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Abstract

In the present work, the in vitro process of B2 microglobulin (2m) amyloid fibrillation and
the molecular insights into its inhibition orchestrated by a rationally designed peptidomimetic
have been investigated. B2m protein is involved in dialysis-related amyloidosis (DRA), a
protein misfolding disorder that affects renal failure patients when subjected to prolonged
hemodialysis. DRA involves the accumulation of long fibrillar aggregates (called amyloids) of
B2m specifically into the musculoskeletal system of the patients. The deposition of f2m
amyloids results in the inflammation of joints and bones, followed by their degradation
causing chronic pain. Treatment methods currently available to manage DRA include surgery
to remove amyloid deposits, medications for symptomatic relief, improved dialysis columns
for B2m removal from the patient’s serum, and kidney replacement therapy. However, these
methods are plagued with the high cost and low success and only provide palliative care to
the patients. With no drug-based treatment method currently available for managing DRA,
our study explores the potential of a rationally designed peptidomimetic against in vitro

process of f2m amyloid fibrillation.

Peptidomimetics are a class of molecules that may constitute a molecular scaffold
intrinsically employed in their structure to provide them a specific overall structure. Such
specific conformation can help a peptidomimetic mimic the PPI interfaces of species which
are typically generated during the amyloid fibrillation process and help interfere with
amyloid-competent intermolecular associations (Haridas et al., 2012; Pelay-Gimeno et al.,
2015; Srivastava et al., 2017; Goyal et al., 2017; Singh et al., 2021). The B(LVI), peptidomimetic
investigated in this study constitutes a centrally located, hydrophobic bispidine moiety to
which hydrophobic amino acids leucine (L), valine (V), and isoleucine (1) have been attached
on both sides. The bispidine scaffold provides B(LVI); an overall structure that mimics the PPI
interfaces typically observed during amyloid fibrillation. With its intrinsic hydrophobic nature
and a B-strand conformation, B(LVI); was hypothesized to interfere with hydrophobic,
amyloid-competent, B-sheet driven intermolecular associations among pf2m amyloid

precursor species to inhibit the formation of long and ordered amyloid-like fibrils.

Vi



This thesis investigates and introduces a peptidomimetic-based approach that may help

develop future therapeutics against DRA and amyloidogenesis in general.

The first part of this study explores the effect of B(LVI); against in vitro developed
process of B2m amyloid fibrillation. Thioflavin-T, SDS-PAGE, and transmission electron
microscopy analysis show that B(LVI); significantly reduces the yield and extends the time
required to generate long and straight amyloid-like B2m fibrils in a dose-dependent manner.
B2m is observed to develop into morphologically distinct short and straight amyloid-like fibril
species in the presence of B(LVI),, indicative of an altered route from typical B2m amyloid
fibrillation. The second part of this study delves into the molecular mechanism of B(LVI),-
effected inhibition of B2m amyloid fibrillation. In the absence of B(LVI)2, circular dichroism
data shows that p2m species undergo typical PB-sheet-rich amyloid-competent
conformational rearrangements. However, in the presence of B(LVI)2, B2m species exist in a
non-amyloidogenic, non-B-sheet containing conformation indicative of 2m incompetence to
undergo required conformational rearrangements for generation of control-like long and
ordered amyloid-like fibrils. B(LVI); is further observed using dynamic light scattering to
interfere with the amyloid-competent intermolecular associations among 2m species. Our
study demonstrates that the long and straight B2m amyloid-like fibrils are cytotoxic to human
synovium cell lines, while the morphologically distinct B(LVI)2-induced non-B-sheet containing
soluble, non-fibrillar f2m species and B-sheet rich, insoluble, fibrillar f2m species are found
to be non-cytotoxic. B(LVI); peptidomimetic is non-cytotoxic at lower concentrations (250
uM) which, as per DRA relevant serum B2m levels, may prove promising for future study

under in vivo setup.

Overall, this thesis reports the anti-fibrillation property of a novel rationally designed

peptidomimetic ‘B(LVI)," against dialysis-related f2m amyloid fibrillation, which may help

bring a potential shift in therapeutic approaches against DRA.
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AT A H, B2 AShIT el oleT (B2m) HATS$S ThisTelral T 37 faeT Tishdm AR TehesIa &9 &
fearset foru 1w AftesifAnfes qanT 3ifheces s favy & 3oTfas 3idefSe &I ST @i 715 g
B2m N ST & Tafa JASATSSITRA (DRA) 7 A €, T Wi fAAwifesdT fasR i
S HHAT e AT 3 3EfieT glet TR I T FathetdlT o AT T T ¥l | SI3RT
T3 &9 @ AT & FAEpelEholed FAEeH & p2m & ofd dJHT FHTIY (IHTSAI$S HeT STl 8)
& G ATA ¢ B2m IHATSAISS & STHIT & TRUTHETET Sisr AR gsfSaT 7 Foret g el &,
fSTereh ST, 3oTehT &TR0T &1l & FoTed IRTTT && B1ell & | SIHRT P Feifere et o feIT IeTATed H 3ersd
39K fafert 7 vfAerss ST o1 gerst & fow worlt, Aargass Ted & faw gard, Wl & @A & p2m
geTol & ol dgea STl fad die# 3R st Recrasic Ry anfaer €1 arenif, 2 fafear sTa amera
3R &7 gherar ¥ TEd § 3R shger VAT 1 3UAHS STHTT TeTsT ldl & | S3RT & YaeT &
foT adAT # FIS Gar-3MUTRA 39AR deufd 3UceY sTgl &l & HRUT, FART LTI B2m
HATSASS hforerere 1 3o fagT 9fshar & favey asaerd €9 ¥ f3airs« fohu aTw uftesifamifes #r

&THAT T USdTeT T g |

AfteSIfAATESH U3 T Ueh G391 § it Ueh TATRISE FHIT HTHAT HeTel el & foT Sefehr
T3 7 3RS 9 ¥ FAST 3m01fass ars 7 71667 a ThaT §1 39 kg & [afse To=m v
it fAATe e TSt & YIdT31TS SeIhd I sTohol el H HEE, Y Tehdll & oIl 3TTH AR IR TTHATIS
TS farereret Ufsham & ERTeT 3cuet gl § 31N vfAeias-ward Sexaifoager vaIffve (5Rew ve
3T, 2012; Ut-FAASAT TE 3771, 2015; AATEAT UT) & AT §EARIT Il H HGG Xl & | e, 2017;
IS TS 37eT, 2017; FAE T 31e71, 2021) | 3T 37EIIA H S HI 315 (ATAAITS), e AR
Teh e 1T &9 A [T, gregIhiaes (NS Y AT &1 3T ldT &, Foras grsginifae 3 vfds
S (TeT), afeeT (@), 3R IS (37M8) A NG A I3 8l § | Rfeaset wamt (freerdians),
I Teh THIT TITAT Y&l T § ST T d W TGS Brefeeeld & R ¢& v fdismg



S I oFehel FT ¢l FHNT AR FISSIDIidedh Fhid R Th B-ES AT & HIY,
(SNTTAN3MTS), T BTSZIHI e, TTRETS-HaTH, p-2MNe FaTfaid SeTATF e’ THIfHTer & A1 f2m
TFATIIS HIAGT FATTAT & Te GETETT Flel o [T TRepTedd ohaT a7 AT dTfeh oie 3R 3R
TfAGTIS & 3TSeT i AT AT T |

Ig NAT e AfteafAafes-3menia eiseenior i siier 3R o= aT & S AT &9 § I3RT
IR TATSATRIGA AT & [@eare #fasy F RifFcdT Jefaa Fa § Acg FLTFar |

Y 3TCTT ST TgoAT HTIT P2m HATSAISS B iselerT T 3 faer A faa ufshar & s
(FTdI3TS), & YHIT HT I5dTeT FAT &1 FAAFATAA-E, THSvg-uat, 3R AR sl
ATSSHIEDIUY fAReITOT & TAT Tl § o (TAANINS), 3T I HIHN o Y Sl & 3N Gh W A
T A o 3R T vfAATTs-51 p2m BBl 3cdeed el & [T 3TaTs AT ToTaT & | B2m T
(STTeN3TE), S SUTFATT & FUTHS T & 3eler BIET 3N el 3ATSAISS ST o Tariarar #
fafaa giet o forw Aamar Srar &, S faferse p2m sArsdrss fhfvere @ aRafda AT #r a@a g1
SH T T GET AT (NTAAIINE), F H0ITAF IF 7 p2m THASHAIIS Brsfaeret & 2-gsfad
forSer oX =l e &1 (Nwerdiang), S reqafeufa &, 9Rus eddar 3er & gdr Tefdr & f m2m

voiticar faRise p-Afec-Heets HASAISS-HaTH ISalcHs Jrcdaedl ¥ IR &1 grefifeh,
(STTerd3S), T 3ufEdfa #, p2m aATiadr Teh IR-UiACIFsIsi e, IR-der-aie # Al 8T §,
TS B2m 376THAT T Hohd B1T &, S fATF0T-31 v 31K 37X o0 310 vATsalias-SH wigtsier
dIEY & T TaRTeh TSeTcHS JAHaEAT F oReAT ISl & | . (ITAAIITS), ST 3TN B2m Friarat
& dIT HATSAISS-TETH R-AT0TTdeh Tl o AT FEAGTT el oh Tl T ITTIReT JehTr TehToTeT &t
SYANT ek SWT ST & | FHAR AT § Tl Toicll & Tob ofed A A p2m IATSAISS S o] Aleda
FANTETH Vel ars=l & fAv AseIefaas §, STafd TucHs & & 3re9T (Tards),-IRd M-
e foraat gorreiier, IR-wrsiser p2m werfarar 3R p-efe Goey 81, Jreereiiel, dgAYT p2m
JoATforar IR-TTSeIeiiFdes uTs STt & | (STTdI3S), e sfAafes w3 AigdT (250 ATSHIA) W IR-



TSI e ¢, S SI3TRT AT HIRe B2m TR o 3R, faal 4e3rd & dgd s1fasy & reaze
& forT 3MTeITSTeTes AT &1 Jehell 31

Sl fAeTeny, Ig A s fd & FERId p2m TATSHITS WISTSToIRN & e dhddd &9 &
f3aTse fohT aTv AfeaifAafe s (fvadizns), S tdr-wefaaes gufa S RO FHd §, 3 SR3IRT
& s RIfhcdIT TechIor 7 FHITAT SGelTd ol H HGe A Thdll o
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