A broad inhibitor of coronavirus replication acting via the nsp15 endoribonuclease
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ZAS5 acts via nsp15 ZA5 executes prolonged

inhibition of CoV replication
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The SARS-CoV-2 pandemic proves that pan-coronavirus (CoV) inhibitors are urgently
needed, since it is very likely that highly pathogenic CoVs will continue to arise from zoonotic
reservoirs. We here report the discovery of a small molecule inhibitor of coronavirus

Resistance selection by serial virus (HCoV-229E)
passaging indicated that ZAb5-resistance is
associated with substitution F230L, located near the
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replication, designated ZAS5, possessing potent and broad anti-coronavirus activity. ZA5 acts ) - ’ b r

via nsp15, a hexameric endoribonuclease that is part of the replication-transcription complex. s CoV nsp15 EndoU domain. This mutation resulted in eg Oy T oty bitor

Since nsp15 is considered to have a role in CoV replication [1] and immune evasion [2], a 14-fold increase in ECs, value. ﬁé’ o 285

inhibition of nsp15 may have a dual outcome: a direct suppressive effect on CoV replication 0 -§§ '3

and an indirect effect via reversal of viral immune evasion and boosting of host antiviral e wz CoV-229E 3 a RN Eé 1%

immunity. This dual pharmacological effect appears an obvious asset to treat CoV infections. Superposition of nsp15 crystal sars-cov-1 M PP 22 K2
structures (right) and alignment of c- d I o1%y
terminal part of nsp15 (below) N N g 401 2 3 4 5 6 7 8
showing ZAb-resistance  mutation Time of compound addition p.i. (h)

ZA5 shows robust and broad anti-coronavirus activity

Uninfected 25 uM ZA5 12.5 yM ZA5 6.25 yM ZAS5

No compound

(pink triangle) and catalytic triad (blue
triangles). Colored in darker colors
are fully conserved residues. The fact
that residue 230-F/Y is conserved in
all human and animal CoVs aligns

Time-of-addition profile of ZA5, an entry inhibitor and
the RNA synthesis inhibitor K22. ZA5 gradually loses
its activity when added after virus infection,
suggesting a prolonged action mechanism.

with the finding that ZA5 has broad
CoV activity.
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giving full inhibition at 25 uM without any cytotoxicity. human airway 16HBE cells. docEv o HBLS KT NV CHM ZAS is active against SARS-CoV-2 and several
2| 6 sars-cov clvlal FlshG ciie sl other CoVs and therefore qualifies as a pan-CoV
Cytotoxicity  Antiviral activity 4| & sars-cov-2 410 ; e M inhibitor. Resistance studies showed that ZA5 acts
Virus Cells (UM) (M) A A A A via nsp15, revealing an unexplored druggable
ECsp ECop 100000y 10000 100000 target. Structure-aided design with the nsp15 crystal
55 10000] - structure is ongoing to further improve the activity of
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reduction in
similarly as the
compound K22 [3].

virus  yield,
reference

The H250A,,5 catalytic site mutant form of HCoV-229E [2] is 7-fold less
sensitive to ZA5, but equally sensitive to the polymerase inhibitor GS-441524.
This supports that ZA5 acts via nsp15.

[3] Lundin A et al. PLoS Pathog 2014, 10(5): e1004166.
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