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Abstract

G3BP1 exists as a helicase and one of the core components in stress granules, which are associated with a variety of neu-
rodegenerative diseases. Its RNA recognition motif (RRM) domain performs the paramount function of binding mRNA.
Here we report the resonance assignment of human G3BP1 RRM domain to understand its structure—function relationship.
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Biological context

Stress granules occur in vivo when eukaryotic cells are
stimulated by oxidation, arsenite, ultraviolet rays, viruses,
etc. (Courchaine et al. 2016; Ryan et al. 2018). They are an
aggregate of RNAs and their binding proteins (Nott et al.
2015). A variety of neurodegenerative diseases and cancers
are associated with eukaryotic stress granules (Conicella
et al. 2016; Ambadipudi et al. 2019). Also stress granules
isolate viral RNA in antiviral events. GTPase-activating
protein (SH3 domain)-binding protein 1 (G3BP1) has been
reported as an essential protein in stress granules in response
to arsenite (Yang et al. 2020). As an RNA endonuclease in
both nucleus and cytoplasm, G3BP1 also plays an important
role in immune response and stress response. G3BP1 con-
tains a nuclear transport factor 2 (NTF2) region, an RRM
region and several intrinsically disordered regions. It inter-
twines with mRNA and recruits many downstream proteins
to form stress granules together.
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G3BP1 is associated with severe human diseases. As
Alzheimer's disease progresses, G3BP gradually accumu-
lates in neurons (Vanderweyde et al. 2012). In amyotrophic
lateral sclerosis (ALS) or frontotemporal dementia (FTD),
the stability of G3BP1 mRNA is impaired due to nuclear
depletion of TDP-43, so the stress granules in motor neu-
rons are abnormal (Sidibe et al. 2021). Recently, it has been
reported that G3BP1 plays an important role in the treatment
of SARS-CoV-2 for its function in mediating the interaction
of G3BPs with nucleocapsid N protein. By combining with
the N protein, G3BP1 achieves the purpose of blocking RNA
replication (Luo et al. 2021).

Up to now, it's already clear many diseases are directly or
indirectly related to dysfunctional G3BP1, and it is of great
significance to study its structure. Here we report the back-
bone assignment of of G3BP1 RRM domain, with>99% of
residues in the RRM domain being assigned unambiguously.

Methods and experiments

The polypeptide segment used in this task was residue
327-424 of the RRM domain in human G3BP1 protein.
DNA segment encoding that polypeptide was acquired from
embryonic brain cDNA library by PCR (the 5'-end primer
was 5'-GGAATTCCATATGGACATTGAACCCCGAAG
-3', the 3'-end primer was 5'-CGACGTCGACTTATCGTC
GGTCGCCTTCCC-3"). The DNA segment was cloned into
pET28A vector between Ndel and Sall restriction enzyme
cutting site, adjacent to a His-tag. The recombinant plasmid
was transformed into BL.21 Escherichia coli strain, which was
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cultured in LR medium which contained 15 N-labeled NH4C1
(0.625 g/L) and 13C-labeled glucose (5 g/L) as sole nitrogen
and carbon source Protein expression was induced by 0.4 mM
isopropyl-p-D-thiogalacto-pyranoside (IPTG) at 310 K. After
5 h, cells containing the target protein were collected in a
refrigerated centrifuge at 5000 rpm, resuspended with bind-
ing buffer (20 mM NaH,PO,, 2 M NaCl, pH 6.5), cracked in
a high-pressure homogenizer, and centrifuged at 13,000 rpm
to acquire the liquid supernatant, then it was added to a bal-
anced Ni-NTA His binding resin column. The His-tag target
protein was firstly washed with the washing buffer (20 mM
NaH,PO,, 2 M NaCl, 20-50 mM imidazole, pH 6.5), then
eluted with 7 mL elution buffer (20 mM NaH,PO,, 2 M NaCl,
500 mM imidazole, pH 6.5). Next, the target protein was put
through a HiLoad superdex 75 column (GE), collected in low
salt buffer (20 mM NaH,PO,, 150 mM NaCl, pH 6.5) and then
concentrated to 2 mM.

3D NMR spectra including HN(CO)CA, HNCA,
HACA(CO)NH, HACANH, HN(CO)CACB, HNCACB,
HNCO and 'H-'> N HSQC were all acquired at 298 K on
an Agilent 700 MHz spectrometer. They all contributed to
backbone chemical shift assignments and dihedral informa-
tion. Specifically speaking, HN(CO)CA and HNCA measured
the chemical shifts of CA, N and NH, HN(CO)CACB and
HNCACB measured the chemical shifts of CB, N and NH,
HACA(CO)NH and HACANH measured the chemical shifts
of HA, N and NH. Software NMRpipe, SPARKY and CARA
were used in spectra process and data acquisition.
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Extent of assignment and data deposition

We assigned most of backbone resonances of the human
G3BP1 RRM domain, including 100% of 'HN, 100%
of 1 N, 100% of *Ca, 98.9% of '3Cp, 98.9% of 'HA,
and 82.6% of '3CO chemical shifts. The backbone data
was obtained from HN(CO)CA, HNCA, HN(CO)CACSB,
HNCACB, HACA(CO)NH, HACANH spectra. We showed
the labeled 'H-'> N HSQC spectrum for G3BP1 RRM
domain in Fig. 1, while the residues in His-tag were not
assigned in this figure. The chemical shifts for prolines
were also assigned, including those of Ca, CP for P33,
P337, Paag, Pagg, Pagg, P39 with the values (ppm): 62.809,
31.25, 62.051, 31.251, 61.581, 31.251, 63.061, 31.505,
65.083, 29.284, 61.184, 33.663, they were all within the
normal range.

By using the consensus chemical shift index from all
spectra mentioned above as well as HNCO, we found that
the G3BP1 RRM domain contains two a-helixes and five
p-strands. This result is basically consistent with the pre-
diction result of alphafold (Fig. 2).

The chemical shift data have been deposited in the Bio-
MagResBank (http://www.bmrb.wisc.edu) under accession
number 51133.
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