
Monday 17 lecture

We have learnt that several small sequences in cds and 3’UTR of mRNA may regulate 

the turn-over rate.

We have also examined a paper in which scientists sopught to identify all mRNAs 

bound “in vivo” by an RBP (PUM) that possibly regulate mRNA translation, osing RBP 

immunoprecipitation and microarray analysis.

One of the main features of RNA cis-elements is that very often they are very small 

sequences with low conservation (PUM element actully represents an exception, sequences with low conservation (PUM element actully represents an exception, 

rather than a rule). 

Conversely, very oftene RBPs contain multiple RNA-binding domain, suggesting 

cooperative action of repeated small sequences.





Figure 1. PAR-CLIP Methodology.

(A) Structure of photoactivatable nucleosides.

(C) Illustration of PAR-CLIP. 4SU-labeled 

transcripts were crosslinked to RBPs and partially 

RNase-digested RNA-protein complexes were 

immunopurified and size-fractionated. RNA 

molecules were recovered and converted into a 

cDNA library and deep sequenced.



Figure 4. RNA Recognition by the IGF2BP Protein Family

(A) Domain structure of IGF2BP1-3 proteins.

(C) Alignments of IGF2BP1 PAR-CLIP cDNA sequence 

reads to the corresponding regions of the 30UTRs of 

EEF2 and MRPL9 transcripts. Red bars indicate the 4-nt 

IGF2BP1 recognition motif and nucleotides marked in 

red indicate T to C sequence changes.

(D) Sequence logo of the IGF2BP1-3 RRE generated

by PhyloGibbs analysis of the top 100 sequence read 

clusters.



Monday 17 lecture

We have learnt that several small sequences in cds and 3’UTR of mRNA may regulate 

the turn-over rate.

We have also examined a paper in which scientists sopught to identify all mRNAs 

bound “in vivo” by an RBP (PUM) that possibly regulate mRNA translation, osing RBP 

immunoprecipitation and microarray analysis.

One of the main features of RNA cis-elements is that very often they are very small 

sequences with low conservation (PUM element actully represents an exception, sequences with low conservation (PUM element actully represents an exception, 

rather than a rule). 

Conversely, very oftene RBPs contain multiple RNA-binding domain, suggesting 

cooperative action of repeated small sequences.

In addition, we have learnt that microRNA target sequences and RBP-binding 

sequences may interact to determine regulatory result. For example, in C. elegans 

Puf2 is required for miR-let7 action,  and in the next slide, another RNA-binding 

protein  Dnd1 actually inhibits function of several miRNA by binding to sequences 

close to miRNA atrget and inhibiting access. (see next slide), demostrating that a 

network of interaction exist among regulators.



SUMMARYSUMMARY

MicroRNAs (miRNAs) are inhibitors of gene expression capable of controlling processes in 

normal development and cancer. In mammals, miRNAs use a seed sequence of 6–8 

nucleotides (nt) to associate with 30 untranslated regions (30UTRs) of mRNAs and inhibit 

their expression. Intriguingly, occasionally not only the miRNA-targeting site but also 

sequences in its vicinity are highly conserved throughout evolution. We therefore 

hypothesized that conserved regions in mRNAs may serve as docking platforms for 

modulators of miRNA activity. Here we demonstrate that the expression of dead end 1 

(Dnd1), an evolutionary conserved RNAbinding protein (RBP), counteracts the function of 

several miRNAs in human cells and in primordial germ cells of zebrafish by binding mRNAs 

and prohibiting miRNAs from associating with their target sites. These effects of Dnd1 are 

mediated through uridine-rich regions present in the miRNA-targeted mRNAs. Thus, our data 

unravel a novel role of Dnd1 in protecting certain mRNAs from miRNA-mediated repression.



The other important class of regulators of mRNA turn-over and translation are microRNAs

General aspects of microRNA (=miRNA) were discussed in lecture 26 (BMG06-03/12/10) 

and lecture 30 (BMG10-15/12/10). Students will refer to supporting materials in these 

lectures for basic information.

Today, we will deal about two main questions:

1) recognition of target mRNA by miRNAs

2) regulation of miRNA 





MicroRNAs (miRNAs) are processed from RNA polymerase II 

(RNAPII)-specific transcripts of independent genes or from introns of 

protein-coding genes. In the canonical pathway, primary precursor 

(pri-miRNA) processing occurs in two steps, catalysed by two 

members of the RNase III family of enzymes, Drosha and Dicer,

operating in complexes with dsRNA-binding proteins (dsRBPs), for 

example DGCR8 and transactivation-responsive (TAR) RNA-binding 

protein (TRBP) in mammals. In the first nuclear step, the Drosha–

DGCR8 complex processes pri-miRNA into an ~70-nucleotide 

precursor hairpin (pre-miRNA), which is exported to the cytoplasm.

Some pre-miRNAs are produced from very short introns (mirtrons) as 

a result of splicing and debranching, thereby bypassing the Drosha–

DGCR8 step. In either case, cleavage by Dicer, assisted by TRBP, in the 

cytoplasm yields an ~20-bp miRNA/miRNA* duplex. In mammals, 

argonaute 2 (AGO2), which has robust RNaseH-like endonuclease

activity, can support Dicer processing by cleaving the 3′ arm of some activity, can support Dicer processing by cleaving the 3′ arm of some 

pre-miRNAs, thus forming an additional processing intermediate 

called AGO2-cleaved precursor miRNA (ac-pre-miRNA)70. Processing 

of pre-miR-451 also requires cleavage by AGO2, but is independent 

of Dicer and the 3′ end is generated by exonucleolytic trimming. 

Following processing, one strand of the miRNA/miRNA* duplex (the 

guide strand) is preferentially incorporated into an miRNA-induced 

silencing complex (miRISC), whereas the other strand (passenger or 

miRNA*) is released and degraded (not shown). Generally, the 

retained strand is the one that has the less stably base-paired 5′ end 

in the miRNA/miRNA* duplex. miRNA* strands are not always by-

products of miRNA biogenesis and can also be loaded into miRISC to 

function as miRNAs. See BOX 2 for details of miRISC function. 

GW182, glycine-tryptophan protein of 182 kDa; m7G, 7-

methylguanosine-cap;  PABP, poly(A) binding protein.

(From Krol 2010 NRG, modified)



Fig. 3. Small RNA binding modes. (A) Extensive pairing of a small RNA to an mRNA allows the Piwi domain of a 

catalytically active Argonaute protein (e.g., Ago2 in humans or flies) to cut a single phosphodiester bond in the 

mRNA, triggering its destruction. Synthetic siRNAs typically exploit this mechanism, but some mammalian miRNAs 

(such as miR-196a) and most, if not all, plant miRNAs direct an Argonaute protein to cut their mRNA targets. 

(B) Partial pairing between the target RNA and the small RNA, especially through the ‘‘seed’’ sequence—roughly 

nucleotides 2 to 7 of the small RNA—tethers an Argonaute protein to its mRNA target. Binding of the miRNA and 

Argonaute protein prevents translation of the mRNA into protein. siRNAs can be designed to trigger such 

‘‘translational repression’’ by including central mismatches with their target mRNAs; animal miRNAs such as lin-4, 

the first miRNA discovered, typically act by this mode because they are only partially complementary to their mRNA 

targets. The seed sequence of the small RNA guide is highlighted in blue.



Initial knowledge of miRNA-mRNA recognition came from anedoctical studies.

It has became clear soon that specificity is based on pairing of 6-8 positions 

starting from miRNA 5’ position 1 or 2, whereas pairing thereafer is less relevant. 

This fact prospected that each miRNA could potentially regulate more than one This fact prospected that each miRNA could potentially regulate more than one 

target mRNA and experimental vlaidatin showed that this is the case, indeed. 

More strickingly, mRNAs that are co-regulated by a given miRNA often delineate 

specific GO classes. 



When a number of cases were clear, people started to seek for algorithms  

capable of predicting the mRNAs targeted by the diverse known microRNAs.

In the web, there are several tools that join miRNA database with predicting 

algorithms.  Of course, each of them is based on  specific “assumptions” that 

may differ significantly from one site to the other. 

Each predicting algorithm gives a list of the possible targets associated with a 

“score” that reflect the goodness of the fit (on the model employed). 

They are quite good in general, but there is perplexing variability of results 

when considering unconventional binding sites...







Therefore, it has became very important to develop methods to understand, at 

the genome-wide level, the logic of miRNA-mRNA recognition. 



Figure 1 Methods for identifying miRNA targets. Putative target genes can be identified by expression profiling of cells 

in which the miRNA is overexpressed or antagonized, by biochemical isolation of the miRISC or by target prediction 

algorithms. These methods generally identify hundreds of candidate genes or more. Bioinformatic analysis of these 

large candidate gene lists for over-represented Gene Ontology (GO) terms, enriched biological pathways or gene 

interaction networks can then help researchers to select candidate genes to evaluate experimentally.



example of the clip method:





HeLa cells transfected with 11 synthetic double-stranded miRNA

mRNA extracted from cells and analyzed on expression microarrays

miRNA targets were then identified in the regulated mRNAs and classified.

Lim, L.P., Lau, N.C., Garrett-Engele, P., Grimson, A., Schelter, J.M., Castle, J., Bartel, D.P., 

Linsley, P.S., and Johnson, J.M. (2005). Microarray analysis shows that some microRNAs

downregulate large numbers of target mRNAs. Nature 433, 769–773.

miRNA targets were then identified in the regulated mRNAs and classified.



Figure 1. Downregulation of Messages with 6-8Mer Sites (A) Canonical miRNA

complementary sites.



(B) Effectiveness of single canonical sites. Changes in abundance of mRNAs after miRNA transfection

were monitored with microarrays. Distributions of changes (0.1 unit bins) for messages containing the 

indicated single sites in their UTRs are shown (left), together with the cumulative distributions (right). 

The dashed line in the cumulative distributions indicates that 27% of mRNAs with UTRs containing a 

single 8mer were downregulated at least 29% (20.5 = 0.71). Results of 11 experiments, each performed 

in duplicate and each transfecting a duplex for a different miRNA (Table S2), were consolidated. Results 

shown were an amalgam of the data from all 11 miRNAs; the relative strengths of the different sites 

were consistent when examining each transfection individually. For the cumulative plots, the minimal 

fraction of downregulated genes in that distribution is reported (parentheses), based on comparison 

with the no-site distribution. Repression from UTRs containing an 8mer site was significantly more than 

that from UTRs with a 7mer-m1 site (p < 1020, one-sided K-S test); similar comparisons between UTRs 

containing a 7mer-m8 site versus a 7mer-A1 site, a 7mer-A1 versus a 6mer, and a 6mer versus no site 

were also significant (p < 10-6, p < 10-20, and p < 10-31, respectively).



(C) Increased effectiveness of dual sites. Changes in mRNA abundance after miRNA

transfection, represented as in (B), except mRNAs with 30UTRs containing the indicated pairs 

of sites were monitored. Repression from UTRs containing both an 8mer and either a 7mer or 

8mer site was significantly more than that from UTRs with two 7mer-m8 sites (p < 10-3, one-

sided K-S test); similar comparisons between UTRs containing two 7mer-m8 sites versus two 

7mer-A1 sites, two 7mer-A1 sites versus two 6mer sites, and two 6mer sites versus no site 

were also significant (p = 0.034, p < 10-11, and p < 10-6, respectively).



(F) Selective maintenance of dual sites spaced at different intervals. Human 30UTRs with exactly two 7mer sites to the same 

miRNA were binned based on intersite distance (counting the number of nucleotides between the 30 nt of the first site and 

the 50 nt of the second site). The number of conserved dual sites exceeding the background (as estimated from the average 

of control cohorts) was plotted after performing for each bin siteconservation analysis analogous to that in Lewis et al. 

(2005), using the miRNA families conserved broadly among vertebrates (Table S1).

(J) Cooperativity between sites to transfected and endogenous miRNAs in HeLa cells. Endogenous sites considered were 

those for let-7 RNA, miR-16, miR-21, miR-23, miR-24, miR-27, and miR-30 (Landgraf et al., 2007). 7mer-m8 sites at a 

cooperative distance (>7 and <40 nt) from an endogenous miRNA 7-8mer site were significantly more downregulated than 

sites that were either too close to an endogenous miRNA (%7 nt, including overlapping sites; p = 0.0054, one-sided K-S test) 

or not close to an endogenous site (R40 nt, or no endogenous site; p = 0.036, one-sided K-S test).



five general features of site context that boost site efficacy:

1) AU-rich nucleotide composition near the site,

2) proximity to sites for coexpressed miRNAs (which leads to cooperative 

action), 

3) proximity of seed to residues pairing to miRNA nucleotides 13–16, 

4) positioning within the 3’UTR at least 15 nt from the stop codon, 

5) positioning away from the center of long UTRs. 

A model combining these context determinants quantitativelyA model combining these context determinants quantitatively

predicts site performance both for exogenously added miRNAs and for 

endogenous miRNAmessage interactions. 

Because it predicts site efficacy without recourse to evolutionary 

conservation, the model also identifies effective nonconserved sites and 

siRNA off-targets.



Next question: degradation of translational inhibition?

The only way to answer this point  is to run proteomic experiments.

How to evaluate all the proteins in a cell or tissue?How to evaluate all the proteins in a cell or tissue?



Separation of complex protein mixtures by 2D gel electrophoresis

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

separation by size



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















Figure 1 | Global analysis of changes in protein production induced by microRNAs. a, HeLa cells cultivated in normal light (L) medium 
were either transfected with a miRNA or mock transfected. After 8 h, transfected and control cells were pulse-labelled by transferring 
them to culture medium containing medium-heavy (M) or heavy (H) isotope-labelled amino acids, respectively (pSILAC). All newly 
synthesized proteins will appear in theH or M form. Samples were combined after 24 h and analysed by mass spectrometry. Intensity 
peak ratios between heavy and medium-heavy peptides (H/M ratio) reflect changes in protein production. RNA from the same samples
was analysed by microarrays. b–d, Exemplary peptide mass spectra (sequences are in parentheses). The production of most proteins is 
unaltered, as shown for a b-actin peptide. In contrast, synthesis of MET and CEBPb is reduced by miR-1 or miR-155 overexpression. e, 
Reproducibility of pSILAC (biological replicate, see Supplementary Methods).



Figure 2 | miRNAs downregulate protein synthesis of hundreds of genes.

a, Histogram of changes in production of 3,299 proteins in HeLa cells after miR-155 overexpression. b, An unbiased search 

for 39UTR motifs that correlate with pSILAC fold changes yielded precisely the miRNA seed sequences. c, Proteins with 

miR-155 seeds tend to be downregulated by miR-155 overexpression. d, Cumulative distributions of different seed classes

(matches to positions 1–8 (8-mer), 2–8 (7-mers), 2–7 with adenosine in position 1 (2–7, A1) and 2–7 (6-mer)). e, 

Mismatches (mm) between positions 9 and 11 of the miRNA and target mRNAs with a seed correlate with 

downregulation. Protein synthesis from mRNAs with perfect complementarity at positions 9–11 (red) and synthesis from 

mRNAs without seeds (black) is indistinguishable. f, Conserved seeds mediate more downregulation than non-conserved 

seeds. Results are shown for pooled data based on messages with one seed only (d–f).



8 hours 32 hours



The other way around ....   How is expression of miRNAs controlled ? 



Expression of most miRNAs is spatio-temporal regulated

Expression of 50% miRNAs is tissue-specific

De-regulation of miRNA expression is observed in disease, such as cancer and 

heart failure.

Pattern of miRNA expression was found prognostic, predictive and predictive 

of response to treatment in various forms of cancer.of response to treatment in various forms of cancer.

miRNA expression is also subjected to common gene regulation pathways

as examplified in the study shown in the next slide, demonstrating regulation 

of several miRNA expression by estrogenic hormones. 





Genomic organization and transcription of miRNA genes

miRNAs are encoded in diverse regions of the genome including both protein 

coding and non-coding transcription units. 

Approximately 50% of miRNAs are derived from non-coding RNA transcripts, while 

an additional ~40% are located within the introns of protein coding genes. 

The majority of miRNAs are transcribed by RNA polymerase (RNA pol) II and bear a 

7-methyl guanylate cap at the 5' end and poly (A) tail at the 3' end. 

RNA pol III has also been demonstrated to generate the transcripts of a subset of

miRNAs. 



Figure 1 | The structure of five 

pri-miRNAs. 

Primary transcripts that encode 

miRNAs, primiRNAs,

contain 5’ cap structures as well 

as 3’ poly(A) tails. miRNAs can 

be categorized into three 

groups according to their 

genomic locations relative to 

their positions in an exon or 

intron.

b | Intronic miRNAs in non-coding transcripts. For example, an miR-15a~16-1 cluster was found in the fourth intron of 

a previously defined non-coding RNA gene, DLEU2 (REF. 126). c | Intronic miRNAs in protein-coding transcripts. For 

example, an miR-106b~93~25 cluster is embedded in the thirteenth intron of DNA replication licensing factor MCM7 

transcript (variant 1, which encodes isoform 1). The mouse miR-06b~93~25 homologue is also found in the thirteenth 

intron of the mouse MCM7 homologue gene15. The hairpins indicate the miRNA stem-loops. Orange boxes indicate 

the protein-coding region. This figure is not to scale.

intron.

a | Exonic miRNAs in non-

coding transcripts such as an 

miR-23a~27a~24-2 cluster, miR-

21 and miR-155. miR-155 was 

found in a previously defined 

non-coding RNA (ncRNA) gene, 

bic17.



Regulation of miRNA expression: Transcription

A recent large scale mapping of 175 human miRNA promoters through nucleosome

positioning and chromatin immunoprecipitationon-genomic DNA microarray chip (or 

ChIP-onchip) analysis suggests that 

the promoter structure of miRNA genes, including the relative frequencies of CpG

islands, TATA box, TFIIB recognition, initiator elements, and histone modifications, is 

indistinguishable between the promoters of miRNA and mRNA. 

Furthermore, DNA binding factors that regulate miRNA transcription largely overlap 

with those that control protein coding genes.

It is intersting to note that mRNAs that encode for Transcription factors are very 

often controlled by miRNA.

This suggests loop of feedback control. 



miRNA regulatory circuits. A. The cardiac specific miR-208 family is 

encoded within the introns of myosin heavy chain (MHC) genes. miR-208 

targets THARP1, which then down regulates the expression of β-MHC gene



B. Expression of miR-124

is negatively regulated by the binding of the RE1 silencing 

transcription (REST) factor to the promoter in non-neuronal cells



Examples of  feed-back regulation of microRNA transcription through the repression 

of transcription factors.



Additional regulations by various signalling pathways were also noticed on various 

steps of miRNA biogenesis

Controlling the activity of Drosha, Dicer,  Exportin 5, components of the RISC 

complex. 

In addition, some miRNA get edited ! (By the adenosine deaminase enzyme: A�I)







A very complex network, involving transcription factors, epigenetic factors, 

miRNA, RNA binding proteins and perhaps endosiRNA, together with more 

classical proteins, is more likely in place to control gene expression.

Understanding and modeling all this is Understanding and modeling all this is 

Systems Biology


