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Ligands Function Super-Additively

Opioid overdose is a long-standing public health issue in the United States, which has only been . . . 160 ] e D-CYSee and L-CYSee mitieate naloxone
exacerbated by the Covid-19 pandemic, with overdose deaths involving opioids increasing from an HS/\HI\O/\ . ;)ne.exam}[l)le cach folr)L an DLCTStelne derivafives < x3 replicas *I X6 replicas O 150- ; ' t induced withdrawl at high dosges only
estimated 70,630 in 2019 to 107,941 in 2022. While there are treatments for opioid overdose, N, esting other groups besides cthyl ester on *Free energy calculations done E o *9 rats per study group

currently no therapeutic tools exist to prevent it. Moreover, treatments such as naloxone are limited L-Cysteine-Ethyl-Ester se.m;z st;:lafl‘f%kl CYS 4001 koal/mol 1097 kaal/mo with BFEE2 (Fu et. al, JCIM, 2021) ; 101 - *36 hr IV Morphine

to emergency scenarios because they induce withdrawal and loss of analgesia. Fatal opioid (L-CY See) . Eﬂi 1};‘ §der (CYS me) *Systems run using NAMD3 =uo{ «Naloxone HCI (1.5 mg/kg, IV)
overdoses are primarily attributed to opioid-induced respiratory depression (OIRD). As part of an 5 yiAm .e ( ca) l I «OPC3 water 110 1 . Ll *Mean arterial blood pressure (MAP)
ongoing collaboration, a class of cysteine derivatives has been identified that reverse OIRD without * Methyl Amlde (CY.Sma) o «Colvars for restraints e and aonea events reduced

blocking analgesic effects or inducing withdrawal. The current hypothesis is that the cysteine N /\)J\ PN * Other cysteine derlva.tlves with different structures . . 6 reolicas T vd::o\\@vdio\@oé(io\\@@?@y{io\@ 'SimiII;r trend observed in other
derivatives function by binding -arrestin, a downstream signaling partner of opioid receptors. The ° ° H ° * L-N-Acetyl-Cysteine <| o TR R P PO :&Q b | :

goal of my proposed work is to characterize this binding interaction to rationalize the trends NH * Glutathione-based esters ] N k withdrawl metrics

observed in the preliminary data. Using molecular dynamics-based methods, I have identified S-Nitrosyl-D-Cysteine-Ethyl-Ester ¢ Estimated pKa near 7, running charged and Lnoertainty. Lnoertainty. N +

unique potential binding sites for some members of this class of compounds to the inactive (SNO-D-CYSee) neutral forms s + + -Low dose mixture performs similarly
structures of P-arrestin 1 and B-arrestin 2. I have used alchemical free energy calculations to T - 3 - - -
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Additionally, experimental data shows super-additive physiological effects when these cysteine I d e n t i f i C a ti O n p y 1‘;
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S-Nitrosylated compounds

modulate arrestin recruitment
B-Arrestinl
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only work at high concentrations

Super-additivity: Two Ligands and Two Distinct Sites

Two Ligands to Two Different Proteins

*Assume Lig; 1s high affinity

to site 1 and low affinity for site 2
ex: Kdy = 1nM, Kdy = 100nM

*Assume Lig, 1s high affinity to

1.0

‘\(\?

M\ ~
Ligand Affinities

le-04

0.8

C 1e-05 o
20 AG values in kcal/mol % S site 2 and low affinity to site 1
-Lumines.ce.nce complementation between. N L e e e e SNO.D € 1c.06- 0.6%_)': ex: Kd{ = 100nM, Kdy = InM
L is delta Op101.d receptor. (DOR) .an.d B-arrestin 1 - ovS 5 s *Assume total activity reqires both
= *DOR agonist results in association _ _ el 28 NETIE . pathways activated
= with B -Arrestin 1 d | -5.76 -5.02 -2.77 -5.47 -0.36 -4.84 E 5 pathw; |
g 10 | Presence of SNO-DCY See increases C I u Ste r to I e n t I fy LI ke Iy B-arrestin 1 (x0.13) (x0.15) (x0.70) (£1.08) (£1.19) (x0.66) _‘5:5 Le08 é 'ACthlty only observed at hlgh
- mmmm Contro [ [ [ . . .
o e - - - - - - _ 02 ncentration with one ligand
L — i association between DOR and P -Arrestin 1 1.07 13.13 5.96 9.59 0.87 3.18 co g
Adons: P B In d In g S ! tes B-arrestin2  (x0.36) (+0.38) (£0.56) (£2.63) (£2.51) (£1.12) 1e-09 - present

(8]
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Activity observed at lower
concentrations with both ligands
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N-Domain Loops

*Stabilize C-tail of arrestins
1n 1nactive state
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Google Colab where you can see derivation
and test with your own Kd values
Scan QR code or available at: https://shorturl.at/N8HJz
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Future Directions

*Complete relative free energy calculations for all ligands tested to sites of interest
*Repeat protocol on modeled active B-arrestin structures

*Experimental validation with SPR and luminesence complementation assays
*Use structural information to design new ligands to improve affinity
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*Luminescence complementation between

DOR and B-Arrestin 2

*DOR agonist results less association with
B-Arrestin 2 than B-Arrestin 1 until 50 min
post treatment

*Presence of SNO-DCY See decreases
association between DOR and B-Arrestin 2 at
the 50 min time point compared to agonist alone
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Polar Core N\

eImportant in conformational change \NA
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Three Element Interaction

*Holds arrestin in inactive state
*Disrupted by GPCR binding
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*Data collected by Dr. Seckler



