLS, an event with a rather puzzling and yet obscure mechanism [34].
Therefore, it is tempting to speculate that the PCNA-coupled degradation pathway might
control the sequential exchange of PIP box bearing proteins at the PCNA clamp during TLS.
This extended model would therefore includes the initial step of TLS Polymerase
recruitment facilitated by p21 degradation, the TLS Polymerase unload step (to allow the re-
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load of the replicative Polymerase), and even possibly the switch to the second polymerase
in the two-TLS-polymerases pathway (Figure 4).

A final point that still needs to be addressed is the fact that both p21 and Pol n levels are
kept rather constant when cells are treated with low doses of UV and MMS. While it is still
difficult to reach a consensus regarding which is the right dose of UV that should be used in
these type of studies, it was reported that the amount of DNA damage required for the
detection of p21 or Pol n) degradation is incompatible with long term cell survival [34,43].
At first glance, these data seem to suggest that our model cannot apply to a physiological
scenario. However, the significance of unaltered total protein levels when analyzing
processes restricted to single replication forks dynamics should not be overestimated. A low
frequency of DNA lesions reduces the total number of replication forks that will encounter
DNA lesions and trigger CRL4CPT2 activation. Thus, unaffected p21 and Pol 1 total levels
after low amounts of DNA damage do not imply lack of activation of the degradation
pathway at a limited number of stalled forks. Our model propose that while severe
downregulation of p21/ Pol n levels might be observed only with the high doses used for
experimentation, “physiological” amounts of DNA damage might trigger rates of PCNA-
coupled degradation that could be balanced with opposite rates of protein synthesis. Thus,
the degradation of PIP box bearing proteins could still take place in situ at stalled forks
without noticeably affecting the total levels of targeted proteins. More work will be required
to corroborate this dynamic model and to check if it is valid for the various proteins that
follow the PCNA-coupled degradation pathway.

5. Future perspectives

In addition to the implications of the PCNA-coupled degradation model discussed above,
there are some other potential consequences for the degradation of p21 and other PCNA-
partners. A few recent reports support this possibility. First, p21 degradation [8,11], PCNA
ubiquitination [8] and Pol n recruitment to damage sites [44,45] are observed in G1/G2.
These intriguing data suggest that the PCNA-coupled degradation pathway could also be
associated with the DNA damage response outside S-phase. In line with this, recent
evidence suggests that p21 might be involved in the control of the base excision repair
pathway (BER). On the one hand, certain types of oxidative DNA damage typically repaired
by BER, like the ones induced by hydrogen peroxide and potasium bromate, were shown to
induce p21 degradation [11]. On the other hand, the TLS polymerase I (Pol iota) was
implicated in BER [46]. Since at least one BER sub-pathway (long patch BER) is dependent
on PCNA, the resemblance of these observations with the ones regarding TLS and p21
suggest that p21-degradation might be relevant also for the efficient activation of BER.

Many others questions still wait for an answer, not only regarding the DNA damage-induced
p21 degradation, but also related to the processes that might be affected by the expanding
PCNA-coupled degradation pathway. One thing is certain: the findings discussed in this
review will serve as foundations to shed light into the contribution that PCNA-coupled
degradation might have on the plethora of mechanisms orchestrated by PCNA.
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Fig 1. Molecular mechanisms of p53-dependent p21 upregulation and p53-independent p21

downregulation after DNA damage

Diagram depicting the opposite pathways that modulate p21 levels after different types of
DNA damage. The left panel summarizes the main events in the classical p53-dependent
p21 upregulation pathway that relies on p53 transcriptional activation and leads to cell cycle
arrest. The DNA damage-induced p21 proteolysis pathway is represented on the right panel.

When this pathway is activated, the final p21 levels are similarly low regardless of the

efficient accumulation of a transcriptionally active p53. The latter process depends on the E3
ligase CRL4CPT2 (CUL4-DDB1-CDT?2). Different experimental models (see main text)

have shown that ATR activation is required both for the impairment of p21 mRNA

transcriptional elongation (with a mechanism that involves CHK1 activation) and for the
efficient p21 proteolysis (with a yet unclear mechanism).
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Fig 2. p21 downregulation after UV is independent of p53 activation

A) p21 proteolysis is actively induced by UV light in p53+/+ cells (regardless of the
efficient, low or undetectable p53 activation) and p53 null cells. Normal human fibroblasts
(HFL1), glioma cells (U87), osteosarcoma cells (U20S) and lung carcinoma cells (H1299)
were subjected to 20 or 40 J/m2 of UVC. 6 hours later total protein extracts were prepared
and used in Western Blot experiments revealed with p53 (DO1), p21 (C19) and actin
specific antibodies. B) Table summarizing the different cell lines that were previously
reported to trigger UV-induced p21 proteolysis. The p53 status and the level of induction are

specified in each case within the respective reference.

DNA Repair (Amst). Author manuscript; available in PMC 2011 April 4.




1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Soria and Gottifredi

(A) PIP box +4 (B) PIP box 4

Page 13

QTSMTDFYHSKR Hsp2l PKSLESFFKKKK Ce Poleta

QRRVTDFFARRR Hscdtl RPN . B
TTPITDYFPKRK XlXil MQTLESFFKPLT Hs Poleta

QQKMTDFMAVS R CeCKIl MQTLESFFKPLT MmPoleta
PKSLESFFKKKK CePoleta MQTLESFFKPLT Cf Poleta

enhances  basic conserved hot
PCNA residue core conserved
Interaction
(C) 6 Hours
post UV 80 J/m2
NI 20 80 J/m2 NI 1 2 6 HoursPost UV

WP s=m «== Po| 1) W w—— w— 0l 1]

T A\ ctin esvennsamsams A\ Ctin
1 0,7 0,58 1 0,63 0,53 0,39

Fig 3. Several PCNA partners are triggered to degradation by the same PCNA-coupled
mechanism

A) Sequence alignment of proteins reported to undergo PCNA-coupled degradation. The
conserved features of their PIP boxes are: a PIP box core that allows highly efficient
interaction with PCNA and a basic residue in position +4 from the PIP box. Important: a TD
domain is present in the PIP box core of all PCNA-partners, except in Pol n. B) Sequence
alignment of Pol n from C. elegans and Pol n from differents mammals (Hs: Homo sapiens,
Mm: Mus musculus and Cf: Canis familiaris). All the variants share a well-conserved PIP
box core but the mammalian variants do not share the basic residue in position +4. C)
Exogenously expressed human GFP-Pol ) is actively degraded after UV irradiation. In the
left panel, samples were collected 6 hours after irradiation with the indicated increasing UV
doses. A time course using a fixed UV dose was also performed and is presented in the right
panel. Western blots were revealed with specific antibodies for GFP (to detect GFP- Pol eta)
and for actin (used as a loading control). The numbers at the bottom of each lane indicate the
relative amount of Pol n in respect to unirradiated controls. These values were calculated
using densitometric analysis and normalized with respect to actin levels for each sample.
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Fig 4. A dynamic model for the regulation of Translesion DNA synthesis (TLS) by PCNA-
coupled degradation

Our view of the potential sequence of events that promote the progression of replication
forks at DNA lesions: A) A replication fork is stalled at a timidine dimer due to the
incapacity of a replicative DNA polymerase to synthesize across DNA lesions. Until that
point, both p21 and the replicative DNA polymerase can coexist at the replication fork (see
main text) B) The CRLCPT2 complex is recruited to the fork and ubiquitinates p21. C) p21
degradation allows PCNA mono-ubiquitination and facilitates the subsequential recruitment
of Pol n to the same binding site that was occupied by p21. The PCNA-Pol n complex is
then able to replicate across the damage. D) The CRLCPT2 complex recruited to the fork
ubiquitinates Pol n. E) Pol n proteolysis is followed by the reload of a replicative DNA
polymerase. This processive PCNA complex takes over DNA synthesis until another lesion
in the DNA blocks the replication fork and this cycle restart. The sequential loading and
disassembly of CRLCPT2 complexes to replication forks has not been tested and is
represented like that only for simplification purposes.
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