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MicroRNAs (miRNAs) are tiny regulators of gene expression that are processed from longer 
primary transcripts. In this issue, Han et al. (2006) report some of the structural features of the 
primary transcript that ensure that the Drosha-DGCR8 enzyme complex liberates precisely 
the correct precursor sequence, enabling production of a fully functional miRNA.
MicroRNAs (miRNAs) are single-
stranded, 21–23 nucleotide RNAs 
that are able to repress specific target 
genes. They do this by base-pairing to 
target mRNAs, and then either accel-
erating degradation of the mRNA or 
inhibiting its translation. Base-pair-
ing of miRNAs to their mRNA targets 
is often imperfect because miRNA 
nucleotides 2 through 7 have a dis-
proportionate influence on target 
RNA selection. This “seed sequence” 
typically is exactly complementary 
to the target RNA, whereas the rest 
of the duplex tolerates imperfections 
in pairing. Because miRNA function 
requires such a remarkably small 
amount of complementarity to a tar-
get RNA, each miRNA species may 
regulate hundreds of distinct mRNA 
sequences. Given that the human 
genome may contain genes produc-
ing ?1,000 different miRNAs (Ber-
ezikov et al., 2005), it is possible that 
a majority of human genes are regu-
lated posttranscriptionally by miRNAs 
(Lewis et al., 2005). Not surprisingly, 
miRNAs regulate a wide range of bio-
logical processes, including develop-
mental timing, differentiation, apopto-
sis, insulin secretion, and even innate 
immunity against viruses.

Like mRNAs, miRNA genes 
are initially transcribed by RNA 
polymerase II as long primary tran-
scripts (pri-miRNAs) that require 
subsequent processing to yield a 
functional mature miRNA (see Fig-
ure 1). In animals, pri-miRNAs are 
processed in the nucleus by the 
RNase III enzyme Drosha, acting 
with its double-stranded RNA bind-
ing partner protein DGCR8 (in verte-
brates) or Pasha (in invertebrates). 
This RNase III enzyme/dsRNA bind-
ing protein partnership converts 
pri-miRNAs into small stem-loop 
structures called precursor miRNAs 
(pre-miRNAs), which are then proc-
essed further by a second RNase 
III enzyme/dsRNA binding protein 
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duo into mature miRNAs. New work 
by Han et al. (2006) in this issue of 
Cell reveals some of the structural 
features of pri-miRNAs that encour-
age the Drosha-DGCR8 complex to 
liberate precisely the correct pre-
miRNA, hence ensuring production 
of the correct miRNA sequence.
Figure 1. Pri-miRNA Processing by Drosha and DGCR8, Components of the 
Microprocessor
Structural features of pri-miRNAs promote their accurate processing into pre-miRNAs by the 
RNase III enzyme Drosha and its double-stranded RNA binding protein partner, DGCR8 (Pasha 
in invertebrates). DGCR8 is thought to bind more favorably to the junction between the rigid 
double-stranded stem and the 5´ and 3´ flexible, single-stranded segments of the pri-miRNA than 
to the junction between the stem and the considerably more constrained loop. Correct binding 
of DGCR8 to the base of the stem is proposed to position the processing center of Drosha ?11 
bp up along the stem, where it makes a staggered pair of breaks in the RNA to create the ?65 
nucleotide-long pre-miRNA. Binding of DGCR8 at the loop end of the stem positions Drosha 
inappropriately. Unpaired or weakly paired nucleotides at this site serve to discourage such un-
productive cleavage, reducing the number of abortive Drosha products and favoring accurate 
pre-miRNA production.
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The sequence of the miRNA is 
embedded in one of the two arms 
of the stem of a stem-loop structure 
within the pri-miRNA. The Drosha-
DGCR8 heterodimer, a component 
of a large protein complex dubbed 
the “Micropocessor,” cuts the stem 
loop containing the future miRNA 
out of the pri-miRNA (Denli et al., 
2004; Gregory et al., 2004; Han et 
al., 2004; Landthaler et al., 2004). 
The resulting stem-loop structure, 
the pre-miRNA, is about ?65 nucle-
otides long and is exported to the 
cytoplasm. There, another RNase 
III enzyme, Dicer, aided by its own 
double-stranded RNA binding part-
ner, cleaves the pre-miRNA approxi-
mately two helical turns, that is, ?21 
base pairs, from the site of Drosha 
cleavage. Dicer cleavage liberates 
an imperfect duplex comprising the 
mature miRNA paired to the miRNA* 
strand, which derives from the other 
arm of the stem of the pre-miRNA. 
The arms of both the pri-miRNA and 
pre-miRNA stem-loop structures are 
imperfectly base-paired, containing 
G:U wobble pairs, single-nucleotide 
insertions, and outright mismatches. 
Consequently, the miRNA:miRNA* 
duplex contains imperfections in its 
pairing. These imperfections cause 
one strand of the duplex to be less 
stably paired at its 5´ end (Khvorova 
et al., 2003; Schwarz et al., 2003)—
this is the miRNA strand. In the proc-
ess of loading the miRNA into the 
RNA binding pocket of a member of 
the Argonaute family of proteins, the 
miRNA is separated from the miRNA* 
strand and the miRNA* is degraded. 
At last, a functional miRNA-Argo-
naute protein complex is born.

The precision of Drosha-DGCR8 
cleavage is crucial for the fidelity of 
miRNA maturation: if the position of 
the Drosha cut is shifted by a single 
nucleotide on the pri-miRNA, then 
Dicer cleavage, too, will be shifted, 
and the final miRNA will have differ-
ent 5´ and 3´ ends. Now imagine that 
the single-nucleotide shift inverts 
the relative stabilities of the 5´ end 
of the miRNA and of the miRNA* 
strand. In this event, the wrong 
strand may be chosen as the mature 
miRNA. Even if the relative stabili-
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ties are preserved and the correct 
strand is loaded into a functional 
protein-RNA complex, the shift in 
the 5´ end of the miRNA will reposi-
tion the seed sequence, redefining 
the set of mRNAs it regulates.

How then do Drosha and DGCR8-
Pasha collaborate to excise pre-
miRNA so precisely from pri-miRNA 
transcripts? As there is no strong 
sequence bias in pri-miRNAs, some 
structural feature of the RNA must 
determine the site of Drosha cleav-
age. The two most obvious distin-
guishing features are the extremities 
of the miRNA stem, that is, the flank-
ing single-stranded RNA segments 
at the base of the hairpin and the ter-
minal loop at its top.

Initially, Drosha was thought to cut 
the stem by measuring two helical 
turns from the loop (Zeng et al., 2005). 
Enter Han et al. (2006) in this issue 
with their report demonstrating that 
the terminal loop is unlikely to be the 
reference point for the molecular ruler 
that positions the site of cleavage. 
The terminal loop can be replaced by 
single-stranded RNA with no major 
effect on pri-miRNA processing, but 
the single-stranded RNA segments 
flanking the base of the stem are 
indispensable for Drosha cleavage. 
Han and colleagues show that delet-
ing these single-stranded regions or 
converting them to double-stranded 
RNA by annealing a synthetic oligo-
nucleotide to them greatly impairs 
the conversion of pri-miRNA to 
pre-miRNA (see also Zeng and Cul-
len, 2005). Modifying the length of 
the base of the stem also shifts the 
cleavage site. So it seems that the 
molecular ruler is anchored by the 
junction between the 5´ and 3´ sin-
gle-stranded segments and the base 
of the double-stranded stem. Drosha 
or DGCR8-Pasha must then recog-
nize this junction of single-stranded 
and double-stranded RNA and count 
up ?11 bp, one helical RNA turn, to 
the scissile phosphodiester bond. 
As DGCR8, but not Drosha, can be 
crosslinked to pri-miRNA, DGCR8-
Pasha is the better candidate for the 
molecular ruler.

Yet, when Han et al. fed the Micro-
processor an “inverted hairpin” in 
er Inc.
which the single-stranded RNA seg-
ments at the base of the stem were 
replaced by a loop and the loop was 
replaced by two single-stranded RNA 
segments, they observed that the 
correct cleavage site was nonethe-
less selected. For this pri-miRNA, the 
Microprocessor appears to measure 
from the loop. What precisely does 
DGCR8-Pasha see if both single-
stranded tails and a loop suffice to 
anchor the complex? One expla-
nation is that the terminal loop and 
the basal single-stranded RNA seg-
ments are both unpaired, predicting 
that a highly structured loop—such 
as a GNRA tetraloop—would not 
anchor accurate processing. For a 
more open loop, DGCR8 may bind to 
the loop-to-stem junction position-
ing the Drosha processing center 
?11 bp away.

How can DGCR8-Pasha differenti-
ate between binding to the junction of 
the single-stranded RNA segments 
and the base of the stem junction, 
thereby accurately defining one end 
of the miRNA, and counterproductive 
binding to the junction of the loop and 
stem, which will promote abortive 
processing? Two determinants seem 
to favor productive binding. First, 
DGCR8 prefers the junction between 
flexible single-stranded RNA and a 
double-stranded stem; a small loop 
will always be more constrained than 
single-stranded RNA. Second, the 
authors’ large-scale computational 
analysis of human and Drosophila 
pri-miRNAs suggests that most pri-
miRNAs contain internal bulges or 
weakly paired bases ?11 bp from 
the loop-to-stem junction, that is, at 
abortive Drosha cleavage sites. Such 
sites may act to deter inappropriate 
cleavage by Drosha.

These results have several impli-
cations. The seemingly dual abilities 
of DGCR8 to bind to both single-
stranded RNA and double-stranded 
RNA may allow it to bind coopera-
tively to the pri-miRNA. Cleavage 
by Drosha, which separates the two 
single-stranded segments from the 
double-stranded stem of the pre-
miRNA, might then decrease the 
affinity of DGCR8 for all three reaction 
products, facilitating their release. 



Computationally, our new under-
standing of how DGCR8 positions 
Drosha to promote productive pri-
miRNA cleavage should help in the 
search for new miRNA genes and in 
the design of artificial miRNA genes. 
To date, successful algorithms for 
finding miRNAs have relied on phy-
logenetic conservation because sim-
ply searching the genome of a plant 
or animal for 65 nucleotide-long 
hairpins yields mainly false-positive 
results. The phylogenetic conserva-
tion approach is powerful but can-
not find species-specific miRNAs 
and perhaps may not even find pri-
mate-specific miRNAs. The search 
for miRNAs that have not been well 
conserved through evolution may 
be facilitated by seeking sequences 
capable of folding into a structure 
Eukaryotic chromosomes are divided 
into domains with distinct structural 
features (Wallrath et al., 2004). Het-
erochromatic domains are required 
for chromosome segregation and 
telomere maintenance as well as for 
suppressing recombination between 
repetitive elements. These domains 
encompass chromosomal regions 
that have few genes and are assem-
bled into hypoacetylated, regularly 
spaced nucleosomal arrays contain-
ing the epigenetic mark of methyl-
ated lysine 9 of histone H3 (H3K9me). 
Heterochromatic histone modifica-
tions generate a condensed chro-
matin structure that limits the access 
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of heterochromatin at the sile
of TFIIIC distribution revealed
periphery, suggesting that TFI
predicted to be bound by DGCR8-
Pasha and to promote Drosha cleav-
age ?11 bp from the junction of a 
stem with single-stranded RNA tails 
(while discouraging Drosha cleavage 
?11 bp from a terminal loop). That 
kind of algorithm may finally allow us 
to ask of the genomes of the Earth’s 
animals: Are any of miRNAs different 
from yours?
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tions between structural domains 
(Kuhn and Geyer, 2003). Insulators 
are found in most eukaryotes, sug-
gesting that these elements have a 
conserved role in organizing tran-
scriptional domains. Two classes of 
insulators have been identified that 
differentially affect transcriptional 
processes (Kuhn and Geyer, 2003). 
Enhancer blockers are insulators that 
prevent enhancer-dependent tran-
scription when placed between an 
enhancer and promoter. In contrast, 
barriers are insulators that impede 
the spread of heterochromatin ema-
nating from an initiation site. In this 
issue of Cell, Noma et al. (2006) 
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