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Abstract—Messenger RNA is complexed with proteins throughout its life cycle. The first mRNA-containing particles of
non-ribosomal nature, named informosomes, were discovered in cytoplasmic extracts of fish embryos by the laboratory of
Alexander Spirin, and later described in live cells. Over time, various other nuclear and cytoplasmic mRNA-containing
ribonucleoproteins (mRNPs) have been found and characterized. Although these mRNPs are very diverse in their subcel-
lular localization, structure and functions, they share many common characteristics with informosomes. In this mini-
review, I will discuss the discovery of informosomes, their characteristics and proposed functions, and their potential rela-

tionship to other mRNPs.
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INTRODUCTION:
A TYPICAL mRNA LIFE CYCLE

Eukaryotic messenger RNAs (mRNAs) are tran-
scribed in the nucleus by RNA polymerase II. During
transcription, these nascent transcripts become decorated
with a diverse set of RNA-binding proteins (RBPs),
which actively assist in the conversion of mRNA precur-
sors (pre-mRNAs) into mature mRNAs. Such conversion
includes three major processing events, namely RNA
splicing, 5'-capping, and 3’'-cleavage/polyadenylation
(reviewed in [1]). Upon completion of these processes, a
typical mRNA contains an Open Reading Frame (ORF),
which encodes protein, and is flanked by untranslated
regions (UTRs), named respectively as 5'- and 3'-UTRs.
In turn, the UTRs contain characteristic features such as
presence of 7-methylguanosine at the 5'-end of the
mRNA (mRNA cap structure), and a string of adenine
(A) residues at the 3'-end that form a poly(A) tail. Matur-
ation into mRNA requires coordinated action of multiple
enzymes and associated nuclear proteins, many of which

Abbreviations: mRNPs, messenger RNA nucleoprotein parti-
cles; PBs, Processing Bodies; RBPs, RNA-binding proteins;
SGs, Stress Granules.

are RBPs [2]. In addition, other RBPs, which are not
required for the nuclear mRNA maturation, recognize
sequences and/or structures in the UTRs (cis-elements)
and participate in additional processes that determine the
mRNA’s fate [3]. As a result, a diverse set of nuclear mes-
senger RNA nucleoprotein particles (mRNPs) is formed
that differ in their protein composition and overall struc-
ture [4].

Upon mRNP formation, composition determines
how quickly these mRNPs can be exported into the cyto-
plasm from the nucleus, where they can be immediately
available for mRNA translation or stored as “silenced”
mRNA-containing particles [5]. Some mRNPs are trans-
ported to specific regions of the cell for the purpose of the
localized translation, e.g., trafficking to the synapses of
neurons for the production of neuromediators. These
processes are associated with further active remodeling of
mRNPs via association with cytoplasmic RBPs [6]. It
should be also noted, that actively growing cells are asso-
ciated with more active protein translation than some
specialized cells (such as oocytes) that typically store
mRNPs and engage them in mRNA translation only at
specific stages of their development. Both actively trans-
lated and untranslated mRNAs are also eventually subject
to RNA degradation, which completes their life cycle [7].
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INFORMOSOMES IN mRNA METABOLISM

One unifying feature of mRNA metabolism is that any
step in an mRNA’s life is unthinkable without interaction
with its protein partners.

DISCOVERY OF INFORMOSOMES

While it is currently very well accepted that mRNAs
do not exist in the “naked” form and instead are associat-
ed with proteins as parts of various mRNPs at any stage of
their life cycle, the idea that newly synthesized mRNAs
are protein-bound and can be found in a ribosome-free
state was quite provocative for the early 1960s. As the sole
function of mRNAs was understood to be their participa-
tion in protein synthesis via association with ribosomes,
this idea seemed irrelevant.

In 1964, Spirin and colleagues proposed that eukary-
otic messenger RNAs, which are localized in the cyto-
plasm and temporarily untranslated, are present in asso-
ciation with unknown proteins of non-ribosomal nature
[8, 9]. Such conclusions were based on the studies of
Misgurnus fossils (loach) embryos in the late blastula
stages that were pre-incubated with ['“C]-adenine or
['*C]-uridine, which can be efficiently incorporated into
the newly synthesized transcripts [9]. Using sucrose gra-
dient centrifugation of cytoplasmic embryonic extracts,
they found that the newly synthesized transcripts sedi-
mented after the 80S ribosomes (the region between 20S
and 75S). Surprisingly, the same approach using cytoplas-
mic extracts from embryos pre-incubated with radioactive
amino acids revealed very similar sedimentation distribu-
tion. Taking into consideration that M. fossils embryos do
not produce new ribosomes (or ribosomal RNAs) until
the very end of gastrulation [8], it was hypothesized that
the newly synthesized RNAs sedimenting in the post-
ribosomal zone represented mRNAs in complexes with
proteins [9].

To complement these findings, Spirin et al.
employed a method relying on fixation of RNPs with
formaldehyde, which efficiently crosslinks RNA-protein
complexes [10]. Following this stabilization strategy, it
was possible to analyze density distribution of the
crosslinked components in the CsCl gradient [11]. It was
clear that these formaldehyde-fixed post-ribosomal com-
plexes contained both radioactively labeled amino acids
and RNA components that coincided in the analyzed
density distribution. These RNPs also clearly differed
from both the ribosome/ribosomal subunits and free
RNA as they corresponded specifically to a low buoyant
density of ~1.40-1.45 g/cm®, which is between that of a
free protein and RNA [12]. Moreover, their characteristic
buoyant density values also pointed to the predominant
presence of protein over RNA at a ratio ~3 : 1. Seven such
RNA-—protein complexes with sedimentation coefficients
equal to 20S, 30S, 40S, 50S, 55S, 65S, and 75S were
found in the post-ribosomal zone, indicating repro-

BIOCHEMISTRY (Moscow) Vol. 86 No. 9 2021

1045

ducibility of the phenomenon [12]. Additionally, these
complexes could be quantitatively absorbed on nitrocel-
lulose membranes, while free RNA or proteins could not.
These complexes were also degraded by pronase (a non-
specific protease from Streptomyces griseus) and ribonu-
clease, which excluded their association with DNA [12].
In addition, when the radiolabeled RNA components
were released from the post-ribosomal RNPs by depro-
teinization and centrifuged in a sucrose gradient, the
resulting sedimentation coefficients were clearly distinct
from that of 18S and 28S ribosomal RNAs [12], suggest-
ing that RNA components of these RNPs were not of
ribosomal RNA origin [13].

Importantly, RNPs of similar nature were also dis-
covered in the sea urchin embryos [14] and in the vaccinia
virus infected HelLa cells [15]. In the sea urchin embryo,
radiolabeled RNA isolated from the post-ribosomal
RNPs was quantitatively hybridizing with DNA, thus
indicating an mRNA-like nature [14, 16]. In the vaccinia
virus infected Hela cells, where only one transcript is
highly expressed, namely viral mRNA, the post-riboso-
mal RNPs were also detected [17, 18], and contained the
newly synthesized viral mRNA [15].

Altogether, the above-described data suggest that
these post-ribosomal ribonucleoproteins with a charac-
teristically low buoyant density, consist of mRNAs and
proteins, and do not contain ribosomes or ribosomal sub-
unit. These mRNPs were then collectively called informo-
somes, the term both stating that the RNA component of
these particles contains information (not just a message
for the production of an encoded protein) and also sug-
gesting that the protein component actively participates
in the regulation of mRNA fate.

DEVELOPMENT OF THE INFORMOSOME
CONCEPT

Soon after informosomes were discovered, they were
also found in several other experimental models such as
uninfected Hela cells [19], developing epidermis cells of
giant silkworms [20], rat liver cells [21], cultivated mouse
fibroblasts (L cells) [22], L cells infected with Mengo
virus [23], and Ehrlich ascites tumor cells infected with
Sendai virus [24]. All the discovered informosomes were
heterogeneous in size but retained the core characteristics
of post-ribosomal informosomes. Interestingly, in two
early reports, analysis of mRNPs in the post-ribosomal
zone of normal HeLa cells [19] and rat liver cells [21]
indicated formation of 458S particles that could be either
informosomes or mRNA complexes with 40S ribosomal
subunits [21, 25]. Importantly, analysis of the virus-
infected cells allowed for identification of specific types of
informosomes loaded with viral mRNA. Such viral-spe-
cific 45S informosomes were isolated and character-
ized [23, 24].
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Another important observation was that informo-
somes are not limited to the post-ribosomal zone but can
also be found in the pre-ribosomal zone [12, 26].
According to the results of sucrose gradient centrifuga-
tion of loach embryo cytoplasmic extracts, the newly syn-
thesized radiolabeled mRNAs could be found ahead of
the 80S ribosomal peak, within RNPs with sedimentation
coefficients of 90S, 100S, and 110S [12]. Since even a
dimer of 80S ribosomes would have a sedimentation coef-
ficient of ~120S, these mRNAs could not be of polysomal
nature. Based on the buoyant density of pre-ribosomal
90S and 110S components, which were similar to buoyant
density of the post-ribosomal 50S to 75S components
(~1.39 g/cm?), it was concluded that the post-ribosomal
mRNPs are bona fide informosomes [12]. Thus, two
broad subpopulations of informosomes can be defined:
post-ribosomal (20S to 75S) and pre-ribosomal (90S to
110S). Since the discovered informosomes were heteroge-
neous in size, it was also proposed that they are heteroge-
neous in their protein and mRNA content [12].

One largely overlooked aspect of these studies was
that there are some, although not as abundant as
described above, pre-ribosomal informosomes that have
high sedimentation coefficients. This may suggest that
they are either single large particles or aggregates of many
smaller informosomes into a larger mRNP [13].
Biological significance of such high molecular weight
particles is questionable but may be connected to the
processes of RNA granule assembly (see below).

Once informosomes were found in the cytoplasm, it
was also predicted that nuclear counterparts should also
exist. Indeed, several research groups observed mRNPs in
nuclear extracts analogous to cytoplasmic informosomes
[27-32], e.g., they were heterogeneous in size yet similar
in buoyant density coefficients (~1.4 g/cm®) [30, 31].
Such nuclear informosomes are decorated by proteins
different than the ones associated with informosomes in
the cytoplasm, suggesting that during mRNA export
mRNAs may change their protein binding partners.

An important question remained regarding whether
informosomes actually exist in vivo or their formation is a
mere artifact of cell destruction and/or homogenization.
It was first found that the addition of free non-protein
bound RNAs into cytoplasmic extracts prepared from a
number of different cellular models resulted in formation
of artificial informosome-like particles, as judged from
their behavior in CsCl gradients [33, 34]. Such particles
were homogeneous; their formation was independent of
the nature of the added free RNAs (both RNA length and
origin, e.g., E. coli rRNA was commonly used). The only
limitation for formation of such complexes was the
amount of RNA to be added to extract: a relatively small
RNA amount was allowed, while excessive RNA was not
incorporated into RNP [34]. This suggested that a titrat-
able and limited “loading factor” exists in cellular
extracts, which is available for association with the added
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free RNA [34]. Based on several other experiments, it was
concluded that this “loading factor” is of proteinaceous
nature (single protein or a group of proteins), has a high
molecular weight, constitutes approximately 0.3% of the
soluble total fraction of the extract and readily interacts
with an exogenously introduced RNA. As indicated by
these experiments, it was still plausible that free endoge-
nous mRNAs interacted with released “loading factors”
and formed artificial informosomes during cell destruc-
tion/homogenization, thus suggesting that the pre-exist-
ing natural informosomes might not exist.

To address this question, Spirin and colleagues ran
several experiments on loach embryo homogenization in
the presence of excessive amounts of exogenous free
RNA [35]. If informosomes are formed as a result of
association of free endogenous mRNAs with a “loading
factor” during homogenization, it should be expected
that exogenous RNA would serve as an efficient com-
petitor and would decrease the informosome formation.
Such competition experiments, however, clearly demon-
strated that informosomes exist in live cells prior to their
destruction, homogenization, and fractionation, since
the addition of an excess of exogenous RNA did not
change the typical sedimentation/distribution profiles of
informosomes as well as their characteristic buoyant
density [35].

The ability of any exogenous RNA to induce infor-
mosome-like particle formation raised other important
questions. What is identity of the “loading factor”? Is this
one or group of proteins that cooperatively bind RNAs?
Does the “loading factor” lack any RNA sequence/RNA
structure-binding specificity? While the answers to these
questions are still largely lacking, one important out-
come during attempts to identify/purify the “loading fac-
tor” unexpectedly hinted at the differences in stabilities
of natural informosomes and artificial ones. Fraction-
ation analysis of these complexes in sucrose gradients
with or without formaldehyde crosslinking followed by
density analysis with CsCl gradient centrifugation has
unambiguously shown this difference: unlike artificial
informosome-like RNPs that are reversible and unstable,
natural informosomes are inheritably stable and irre-
versible under any conditions tested [36]. Another inter-
esting finding was that if the endogenously isolated
mRNAs from loach embryos were used in the loach cyto-
plasmic extracts, such informosome-like particles were
much more stable than those made with the exogenous
RNAs [36].

The search for the “loading factor” has had impor-
tant consequences for the development of RNA biology
and protein synthesis/translational control, in particular.
Analysis of different cytoplasmic informosomes
(e.g., “masked” and free cytoplasmic) from dormant and
actively dividing cells showed that two major proteins and
a large number of minor protein species are present in
these mRNA complexes. In contrast to ribosome parti-
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INFORMOSOMES IN mRNA METABOLISM

cles, they had characteristic resistance to removal of Mg**
(e.g., by adding EDTA) yet could be sequentially removed
from the preparation of informosomes by increasing salt
concentrations [37]. The identified major proteins had
molecular mass of 50-55 kDa (p50) and 70-80 kDa (p70)
determined from electrophoretic mobility in denaturing
gels [38-43]. Subsequently, biochemical analysis suggest-
ed that p70 protein exhibited a predominant affinity to
poly(A) sequences, and was later termed as a PABP
(poly(A)-binding protein) [39, 43]. The p50 proteins were
subsequently characterized as DNA-binding transcrip-
tion factors that stimulate mRNA synthesis from Y-box
promoters with Y-box-binding protein 1 (YB-1 or YBX1)
being the best characterized and universal among
them [44]. This protein has high content of prolines and
alanines, demonstrates anomalous electrophoretic
mobility (36 kDa) compared to the predicted, has high
isoelectric point (pI > 9) and ubiquitously binds to various
heterogeneous mRNA sequences [45]. Both YB-1 and
PABP are very abundant proteins and have characteristics
suitable for the “loading factor” such as the ability of
PABP to bind universal poly(A) tails, and of YB-1 to bind
great number of RNA sequences and structures.

It should also be noted that during the search of the
“loading factor” several other important discoveries were
made. It was shown that many of RBPs found in free
informosomes were only present as minor proteins in the
polysome-associated informosomes (see below, and fig-
ure) suggesting that active remodeling takes place during
association of informosomes with polysomes [37]. Later,
many of these RBPs were characterized as translation ini-
tiation and elongation factors. Similarly, a number of new
RBPs were identified that specifically bind 5'- or 3'-
UTRs via recognition of specific cis-elements such as
TOP motifs (5'-terminal oligopyrimidine motifs [46]) or
ARE (AU-rich elements [47]). Consequently, physiolog-
ical relevance of such RBP : cis-element interactions was
shown in the context of the translational control regula-
tion, turnover and localization of transcripts, and their
relation to the etiology of pathological conditions.

RELATIONSHIP BETWEEN INFORMOSOMES
AND PROTEIN SYNTHESIS

Many of the initial studies on informosomes were
done in fish and sea urchin embryos, which have signifi-
cant differences from the actively dividing cells, where
protein synthesis and its control are strongly influenced
by exogenous stimuli such as nutrient or oxygen availabil-
ity. In contrast, embryonic development is controlled by
intrinsic factors that are collectively called “clock” mech-
anisms. One of the features of translational control in
early embryogenesis is that the unique patterns of devel-
opment are mirrored by spatiotemporal regulation of
mRNA translation [48, 49]. Following transcription,
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mRNAs are exported from the nucleus into the cyto-
plasm, where they are “stored” in a silenced (“masked”)
form until a specific time point of the “developmental
clock”. In this way, these masked mRNAs are available to
be translationally activated in a timely manner. Timewise,
there is a significant gap between their export into the
cytoplasm and actual engagement into protein biosynthe-
sis. For example, such gap is evident in the loach embryo
development, where nuclear information transcribed in
the late gastrula is only realized in post-gastrulation
stages [50].

Spirin and colleagues hypothesized that the exis-
tence of “masked” forms of mRNAs could be explained
by the existence of informosomes (discussed in details
in [13]). Namely that it is the protein component of these
mRNPs playing a regulatory role in the decision of
whether mRNAs are accumulated and “silenced” or
available for association with ribosomes. Using loach
embryos pre-incubated with either radiolabeled amino
acids (to detect de novo translated polypeptides) or ['*C]-
uridine (to detect newly synthesized RNAs), cytoplasmic
extracts were prepared from the same developmental
stage (late gastrula). Both extracts were mixed and frac-
tionated by sucrose gradient centrifugation revealing dif-
ferential distribution of labeled mRNAs and polypeptides
between the post-ribosomal fractions, monosomes, and
polysomes [25, 51]. This analysis unambiguously demon-
strated that polysomes are engaged in protein synthesis
with the mRNAs synthesized earlier, while the newly syn-
thesized mRNAs are localized in the translationally inac-
tive fractions. It was clear from the results of CsCl densi-
ty gradient centrifugation that almost all newly synthe-
sized mRNAs (>80%) were present in the informosomes
(~1.40 g/cm® density), none — in the 80S monosomes
(~1.55 g/cm?), and a small fraction — in the polysomes
(~1.51 g/cm?®) [25]. These biochemical results logically
agree with the observed delay in translation of the newly
synthesized mRNAs in embryos via formation of
“masked” mRNPs [13].

One unexpected aspect of this informosome-80S
ribosome-polysome mRNA distribution analysis is that
the buoyant density of the polysome fraction is less than
that of the monosome fraction, suggesting the presence of
components that are less dense than RNA in polyribo-
somes, such as additional bound proteins [25]. Moreover,
forced disassociation of the purified polysomes (with
EDTA) into monosomes is accompanied by the release of
heterogeneous in sedimentation coefficients mRNPs,
and not of free mRNAs, also suggesting that informo-
somes are stable even in the presence of EDTA [21, 25].
Since these complexes have similar buoyant density
(~1.4 g/cm?), these results indicate that the released
mRNPs are informosomes [25]. Thus, informosomes are
able to associate with translating ribosomes, and mRNAs
in live cell do not exist in the “naked” form whether being
translated or not.
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INFORMOSOMES IN THE COMPLEX
WORLD OF mRNPs

Based on the available experimental data, Spirin and
colleagues formulated the following concept on the rela-
tionship between mRNAs and informosomes [52]:

1. Eukaryotic mRNAs do not exist in free form but
are always complexed with proteins in vivo;

2. mRNPs of non-ribosomal nature are informo-
somes;

3. Many eukaryotic proteins involved in RNA
metabolism commonly possess RNA binding activities;

4. Some protein components of informosomes (and
other RNPs) are RBPs.

As early as 1969, a few predictions were made based
on the assumptions derived from this concept [13].
Firstly, it was hypothesized that the export of mRNAs
from the nucleus to the cytoplasm happens in the form of
informosomes, where they can be immediately transport-
ed to the translating polysomes or stored as “masked”
mRNPs. Some informosome proteins could assist in such
transport, and whether the protein content of informo-
somes changes during the nucleo-cytoplasmic transport
was not clear. “Attachment” of informosomes to the
translating ribosomes may involve some modifications of
informosomes or their proteins [13]. Secondly, informo-
somes are a form of mRNP that protect/stabilize mRNA
from further processing, e.g., from enzymatic modifica-
tions such as nuclease-mediated degradation. Indeed,
informosomes are much more resistant than free RNA to
ribonuclease activities, and protein constituents of infor-
mosome serve this “protector role” [13]. Thirdly, infor-
mosomes are an integral part of protein synthesis regula-
tion. In this respect, protein components of informo-
somes can serve as modulators of translation, e.g., as a
translational repressor [13]. Even more attractive, pro-
teins within informosomes can play direct regulatory roles
in the dynamics of association/disassociation of informo-
somes with the translating ribosomes.

Such projections also echoed earlier conceptual
developments, where the term “informational” RNA has
been used to describe RNA intermediates of different
sizes of non-ribosomal and non-transfer RNA nature,
which possess ability to hybridize with DNA (“comple-
mentary” RNA) [53, 54]. One important implication of
such concept is that every “complementary” RNA still
contains a sequence-specific information necessary for
hybridization with DNA. Consequently, while every
mRNA would also be considered as type of “information-
al” RNA (in conjunction with its role in protein synthe-
sis), it was predicted that some other types of “informa-
tional” RNAs exist that do not serve strictly messenger
functions but could also be, for example, of regulatory
nature. The discovery of informosomes has further
extended these developments by showing that protein
component of various non-ribosome containing ribonu-
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cleoprotein particles (viral RNPs/mRNPs, nuclear
RNPs/mRNPs, cytoplasmic “masked” mRNPs) can
actively contribute to their cellular fates such as their sub-
cellular localization, stability or association with ribo-
somes. In this way, the term “informosomes” is much
broader than mRNPs and rather unites different RNPs
that may or may not contain mRNA (e.g., pre-mRNA
complexes or components of RNA granules).

Tight control of mRNA metabolism such as mRNA
transport, decay, and translation are crucial for the regu-
lation of gene expression. All these processes are modu-
lated by interaction with RBPs, which bind the mRNA
within mRNPs. The fact that RBPs contribute to the fate
and functions of RNPs, as based on the informosomes
studies, is a fundamental basis for understanding func-
tional and structural features of ribonucleoproteins [55].
Early work on informosomes have predicted a few princi-
ples that are applicable to other mRNPs, many of which
are well studied (figure). For example, mRNPs are often
localized in the specific cellular and subcellular compart-
ments [56]. Such compartmentalization may facilitate
certain aspects of mRNA biogenesis (mRNA processing,
etc.), to be a part of specific developmental program
(classic “masked” informosomes in loach embryos), or
part of response to changing conditions (such as stress)
[57]. Many mRNPs are dynamic, meaning that they can
associate with other RNPs (such as reversible interaction
of informosomes with translating ribosomes) and also
change their composition depending on the changes of
their microenvironment (conversion of nuclear to cyto-
plasmic informosomes during mRNA export).

An important consequence of the informosome
concept is coupling of the different mRNA-related
processes via interaction of mRNPs with other RBPs
(figure). It is now generally accepted that upon tran-
scription and processing, mature mRNAs bind numerous
proteins [e.g., family heterogeneous nuclear ribonucleo-
proteins (hnRNPs) that contribute to several aspects of
mRNA metabolism (transport, localization, stability)]
[55]. At least some of these nuclear mRNPs are classic
nuclear informosomes (figure). After mRNA export,
some of the nuclear RBPs are exchanged for other pro-
teins that regulate cytoplasmic mRNA metabolism. Some
of these cytoplasmic proteins have multiple functions,
e.g., in mRNA localization, stability or/and translation
[58]. Multiple mRNPs found in specialized cells (such
oocytes) resemble behavior of “masked” informosomes
of loach embryos as they contain proteins that contribute
to their subcellular localization and stability [57] (figure).

The observation that informosomes interact with
translating ribosomes has paved the road to study molec-
ular mechanisms of translational control. That additional
change of buoyant density observed in the translating
polysomes versus 80S ribosomes indicates that some addi-
tional proteins are bound to polyribosomes [51]. It is now
very clear that a subset of translation factors, especially
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Informosomes and mRNA metabolism. RNA polymerase II transcribes pre-mRNAs in the nucleus, which then undergo several processing
steps leading to mature mRNA formation. Processed messenger mRNAs are then decorated with RNA-binding proteins to assemble nuclear
informosomes (1). These nuclear complexes are exported into the cytoplasm, where there are either stored in untranslated form (“masked’
cytoplasmic informosomes) (2a) or actively associate with the translating polysomes in the form of polysome-associated informosomes (2b).
During mRNA export, some nuclear RBPs are exchanged for cytoplasmic counterparts. In the cytoplasm, “masked” informosomes can be
“activated” by external or internal stimuli and then associate with ribosomes as polysome-associated informosomes (3). During mRNA trans-
lation (4), polysome-associated informosomes can also dissociate from the translating ribosomes and get back to the “masked” form (3), be
directed for mRNA decay (5), or be sorted for mRNA triage or storage within RNA granules such as Stress Granules or Processing Bodies (6).

This illustration was created in BioReneder.com.

translation initiation factors, is first engaged in the inter-
action with mRNA and only after that with the ribo-
some [59]. These initiation factors are organized around
the universal cap structure and help the small 40S riboso-
mal subunit both to interact with an mRNA and facilitate
proper positioning on the start AUG codon. In this
respect, it is worth noting that some reports assumed that
informosomes could also be found in the form of mRNA
complexes with 40S ribosomal subunits (45S informo-
somes), reminiscent of the ribosomal pre-initiation com-
plexes. Once such start codon recognition is established,
the large 60S ribosomal subunit joins the so-called 48S
pre-initiation complex to establish a functional 80S ribo-
some [59]. The 80S ribosome is then engaged in transla-
tion elongation and synthesis of nascent polypeptides
encoded in the mRNA’s ORE Upon translation termina-
tion, 80S ribosomes are split again into 60S and 40S sub-
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units. It should, however, be noted that efficiently trans-
lated mRNAs simultaneously engage more than one ribo-
some for translation, and after termination 40S subunits
are recycled again for the next round of translation initia-
tion on the same mRNA [60]. This is facilitated by
mRNA circularization, where the scaffolding translation
initiation factor elF4G bound to the mRNA cap structure
(as a part of the eIF4F complex) interacts with poly(A)-
binding protein (PABP) situated on the poly(A) tail [61].
It is tempting to speculate that the observed polysome-
associated informosomes or informosomes disassociating
from polyribosomes are at least one form of the transla-
tion factor-bound mRNPs.

Recent data show that self-organization of mRNPs
into diverse membraneless organelles, termed RNA gran-
ules, is an evolutionary conserved phenomenon underly-
ing different aspects of mRNA metabolism [62, 63]. High
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molecular weight informosomes have been identified, and
these “gigantic” informosomes may be a product of self-
aggregation. Thus, we can speculate that informosomes
themselves can be a part of other mRNP-containing
RNA granules. Two classes of such cytoplasmic RNA
granules are best studied in terms of mRNA metabo-
lism [64]. First are Processing Bodies (PBs), RNA gran-
ules enriched with deadenylated mRNAs and specific
mRNA decay factors, which are postulated to function in
mRNA decay and translation [65]. The second class of
mRNA-containing granules is Stress Granules (SGs),
which contain translationally stalled mRNAs arrested at
the level of translation initiation [66, 67]. SGs are
induced by various stresses, and thought to affect cell sur-
vival via translational reprogramming [68]. Since both
these granules contain multiple mRNAs bound to a
diverse set of RBPs, classic informosomes may be con-
stituents of these RNA granules.

CONCLUSIONS

The hypothesis that mRNAs are always associated
with proteins and exist in the form of informosomes was
revolutionary more than a half century ago. Informo-
somes are dynamic and dependent on both mRNAs and
proteins for their assembly. The informosome model pro-
posed that interaction of proteins with mRNA not only
plays a structural role in building of these mRNPs, but
also functionally contributes to metabolism of the
mRNA. It should be noted that the principle described by
Spirin as “omnia mea mecum porto” (“all that is mine I
carry with me”) [52], is not limited to informosomes/
mRNPs but also applies to other RNPs. It proposes that
during evolution, RNPs have acquired an optimal stoi-
chiometric and structural match for RNA and protein
partners pointing towards their function as a ribonucleo-
protein particle [69]. Such biophysical principles of
assembly of RNA-containing complexes are currently
under intensive investigation since many of these com-
plexes contribute to human health and disease.
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