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POST-TRANSCRIPTIONAL 
REGULATION OF GENE 
EXPRESSION

• Post-transcriptional regulation & proteomics

mRNA TURNOVER AND DECAY

From: Mata et al.(2005) Trends Biochem Sci 30:506-514.
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F M t t l (2005) T d Bi h S i 30 506 514From: Mata et al.(2005) Trends Biochem Sci 30:506-514.

Can we measure RNA turn-over rate ?
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From: Mata et al.(2005) Trends Biochem Sci 30:506-514.
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Figure 1 Functional analysis of

Actinomycin 2-3 hours - HepG2 cells
RNA extraction, labelling and Affymetrix microarrays
Repeated on primary fibroblasts
Decay rates estimated for 5,245 genes.
Group of genes either short lived or long lived explored for ontology

Figure 1 Functional analysis of 
decaying transcripts in human cells.

(C) Reverse cumulative distribution 
of decay rates for probe sets in 
different functional classes (HepG2 
experiments). Decay rate r is shown 
horizontally, while vertically the 
fraction of probe sets with decay rates 
higher than r is plotted on a 
logarithmicsc ale. The pairs of lines 
show the 98% posterior probability 
intervals for the fraction at each value 
of r. 

(Red) GO process transcription; 
(black) all probe sets; 

(green) biosynthesis. 

The gray line indicates the decay rate 
r = 0.5 h-1, which is our cutoff for fast 
decay in PFDI.

3’-5’ degradation of the mRNA body: the exosome
is a large protein complex containing multiple 3’-5’-exonucleases

the core is composed of 9 subunits that form ringlike structures and use phosphate as an attacking group 
during RNA digestion, producing NDPs 

- six of the nine core exosome subunit contain RNase PH domain

- three subunits show KH and S1 RNA-binding domains

- one additional exosome subunit is Rrp44, a 3’ hydroxylase of 
RNaseD family

Parker R. & Song H., 2004
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Regulating mRNA decay by cis-acting elements: ARE 

• are A+U-rich elements found in the 3’-UTR of some mRNAs encoding cytochines, proto-
oncogenes and growth factors

• are defined by their ability to promote rapid deadenylation-dependent mRNA decay

• their sequence requirements are only loosely conserved

• ARE-binding proteins recognize these elements and, in conjunction with other 
proteins, will guide the mRNA to exosome degratation. 

Wilusz J.C. et al., 2001

Second class of cis-elements: target sites for microRNA (and other 
small ncRNAs)

Sequence elements in RNA are cis-acting and transferable

(see Luciferase reporter assay for RNA control elements in 3’UTR)
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miRNA as mRNA regulators

• > 3000 miRNAs have been identified in vertebrates, flies, worms, plants and viruses

• 1000 or more miRNAs are predicted to function in humans, regulating 30% of human genes

• target mRNAs and biological function have been assigned to some miRNAs:

• cell proliferation control (miR-181 and let-7)
• hematopoietic B-cell lineage fate (miR-181)
• B-cell survival (miR15a and miR16-1)
• brain patterning (miR430)
• pancreatic cell insulin secretion (miR375)
• adipocyte development (miR-143)
•..............

• expression of many miRNAs is specific to particular tissues or 
developmental stages
•deregulation of miRNA important in pathology (cancer, metabolic diseases)
In Cancer:
•altered patterns of miRNA expression may affect cell cycle and survival programs
• germ-line and somatic mutations in miRNAs and polymorphisms in the target

mRNAs contribute to cancer predisposition and progression

review allegata a lezione 6
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Cis-acting siRNAs (casiRNAs TAS loci natural siRNA 
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Figure 1. Mechanisms of miRNA-Mediated Gene 
Silencing

(A) Postinitiation mechanisms. MicroRNAs (miRNAs; red) 
repress translation of target mRNAs by blocking 
translation elongation or by promoting premature 
dissociation of ribosomes (ribosome drop-off).

(B) Cotranslational protein degradation. This model 
proposes that translation is not inhibited, but rather the 
nascent polypeptide chain is degraded cotranslationally. 
The putative protease is unknown.

(C–E) Initiation mechanisms. MicroRNAs interfere with a 
very early step of translation, prior to elongation. (C) 
Argonaute proteins compete with eIF4E for binding to the 
cap structure (cyan dot). 

(D) Argonaute proteins recruit eIF6, which prevents the 
large ribosomal subunit from joining the small subunit.

(E) Argonaute proteins prevent the formation of the closed 
loop mRNA configuration by an ill-defined mechanism that 
includes deadenylation.

(F) MicroRNA-mediated mRNA decay. MicroRNAs trigger 
deadenylation and subsequent decapping of the mRNA 
target. Proteins required for this process are shown 
including components of the major deadenylase complex 
(CAF1, CCR4, and the NOT complex), the decapping 
enzyme DCP2 and several decapping activators (darkenzyme DCP2, and several decapping activators (dark 
blue circles). (Note that mRNA decay could be an 
independent mechanism of silencing, or a consequence of 
translational repression, irrespective of whether 
repression occurs at the initiation or postinitiation levels of 
translation.) RISC is shown as a minimal complex 
including an Argonaute protein (yellow) and GW182 
(green). The mRNA is represented in a closed loop 
configuration achieved through interactions between the 
cytoplasmic poly(A) binding protein (PABPC1; bound to 
the 3′ poly(A) tail) and eIF4G (bound to the cytoplasmic 
cap-binding protein eIF4E).

Since the “seeding” sequence is very short (6-8nt), potential targets for known miRNA 
b id tifi d i th 3’ UTR f h d d f h

Determinants of miRNA/mRNA recognition: “seed” sequence

Minimum: positions 2-7 of the miRNA (from 5’) must Watson-Crick pair with mRNA

Seed sequence: 6-8 nt .  Seeds longer than 6 nt may or not involve position 1.

Positions 10-11 should “bulge out” to guarantee miRNA functioning (Ago1 rather than Ago2)

can be identified in the 3’-UTR of hundreds of genes each.

However, experiment using either trasfection of miRNA in cultured cells or knock-down 
of endogenous miRNA function by “antagomir” , followed by gene expression 
profiling with microarrays, demonstrated that a limited number of targets exist for 
each miRNA, and that (in fewer cases) new unidentified targets may exist.

Many studies have shown that several context-dependent factors are important :
1) the number of miRNA targets / 3’UTR
2) cooperativity with different miRNA2) cooperativity with different miRNA
3) position of the targets
4) RNA-binding sites

To understand the proportion of protein synthesis inhibition versus mRNA degradation 
(cleavage), we should evaluate the proteome versus transcriptome
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mRNA

•mRNAs represent a closer mirror of genome activity than proteins
•Homogeneous chemistry makes handling robust 
•Complete knowledge of probes and control of hybridization conditions 
guarantees specificity

•The amount of any mRNA species is not necessarily proportional to the 
amount of the encoded protein
•One gene can encode for different proteins by alternative splicing

proteins

•Proteins are the real object of gene expression
S i  d i i   b   li bl  h  f  RNA•Separation and quantitation may be more reliable than for mRNAs

•Not all measured protein may represent “functional” protein.
•Dis-homogeneous chemistry makes it difficult to find procedures equally 
good for all proteins
•Specificity of interactions is hardly controlled, since it is based on a sum 
of different chemical interactions

Separation of complex protein mixtures by 2D gel electrophoresis

1st dimension: 
separation by 
isoelectric point 2nd dimension: 

separation by size
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A 2D protein gel

In red: common proteins

In blue: proteins expressed in 
either of the samples

Individual spots can be identified 
by mass spectrometry

Mass spectrometry identification of proteins
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review
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Article


