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Abstract

HSP70-HSP90 organizing protein (HOP), also identified as Stress-induced phosphoprotein
(STIP1) is a 62.639 kDa eukaryotic co-chaperone that plays a crucial role in the transfer of
substrate protein from HSP70 to HSP90 for their folding and functional activation. Some of the
major interacting proteins of HOP are molecular chaperones (HSPA4, HSP9OAA1, HSP90ABI,
HSPAS, AHSA1, DNAJB1, CDC37 and HSPA1L), Prostaglandin E synthase 3 (PTGES3) and
major prion protein (PRNP). Apart from acting as the co-chaperone, the overexpressed and
secreted form of HOP is known for mediating autocrine and paracrine signalling, promoting
tumor growth and metastasis in renal carcinoma and hepatocellular carcinoma. The secreted HOP
interacts with cellular prion protein (PRPC) and ALK2-SMADI1S5 on the surface of glioblastoma
stem-like cells and ovarian cancer cells and thereby signalling them for proliferation. Inhibiting /
neutralizing extracellular HOP or knocking down of intracellular HOP has been shown to reduce
the tumor growth in xenograft mouse models. Following this approach, some groups have
identified a few inhibitors that target the interactions between HOP and HSP90, however,
targeting this complex as a therapeutic approach is largely less explored. Here, in this study, we
have modeled the structure of HOP using various computational tools. HOP is known to promote
the ATPase activity of HSP70 and inhibit the ATPase of HSP90 during the substrate transfer.
However, HOP itself has a weak ATPase activity, though the exact mode of ATP binding and the
activity thereof is less known. We tried to identify the ATP binding site on HOP using structure
and sequence-based approaches and compared the ATP binding site on HOP with AMP-PNP and
GTP binding as well using molecular docking, and molecular dynamics simulations. Thereafter,
we tried to screen the library of 3500 FDA approved drugs for repurposing against different
domains of HOP, from which we identified top 10 candidates Atovaquone, Bicalutamide,
Celecoxib, Dexamethasone, Glimepiride, Imipenem, Indinavir, Saxagliptin, Tadalafil and

Tarceva (Erlotinib) out of which Indinavir and Tarceva were of more interest. These compounds
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were further subjected to network pharmacology where around 321 common gene targets were
identified which are involved in cancer. In addition to that, we tried to elucidate the role of
different domains of HOP in interaction with prion protein and identified key residues mediating
the binding between HOP and Prion protein. Previous studies have reported the interaction of
prion with the TPR1, DP1 and TPR2A domain of HOP. This study identified the role of TPR2B
and DP2 domains of HOP in stabilizing the interactions of HOP with the Prion protein. The prion
peptide was binding to the TPR2A domain while prion protein interacted with TPR2A and
TPR2B-DP2 domain as well. The presence of Tarceva restricted the interaction of Prion with
TPR2A domain of HOP while addition of Indinavir along with Tarceva favoured the interaction
of Prion protein with TPR2A and TPR2B-DP2 domain of HOP. The effect of Melittin binding
was observed on the interactions between HOP and prion peptide/prion protein. While Melittin
binding to TPR1 domain of HOP resulted in complete detachment of prion peptide with HOP, it
also reduced the affinity between HOP and Prion protein and restricted the interaction of Prion
with the TPR2B-DP2 domain of HOP. Hence, further experimental validations are required to
validate the inhibitory role of Tarceva and Melittin in preventing the protein-protein interactions

between HOP and Prion protein.



qR

HSP70-HSP90 TTHTZRHT UIEH (HOP), oI T -2 BRI (STIP1) & ¥q # ff
TEaHT ST &, T 62.639 kDa THRATCH H-AR&D & Sl HSP70 T HSPYO A TeHc e UIeH
& TR H 37! I8 3R SIS Afehaul & ol Ayl YHHT AU 81 HOP & $©

TG SfadT W 3Muifdd duRIA (HSPA4, HSP9OAAL, HSP9OABI, HSPAS, AHSAL,
DNAJB1, CDC37 3R HSPAIL), URerda 5 R 3 (PTGES3) 3R Uq® g midH

(PRNP) B | U8-IR&®F & ¥0 H B 31 & 3(@dl, HOP &1 3ifa-3ifisgad SiR Hifad =4
3iTcTepTg 3R WRIehTs ReUfeT Bt AR & 7T ST S 8, Sl 77t BIRMAHT 3R
FUCRIGER PIRAM # SR & fae™ ok AcReRi™ &I dgrar gar g1 |fdd HOP
TR T H St SIS 3R fSify & H¥R FIfw1el &1 Tag W AR g

U1 (PRPC) 3R ALK2-SMAD15 & 1Y TR ford T 8 3R 39 UHR I YR & farg
Hobd &l 8 | STR1 BIIBI HOP B AT/ FSER BT T 3fdl:DIRIBIT HOP Bl T BT
SFRITIE AISY HIsd H R & fas™ & &l o4 & forg foaman man g1 39 @i &1
3IIERU I gU, TS eI 1 $© SMaRIUD] B Ugd BI g Sl HOP 3R HSPY0 b S Pl
sfa:fpanalt ®1 Afad X &, T, 39 IRW &I T fafdeia ef¥eu & Fu & afta

BT B! 88 dPb HH WISl 1 g | T8f, 39 e H, g0 Al HrgeeHd S0l &l
SUIRT b HOP B! AT BT Hisd aR bl g1 HOP Pl HSP70 & ATPase TAfAfd P
AT ¢ 3R IR RIFIARYT &b SR HSPIO & ATPase DI ST B &b [eTd ST SITelT &
B TTAT 3R SIhH-MUTRT TRID! BT FUANT HReb HOP TR TEIUT e R $I Ugda™
B DI DI BT 3R 30l ST SR sfuifaes Tf=iterar R &1 IudT Hb

HOP TR TSI seM ®Id &1 a1 AMP-PNP 3R GTP ¢ ¥ HI| $qP §1G g HOP &
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Tt S8 o favg IH: TR & foTT 3500 FDA SFHITCT Garsil &1 ATgsik] &1 Shii-1 B
@ HIRE B, ol § g M 10 Iefieart wWhaeH, fegemss, Jasiey,
B! UgaH P, o ¥ fEdR SR eRIAT it Ff & A1 7 AP BT 3 Acad
GrHip IS & el fobam TaT S8t TIHAT 321 T S el Y Uga &1 TTs ol hak H
T § U $ierdei § HOP & TPR1, DP1 3R TPR2A S0 & W1 fleH &1 sic:fobar &1
fYa1E o1 718 B 1 S 37T 3 HOP & TPR2B 3R DP2 SIHH &1 YfHehT &1 UgaH &1 g, off
HOP & Tl TIEH & w1y 3fa:foran 1 fRR 3 o Heg $al o | U UPTss TPR2A SIAA
T TS 3ET T, Safas I TidH TPR2A 3R TPR2B-DP2 S & 1Yt 3fc:foran = g M|
TRIaT &1 Hielg it A HOP & TPR2A SIAH & W e &1 ofa:fopan & Tiftra o fean, Siafes
TRIAT & 1Y 3f&TAR &I =M B § HOP & TPR2A 3R TPR2B-DP2 S & H1¥ flH
WA &) 3id:fpar &1 sgrar firan Hop 3R e gyrss/Mma mida & a9 sia:ferar m
Afcifes SEfET &1 gyTd g | Sdfe Afcfe & Hop & TPR1 S1AH ¥ §g4 ¥ HOP &
1Y fira UPTSE &1 guf UGl 31T, 39+ HOP 3R g Iid & &t siefiadr & +ft &1
P f&aT 3R HOP & TPR2B-DP2 S8 & I1Y g &1 sia:fopar 1 Hiftrg & fean gafem,
HOP 31R g UéH & dta UIdH-UICI Sfd:foban &1 Aot & e $fR Aferfed &1 FRiures
Yf¥erT ) ARG HRA & fo1T 3 & YIRS AT &t HTIaHhdl B |
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