
Macromolecule turnover
 - rapid response to changing environment

 - removal of damaged macromolecules

Fundamental aspects of RNA turnover
enzymes - nucleases (endo, exo)

cofactors - RNA binding proteins?

specificity - RNA or RNP?, nucelotide sequence, RNA 
structure?

regulation - ??

localization - ribosome-associated, nuclear?

interdependence with other systems - translation, RNA 
processing
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Mechanisms involved in mRNA turnover
1.  Poly(A) shortening

Appears to be a rate-determining step for mRNA turnover:
in yeast and animals, unstable mRNAs shorten their
poly(A) more rapidly than longer mRNAs

Involves a nuclease that is specific for poly(A)
PAN: poly(A) nuclease, requires PAB
CCR4-Not complex:  multifunctional complex,
may link deadenylation with other processes

The mammalian PAN nuclease also requires that the
mRNA be capped -> competition between translation and
mRNA turnover may involve interactions with the 5’ and 3’
ends of the mRNA

Regulation is not understood

2.  mRNA decapping

Occurs on mRNAs with shortened poly(A) tails

Removes the 5’-cap, which may have a direct “protective”
effect against exonucleases

3.  5’->3’ exonucleases

Xrn1p in yeast

4.  3’->5’ exonucleases

A complex known as the exosome

Analogous in function and subunit composition to bacterial
mRNA turnover machinery - the degradosome



separated from Caf1p and Ccr4p. Nevertheless, the N- and

C-terminal domains of Not1p interact to form Ccr4-Not

complexes (Maillet et al., 2000) (indicated by the blue arrow

on Fig. 2). This certainly establishes contacts between

Caf1p or Ccr4p and the Not proteins, and these may be

important for the stability of the complex. For instance, it is

quite striking that in cells lacking Not5p, the elution of

Ccr4p in 1.2 MDa complexes is dramatically decreased,

while Ccr4p still is associated in complexes of 2 MDa

(Maillet et al., 2000). This would suggest that in the core 1.2

MDa complex, the association of Ccr4p is critically

dependent upon Not5p, while possibly in the larger

complexes additional proteins stabilise Ccr4p even in the

absence of Not5p. Such an organization of the complex

suggests that, even if the function mediated by Not5p is

different from that mediated by Ccr4p, to some extent a

deletion of Not5p might impact on Ccr4p-mediated

functions and vice-versa. This might explain why ccr4

and not5 mutants do not generally share mutant phenotypes,

but nevertheless do have some mutant phenotypes in

common.

5. Interactions between components of the Ccr4-Not

complex and additional proteins

As mentioned above, the nine proteins of the core Ccr4-

Not complex co-fractionate not only with a size of 1.2 MDa,

but also with a size of 2 MDa. Nevertheless it is unclear

whether only two discrete forms of the complex exist.

Indeed, the larger form of the complex elutes quite close to

the void volume of the gel filtration columns that have been

used for its definition and such columns would not resolve

subtle differences in size around 2 MDa. The larger complex

could in reality represent a variety of larger complexes

composed of the core Ccr4-Not complex associated with

additional proteins. Indeed, proteins that can interact with

Ccr4p, Caf1p or the Not proteins have been described.

These include Dbf2p (Liu et al., 1997), Mob1p (Komar-

nitsky et al., 1998), Ada2p (Benson et al., 1998), Caf4p,

Caf16p, the Srb9p, Srb10p and Srb11p components of the

holoenzyme (Liu et al., 2001), Dhh1p (Maillet and Collart,

2002), TBP (Lee et al., 1998), TAF13 (Lemaire and Collart,

2000) or TAF1 (Deluen et al., 2002) (Fig. 2).

Fig. 2. Not1p is the scaffold of the complex. Ccr4p and Caf1p bind to the N-terminal region of Not1p, and the association of Ccr4p is critically dependent upon

Caf1p. Not2p binds to the most C-terminal portion of Not1p. Not4p and Not5p bind to the same region of Not1p, just N-terminally to Not2p. Not3p is thought

to bind to the C-terminal portion of Not1p also. Caf40p and Caf130p associate with the N-terminal portion of Not1p, and they do not affect the association of

any other protein with Not1p. The N-terminal region of Not1p interacts with the C-terminal region of Not1p, as indicated by the blue arrow. Components of the

core Ccr4-Not complex have been described to interact with many different proteins, such as Dhh1p, TFIID, and the Ubc4 and Ubc5 E2 enzymes, contributing

to mRNA degradation, transcription initiation and ubiquitination respectively. Physical and functional interactions between Not1p or Not2p and the SAGA

complex, have been described. Finally, two hybrid interactions and co-immunoprecipitations between certain Ccr4-Not core complex subunits and other

protein modifying enzymes, such the Dbf2p kinase, and the Srb9p, Srb10p, and Srb11p subcomplex that includes the Srb10 kinase, have also been described,

but with no functional link. In contrast, the Ccr4-Not complex clearly regulates transcriptional activation and post-translational modifications of Msn2p.

Different arrows indicate these differences. Furthermore, Caf1p, Ccr4p and Dhh1p are indicated as functional entities that might be separable from the Ccr4-

Not complex.
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Structure of the translation initiation complex

Efficient recruitment of the 40S ribosomal subunit
requires interactions at the 5’ (cap binding complex)
and 3’ (poly[A] binding protein) ends of the mRNA

Initiation can be modulated by modifications (e.g.,
phosphorylation) of various initiation factors and by the
association of the mRNA with proteins that alter the
functioning of the initiation complex

Provides conceptual links between poly(A), decapping,
turnover, and translation



Xrn1
•5’-3’ exonuclease
•Cytoplasmic
•Related to nuclear Xrn2

Exosome
•RNA degrading complex
•Consists of several 3’-5’ exonucleases
•Phosphorolytic - uses phosphate to cleave
phosphodiester bond; related to polynucleotide
phosphorylase
•Hydrolytic- uses water to cleave phosphodiester bond
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with three untrimmed nucleotides at their 3¢ ends.

Thus, one interpretation of these findings involves

Rnt1p cleavage followed by sequential,

interdependent 3¢ trimming by the exosome and

Rrp6p.

However, initiation of 3¢ end trimming might not

always require Rnt1p cleavage because not all of

these transcripts appear to contain Rnt1p cleavage

sites. Instead, 3¢ end processing of some snoRNAs

might require cleavage by the mRNA cleavage and

polyadenylation apparatus downstream of the

mature snoRNA 3¢ end, but with the twist that the

system is decoupled so that polyadenylation does not

occur. Indeed, placement of a strong mRNA 3¢ end-

formation signal downstream of some snoRNAs leads

to polyadenylation, which severely inhibits

maturation of the pre-snoRNA [22]. This finding

suggests that a poly(A) tail might actually block 3¢
trimming by the exosome and provides a potential

explanation for the surprising finding that exosome

depletion and especially loss of Rrp6p, sometimes

results in the accumulation of low levels of

polyadenylated snoRNAs [19,20]. Transcription

termination and 3¢ end cleavage of these transcripts

by the mRNA 3¢ end-formation machinery followed

by the strong tendency of the system to couple

cleavage and polyadenylation might result in a small

fraction of poly(A)+ snoRNA precursors that are only

slowly processed by the exosome. However, this model

does not explain how low levels of poly(A)+ snRNAs

and snoRNAs form after 3¢ end cleavage by Rnt1p

alone, and experiments have yet to rule out a role for

polyadenylation in normal processing of these RNAs.

The exosome and mRNA surveillance

Perhaps the most interesting function of the exosome is

its role in distinct cytoplasmic and nuclear mRNA

degradation pathways. Evidence for the cytoplasmic

pathway arose from studies of yeast SKI genes. Loss of

SKI gene function gives rise to the super killer

phenotype, which results from enhanced replication of

the cytoplasmic LA dsRNA virus and its

toxin-expressing satellite virus M1 [23]. Enhanced

replication of these viruses in ski– mutants appears to

result from enhanced translation of their uncapped,

unadenylated transcripts. Experimental evidence

suggests two models for enhanced expression from

these transcripts. The first proposes that some of the

SKI genes alter the translation apparatus in a manner

that favors the initiation of capped, adenylated mRNAs

over uncapped, unadenylated viral transcripts [24,25].

According to this view, loss of SKI function relieves this

restriction and results in increased synthesis of viral

gene products and enhanced replication of the virus.

The second model arises from the discovery that the

core exosome contains two SKI gene products,

Csl4p/Ski4p and Rrp41p/Ski6p, one of which (Ski6p)

encodes a phosphorylytic 3¢–5¢ riboexonuclease [15]
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Fig. 3. Substrates,
components and products
of the cytoplasmic
exosome. The diagram
shows mRNA and
transcripts (LA-RNA) of the
double-stranded RNA
virus LA during translation
by ribosomes. The
predominant pathway for
mRNA decay in yeast
features de-adenylation
before de-capping and
5¢–3¢ degradation by
Xrn1p. De-adenylated
mRNAs are also
substrates for degradation
by the exosome, as are 
the naturally unadenylated
LA-RNAs. Each type of
RNA interacts with the 
SKI complex
(Ski2p–Ski3p–Ski8p),
which is thought to deliver
the transcripts to the
exosome with the aid of
Ski7p. Degradation of the
RNAs requires the activity
of the putative RNA
helicase Ski2p (green),
which might unwind the
RNA substrates, thereby
accelerating their
destruction by the
exonucleases in the
exosome. The core
exosome (yellow) is
shown containing six
putative (blue) and three
proven (red) 3¢–5¢

riboexonucleases.
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recognition, endonucleolytic
nicking (RNAse E)

3’->5’ exonucleases
(PNP, RNAse PH)

NDPs, NMPs

stalled complex
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polyadenylation

completion of breakdown (may
involve oligoribonuclease)
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Figure 7. Model for the Roles of the TRAMP Complex in RNA Degradation 

 
The TRAMP complex interacts with RNAs or RNP complexes, making them targets for degradation. In the case 
of defective pre-tRNAs, this might involve direct binding to the RNA; however, on most substrates, we envisage 
that this will primarily be via protein:protein interactions. In either case, the zinc finger domains of Air2p might 
be involved in substrate binding. The RNA is then polyadenylated by Trf4p. Exosome recruitment and activation 
then requires the intact TRAMP complex. The activated exosome then rapidly deadenylates the RNA and can 
penetrate into regions of stable structure. We anticipate that Mtr4p is important for dissociation or remodeling of 
stable RNP structures to allow passage of the exosome. 
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Elements that destabilize mRNAs

Best known examples - AUUUA (found in animals, works in
plants), DST elements (plant-specific)

Usually situated in the 3’-UTR

Accelerate poly(A) shortening

Mode of action not understood

Questions:

Recruitment of deadenylases?

Inhibition of the formation of the translation initiation
complex?

Links with protein turnover (one or more subunits of the
proteasome bind AUUUA, have nuclease activities)?



Exon junction complexes, premature stop
codons, mis-splicing, and RNA turnover

= exon junction complex

pioneer round of translation

EJC’s are cleared, mRNA is stable



Exon junction complexes, premature stop
codons, mis-splicing, and RNA turnover

= exon junction complex

= exosome

included intron

pioneer round of translation

premature translation termination

recruitment of
exosome, turnover



Exon junction complexes, premature stop
codons, mis-splicing, and RNA turnover

= exon junction complex

= exosome

pioneer round of translation

premature translation termination

recruitment of
exosome, turnover
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*

*

transcription error ->
nonsense codon in orf


	Text2: from Lacava et al., Cell 121, 713-724, 2005
	Text3: The CCR4-NOT Complex - links between many processes
	Text4: 


