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What is necessary to be prion-like domain?

Prions are infectious proteins that can assume various conformations, including amyloid fibrils that
can serve as a matrix and “infect” other proteins both within and between the cells and between
organisms. However, it was observed that yeast prions facilitate their adaptation to diverse
conditions of the environment. In mammals, they can both cause diseases, sometimes even
leading to death, and perform useful functions, such as activating cell-based immunity (protein
MAVS), providing for long-term memory (protein CPEB), and forming stress-granule assemblies in
conditions unfavorable for the cell.
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Fig. 1. Schematic representation of prions and prion-like domains that can lead to various
conformational states and scenarios.

The aggregation of proteins can occur as a result of cell stress. To prevent unfavorable external
effects (heat shock, oxidative stress, UV irradiation, viral infections, and many other factors) that
can damage the cell, the eukaryotic cell has developed a mechanism for assembling the
nontranslatable mRNA and RNA-binding proteins that accompany their transition into special
ribonucleoprotein (RNP) complexes: stress granules (SGs) and RNA-processing organelles (P-
bodies). Whereas SGs function as transient “repositories” of mMRNA and protect it from proteins, P-
bodies perform the selective degradation of mMRNA during stress and during the recovery period,
constantly exchanging material with the SGs.

SGs are highly dynamic structures and include RNA helicases, kinases, various signal molecules,
and ribosomal subunits, in addition to mMRNA and RNA-binding proteins. In post-stress conditions,
SGs rapidly dissociate, and the cell resumes its functioning. Many RNA-binding proteins required

for the formation of SGs contain prion-like domains that, because of the protein-protein interaction,
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develop dynamic cross-? structures capable of the rapid aggregation and dissociation that are so
important for the correct functioning of SGs. Much attention has been paid lately to the
investigation of mechanism of formation of cross-b structures which have the properties of liquids
but can also develop gel-like forms, thus facilitating the retention of both RNAs and RNA-binding
proteins (Fig.1).

Here we demonstrated what properties the protein should have to display prion-like behavior for
the formation of dynamic cross-? structures. Proteins forming stress granules are supposed to do
this rapidly, that is why they should contain a prion-like domain facilitating this process.

>ap|POSES1 |ROAL_HUMAN Hataescganacus muclads sibonuclacprotain Al OS-Homo asaplans QN-HNRNPAL PE-1 V-5,
C-tarminal, 186-372,IBMPFD, ALS
MSKSESPXEPEQLRKLFICCLSFETTIES LRSHFEQWETL T DCVVMAD PR TR S RC PG FV I A TVEEV DARMEARPHCVDCRVVEPRRAVSREDSQRPCAHL
VK I e I E T EEHE L R DY E QY K I EV IE IMI RG S G R L P AV T FIDH DS VDK I VIO K Y ETVN G ENCE VAR L SKEMAS AS SSQRRIGEMN
Mm cIcEIGGScYccscDaNNGCCcoTces

SCPY acs3s
>ap|PE1951 |RCAI_HUWAN Hatastganadwid Nuclads sidonullacpsotein A2 OS-Homo aaplans ON-HNRNPA2 PFE-1 SV-2,
C-tarminal  207-378,C9ex272 ALE/FTLD
MEVEKFFPCRPCOF DS CRARRRRELCEFRE PEQLRKIF I CC LS FET T DS LREHFERRC T L IDCV VMR D FOTKRS RN CFVIY SCVEEVDAAMCARFHKVIG

RV VE PRRAV S RE DS VP CARL TVEKI VS IKE DT EEYN LAY FEXYCK I ETI EVMED RO SRS FAFVT FDDED IVEK IWOKY R INCENCEVIORLSX
CEMOSAC 3 0RRCCC S N PN RN POECaaNT CRC N FOEReE Y SO0 054 SRE S YORaDCoY N C oo DCaNY oo FoY SSREC Y CoC POYENOEEEY o0
Y DG N PRLaN Y L YN DN Y S 2 0 L SN YO PN AC S LR S S S SFYGOCY SO0 I SIVCERRY

Fig. 2. Two sequences of human RNA-binding proteins with prion-like domains involved in
neurodegenerative diseases. Yellow and green color corresponds to repeats in prion-like domains.

We analyzed RNA-binding proteins with prion-like domains to elucidate their characteristics. It was
demonstrated that the prion-like domains in these proteins are intrinsically disordered regions and
have several repeats (or tandem repeats) (Fig.2). Based on the known properties of prion-like
domains, such as the formation of stress granules (as an example of the reversible aggregation of
proteins), one can hypothesize that a large number of repeats is necessary to accelerate the
process of reversible cross-? structure/amyloid formation. Many RNA-binding proteins have regions
with large amounts of glycine. It has been suggested that these regions facilitate the formation of
RNP-complexes and are involved in the splicing of pre-mRNA, as well as having an effect on the
posttranslational modifications of proteins. Because having a large amount of glycine helps
maintain the protein in an unfolded state, the neighboring amino acid residues determine part of its
function. Moreover, aromatic amino acids are critical for the formation of hydrogels modulating the
strength of interaction. The presence of repeats should help to determine the border of prion-like
domains and should be taken into account in the programs for searching prion-like domains. Such
a way, prion-like domains should have repeats of certain motif in the sequence or amino acid
composition bias to some repeats, which assists in rapid initiation of the process of assembly.

Oxana V. Galzitskaya
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Repeats are one of the main characteristics of RNA-binding proteins with prion-like domains.
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