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Prion-like proteins overlap with intrinsically disordered and low-complexity sequence
families. These proteins are widespread, especially among mRNA-binding proteins. A
salient feature of these proteins is the ability to form protein assemblies with distinct
biophysical and functional properties. While prion-like proteins are involved in myriad of
cellular processes, we propose potential roles for protein assemblies in regulated protein
synthesis. Since proteins are the ultimate functional output of gene expression, when, where,
and how much of a particular protein is made dictates the functional state of a cell. Recent
finding suggest that prion-like proteins offer unique advantages in translation regulation
raising questions regarding the role of prion-like protein assembly in translational regulation.

Defining prion-like proteins

Prion-like proteins are defined by their ability to assume distinct conformational states, with
one of these states leading to a self-assembling higher-order structure. Once formed, the
self-assembled state can be sustained not only within a cell but can stably propagate across
cell divisions by its ability to seed and recruit its monomer counterparts. Although initially
discovered in the context of disease, prion-like proteins have been found to serve normal
physiological functions [1-3].

Prion-like proteins often contain a modular domain, referred to as the prion-like domain.
Certain prion-like domains (PrDs) have a signature Q/N-rich stretch like well-known yeast
prions [4], and ~1.2% of human protein-coding genes harbor PrDs by such definition [5, 6].
However, many proteins that possess Q/N-rich domains do not behave like prions, and
certain proteins lacking any obvious prion-like domain still display prion-like behavior [7].
Nonetheless, ~30% of both the Q/N-rich PrDs and non-Q/N-rich PrDs reside in RNA-
binding proteins [5, 7], suggesting prevalent prion-like mechanisms in mRNA translation,
transport, and metabolism.

Low-complexity sequences (LCSs) are defined by sequence composition: long stretches of
low overall amino acid diversity. Although seemingly simple, in silico analysis suggests that
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LCSs are evolutionary features of eukaryotic proteins, which harbor three-fold more internal
repeats of amino acids and amino acid motifs than prokaryotic proteins [8-10]. This suggests
that they may function in cellular processes that are unique to or more advanced in
eukaryotes, such as subcellular compartmentalization or complex protein-protein and
protein-nucleic acid interactions. Proteins with LCSs or repetitive modular motifs (an
expansion of LCSs) tend to participate in multivalent interactions, which can lead to phase
separations, a proposed biophysical mechanism for the formation of membrane-less
organelles including stress granules, P-bodies, neuronal granules, germ granules and
nucleoli, all of which belong to RNA-protein particles (RNPs) [11]. Some of these RNP-
granules are tightly packed, while others are loosely associated and more dynamic [12-16].

Although defined by unrelated criteria, PrDs and LCSs surprisingly converge in two ways:
(i) ~30% of each are RNA-binding proteins that can regulate translation in various ways and
thereby the protein composition of the cell [5], and (ii), they are structurally predicted to be
intrinsically disordered, excluded from globular regions and lacking known structural motifs
[17-19]. One important thing to keep in mind is that /n silico prediction of disordered
domains or the behavior of proteins in isolation is not necessarily predictive of their in vivo
state. Recent comparative sequence analysis suggests that at least some ‘disordered
domains’ could have structured states or may assume unknown structural states [20].
Moreover, proteomics-based protein conformation analyses indicate that in the cellular
environment, the number of proteins in a disordered state may be significantly less than what
in silico analysis predicts [21, 22]. Nonetheless, given that RNP structures formed by RNA-
binding proteins manifest distinct dynamics, and that prion-like domains allow proteins to
adopt various physical states ranging from liquid droplet to hydrogel to amyloid [23], it is
important to explore what circumstances—and how and why—proteins adopt a particular
type of protein assembly. In addressing these two questions—how proteins assemblies are
formed, and, once formed, what specific purpose they serve—we first focus on the
functional consequences.

We focus here on prion-like proteins because of their unique features: (i) a conformational
change of a small population of proteins can template non-converted monomers, allowing a
persistent alteration in function; (ii) the same protein can give rise to a spectrum of outputs
based on its conformational differences and seeding capacities [24-27]; and (iii) the structure
can be homotypic and ordered (but not always), allowing stereotypic organization of the
various domains [28]. We have used specific examples of prion-like RNA-binding proteins
to illustrate how these features of RNP assemblies contribute to translational regulation. This
review does not intend to cover the general properties of “intrinsically disordered” proteins
[29] or the physical principles that guide assembly [30], since a number of excellent reviews
have already been written on these subjects.

Role of protein assemblies in translation regulation

RNA-binding proteins influence all aspects of RNA fate: synthesis, transport, stability, and
translation. Here, we focus on certain RNA-binding proteins involved in the control of
mRNA translation. Translation regulation implies an increase or decrease in the rate of either
global translation or translation of specific MRNAs, translation in a specific place, or
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holding certain mRNAS in translation-competent or -incompetent states for future use. The
change in translation can be transient or persistent. How do conformational plasticity and
various types of protein assemblies formed by prion-like proteins contribute to translation
regulation? Recent reports suggest that internal or external environmental changes can
induce global or selective translation changes by rapidly changing protein conformation and
assembly. Additionally, the duration of translational control can be encoded in the nature of
the assembly. These findings lend support for prion-like proteins in translation regulation.

Translation regulation by amyloid-like assembly

One of the earliest examples of a physiological prion-like protein is the yeast Sup35 protein,
a translation terminator[31]. The Sup35 protein in its monomeric form helps translation to
cease at stop codons and confers translational fidelity. When Sup35 forms a self-sustaining
amyloidogenic assembly; it loses the translation termination activity, allowing translational
read-through. Translation read-through is mostly disadvantageous; however, under certain
environmental conditions protein diversity generated by translational read-through can be
advantageous[32]. In multicellular eukaryotes an early example of a prion-like RNA-binding
protein whose higher-order assemblies serve a physiological function is the cytoplasmic
polyadenylation element binding protein (CPEB) family. Some members of this family, such
as CPEB3 in vertebrates, Orb2 in Drosophila, and ApCPEB in Aplysia, harbor prion-like
domains and form stable protein assemblies, with some features of an amyloid-like state
[33-35]. Blocking assembly interferes with synaptic facilitation and long-term memory [35,
36] and facilitating assembly enhances target mMRNA translation as well as memory
consolidation [37]. Interestingly, all CPEBs studied thus far seem to have dual functions
whether they possess prion-like domains (Orb2, CPEB3) or not (CPEB1), switching
between translational repression and activation in response to external signals [38]. In
neurons, this functional switch likely generates asymmetry in translation in different
synapses within the same neuron; synapses with monomeric CPEB would repress the
translation of specific mMRNAs, while the same mRNAs would be translated in synapses with
the conformationally distinct higher-order assembly of CPEB. A stable and ordered
assembly of CPEB provides a self-sustaining local change in protein state and translation,
with the ability to recreate the same state from a few molecules that can render memory
immune to the turnover of individual protein molecules over long periods (Figure 1B) [39,
40]. However, the exact biophysical properties of synaptic CPEB and its function remain
contentious. For instance, it has been proposed that instead of directly activating translation,
aggregated CPEB sequesters heterologous translational repressors and thus disengages the
target MRNA from a repressive state [41]. Whether these alternative models are mutually
exclusive or reflect the spectrum of functional assemblies formed by the same protein
remains to be seen.

Although amyloid formation was thought to be a ‘one way’ process, recent discoveries
suggest that these assemblies can also be dynamically regulated. An example of this is the
translation regulator Rim4 in yeast (Figure 2A). Precise and acute control of mRNA stability
and translation is required in stage-specific production of new proteins during yeast meiosis
[42]. The mRNA for one of the critical meiosis determinants, the B-type cyclin CIb3, is
produced at the onset of meiosis | but its protein expression is restricted to meiosis 11 [43].
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The timely burst of CIb3 translation is regulated by the prion-like mRNA-binding protein
Rim4, which forms amyloidogenic aggregates that bind to and inhibit translation of CIb3
MRNA. At the onset of meiosis Il, Rim4 is dissolved upon phosphorylation, releasing Clb3
mRNA, prompting rapid translation [44]. The Rim4 amyloidogenic aggregates’ formation
and more importantly disappearance is quite rapid (within minutes). In this case,
phosphorylation of the PrD is the mechanism that leads to clearance of aggregates at the
onset of meiosis 11 [44]. What remains unclear is how the Rim4 aggregates repress
translation and how phosphorylation dissolves Rim4 aggregates.

The use of an amyloid-like state to hold mMRNA dormant for future activation could be a
common mechanism of translation regulation. In Xenopus, for example, the gene products
that establish the germline of the next generation are maternally inherited, and these germ-
line specific maternal MRNAs are deposited into a non-membranous compartment termed
the Balbiani body (Figure 2B) [45-47]. One function of the Balbiani body is to protect
maternal RNAs from degradation and pass them on to the next generation [48]. The core
protein that organizes the Balbiani body, Xvelo in Xenopus and Bucky Ball in zebrafish,
forms amyloid-like assemblies [46, 49]. Somewhat similar to Rim4, formation and dispersal
of the Balbiani body is developmental stage-specific [47]. The mechanism of dispersal is yet
unclear. An important unanswered question is what specific advantage amyloid-like states
offer for Rim4 or Balbiani body over other forms of protein assemblies for this purpose. One
possibility is that given that developmental arrest is very common during oogenesis,
amyloidogenic assemblies could persist across long-term dormancy and protect critical
mRNA from environmental fluctuation. If this is true, then one would suspect such
amyloidogenic mRNPs may exist for other physiological processes that require holding
mRNAs in dormant state for long time.

Translation regulation by non-amyloidogenic superassembly

mRNA-binding proteins with prion-like domains can also form protein assemblies that are
distinct from amyloid-like states. An example of such a translation regulator is the mRNA
binding protein Whi3 [50]. In budding yeast S. cerevisiae, the cell cycle is arrested when
haploid cells encounter pheromones from a mating partner (Figure 3). Whi3 inhibits G1
cyclin cIn3 translation, therefore arresting cell cycle progression [51, 52]. However, if the
mating is deceptive, cell cycle progression resumes and this process is regulated by super-
assembly of Whi3 into a single structure, disinhibiting translation of cIn3 [50]. A transient
exposure to pheromone can induce the refractory state, and assembly of Whi3 creates a
“molecular memory” for the stable maintenance of the refractory state in the absence of
pheromone. The Whi3 super-assembly differs from other prion-like assemblies in several
ways: one, while the Whi3 super-assembly is protease- and detergent-resistant (properties
associated with amyloidogenic aggregates), it does not bind to thioflavinT, a common
feature of amyloids. Second, the prion-like state of Whi3 is asymmetrically retained in
mother cells and not inherited by the daughter cells. Finally, while the poly-Q stretch of
Whi3 is necessary for its super-assembly in S. cerevisiae, /in vitro experiments with Ashbya
gossypii suggest that Whi3 alone cannot form homomeric protein assemblies under
physiological salt concentrations [53]. It therefore appears that Whi3 assembly requires
additional factors and that these additional factors could attach it to some structure,
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confining its function within the mother cells. The structural bases of these assemblies and,
given their function, the advantage of this structure over amyloids remains to be addressed.

Translation regulation by heterogeneous assembly

Q/N-rich amyloidogenic PrDs occupy a small part of the range of sequences found in
various PrDs [6]. They adopt structures of different dynamics, likely tuned to the specific
physiological functions they serve. TIA-1 is one of the core nucleating RNA-binding
proteins whose PrD is essential for stress granule formation [54]. Stress granules (SG) are
microscopically visible deposits of stalled translation machinery, formed when cells
encounter unfavorable conditions; they disassemble when the cell returns to its normal state
[55, 56]. Several functions of stress granules have been proposed, including facilitation of
translation initiation complex assembly for future use, translation of stress-responsive
mMRNA, and stabilization or sequestration of MRNA, which would also indirectly influence
translation [55]. Some studies suggest that in yeast the stress granules behave like non-
amyloid solid aggregates via promiscuous interactions between low-complexity domains,
while in mammalian cells stress granules form liquid-like structures mediated by weak
interaction among proteins [57]. Another model proposed that the stress granule adopts a
stable core and dynamic shell structure [58]. The core proteins, together with stalled pre-
initiation complexes, nucleate first into RNAase resistant stable assemblies [59], then the
shell, with more dynamic features, starts to wrap around the core [58]. Overexpression of
full length TIA-1 induces, while overexpression of just the TIA-1 PrD inhibits, stress
granule formation [54], suggesting a role of RNA binding domain in proper formation of
stress granule. The advantage of dynamic assemblies during stress is perhaps in allowing
cells to rapidly sequester or utilize proteins and mMRNAS. When the stress is relieved, the
assembly rapidly disperses, allowing cells to revert to pre-stressed conditions. Interestingly,
when cells are missing key protein components of stress granules, they no longer form
canonical stress granule in response to moderate stress[60]. Instead, smaller cellular foci
form when cells are challenged with extreme stress. The components and function of the
small aggregates are unknown; however, it is consistent with the notion that that RNP
aggregates are dynamically regulated based on cellular demand.

Cellular mechanisms that control formation of physically and functionally

distinct RNP assemblies

In the cellular milieu, an mMRNA-binding protein and its target mRNA exist in non-
equilibrium states amid various degrees of interaction with millions of other molecules. It is
remarkable that in this crowded cellular milieu, the prion-like proteins and LCSs, though
occupying a large percentage of the proteome and being multivalent, do not coalesce into a
giant organelle; instead they give rise to distinct protein assemblies with specific
compositions in specific compartments [61]. Some studies indicate, at least for RNP
particles, that RNA can act as a possible guide. However, most RNA-binding proteins have
multiple RNA targets, and different RNA-binding proteins can share the same RNA-binding
domains. How then do RNP particles of distinct compositions exist in the same
compartment?
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PrDs and LCS proteins can also generate different assemblies depending on the cellular
conditions. In the case of Whi3 neither its poly-Q stretch nor its RNA-binding motif is
required for its recruitment to stress granules. This suggests that under stress conditions,
Whi3 may be passively sequestered into stress granules by proteins or mRNA components in
the stress granules to suppress target mMRNA translation [51, 52]. However, the formation of
Whi3 super-assemblies in response to pheromones does require its poly-Q domain [50].
Therefore, the super-assembly is distinct from stress granules: the super-assembly requires
Whi3’s poly-Q domain to initiate an ordered structure, while the poly-Q domain is
dispensable for loosely wrapping around the shell of stress granules. Likewise, the prion-like
NM domain of Sup35 can substitute the prion-like domain of TIA-1 and the chimeric TIA-1
function in forming stress granules. However, subsequent overexpression of NM does not
interfere with endogenous stress granule formation, suggesting the absence of hetero-
oligomerization between TIA-1 and Sup35’s prion-like domain. In yeast, although Sup35
can be recruited to the stress granule, its prion domain is dispensable for SG formation [62],
suggesting that the function of PrDs can also be context dependent. How is then this context-
specific assemblies of RNP particles achieved?

Assembly of ribosomes—RNP particles critical for protein synthesis— provides some
general guidance towards assembly of RNP particles. Many ribosomal proteins (26% of the
S. cerevisiae 60S ribosomal proteins for instance) have a disordered region rich in arginine
and lysine that contributes to their high positive charge [63] and like most LCS proteins they
are aggregate-prone by themselves [64]. Since they are abundant in every cell, and since
ribosomal proteins are made in the cytosol but ribosome assembly takes place in the nucleus,
cells have evolved stringent regulation on transport, assembly, and degradation of ribosomal
proteins to avoid forming spurious assemblies and to control the amount of mature
ribosomes: first, specific interacting partners such as importins in the cytoplasm and escortin
Tsr2 in the nucleoplasm safeguards the solubility of ribosomal proteins, possibly by
shielding the basic region [65, 66]; second, during assembly both rRNA and ribosomal
proteins are concentrated at nucleoli, a structure reportedly utilizes liquid-liquid phase
separation into distinct compartments[67] or subcompartments [16], which facilitates the
interaction between rRNA and ribosomal proteins; and third, excess unassembled ribosomal
proteins are degraded by the ubiquitin-proteasome system mediated by a specific E3
ubiquitin ligase Tom1, which recognizes exposed LCSs [68, 69]. Therefore, specificity in
RNP assembly can be achieved by facilitating or favoring correct interaction; dis-favoring or
preventing non-specific interaction; and eliminating excess or unwanted proteins. Below we
briefly discuss factors that can contribute to these general features.

Composition of PrD

Although the Prds and LCSs do not assume a specific three-dimensional structure, they
nonetheless vary in their amino acid composition and often have short repeat sequences. The
amino acid composition of PrDs and LCSs influences intra- or inter-molecular long-range
electrostatic interactions between charged residues, short-range cation—r interactions
between aromatic residues and charged residues, dipole—dipole interactions between polar
residues, and m-re interaction between aromatic residues [70]. For example, ribosomal
proteins are enriched in highly charged residues favoring electrostatic interactions with
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rRNAS or repetitive motifs such as FG, RG, SY, and Q/N in LCS proteins, which can
mediate weak, short-range local interaction. In other words, PrDs or other disordered
domains could be a new type of protein-protein recognition domain as has been suggested
[29] and like other protein domains amino acid composition and sequence features would
favor certain interaction over others.

Interacting partners, protein modifications and expression level

The protein assemblies discussed so far likely undergo an initial nucleating process:
ribosomal proteins and rRNA form the core of ribosomes, 43S pre-initiation complexes
together with several core proteins nucleate stress granule formation, and in the case of
prion-like assemblies it’s the switch of one or a few monomeric proteins to an alternative
conformational state. The initiation stage can also determine what kind of protein assembly
will be formed, because the PrDs/LCS domain-containing proteins, before committing to a
certain assembly, are considered ‘naked’, and the exposed structure-less region seeks
partners either to counterbalance or to adopt specific conformations. Thus, the same proteins
could potentially form different protein assemblies based on their associating partners during
the initiating process.

In addition to protein, the role of MRNA itself in protein assembly is becoming more evident
[14, 53]. One possibility is that mMRNAs with distinct cis-elements dictate the nature as well
as location of assembly. For example, the Whi3 protein super-assembly discussed before
indeed could adopt different assemblies with varying stabilities. This is best illustrated in the
highly polarized filamentous and multinucleate fungi Ashbya gossypii, where Whi3 controls
the localized translation of the protein formin Bnil at branching sites [71], as well as the
perinuclear translation of G1 cyclin CIn3 [72]. How is such compartmentalization achieved?
In vitro, adding the mRNA targets facilitates liquid-like droplet formation consisting of both
Whi3 protein and target mRNA [53]. Interestingly, the biophysical properties of Whi3-
CLN3mRNA droplet and Whi3-BNI1 mRNA droplet appear different in protein/RNA ratio,
as well as in surface tension and viscosity, likely explaining how the two different RNP
complexes do not intermingle [53]. However, it is still unclear whether they form liquid-
droplet phases /n vivo and, if so, how they avoid droplet demixing.

What else may prevent non-specific assembly? Controlling the expression of the protein at
the right time and in the correct amount would also reduce the probability of non-specific
assembly. Indeed, there appears to be a tight control over the expression of prion-like protein
and other LCS proteins [73, 74]. Small proteins, such as ribosomal components, don’t have a
large surface area to interact with other proteins, which can reduce non-specific interactions;
however, such a logic is not applicable for most cellular proteins. Recently, a “nanny model”
for protein assembly has been proposed [75], in which intrinsically disordered proteins are
prevented from degradation to allow them to form protein complex. In fact such “nanny”
proteins can also prevent non-specific interactions, and binding to mRNA/protein or post-
translational modification of the target protein releases the nanny proteins, unmasking the
domain to form either homotypic or heterotypic assembly. While any protein can serve as a
nanny protein, protein chaperones are ideal for such “nanny” protein function. In addition to
helping proteins attain correct conformation, chaperones are already known to aid self-
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templating behavior of prion-like proteins [76]. A role for chaperones would also provide a
possible link between changes in cells’ proteostatic capacity and problems with unregulated
protein assembly, particularly in the nervous system [77].

Cellular milieu

For all protein assemblies mentioned above, we have tried to focus on their functional
behavior /in vivo since that takes into consideration the surrounding cellular environment that
different protein assemblies inhabit. The interior cellular space is estimated to be packed
with 200-300mg/ml of macromolecules [78]; every biochemical activity inside cells is
embedded in this molecularly crowded environment, which could impede, facilitate or alter
protein-protein interaction. It is also important to consider that majority of proteins are made
in a relatively crowded place on the surface of the endoplasmic reticulum and yet these
proteins wait until they reach their particular subcellular location to form specific
assemblies. For technical reasons, most biophysical analysis of proteins is performed in
isolation using proteins purified from heterologous systems. However, over the last few
decades, using /n vitro systems, efforts have been made to understand how molecular
crowding affects protein folding, the shape of molecules, enzymatic activities, molecular
interactions, protein assembly dynamics, and dynamics of unstructured protein regions [79].
These /n vitro studies give a quantitative view of how molecular crowding affects specific
protein assemblies; nevertheless, the crowding agents used to mimic a dense cellular milieu
are often inert, in contrast to real biological systems. Recent evidence shows that, upon
energy depletion, the bacterial cytoplasm becomes glass-like [80], and similar phenomena
are also observed in starved or dormant yeast, in which cytoplasm become less fluid and the
movement of mRNPs is restricted [81, 82]. And even within a single cell, molecular
crowding is heterogeneous [80]. The nucleus and cytoplasm vary in their macromolecule
concentrations and composition—as do polarized neurons, where molecular crowding
effects could differ between the soma and synapses. Future work emphasizing proteins’
behavior /in vivo will allow a better understanding of the unique biophysical properties of
different prion-like proteins and their role in translational regulation and cellular biology
more broadly.

Concluding Remarks

The protein assemblies discussed above share some common features: spatial confinement,
high local concentration, a structured platform, and a configuration that is stable but can
nonetheless be altered non-autonomously. These features are particularly relevant for
controlling translation in space and time. Moreover, prion-like translation regulators can
function without the prion-like domain. For example, Sup35 can terminate translation and
Orb2 can suppress translation in the absence of their prion-like domains[83, 84]. However,
without a prion domain, these proteins cannot modify their translation regulatory activity to
accommodate altered cellular states or to serve a specific purpose. This suggests that the
addition of prion-like domains expands the existing functional repertoire of a given protein.
While these features of prion-like proteins are generally accepted, there are areas of
contention. One such issue concerns the material properties of the various prion-like RNA-
protein assemblies: whether they are liquid, gel, glass, fiber, or amyloid fiber[41, 85].
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Advances in cryo-EM and in-cell NMR technologies, which allows structural analysis of
proteins in more natural conditions may help in resolving this issue. Another area of
contention is the transmissibility of prion-like assemblies. It will be important to define
clearly what transmissibility means in various contexts. The transmissibility of
conformational information encompasses three distinct processes: between proteins within a
cell, between cells, or between organisms. The transmission of pathological prions involves
all three processes, while for functional prion-like proteins the transmissibility often refers to
transfer of information from protein to protein within a cell or transfer between cells that
were at some point cytoplasmically connected. Advances in live imaging technologies and
the increasing ease of modifying proteins in natural contexts via genome editing should
provide insight into how protein conformational information transmits (see Outstanding
questions).
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Trends Box

Prions, originally discovered in several transmissible diseases, are proteins with multiple
conformations, at least one of which is infectious to other protein species. Recently it has
been discovered proteins with a prion-like domain can serve physiological functions.

Of all the characterized physiological processes that prion-like proteins are involved,
many of them are related to RNA biology, regulating RNA synthesis, stability, translation
and degradation.

Based on the cell types, the temporal and spatial scale of a physiological process, prion-
like proteins adopt various structures raging from stable amyloid-like assembly, non-
amyloid superassembly, and heterogeneous labile protein assembly.

The amino acid composition of each prion-like domain, the abundance of the protein in a
defined compartment, post-translational modification, together with factors in the cellular
environment determines the biophysical properties of the protein assembly.
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Outstanding questions box

What are the biophysical properties of the proteins assemblies formed by prion-like
proteins in vivo?

How prion-like proteins undergo conformational switch? Do preexisting proteins are
reconfigured or newly synthesized proteins are guided to assume the altered protein
conformation? If so, what cellular factors are involved in this process?

How the cellular context influence the properties of the protein assemblies? Does same
prion-like protein forms different types of proteins assemblies in different cell types? If
S0, does it lead to alteration of the pre-existing function or gain of a new function?

How in the same cellular compartment different prion-like proteins can co-exist and form
different type of protein assemblies with unique composition?

How cellular machinery discriminate between functional protein assemblies from non-
functional or abnormal assemblies?
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Translational Repressor Translational Activator

Figure 1. Translation regulation by stable amyloidogenic assembly: prion-like CPEB
(A) Schematic organization of various domains of the mRNA binding protein CPEB and the

consequence of conversion from monomer to polymer. The prion-like CPEB regulates target
mRNA translation bidirectionally: when it’s in monomeric form, the protein recruits mRNA
deadenylation complex and represses translation; when the protein adopt amyloid-like
assembly, it recruits polyadenylation complex and enhance translation. The conversion
between two states can be regulated by protein phosphorylation (P), ubiquitination (Ub) and
SUMOylation (SUMO). (B) The connection between CPEB amyloid-like assembly and
various stages of memory. During memory encoding, CPEB is being converted from a
monomer to an amyloidogenic form. Overtime the memory is maintained by the self-
sustaining nature of the assembled state. During recall it likely activates translation of
specific MRNA to aid expression of memory.
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Figure 2. Translation regulation by dynamic amyloidogenic protein assembly: Rim4 and Xvelo
(A) Rim4 is a RNA-binding protein, which regulates meiosis progression in yeast. In

addition to RNA-binding domain, it also contains a prion-like domain. Rim4 proteins adopt
an amyloidogenic assembly during meiosis | and bind and repress translation of the B-type
cyclin CLB3 mRNA. Upon onset of meiosis I, phosphorylation of Rim4 results in
disassembly and degradation of the Rim4 amyloids, allowing translation of CLB3 and
progression of meiasis I1. (B) The RNA-binding protein Xvelo is an abundant constituent of
the Balbiani Body of the vertebrate oocytes. It harbors a prion-like domain that can adopt an
amyloidogenic assembly when the oocyte is in stage I. Germline specific mMRNAs are
trapped and translationally-repressed in Balbiani Body, partially by Xvelo. During
oogenesis, Balbiani body disappears and germline specific mRNAs are dispersed towards
the vegetal pole for germline establishment.
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Figure 3. Translation regulation by non-amyloidogenic stable protein assembly
Whi3 regulates cell cycle progression through inhibiting translation of a G1 cyclin cIn3.

During mating, haploid yeast cells encounter pheromones. Whi3 binds and inhibits cIn3
translation and arrests cell division and prepares the cell for mating. However, prolonged
pheromone exposure without a mating partner induces conformational change of Whi3
prion-like domain. Whi3 proteins therefore form a stable super-assembly and release cIn3
mRNA for translation. Interestingly, Whi3 super-assembly is non-amyloidogenic and retains
in the mother cell possibly through attaching to some cellular organelles.
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