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ABSTRACT

Amyotrophic lateral sclerosis (ALS) is a terminal, adult-onset neuromuscular disorder. Our
group has been studying this illness and has previously reported a novel E121K mutation in
DAO mutations in a study using next-generation sequencing of DNA samples from Indian ALS
patients. However, variations in molecular mechanisms caused by this mutation which leads to
ALS have not been studied. This report focuses on the computational, biophysical, and cellular
study of ALS-associated E121K variant in the human D-amino acid oxidase (DAOQO) to
understand the disease pathogenesis mechanisms. Mutations in the DAO gene, which encodes
the D-amino acid degrading enzyme, have been associated with ALS. DAO is a peroxisomal
enzyme containing FAD as a co-factor, and it reacts with D-amino acid donors by targeting the
CH-NH2 group. Dysfunction of the DAO protein disrupts D-serine regulation and leads to
motor neuron degeneration. Our computational molecular dynamic simulation study results
indicate different conformation, activity site loop dynamics, and FAD cofactor binding affinity
for E121K DAO. Further to understand this in detail, we conducted comparative biophysical
characterization and enzyme activity assay studies of the wildtype- and mutant E121K-DAO.
We observed that the purified E121K-DAO was inactive and exhibited a lower affinity for the
FAD cofactor and benzoate inhibitor. Structural studies revealed that the E121K mutant has
higher beta-sheet content, melting temperature, and oligomeric states than the wildtype. Kinetic
study of aggregation of the variants using thioflavin-T confirmed that the E121K-DAO was
more prone to aggregation. Microscopic visualization showed that the aggregation proceeds
through an intermediate step involving forming fibrillar structures in the E121K mutant. Our
results give insights into the pathogenic processes that lead to ALS. Further, our experiments
in SH-SY5Y cells proved that E121K mutation causes accumulation of mutant protein
aggregates, a change in cell morphology, and the death of neuronal cells. These protein

aggregates get ubiquitinated and cause autophagy deregulation in mutant cells. We observed an



increase in the cellular concentrations of p62, OPTN, and LC3I1. Through confocal microscopy,
we showed that the binding of p62 with ubiquitinated aggregates and its recruitment to LC3II
mediates autophagosome generation. These relative changes in the critical partners in
autophagy increase cell death in cells harboring the E121K mutation, a probable ALS disease

mechanism.



TFAZICItheh ofetel TFeRITAH (ALS) Uesh efaelel, aaEh-e3id ~gUeihol fdeHhR
¢l TART HAE 38 SIART & LTI T @7 & 3N Tgd HARCT Teoey AR &
39Tell AT S 3THATT SITAT FAHAT HT ITIANT IR g Th ETIA A IS 3T

AT 3R geld 3cuREc & FY N (DAO) FLUA H T AT E121K 3caRade

& FIAT & g1 grAifR, $H 3caRTAT & HROT MM0TfaF dF F fReatad S voewH

$r 3R of AT §, FT 3AEIIA A&7 fhar ram g1 Ig RUlC Weraadad a7 & TS &

T AT S-ufAar vias siedRs (DAO) e & wuaug-fogs E121K 3caRadeT

& FFGLATA, TATBI 3R To[eR HeTTA W g §1 ST ST 7 3cafac,

St S-ufAeT TR AR USSA @ ST §, TUATE d IS e gl 3T TH

RIFTAHA TasH & [5Td FAD Tsh T5-FRe & & & giar g, 31X Ig -3

Tf#S Grar3it & CH-NH-2 H#g 9T 3fierdllolel & Y Ueh iR & ®G H B Hldl
g1 ST N AT RAAAAr S-80a HIHA @l TRT Al § 3R AT =T e
Uolel @I R A Sl §1 AR HEGAT JMuTiaeh aifaelier [@egeiere seaws &
gRome E121K 3caRadr 3w3f & v FAD sithaex & faffiest e, aifafafer ase

T AT 3T STEFRRT HTeHIAT T Hehel & 81 38 3R AEIR @ F#AsE & fav,

§Ha drsesersy- 3R 3caRadt E121K-DAO & JoiellcHs STAIfthiotehel ofaiuT gofe

Vi



3N @ HeTTA ThU| g @ o e E121K-DAO ATShT T 3i FAD #hitherex

IR S EUUS F T FH SIUAT AT TTATCHS JEITAT I gar I § &

E121K 3caRadl & argesersy qeR &l Jolel # 31 dier-efie, e w1 amHeT

IR NfomaRes UfY &1 GrRFAfRA-Er FT 39T Fer aTer IRTE F ThHA0T &

FrgAifedh IJEITT o gt &1 fF E121K-DAO sdheal & T 31 yaur |
ASHIEhITS fa3TengeierT o fe@mar fb E121K #gée # ThigeR EX=m3i &l
FeIlel dTel Ueh FEIAcT TROT o ATETH A SHoT 3Tl dedT g FAR IRUMHA Tvavy
Weldal & fau 3pEmh 3afafRa a7 & 3iaite vee g &1 s@s 3ramEr, SH-
SY5Y FIfAH3T H gAR YA & Afed fRAr foF E121K 3cafada & aRumasasa

ScaRadt WéleT aeead, I 3Thid fa=iel & gRade 3R Fgetel HITRABIIT S

A & SN ¥1 A SO T et & o & 3R sttt fafema & srwqee
Yar & §1 g p62, OPTN 3R LC3Il T AofeR Higdl # J&ftr a&l| FHehiehol
HSHITRIUT & AETH 4, §A Q@ T Hdeardy Heeed & @Y p62 &l q¢eT 3R
LC3Il 3 Sqehr el feIamead g hr ALIEAdT il g1 3ferthel 7 Ageaqo

Rt # ¥ @ver aRade E121K #7geee, v F§fdd ALS 9T o &l sfdret

qgmﬁmﬁﬁaﬂﬁmﬁﬁﬁfﬁlﬁﬂcgﬁ%m‘ gl
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HIGHLIGHTS

The main findings of the study are as follows:

Molecular dynamic simulation study reveals the distinct conformational state of E121K
mutant than Wildtype DAO

Wildtype DAO has both open and closed active site loop dynamics while E121K DAO
mutant is present only in the closed conformation

Mutant E121K DAO has lower affinity for FAD cofactor than wildtype

The ALS-associated E121K mutation in the human DAO protein exhibits a complete
loss-of-function

The mutant protein has a reduced ability to bind to the FAD cofactor and benzoate
inhibitor

The E121K variant has higher B-sheet content and oligomeric conformation compared
to the wildtype

The E121K-DAO forms prefibrillar aggregates at physiological pH, which disrupts
cellular structure

The E121K mutation results in the accumulation of mutant protein aggregates and
causes a change in SH-SY5Y neuroblastoma cell morphology

E121K mutation promotes cell death in SH-SY5Y cells.

The DAO E121K protein is associated with peroxisomal aggregates and ubiquitin
binding.

The DAO E121K protein activates ubiquitin-mediated autophagy and upregulates the
expression of p62, OPTN, and LC3lII proteins, which subsequently bind with the protein

for degradation.
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