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Interactions between proteins and
non-proteinaceous biopolymers are
essential for life; however, many methods
used to characterize these interactions lack
precision and display significant biases. Now,
agenetically encoded method employing
sulfur(vr) fluoride exchange (SuFEx)-based
chemical crosslinking has been developed
for capturing and analysing protein-RNA and
protein-carbohydrate interactionsin vivo.

A significant portion of RNA biology and glycobiology is concerned
with the following two questions: what RNA or glycan group interacts
with any given binding protein? How and with what do these binding
proteins discriminate amongst their many ligands? Discovering the
answers to these central questions requires tools that determine not
just what biopolymer is binding which protein at any time, but also
which of the monomers on eachbiopolymer enable these interactions,
eveniftransient,and where they are specifically located on the relevant
binding partner. Transient and weak interactions are responsible for
agreat deal of biological activity — particular in RNA biology and gly-
cobiology — yet their very nature makes them difficult to study using
conventional methods. Typically, crosslinking applications, proximity
labelling or proximity-induced enzymatic reactions are employed to
provide proof of these interactions. Yet approaches such as ultraviolet
(UV) crosslinking have significant limitations. Intwo articles published
in Nature Chemistry, two teams led by Lei Wang have now developed a
strategy for the in-cell detection of two critical types of non-covalent,
transient interaction: those between proteins and RNA' and proteins
and carbohydrates®. These two approaches both make use of highly
specific, broadly applicable, proximity-induced chemical crosslink-
ing reactions.

Many unbiased investigations into protein—-RNA and protein-
carbohydrate interactions utilize UV crosslinking, with or without
the aid of photoactivatable crosslinking reagents. Crosslinking
using UV usually functions by irradiating samples with low (<300
nm) wavelength light to excite electrons such that they react with
proximate molecules. Further enhancements have been made by
incorporating photoreactive substrates, such as 4-thiouridine (s*U)?
or azide- or diazirine-functionalized sugars*’, which allow longer
(and less damaging) wavelengths to be utilized, and greatly increase
crosslinking efficiency. These methods have provided substantial
insight into RNA and glycobiology and the proteins that interact
with these biopolymers, to the point of providing proteomic maps of
interactions and the discovery of RNA-binding proteins that possess
no canonical RNA-binding domains®, as well as identifying glycan
‘reader’ proteins and capturing glycan-mediated protein-protein
interactions*’.
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Fig.1| Overview of genetically encoded SuFEx residues in proximity to
biological hydroxyl groups. Proximity induces nucleophilic attack by the
hydroxyl to remove the fluorine, resulting in a covalent crosslink between the
biopolymers. Left: SFY-modified proteinin complex with a target carbohydrate.
Right: FSY-modified protein in complex with target RNA.

The volume and depth of dataaccumulated using these methods
has produced agreat deal of biological insight. However, though potent
tools, approaches relying on UV crosslinking have significant limita-
tions, because it has wellknown biases, at both the RNA and protein lev-
els; thatis, some nucleotides and residues are much more easily excited
by UVlight than others, leading to limited reactivity despite their ability
to bind®, and so the level of UV crosslinking does not always equate
to the amount or strength of interaction. Furthermore, sub-300-nm
wavelengthsinduce substantial chemical alterationsto RNA, including
highly damaging mutations to nucleotides; the use of s*U, while reduc-
ingunwanted side-reactions and increasing the crosslinking efficiency,
limits the scope of discoverable interactions to those with a uridine
nucleoside. Additionally, UV crosslinking generates highly reactive
radicals that form covalent bonds with many proximate protein resi-
dues, obscuringthe residues that are responsible for theinteraction(s)
with residues or nucleotides that are simply nearby. Glycans possess
largely unreactive hydroxyl functional groups, requiring the deploy-
ment of metabolic reporters that carry orthogonal, photoactivatable
functional groups such as azides and diazirines. Metabolic reporters
need tobe designed such that they canbe used by the endogenous pro-
cesses that incorporate individual sugars into glycan polymers’ — no
meagre feat.Indeed, such design strategies required the development
of the diazirine-bearing carbohydrate monomers, which can suffer
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from low rates of incorporation and a limited range of sugars that can
be replaced’. Furthermore, because metabolic reporters, as well as
s*U, arereliant on the endogenous cellular machinery, their placement
is necessarily random, precluding the option of targeting particular
interactions with biopolymers of interest.

The strategies developed by Lei Wang and co-workers com-
plement current crosslinking strategies: namely they are tar-
geted, unbiased towards nucleotide or carbohydrate identity, and
proximity-induced crosslinking of proteins to RNA and glycans. Their
approach, depictedinFig. 1, utilizes a set of genetically encoded unnat-
ural amino acids (Uaa) bearing an aryl sulfonyl fluoride (FSY or SFY,
depending onthe chemical nature of the interacting partner). The Uaa
was designed to employ the SuFEx reaction, which takes advantage
of the biologically poorly reactive hydroxyl groups of carbohydrates
and the 2 OH groups of RNAs as nucleophiles to directly crosslink
the specific protein residues to their interaction partner(s) without
any apparent bias towards nucleotide identity — although the general
applicability still remains to be determined for the varieties of carbo-
hydrate monomers'. The strength of thisapproach liesinits specific-
ity,in other words, aresearcher studying asingle or ahandful of related
proteins can identify their native RNA or glycan interacting partners
at monomer (residue, nucleotide or carbohydrate)-level resolution.
Intheir article, Sun et al." applied this method to identify sites of m®A
modificationsin mRNAs and achieved aresolution of 2-3 nucleotides,
anorder of magnitude more precise than m®A-seq approaches utilizing
antibodies, and could potentially provide a quantitative measurement
of m°A levels.

Steppinginto the realm of potential clinical applications, in their
article, Liet al.” examined theimpact of irreversible covalent bonding
ofglycanbinding proteinsto theirin trans partners inimmune recogni-
tion of cancer. Using Siglec-7v — a well-characterized glycan binding
protein — as a proof-of-principle, the team observed that the crosslink
generated by the sulfonyl fluoride Uaa enhanced the killing potential of
natural killer cells. This was fascinating since cancers employ glycans as
ashield to evade the innate immune system — meaning that this strat-
egy of site-specific clickable Uaa incorporation may have significant
therapeutic potential.

Two potential limitations of this method are that it requires
knowledge of the protein structure in complex with an interacting
partner inorder to practicably select the site(s) of Uaaincorporation.
Although many such structures exist, the list is far from comprehen-
sive. Additionally, while many RNA-binding proteins possess struc-
tured RNA-binding domains, many others bind RNA using intrinsically
unstructured regions, which will be less amenable to this approach. In
studies where the Uaa-modified protein(s) is continuously expressed,
which may expand the scope and amount of crosslinked material,

asecond limitation could result from possible perturbation to the cell
and the process or pathway under investigation by the Uaaincorpora-
tion. In these contexts, the amount of Uaa-modified protein expressed
should be carefully evaluated to ensure that the effects of irreversible
crosslinking in vivo do not alter the native biology appreciably.

The methods discussed here are likely to have broad applications
in future biochemical and biological studies of RNA- and carbohy-
drate-protein interactions. In particular, this would complement
studies that utilize deaminase fusions to study RNA-protein interac-
tions and provide finer detail of the biochemical interactions that
underpin the process in question, studies interested in examining
proteinisoform differencesinbiological interactions, and discovering
and characterizing proteininteractions with RNAs lacking poly-A tails.
Furthermore, these approaches would probably merge well with other
methods such as RNA structure probing, where different mutation
signatures could be observed for the crosslink generated by the inter-
actionand thelabelled nucleotides. For glycobiology, employing this
strategy would not only overcome the difficulties inherentin designing
and metabolizing chemically modified sugars, but potentially enable
theidentification of the glycan patterns recognized by specific glycan
binding proteins in vivo. With these methods, we expect to see an
expansion and deepening of our knowledge of both RNA biology and
glycobiology.
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	Fig. 1 Overview of genetically encoded SuFEx residues in proximity to biological hydroxyl groups.




