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The non-structural protein 15 (NSP15, NendoU>*"S%%V-2) from severe acute respiratory syndrome 2 virus
(SARS-CoV-2) is an uridylate-specific endoribonuclease, likely responsible in the viral immune evasion
mechanism. This TEP provides a set of reagents for further interrogation of the molecular function of NSP15.
We have established a purification protocol for the active protein for biochemical and structural studies.
Moreover, we have crystallised the protein and performed a crystallographic fragment screen which yielded
several hits. Data generated here will be used for the development of enzyme inhibitors that would
illuminate the biological role of the gene product, and eventually point the way to new antiviral therapies.
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SCIENTIFIC BACKGROUND

SARS-CoV-2 is the causative agent of COVID-19. NSP15 from SARS-CoV-2 is a nidoviral RNA uridylate-specific
endoribonuclease that is part of the EndoU family (1). Members of the family act on RNA processing being
active on both single-stranded RNA and double-stranded (ds) RNA, cleaving 3’of urydilates thereby
generating a 2’, 3’ cyclic phosphate and 5’-hydroxyl termini (2). NSP15 domains are highly conserved
amongst all nidoviruses and have not been identified in other RNA virus families, thus qualifying them as
genetic markers of this order (3,4). Initially, NSP15 was thought to be required for the viral replication
process, acting on viral RNA synthesis. However, studies have revealed that catalytic mutant viruses for
NSP15 replicate as well as wild-type virus (5). Subsequently, it was revealed that NSP15 acts by limiting the
sensing of viral RNA by the host, inhibiting the innate immune response, like type | interferon response in
macrophages during viral infection by evading dsRNA sensors (such as MDA5, PKR and OAS/RNasel) (5-7).
The potential of NSP15 as a target for direct acting antiviral therapies has not been yet fully explored.

RESULTS — THE TEP

Proteins Purified

NSP15is a346 amino acid long polypeptide of approximately 38 kDa that forms a three-domain protein.
These monomers are known to self-assemble as a barrel-shaped hexamer with D3 symmetry, totalling 228
kDa. For this project, we recombinantly purified NSP15 in its monomeric form. The mechanism involved in
hexamerisation in-vitro and in-situ is still under investigation.

Structure

Although recombinant protein obtained was monomeric, crystal packing revealed that NSP15 formed the
expected hexamer during crystallization (Fig 1A). The active site of NSP152was found to be in complex with
citrate, which is a component of the crystallisation condition (Fig 1B).
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Figure 1. (A) Side-view of the barrel-shaped NSP15 hexamer depicted as spheres. Each chain is coloured with a specific
colour. One of the six active sites is marked with a black square. (B) View of chain A (blue) active site. Active residues
are depicted as yellow sticks. Citrate is depicted as green sticks.

Assays
We have established a fluorogenic endonuclease assay in order to be able to analyze the influence of small
molecules on the activity of NSP15.
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Figure 2. (A) Activity characterisation of NSP15. Time course reactions of NSP15 in presence of different RNA substrate
concentrations. (B) Michaelis-Menten curve of NSP15.

Chemical Matter

The crystallographic fragment discovery campaign using the XChem platform revealed chemically distinct
fragments that could bind to NSP15. Fragment screening hits were found all over the accessible NSP15
surface area (Fig 3). N.B.: the asymmetric unit of NSP15 crystals contains two NSP15 protomers, but some
fragments were only bound to one protomer (see table below).

catalytic domain

Figure 3. Overview of crystallographic fragment screening hits.

PDBID Ligand Binding Location Site Resolution
(A)

556X /N 2.32
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556Y 2.32
556Z 2.28
55870 2.33
5571 1.94
55872 2.51

IMPORTANT: Please note that the existence of small molecules within this TEP indicates only that chemical matter might bind to the
protein in potentially functionally relevant locations. The small molecule ligands are intended to be used as the basis for future
chemistry optimisation to increase potency and selectivity and yield a chemical probe or lead series. As such, the molecules within
this TEP should not be used as tools for functional studies of the protein, unless otherwise stated, as they are not sufficiently potent
or well-characterised to be used in cellular studies.

CONCLUSION

For more information regarding any aspect of TEPs and the TEP programme, please contact teps@thesgc.org 4


https://www.rcsb.org/structure/5S6Y
https://www.rcsb.org/structure/5S6Z
https://www.rcsb.org/structure/5S70
https://www.rcsb.org/structure/5S71
https://www.rcsb.org/structure/5S72

We have produced active recombinant NSP15 protein that could be crystallised and used for structure
determination at high resolution. We also obtained data from the NSP15 in complex with several fragments,
which should provide valuable information for the development of a new enzyme inhibitor. Furthermore,
we established a stable assay that can be used for further enzyme characterization.

TEP IMPACT

We have been working together as an international team (Brazil/ UK) for a few months only, yet have
progressed a project from conception to TEP through the sharing of expertise, and by providing training in
new methods (e.g. crystallographic fragment screening).

We are planning to design follow-up compounds based on the screening hits in order to obtain compounds
with measurable potency, and use this as the basis to seek further funding for structure-based inhibitor
development against NSP15. This is likely to proceed in collaboration with a group from EUOpenScreen.

FUNDING INFORMATION

The work performed at the SGC has been funded by a grant from the Wellcome [106169/7214/Z]. This work was
supported by Fundacdo de Amparo a Pesquisa do Estado de S3o Paulo (FAPESP— CEPID grant 2013/07600-3).
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ADDITIONAL INFORMATION

Structure Files

PDB ID Structure Details

556X Crystal Structure of SARS-CoV-2 NendoU in complex with
22889976755

5S6Y Crystal Structure of SARS-CoV-2 NendoU in complex with
256900771

5562 Crystal Structure of SARS-CoV-2 NendoU in complex with
PB2255187532

5570 Crystal Structure of SARS-CoV-2 NendoU in complex with EN300-
181428

5571 Crystal Structure of SARS-CoV-2 NendoU in complex with FUZS-5

5572 Crystal Structure of SARS-CoV-2 NendoU in complex with
BBL029427

Materials and Methods

Protein expression and purification

Vector: pET28-LIC

Entry clone accession: MT126808.1

Cell line: E. coli BL21(DE3)

Tags and additions: N-terminal, TEV protease cleavable hexahistidine tag Construct protein sequence
(underlined sequence contains vector encoded His-tag and TEV protease cleavage site*):
NendoUSARSCoV-2 (33 1-346)

MKHHHHHHPMSDYDIPTTENLYFQ*GAMSLENVAFNVVNKGHFDGQQGEVPVSIINNTVYTKVDGVDVELFENKTTLPVN
VAFELWAKRNIKPVPEVKILNNLGVDIAANTVIWDYKRDAPAHISTIGVCSMTDIAKKPTETICAPLTVFFDGRVDGQVDLFR
NARNGVLITEGSVKGLOPSVGPKQASLNGVTLIGEAVKTQFNYYKKVDGVVQQLPETYFTQSRNLQEFKPRSOMEIDFLELA
MDEFIERYKLEGYAFEHIVYGDFSHSQLGGLHLLIGLAKRFKESPFELEDFIPMDSTVKNYFITDAQTGSSKCVCSVIDLLLDDFV
EIIKSQDLSVVSKVVKVTIDYTEISFMLWCKDGHVETFYPKLQ

SARS-COV2 cDNA sample was donated by Dr. Edilson Durigon (GenBank MT126808.1), generated using SCRIPT
One-Step RT-PCR (Cellco Biotec) and random hexamer primers. NSP15 coding sequence was amplified using
FastPol (Cellco Biotec) with primers 5-CAGGGCGCCATGAGTTTAGAAAATGTGGCTTTTAATG-3’ and 5'-
GACCCGACGCGGTTATTGTAATTTTGGGTAAAATGTTTCTAC-3’, and inserted pET28-LIC (gently donated by Dr.
Arie Geerlof) using Ligation-Independent Cloning method (8). The final construct pET28-LIC -NSP15 included a
N-terminal 6xHis-tag followed by a TEV cleaving site and residues 1-346 of NSP15.

Buffers used are detailed hereafter:

Buffer A: 50 mM TRIS-HCI pH 8.0, 300 mM NaCl, 10% glycerol, 20 mM imidazole
Buffer B: 50 mM TRIS-HCI pH 8.0, 300 mM NaCl, 10% glycerol, 300 mM imidazole
Buffer C: 20 mM HEPES pH 7.5, 150 mM NacCl, 5% (v/v) glycerol, 0.5 mM TCEP

Transformed BL21(DE3) cells were growth in LB Lennox medium supplemented with kanamycin at 37°C until
DOgsoo = 1.0, and kept for 16h at 18°C after induction with 0.5 mM isopropyl B-D-1-thiogalactopyranoside.
Harvested cells were resuspended in Buffer A supplemented with 0.1 mg/mLlysozyme, 10 U of benzonase
(Cellco Biotec) and 1.0 mM DTT, and disrupted using sonication. Cleared lysate was passed through a HisTrap
HP 5 mL (GE Healthcare) equilibrated in Buffer A, and them protein was eluted with Buffer B. Excessive
imidazole was removed using a Sephadex XK 26/60 column (GE Healthcare) equilibrated with Buffer A. Sample
was incubated overnight at 8°C with 4 mM DTT and 0.1 mg/mL TEV protease, then passed through a HisTrap
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HP 5 mL equilibrated in Buffer A to remove non-cleaved protein and TEV protease. Final purification was
performed by size exclusion chromatography using a HiLoad Superdex 75 16/60 (GE Healthcare) equilibrated
with Buffer C. Purity was confirmed by SDS-PAGE 12%. Protein concentration was estimated using the
theoretical extinction coefficient at 280 nm of 33,140 M1.cm™ (Wilkins et al., 1999). The eluted protein was
pooled and concentrated to 3.4 mg/mL using a 30 kDa MWCO concentrator.

Protein crystallisation and structure determination

To crystalise NSP15, sitting drops containing 30 nL protein (3.4 mg/mL) and 30 nL well solution containing 14%
(w/v) PEG 6,000 and 0.1 M Sodium Citrate pH 5.0 were equilibrated at 20 °C by vapor diffusion. Crystals were
cryo-protected using 20% (v/v) ethylene glycol and flash-cooled in liquid nitrogen. Diffraction data were
obtained at DLS beamlines i04.

Activity assays and kinetic analysis

Fluorogenic oligonucleotide substrate 5'6-FAM-4A;UsAsA-6-TAMRA3’ was purchased from GenScript. Activity
assays were performed in 25 mM BIS-Tris-HCl buffer 6.0 pH, 0.25 uM substrate and 100 nM NSP15™°" at 30°C.
Time-curse reactions were directly monitored in a Stratagene Mx3005P (Agilent Technologies) using FAM
filters

Crystallography-based fragment screening

For the fragment screening campaign, 30 nL protein (3.4 mg/mL) and 30 nL well solution containing 14% (w/v)
PEG 6,000 and 0.1 M tri-sodium citrate pH 5.0 were equilibrated at 20 °C by vapor diffusion in the presence of
10 nL of seeds stocks. For soaking, 40 nL of each fragment compound from the OPEN-EU DRIVE fragment
library (final concentration of 100 mM) was added to a crystallisation drop using an ECHO acoustic liquid
handler dispenser at the Diamond light source XChem facility (9). Crystals were soaked for two hours before
being harvested using XChem SHIFTER technology, and data was collected at the beamline 104-1 in automated
mode. The XChemExplorer pipeline (10) was used for structure solution with parallel molecular replacement
using DIMPLE (11). Fragments were identified using PANDDA software (12). Data was modelled and refined
using BUSTER (13) and COOT (14), and validated using Molprobity (15). Coordinates and structure factors for
exemplary data sets with bound fragments are deposited in the RCSB Protein Data Bank.
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