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Classical bioactive peptides are cleaved from larger precursor proteins and are targeted
toward the secretory pathway by means of an N-terminal signaling sequence. In contrast,
micropeptides encoded from small open reading frames, lack such signaling sequence and
are immediately released in the cytoplasm after translation. Over the past few years many
such non-canonical genes (including open reading frames, ORFs smaller than 100 AAs)
have been discovered and functionally characterized in different eukaryotic organisms.
Furthermore, in silico approaches enabled the prediction of the existence of many more
putatively coding small ORFs in the genomes of Sacharomyces cerevisiae, Arabidopsis thaliana,
Drosophila melanogaster and Mus musculus. However, questions remain as to what the func-
tional role of this new class of eukaryotic genes might be, and how widespread they are. In
the future, approaches integrating in silico, conservation-based prediction and a combina-
tion of genomic, proteomic and functional validation methods will prove to be indispensable

to answer these open questions.
© 2014 The Authors. Published by Elsevier B.V. on behalf of European Proteomics
Association (EuPA). Open access under CC BY-NC-ND license,

1. Introduction

membrane receptors (mostly G protein-coupled receptors)
and exert their extra-cellular biological signaling function in
a autocrine, paracrine or endocrine way [2]. Examples are

It is a well-known fact that small peptides play important
roles in all kinds of biological processes [1]. The largest and
most extensively studied class of small peptides comprises
classical bioactive peptides. These are enzymatically cleaved
from longer protein precursors containing an N-terminal sig-
nal sequence, hence directing the translation product toward
the secretory pathway (see Fig. 1). Once released from the
secretory vesicles, most of these peptides act as ligands of

neuropeptides, peptide hormones and growth factors [3-6].
Other secreted peptides exercise their function in host defense
systems having antimicrobial or toxic properties or show anti-
hypertensive, antithrombotic or antioxidative activity [7,8].
Recently, other (non-classical) peptides — encoded by small
open reading frames (SORFs) — have been discovered, pre-
sumably defining a new eukaryotic gene family [9-16]. These
so-called micropeptides are translated from sORFs shorter
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Fig. 1 - Localization of classical bioactive peptides and micropeptides. Classical bioactive peptides contain an N-terminal
signal sequence directing the translation product toward the secretory pathway. As a consequence, these biologically active
peptides exert an extra-cellular function. In contrast, micropeptides lack an N-terminal signaling sequence, and are
consequently released in the cytoplasm immediately after translation.

than 100 AAs [14,17]. Sometimes these are also referred to
as polycistronic peptides in the case were they are translated
from a polycistronic mRNA [13] or as short open reading frame
(sORF)-encoded polypeptides (SEPs) [18]. In contrast to other
bioactive peptides, micropeptides are not cleaved from a larger
precursor protein and lack an N-terminal signaling sequence.
As such they are in principle released in the cytoplasm imme-
diately after translation. This review focuses on this new class
of peptides (see Fig. 1).

In the past, many molecules have been overlooked because
of various biases and/or simplifications introduced in the per-
formed discovery strategy. For example, it was only in 1993
that the first microRNA (lin-4) was discovered in Caenorhab-
ditis elegans [19]. In the 2 subsequent decades more than
2500 microRNAs were identified in human alone [20]. Since
micropeptides came into the limelight, ever more research is
conducted to this new type of biomolecules, providing increas-
ing evidence that this type of biomolecules is possibly also
long overlooked [17]. It was assumed, especially for compre-
hensive cDNA annotation studies, that protein-coding genes
do not code for translation products shorter than 100 AAs [21].
This arbitrarily chosen minimum length reduces the likeli-
hood of false-positive detection by gene-prediction software
and genome annotation algorithms, but at the same time
vastly underestimates the true number of (atypical) small
proteins [22,23]. This generalization is also noticeable in (man-
ually curated) protein databases such as SwissProt-KB, where
at the time of writing only 680 (3.4%) out of a total of 20,271
reviewed human proteins have a length shorter than 100 AAs.
Although micropeptide research is not yet widespread and
much remains to be learned about their abundance, func-
tional activity and localization, a handful of these peptides
have recently been functionally annotated in different eukary-
otic organisms (see next paragraph for an extensive overview
or Table 1 for a brief summary). Though important to an
argument of the general conservation and function across all
kingdoms of life, SORFs in bacteria and viruses [24-28], will not

be covered in this review. The above-mentioned references can
serve as a brief overview of putatively coding sORF (pcsORF)
detection in lower organisms.

2. Overview of functionally annotated
micropeptides

The first eukaryotic micropeptide was only described in 1996.
While investigating the function of early nodulin 40 (Enod40),
formerly annotated as a ncRNA gene in legumes, van de Sande
et al. transformed tobacco plants with a soybean GmENOD40-
2 construct [29], proving that this construct was active in
the non-legume tobacco, modulating the action of auxin.
Sequence comparison of the tobacco and legume Enod40
clones revealed a highly conserved sORF coding for a 10
(tobacco) or 12 (soybean) AAs long peptide [29]. Later on, a
second overlapping coding sORF of 24 AA was identified in soy-
bean, categorizing Enod40 as a polycistronic mRNA. Enod40 is a
well-known factor that functions in root nodule organogene-
sis in legumes and also displays a high sequence conservation
among other plant species including monocots, suggesting a
more general biological function [9]. In addition, Enod40 shows
a highly conserved secondary topology, giving it the char-
acteristics of a structural RNA [30]. The presence of peptide
encoding sORFs and of structured RNA, both playing a role
in developmental processes, indicates that Enod40 acts as a
bi-functional or dual RNA [31,32]. Since the discovery of this
first micropeptide in plants, others have been functionally
annotated. In Arabidopsis, the POLARIS (PLS) gene, identified
as a promoter trap transgenic line predominantly showing
expression in the embryonic basal region, affects root growth
and vascular development [10]. Mutation analysis has shown
that the 36 AAs peptide encoded by PLS interacts with PIN
proteins, forming a network that plays an important role in
the hormonal crosstalk between auxin, ethylene and cytokinin
[33,34]. In maize, the recessive mutation of Brickl (Brk1) leads
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