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approximately a week to complete (Experimental 3.3.8), and the results were analyzed
according to Experimental 3.3.9. Our screen yielded 40 compounds that were predicted to

bind CCRS5 with a higher or equal affinity to Maraviroc (Table 1).

Rank Binding energy Compound #
(kcal/mol)
1 -11 406
2 -10.9 1276 - Adapalene
3 -10.8 416 - Naldemedine
4 -10 910 - Dihydroergotamine
5 -9.9 271 - Olaparib
6 -9.9 650 - Naftifine
7 -9.8 1264
8 -9.7 1277
9 -9.7 786
10 -9.6 1381
11 -9.6 1468
12 -9.6 839
13 -9.5 1535
14 -9.5 1575
15 -9.5 168
16 -9.5 404
17 -9.5 42
18 -9.5 467
19 -9.5 636
20 -9.5 695
21 -9.4 1017
22 -9.4 1498
23 -9.4 444
24 -9.3 1385
25 -9.3 1591
26 -9.3 165
27 -9.3 273
28 -9.3 307
29 -9.3 382
30 -9.3 539
31 -9.3 579
32 -9.3 689
33 -9.2 1359
34 -9.2 1564
35 -9.2 364
36 -9.2 593
37 -9.1 1058
38 -9.1 107
39 -9.1 131
40 -9.1 144
41 9.1 1626 - Maraviroc

Table 1. FDA approved compounds identified by virtual screen to bind CCRS5 with a
higher/equal affinity than/as FDA-approved CCRS inhibitor, Maraviroc.
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The compounds that ranked from the 2nd to the 6th place based on binding affinity were
identified as Adapalene (-10.9 kcal/mol), Naldemidine (-10.8 kcal/mol),
Dihydroergotamine (-10 kcal/mol), Olaparib (-9.9 kcal/mol) and Naftifine (-9.0 kcal/mol)
accordingly. A challenge we faced while trying to identify the top ranked compounds was
bonds being altered due to possible file corruption either during the protein preparation
process or the run. Due to this, we were unable to identify compound 406 (first place

ranking).

2.5 Highest CCRS binding affinity FDA approved ligands analysis

Rank 2: Adapalene

The first FDA approved compound we identified was adapalene. The structure of

adapalene can be found in Figure 8.
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Figure 8. Adapalene structure.

Adapalene is a synthetic retinoid and a very effective acne treatment option (Cunliffe et
al., 1997). Adapalene is better tolerated than other synthetic retinoids used to treat acne
(Schaefer and Reichert, 1990). Specifically, it acts as an acne treatment by having an effect

on cell proliferation and differentiation as well anti-inflammatory properties. It does so by
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interacting with retinoic acid receptors (RARa, RARPB, RARY) and with 9cis-retinoic acid
receptors (RXRAa, RXRAB, RXRAY) (Michel et al., 1998). A common brand currently on
the market containing adapalene is the Differin Gel. Adapalene has not been tested in the

context of HIV entry inhibition.

Our repurposing screening identified adapalene as one of the compounds with the highest
CCRS5 binding affinity (Table 1). This makes adapalene an interesting compound to further
investigate in the context of chemokine co-receptor inhibition. In Figure 9A, adapalene is
shown bound to co-receptor CCRS in the same binding site used by Maraviroc. Panel B
shows the interactions between adapalene and the amino acids present in the CCRS binding

site. All interactions between adapalene and CCRS5 are hydrophobic.
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Figure 9. Adapalene bound to chemokine co-receptor CCRS. Panel A shows the
orientation of adapalene in the CCRS binding site. Panel B shows the interactions
between adapalene and the amino acids present in the CCRS binding site.
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Rank 3: Naldemedine

Naldemedine was the FDA approved compound with the third highest affinity binding

ranking (Table 1, Figure 10).
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Figure 10. Structure of naldemedine.

Naldemedine (Symproic in Japan/US, Rizmoic in EU) is an p-opioid receptor antagonist.
It is used to increase bowel movement in opioid induced constipation, which is caused by
opioid treatment for cancer pain or for chronic non-cancer pain (Blair, 2019). Naldemedine
acts on opioid receptors in the gastrointestinal tract and it is generally well-tolerated. Its
possible side effects are related to gastrointestinal function (Markham, 2017). Naldemedine

has not been investigated in relation to HIV.

Our virtual screen determined naldemedine as a possible CCRS5 inhibitor. In Figure 11,
panel A shows naldemedine bound to CCRS5. Naldemedine interacts with CCRS5 through

hydrophobic interactions and van der Waals interactions (fade green) (Figure 11B).
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Figure 11. Naldemedine bound to chemokine co-receptor CCRS. Panel A shows the
orientation of naldemedine in the CCRS5 binding site. Panel B shows the interactions
between naldemedine and the amino acids present in the CCRS binding site.

Rank 4: Dihydroergotamine

Dihydroergotamine was the next FDA approved compound we identified (Table 1, Figure

12).
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Figure 12. Structure of dihydroergotamine.

Dihydroergotamine belongs to the family of ergot alkaloids, a group with many
pharmacological effects (Silberstein, 1997). Dihydroergotamine can be synthesized from

ergotamine by reducing an unsaturated bond. Both ergotamine and dihydroergotamine are
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