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Action of Dipeptidyl Peptidase-4 Inhibitors on SARS-CoV-2

Main Protease

Herbert Nar,” Gisela Schnapp,® Oliver Hucke,”

In a recent publication, Eleftheriou etal. proposed that
inhibitors of dipeptidyl peptidase-4 (DPP-4) are functional
inhibitors of the main protease (MP°) of SARS-CoV-2. Their
predictions prompted the authors to suggest linagliptin, a DPP-
4 inhibitor and approved anti-diabetes drug, as a repurposed
drug candidate against the ongoing COVID-19 pandemic. We
used an enzymatic assay measuring the inhibition of MP®
catalytic activity in the presence of four different commercially
available gliptins (linagliptin, sitagliptin, alogliptin and saxaglip-
tin) and several structural analogues of linagliptin to study the
binding of DPP-4 inhibitors to MP™ and their functional activity.
We show here that DPP-4 inhibitors like linagliptin, other
gliptins and structural analogues are inactive against MP™.

In May, earlier this year, Eleftheriou and colleagues published a
manuscript entitled “In Silico Evaluation of the Effectivity of
Approved Protease Inhibitors against the Main Protease of the
Novel SARS-CoV-2 Virus”." Reasoning that the standard process
of novel drug development is too lengthy to address the acute
medical challenge of a world-wide pandemic, they proposed in-
silico-based drug repurposing as an alternative approach. The
viral main protease (MP°) was selected as target for this
purpose, and its 3D structure was compared with that of several
candidate human proteases targeted by approved drugs. The
authors further reported their docking analysis to the MP®
structure of over 30 protease inhibitors that are already
approved or under development.

A similarity in 3D structure with MP° was observed for
hepatitis C virus protease and alpha-thrombin. Data from the
docking analysis indicated possible activity of inhibitors that
target HCV protease, DPP-4, alpha-thrombin and coagulation
Factor Xa. The authors concluded that, as some of the
compounds they investigated are well-tolerated drugs, their
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promising in silico results might warrant further evaluation. In
particular, Eleftheriou et al. proposed that dipeptidyl peptidase-
4 (DPP-4) inhibitors with antiviral action might be useful for
infected patients with diabetes,”” a group predominantly
susceptible to the disease.

A widely expressed glycoprotein, DPP-4 acts both as a cell-
membrane-bound receptor and a soluble enzyme. Being ex-
pressed widely, the enzymatic functions of DPP-4 against a
variety of substrates are well-recognized, including actions on
incretin hormones, cytokines, chemokines, neuropeptides and
growth factors. In the context of coronavirus infections,
membrane-associated human DPP-4 has been identified as a
functional receptor of middle east respiratory syndrome
coronavirus (MERS-CoV), interacting with MERS-CoV via the
spike glycoprotein S1b domain to promote viral entry.”
However, for SARS-CoV-2 there is strong evidence for angioten-
sin converting enzyme-2 as an important functional receptor
protein.®>! To our knowledge, such evidence for a similar role
of DPP-4 is lacking.

The MP™ active-site binding mode for linagliptin predicted
with our docking workflow deviates substantially from that
described by Eleftheriou et al." (Figure S1 in the Supporting
Information shows the dependence of the predicted binding
geometry on the docking algorithm). This observation fits with
our experience that predicted binding modes are not necessa-
rily supported by experimental information (e.g., NMR/X-ray/
SAR data for related chemical matter) and can only serve to
propose a hypothesis that needs to be verified experimentally
before it can be of any practical use. In addition, using two
different 3D similarity search methods we did not identify DPP-
4 as a target related to MP° in terms of their overall three-
dimensional structure and active site topology.

Finally, measurement of inhibition of SARS-CoV-2 MP™
proteolytic activity by linagliptin, three other gliptins and six
closely related analogues of linagliptin (displayed schematically
in Figure S2) showed inactivity of all DDP-4 inhibitors up to the
highest tested concentration (500 uM in case of linagliptin,
Table S1). The positive control, calpeptin I, was active in the
range of 4-5 uM (Figure 1).

In summary, we show here that the tested DPP-4 inhibitors
like linagliptin, three other gliptins and six structural linagliptin
analogues are inactive against M. As discussed above, this
outcome does not surprise us, especially as there is no apparent
structural similarity between the two target proteins. Our de-
validation of DPP-4 inhibitors as SARS-CoV-2 MP* inhibitors
serves to underline the limitations of ligand docking in terms of
identifying candidate compounds when undertaking drug-
repurposing projects, it must be viewed as only one potential
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Figure 1. Inhibition curve of SARS-CoV-2 MP* with calpeptin or linagliptin.
Data shown are mean (4 SD) values from three independent experiments.

first step. Although experimental validation of the predictions
remains critical, our findings do not, for example, preclude any
observed activity of gliptins against SARS-CoV-2, which might
be a consequence of other actions.®
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