Application of Molecular Dynamics for Development of Therapeutics Against Opioid

Overdose

Emily N. Robinson, James M. Seckler, Stephen J. Lewis, Alan Grossfield
@8] 1) UNLVERSITY o University of Rochester Medical School, Rochester, NY, USA
N9/ ROCHESTER Case Western Reserve University, Cleveland, OH, USA

Poster available
online

N | Abstrag:t | Flooding Molecular Dynamics S-NltrosyI-D-Cyste_lne Ethyl Ester
Opioid overdose kills 128 people every day in the United States. While there are treatments for éﬁy M M ay be Actlve FO rm

opioid overdose, there are currently no therapeutic tools to prevent it. Moreover, these treatments
are limited to emergency scenarios, most notably due to induction of withdrawal and loss of

analgesia. Fatal opioid overdoses are primarily attributed to opioid-induced respiratory depression B-Arrestin/MOR Binding

(OIRD). As part of an ongoing collaboration, a class of cysteine esters have been identified that | be 0.012 | | Luminesence assay of -arrestin =
reverse OIRD without blocking the analgesic effects of the opioid or inducing withdrawal. The S 001 8 MOR Complex @
current hypothesis is that these esters function by binding PB-arrestin, a protein that signals Al S » 0.008 - 7 *Fentanyl leads to complex g
downstream of the opioid receptors. The primary goal of my proposed work is to characterize this -atom simulation ) 2 0.006 |- 7 formation £
binding interaction to (i) rgtionalize. the trends currently Qbserved in .the preliminary data and (ii) *OPC Water o ‘© A‘;? 888; I | *Over time complex separates for 2 ’
suggest new compounds with superior performance. Specifically, I will apply molecular dynamics *Hydrogen Mass Repartitioning 0. ' 0 | | | | downsteam siganling 2
51mulat.10n te(.:hnlque':s tq el}lc1date th.e molecular interactions of these cys.teme es.ters: The res'ults of *5 replicate runs 1.5us per molecule 0 50 100 150 200 250 300 350 400 «D-CYSce reduced B-arrestin g
these simulations will aid in advancing the current understanding of their function in stopping the Resid o =
OIRD response' USlng these teChnlqueS? I have 1dent1ﬁed prellmlnary blndlng Sltes Of these CyStelne .Calculate paCking SCOre n Nlig Nat’res Nat,lig 1 esiaue blndlng tO MOR . . - ’ 12345678 91011121314151617181920212223242526272829303132333435363738394041424344454647484950515253
esters to the inactive structures of B-arrestin 1 and B-arrestin 2. Going forward, I will use alchemical » Analogous to attractive van der Waals interactions éﬁ & S(res) = Sj Sj Sj 76 *SNO-D-CY See extends lifetime Time (min)
free energy calculations to determine the affinity of the candidate binding sites; the results will be : @ ? J k Ik of MOR/B-arrestin complex Control ~ ==D-CYSee  ===SNO-D-CYSee
. . . *Generally finds surface of protein
tested experimentally by collaborators using surface plasmon resonance and hydrogen-deuterium . . o PCA Mu Opioid Receptor Suface Expression
Mass Spectroscopy. *Cannot 1dentify binding mode alone 120%
- om - - *Fentanyl caused MOR to be . 10%
. : g g 100%
o p 101 d S I g Na I N g PCAto ¥dent1fy Blpdlng Mo.de | 0.6 trafficked to the endosome and & o,
i N N - *Covariance matrix of packing score per residue 05 i recycled to the cell surface g § s0%
ey pf::tiv;(i:gr': o PII:osphoryIaI:ion Binding § 8:43- : : «SNO-D-CYSee caused enhanced _§_ 2 ;g O;:
06 ] v S 02 - endosomal trafficking followed %% 50%
0'(1) i by degradation rather than o & ;gj
GO -0.1 ' ' | | | ' ' recycling £ o
‘é) @ 0 50 100 150 200 250 300 350 400 5 10%
Residue * 0%
ATP 10% O 20 40 60 80 100 120
ADP Endocytosis o o o o o Time (Min)
—=Control ==Fentanyl Fentanyl + SNO-D-CYSee
andaidaate oites In runcidionailty rmporian egions
Receptor
Recycling
Cellular Key: ] ]
response - Hypothesized Mechanism
Cellular -Purple: D-CY See Neutral

-Teal: D-CY See Charged

Lysosomal B-arrestin >
degradation

Cysteine Esters Restore ~ RO e O ~ LS £ —
Respiration in Rats - N / R | —

o
HS/\/“\O/\ 430 - Morphine Vehicle or © Vehicle

o AL

' ad o™ —"

3 - >
o
(

\\-

- D-CYS
" £ | . © D-CYSee | | Fentanyl + D-CYSee O
d-cysteine ethyl ester (D-CYSee) g 350 1 \l' ‘1‘ : | 1K \ N _“‘-..\'
/\/[CJ)\ % LA , e 2, i g ~CAN A !;j MOR *}7'('. w00
S 250 P i B 0 e e (O adlliiyy et o . ~OMNERAGANY ' 44,90
" O/ % | & PGS """"‘c‘ftf((««("é".(““(“"“«‘«{. .3" il - - - - = B w 'i!.,.}
2 150 - Preliminary Binding Free Energy Calculation 207 O
d-cysteine methyl ester (P-CYSme) E .."" CI<7A ,
 Minute Ventilation . X
*Volume of air moved per =y e 0.6 «Site near important cysteine Ko%:
unit time 15 05 - - 1 Xy

«Same effect for: Pre (min) Post-Morphine (min) 04 + — residuc \;":1:

oTldal Volume g) 0.3 — ] 'D-CYSIIIG blndlng B-aI'I'CStIIl 2 :_ E

*Peak Inspiratory Flow v VST e %) 8? i ) Nitrosylated CYS253 inactivates arrestin

*Inspiratory Drive z . . : - - 0 | 1 *Site involves flexible C-terminal loop

eA-a Gradient E : Hl : I I 0.1 | | | | | | | *Loop was modeled into structure F u t u re D i re Ct i O n S
*Gas Exchange in the alveoli *:e," . 0 50 100 150 200 250 300 350 400 *Would have been missed by docking
° . — 18 . . .
Sa.tglg Sffect for: 'g et Nt Residue *Simultaneous decoupling * Flooding of SNO-D-CYSee and SNO-D-CYSme
0O, ’ > 6 . recoupling  Free energy calculations on candidate sites
.Blood pH Pre M15 M20:D5 M30:D15 M45:D30 M60:D45 .MBAR f()r extractlng free energies ° Repeat protocol on active B_arrestln

.  Experimental validation with SPR and HDX-MS
3 Replicas of Free Energy

Calculation ~
rossfield
e -1.15 kcal/mol aboratory
e -1.12 kcal/mol
e -3.75 kcal/mol

B-Arrestin as a Target

140

120
*Surface Plasmon Resonance

*3-arrestin 2 bound to chip
*D-CY See flowed over chip

100
80

60

» Shows interaction but not where zz f(
binding occurs

UO1DA051373
GM135134

0 ==~

20 1 32 60 91 121 152 182 213 244

Blank 321 uM 625 uM 1250 UM e 2500 UM 500(



