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SUMMARY

Summary

Altered expression of molecular chaperones in AD affected brain regions indicates their
role in de velopment and progression of A lzheimer’s disease. Oxygen regulated protein
ORP150,a ne ndoplasmic r eticulum-resident cha perone, elevated in cellular and
transgenic m ouse m odels of A lzheimer’s di sease ( AD) is r esponsible for folding a nd
maturation of s ecretory a nd m embrane pr oteins. B ACE1, a ke y m embrane pr otein
involved i n a myloidogensisin A D, 1 s s hownt o be ne gatively r egulated b y c ellular
chaperone CHIP. In this study, the role o f ORP150 is established in stabilizing s tress-
induced B ACE1 1 evels. ORP150 increases cellular A 342 pr oductionb y enhancing
BACE1-mediated APP-processing. An increase in ORP150 level results in rise of cellular
BACEI pr otein | evel r esulting i n ¢ leavage of A PP into C TF99 a nd A B42 whereas
silencing of ORP150 alleviates BACEI levels under oxidative and ER stress. Moreover,
ORP150 and CHIP inversely control cellular AB42 generation. The glycosylated ORP150
is shown to stabilize B ACE1 although bot h g lycosylated a nd ung lycosylated O RP150
physically int eract w ith B ACE1. Furthermore, a direct r elation between O RP150 and
BACEI and an inverse relation between C HIP and BACEI is observed in vivo in both
male and female AD patients. Thus, a simultaneous synergy and antagonism is observed
between O RP150 a nd C HIP i n A D pa tients i n g ender-specific m anner i n regard to
BACEI and AP42 production. The ex pression and activity o f m olecular cha perones is
knownt o be regulated a t bot ht ranscriptional a nd pos t-transcriptional | evel unde r
pathological s tress ¢ onditions. The ef fect o f ER-resident chaperone ORP150 ont he
cellular chaperone CHIP and vice versa was further established under pathological stress
conditions. Interestingly, ORP150 regulates cellular BACEI levelsb yi nversely
regulating C HIP under ER, oxidative and hypoxic stress c onditions. By contrast, C HIP
reduces O RP150 and B ACE1 levels s pecifically under ox idative s tress. In c onclusion,
opposing a ctions of O RP150a nd C HIP i n controlling BACEI | evelsa nd AB42
production is thus confirmed in this study in both cellular models of AD as well as in vivo
in hum an A D br ain. T hus, t his finding mig ht help future impl ications in designing

chaperone-mediated new therapeutics for AD.
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INTRODUCTION

| ntroduction

Alzheimer’s disease

Alzheimer's di sease (AD)is one of the most common pr ogressive ne urodegenerative
disorders involving a gradual decline in many cognitive processes ultimately leading to
dementia and death. It alone accounts for 60-70% of the cases of dementia (Reitz et al.
2012). Worldwide, nearly 44 million people have Alzheimer’s or related dementia. There
are t wo types of Alzheimer’s disease, on e which a ccounts for 95% of the casesi.e.
sporadic | ate ons et A Izheimer’s disease (LOAD) and the other which is less prevalent
(5% of cases) is early onset familial AD (FAD). LOAD occurs late in life, usually after
65 years, due to combination of both genetic and environmental factors. Also, presence of
specific pol ymorphisms in A po lipoprotein E gene (APOE4) is genetically associated
with an increased risk of AD (Bertram et al. 2010; Verghese et al. 2011). Other factors
include age, brain injury, depression or hypertension (Thornton et al. 2006; Bruijn and
Ikram 2014 ). The epigenetic f actors 1 ike hi stone m odification a nd a bnormal D NA
methylation also increase the risk for LOAD (Chouliaras et al. 2010). On the contrary,
FAD occurs early in age due to the presence of autosomal dominant mutations in the gene
involvedi n A D1 ike amyloid pr ecursor pr otein-1 ( APP), pr esenillin-1 (PS1) or
presenillin-2 (PS2). Duplication of chromosome 21 in the case of Down syndrome (also
where APP gene is located) is also a cause for early-onset FAD. Alzheimer’s disease has
been seen to e ffect men and women di fferently with its increased incidence in women
attributed to factors like lowered levels of estrogen with age, influence of Apolipoprotein
E-e4 and their increased life span (Hebert et al. 2001; Vina and Lloret 2010; Laws et al.
2016).

Sof ar,t herei sno c¢ uref or A Izheimer’sdi sease. S ome m edications] ike
acetylcholinestarase inhibitors and NMDA Receptor antagonists are used to treat AD, but
they only delay the progression of s ymptoms associated with AD (Parson et al. 2013).
Thus, insights into the pathogenesis of AD are essential for discovery of targeted therapy
which can block the progression of the disease (i.e. clinical symptoms) and for designing

of drugs targeting various molecular pathways.
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Amyloid Precursor Protein, APP and its processing in Alzheimer’s disease

APP, a transmembrane protein, is the precursor molecule for the amyloid beta-peptides,
the fibrillar form of which forms the neurotoxic amyloid beta plaques (Hardy and Selkoe
2002). APP gene spans 290kb on ¢ hromosome 21 and has 18 e xons. It is known to be
expressed by many tissues specially concentrated at the neuronal junctions. Structurally,
APP is an integral m embrane protein with a large extracellular N -terminus ¢ ontaining
cystein dom ain, followed by an acidic domain, a Kunitz dom ain (also known as KPI,
Kunitz pr otease i nhibitor dom ain), a glycosylated dom ain containing O X2 dom ain,
followed by a s ingle-membrane s panning ( transmembrane) dom ain and a s horter, C-
terminal ¢ ytoplasmic do main. The AP peptide encoding region is part of the luminal

glycosylated domain (Coburger et al. 2013) (Figure 1).

Amyloid precursor protein

I {1 I <
mtm\

1 43
DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGGLMVGGVVIAT

A b 4

Beta-secretase Alpha-secretase Gamma-secretase
[ Cystein domain [} Kunitz domain Transmembrane
domain
[] Acidic domain [ | Glycosylated gy Cytoplasmic
domain domain

Figurel: Structural organization of Amyloid Precursor Protein, APP domains (Molecular Biology).

APP is composed of 770 amino acid residues and a lternate s plicing of exon 7 a nd 8
(encoding K PI dom ain and O X2 dom ain r espectively) generates t hree m ajor i soforms
namely APP770, APP751 and APP695. The APP770 isoform contains both the KPI and
0OX2 domains, however APP751 isoform lacks KPI domain and APP695 lacks both the
KPI and an OX2 domain. The shortest APP695 form is expressed at higher levels in AD
brain as compared to the APP751 and APP770 forms. In particular, a Swedish mutation
oft wo ba se pairtransversion( GtoT and AtoC )r esultingintwo amino acid
substitutions (lysine to asparagine and methionine to leucine) at N-terminal of AP was

observed in some S wedish families (De Strooper et al. 1994). Swedish mutant APP is
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more pa thogenicas BACE]l enzyme shows an enhanced B-processing act ivity ov er

swAPP695 and an increased AP production (Mullan et al. 1992).

APP 1 spr ocessed b y oneof t het wo pa thwaysi .e. a myloidogenic a nd t he non -
amyloidogenic pathway (Cole and Vassar 2007). Normally in cells, non-amyloidogenic
pathway is followed where in APP is cleaved by a-secretase w ithin the be ta-amyloid
peptide generating an extracellular sAPPa fragment and a membrane anchored CTFa
fragment (C83). sAPPa fragment is known to have neuro-protective effects (Thornton et
al. 2006) . The C83 fragment further is cleaved by y-secretase enzyme r eleasing an
extracellular P 3 fragment and a m embrane an chored AICD fragment. P3 fragmentis
degraded and the AICD plays role in nuclear gene regulation through its interactions with
a multimeric complex that includes Histone Acetyl Transferase, Tip60 (Cao and Su 1999;
Muller et al. 2007) . H owever, i n A Izheimer’s disease, t he a myloidogenic pa thway is
followed wherein APP is cleaved by the B-secretase, BACE1 enzyme at the -secretase
site that ge nerates an extracellular SAPPB fragment and a membrane anchored CTF[
fragment (C99). The CTFp fragment is further cleaved by y-secretase releasing toxic A}
peptides extracellularly ranging in length from 37-43 amino acid residues and generating
membrane anchored AICD fragment (Selkoe 2001; Laferla et al. 2007; Thinakaran and
Koo 2008 ). Aggregation of toxic B-amyloid peptide as ex tracellular pl aques an d
hyperphophorylated t au pr oteins as int racellular ne urofibrillary ta ngles a re the w ell-
known hi stopathological hallmarks of AD (Selkoe 2001; Tanzi and Bertram 2005). AB
has recently been shown to be a natural antibiotic that forms aggregate trap to imprison
bacterial pathogens thus protecting the brain from infection (Kumar et al. 2016). Images
below showt he br ain changest hat ar e obs erved in AD w here accumulation of
extracellular B-amyloid plaques at neuron-neuron junctions hinders the synaptic signal

transmission (Figure 2).
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Healthy brain Alzheimer’'s disease brain

Cerabral cortex: he cortex shrivels
RESLCS b | 4SS 3ed

Hippocampus

Figure 2: Brain changes that are observed in Alzheimer’s disease and microscopic view of the Amyloid
beta plaques (Alzheimer’s Association. Alz.org research centre).

The m ajor r egions a ffected a re ¢ ortex a nd t he hi ppocampus, s o a re t he obs erved
symptoms of le arning and memory d eficits which i nclude short te rm memory los s,
language problems, disorientation, m ood s wings, 1oss of m otivation. G radually, bodily

functions are lost, thus ultimately leading to death. (Cole and Vassar 2007).

BACE1 and Alzheimer’ s disease

BACE]I, a transmembrane aspartyl protease, is the rate limiting and principal enzyme in
the ge neration of toxic amyloid B peptides. BACE1 gene spans 30kb on c hromosome
11g23.2 and has 9 exons (Sinha et al. 1999; Dislich et al 2012). Deletion of BACEI via
homologous recombination in mouse models of AD completely abolishes AP generation
in the brain without any de velopmental abnormalities (Cai et al. 2001; Luo et al. 2001;
Roberds et al. 2001) thus making it s uitable drug target for AD. Structurally, BACE1 is
composed of 505 amino acids and has an N-terminal signal peptide domain (residues, 1-
21), followed by a propeptide domain (residues, 22-45), a protease domain (residues, 46-
460) which contains two luminal catalytic motifs (DTGS, at residues 93-96, and DSGT,
at residues 289-292) characteristic of an aspartyl protease active site, followed by a single
transmembrane dom ain (residues, 461 -477) and a s hort C -terminal ¢ ytosolic dom ain
(residues, 478 -501) [Figure 3] (Hussain etal. 1999; Vassar etal. 1999; Capell et al.
2000; Benjannet et al. 2001) . Signal peptide helps in its localization into the endoplasmic
reticulum. Int he E R, B ACEI unde rgoes s ome pos t-translational modi fications like

phosphorylations, glycosylations at four asparagines residues (N'>!172223-3%4

), transient
acetylation at s even arginine r esidues and di sulfide bond formation (Huse and D oms

2001; Maxwell et al. 2 008). The pr o-peptide o f B ACE1 isthen cleaved beforeitis
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transported to Golgi network where in further extensive glycosylation takes place which
includes S-palmitoylation at Cys 474, Cys 478, Cys 482, and Cys 485. All these post-
translation modifications of BACEI increase the molecular weight of BACE1 from 50kD
to 75kD. The membrane targeted BACE] is then internalized to endosomes. Owing to its
acidic pH -optimum (Vassaret al . 1999; Shimizu et al.20 08), BACE1 cleavesi ts
substrates mostly in the acidic early endosomal and trans-Golgi compartments, also sites
of AP generation (Haass et al. 1994). However, studies also show A generation in the

endoplasmic reticulum (Chyung et al. 1997; Cook et al. 1997).
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Figure 3: Structural organization of BACE1 (Dislich and Lichtenthaler 2012).

Apart from proteolytic processing of APP, BACEI is involved in multiple physiological
roles including s ynaptic transmission. R ecently it has be en shown that BACE1 viaits
transmembrane domain interacts with adenylate cyclase resulting in reduction of CREB
phosphorylation, PKA activity and c AMP levels. And, this reduced c AMP/PKA/CREB
pathway contributes to the observed impaired memory and cognitive deficits in BACEI1
transgenic mice independently of AP (Chen et al. 2012). A nother publication shows a
copper bi nding s ite a s a 24 -residue p eptide i n t he ¢ ytoplasmic dom ain of B ACE1
identifying a possible link to metal homeostasis and oxidative stress in AD. It shows that
BACEI1 competes for and interacts with CCS (the copper chaperones for SOD1) through
domain 1 and thus reduces the activity of SOD1 (Angeletti et al. 2005; Dingwall 2007).
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Regulation of BACE1
|. Transcriptional control of BACEL

Previous studies show BACE] to be regulated by a number of transcription factors like
Spl, NF-xB,H IF1 and PPARY amongst ot hers. S pl, belongingt ot he S p/KLF
(Specificity protein/Kriippellike factor) family, was the first transcriptions factor to be
studied in BACE]1 regulation and was found to be an activator o f BACE] e xpression
(Christensen et al. 2004). NF-«xB (nuclear factor kappa-light-chain-enhancer of activated
B cells) is known to regulate BACEI in a cell-type d ependent m anner by bi nding t o
distinct s ubunits w hile acting as an activator or a repressor. In di fferentiated ne uronal
cultures and nonactivated glial cultures it a cts as a repressor for BACE1 transcription
whereas in activated astrocytic and AB-exposed neuronal cultures it acts as an activator
(Bourne e ta 1. 2007, Chamie ta 1.2012) . H ypoxiai nducible f actor-1 ( HIF1), a
heterodimeric transcription factor composed of oxygen sensitive alpha subunit (HIF1a)
and constitutively expressed beta subunit (HIF1f), is another major transcription factor
knownt oupr egulate B ACEl g enet ranscriptionunde rh ypoxicc onditions
(Sun et al. 2006; Zhang et al. 2007). Lastly, PPARY,, a ligand induced transcription factor

is known to act as a repressor for BACEI transcription (Sastre et al. 2006).

Il1. Trandlational and Post-trandational control

Previous s tudies s how a | arge num ber of m olecules 1 ncluding pr oteins a nd 1 ipids
regulating BACE1 levels and amyloid B-peptide biogenesis. Ceramide, a membrane lipid
acting as a second messenger in many biological events, is found to be elevated in brain
of AD patients. It has been shown to stabilize BACEI post-translationally and promote
AP peptide biogenesis (Puglielli et al. 2003). Reticulon family of proteins consisting of
four members, RTN1, RTN2, RTN3 and RTN4 have been shown to be binding partners
of BACE1 where colocalization with RTN3 was observed in neurons while colocalization
with RTN4 was found to be more enriched in oligodendrocytes. RTN proteins have been
shown to be ne gative m odulators of BACE]I, thus bl ocking its activity over A PP and
inhibiting AP peptide generation (He et al. 2004; Murayama et al. 2006). Golgi-localized,
y-ear-containing, A DP ribosylation factor-binding (GGA) proteins have been shown to
regulate retrograde transport of BACE1 from endosomes to the trans-Golgi network in a

phosphorylation d ependent m anner ( Wahle et al. 2005) . T he C -terminus A CDL ( acid

7



INTRODUCTION

cluster di leucine motif) domain of BACE1 containing D ISLL mot if int eracts w ith the
VHS (Vps-27, Hours, and STAM) domain of GGA proteins. Thus, GGA proteins interact
with the phosphorylated foms of BACE1 and direct their transport from the endosomes to
the TGN, while the unphosphorylated BACEI1 is transported to the cell surface (He et al.
2005). A nother s tudy shows S eladinl (selective Alzheimer di sease i ndicator-1), a
neuroprotective protein, to be selectively downregulated in the brain of AD patients. The
study further shows downregulation of Seladinl in oxidative stress-induced apoptosis in
turn reduces GGA3, thus stabilizing BACEI and promoting amyloidogenesis (Sarajérvi
et al. 2009). Another negative modulator of BACE1 studied is sorting nexin 6 (SNX6, a
PX domain protein), a putative component of retromer, a multiprotein cargo complex that
mediates the r etrograde trafficking of BACEI in the e ndocytic p athway (Okada et al .
2010). Another member of this family, SNX12 interacts with BACE1 and also negatively
regulates B ACE1-mediated APP processing (Zhao etal. 2012). Thus, c hangesin t he
expression of these proteins in the human brain are likely to affect cellular amyloid B-

production and the formation of amyloid plaques.

[11. BACEL degradation

It is known that ubiquitination of BACEI occurs at lysine 501 in its C-terminus domain.
However, t here a re conflicting r eports on whether BACEIl i1 sd egraded vi at he
proteosomal pathway ort hel ysosomal p athway, w here bot h pa thways de grade
ubiquitinated pr oteins. P roteosomal m ediated d egradation of BACEI h as be en s hown
using proteosome inhibitors (lactacystin) (Qing et al. 2004). However, a few studies have
shown lysosome as the major route of BACE1 degradation where inhibition of lysosomal
proteases b y chloroquine a nd N H4Cl ha s s hown i ncreasein B ACE1 1 evelsandi ts
localization in L AMP2 pos itive c ompartments, a s pecific m arker f or | ysosomes. T he
dileucine mot if ( DDISLLK-Ieu499/leu500) in its C -terminal dom ain is observed to be

responsible for its lysosmal mediated degradation (Koh et al. 2005).
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V. Physiological stressand BACE1

Unfolded pr otein response ( UPR) pl ays ani mportantr olei n A D pa thogenesis
(Hoozemans et al. 2005; Hoozemans et al. 2012). Endoplasmic reticulum is the site of
synthesis and processing of nearly all the proteins passing through the secretory pathway.
Inr esponse t o t he accumulation of unf olded proteinsinthe E R, U PR i s a ctivated
involving a ctivation of P ERK, I RE1 a nd A TF6 w hich f urther ¢ ontrols translation
attenuation of proteins and expression of E R-resident chaperones. Altered induction of
ER-resident UPR responsive proteins including GRP78/BiP, PDI, PERK, elF2a-P and
IREla have been observed in AD patients brain (Yoo et al. 2001, Placido et al. 2014).
Stroke a nd c erebral i nfarction ha ve be en know nt o be s ignificantr isk factors f or
Alzheimer’s di sease. Hypoxiai s know n to al ter APP pr ocessing vi a i ncreasing t he
activity of both [ and y-secretase t hus 1 ncreasing amyloid bi ogenesis. A bi phasic
mechanism is shown to be involved in BACE1 upregulation under h ypoxia with R OS
(generated by sudden interruption of mitochondrial E TC) mediating the early response
while transcriptional activation by HIF1 mediating the late post-hypoxic response (Zhang
2007; Gugleilmotto, Aragno et al. 2009; Guglielmotto, Tamagno et al. 2009). Oxidative
stress is observed to be a major c ontributor to ageing and is known to play pot ential
causative r ole i n the pa thogenesis of A lzheimer’s di sease. T he br ain is pa rticularly
vulnerable to oxidative stress (OS) because of its high utilization of oxygen, low levels of
anti-oxidants and an increased level of polyunsaturated fatty acids. A large number of
studies have shown upregulation of BACEI transcription, expression and activity under
oxidative stress condition with JNK/AP1 acting as the transcriptional controller (Chami
and Checler 2012) and PKR/elF2a acting as the translational controller (Mouton-liger et
al. 2012). It is also observed that mild oxidative stress do not increase BACE]1 levels but
induce i ts s ubcellular rearrangement f rom lig hter to denser f ractions pr omoting A PP
processing (Tan etal. 2013). A Iso, pha rmacological i nhibitors of e nergy ( insulin, 2-
deoxyglucose, 3 -nitropropionic a cid, ka inic a cid) ha ve be en s hown t o i ncrease bot h
BACEI 1 evelsa nda ctivity (Velliquettee t al. 2005). Recently, bisecting N -
acetylglucosamine m odification w as found t o s tabilize B ACE1 und er o xidative s tress

conditions (Kizuka et al. 2016)
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Chaperonesin Alzheimer’s disease
I. Oxygen-regulated protein (ORP150) in Alzheimer’s disease

ORP150, also known as hypoxia upregulated protein (HYOU), is a known endoplasmic
reticulum ( ER) - resident chaperone belonging to the heat shock protein 110 family (a
HSP70 subfamily) (Easton et al. 2000; Du et al. 2016). ORP150 was first discovered
expressing under low oxygen conditions in cultured astrocytes (Heacock and Sutherland
1990), which was then followed by its purification and characterization (Kuwabara et al.
1996). Itis encoded by HYOUI gene present on ¢ hromosome 11 a nd has 26 e xons.
Three m RNA t ranscripts a re know nt o be induced f rom its alternative pr omoters:
ExonlA, E xonlB ( ER-resident f orms) a nd E xon2 ( truncated ¢ ytoplasmic f orm) w ith
ATF4, ATF6 and Nrf2 as its transcriptional activators (Kaneda et al. 2000; Zong et al.
2016) . Polymorphism in the ORP150 gene has been found to be associated with insulin
resistance in PIMA Indians (Ozawa et al. 2005). The expression of ORP150 is increased
in arange o f pa thologic s ituations s uch as br ain ischaemia (Matsushitaetal. 1998),
atherosclerotic plaques (Tsukamoto et al. 1996) and malignant tumours (Stojadinovic et
al. 2007). Structurally, ORP150 is a 999 amino-acid residue protein having an N-terminal
signal peptide domain (responsible for ER targeting), followed by an ATPase domain, a
peptide binding domain, an a-helical lid domain and a C-terminal KNDEL ER retention
sequence (Figure4) (Takeuchi 2006).

N C

ATPase domain peptide binding domain | ct-helical lid domain |- KNDEL

1. 33 427 099aa

I

signal peptide sequence

Figure 4: Human Heart ORP150 (Takeuchi 2006).

Functionally, O RP150 ha s not be en fully e lucidated, but its ¢ ytoprotective e ffects are
observed in renal, neural and cardiac models of ischemia-reperfusion injury (Matsushita
et al. 1998; Ozawa et al. 1999; Kitano et al. 2004; Kitao 2004; Aleshin et al. 2005) . It is
induced in response to environmental stress with its elevated levels observed specifically

in the pathology of ER stress related diseases like diabetes, neurodegenerative diseases,
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cardiovascular diseases and cancer (Arrington et al. 2008; Wang et al. 2011; Kusaczuk
and Cechowska-Pasko 2013; Wu et al. 2013). Together with other chaperones such as 78-
and 94-kDa glucose regulated proteins (GRP78 and GRP94), it assists in the folding and
assembly o f's ecretory a nd m embrane pr oteins (Flores-diaz etal. 2004) and of 1 arge
oligomeric proteins including immunoglobulins (Lin et al. 1993; Kuznetsov et al. 1997).
The expression of ORP150 has also been observed in higher stages of bladder cancer and
its ¢ orrelation with metalloproteinases (MMP2) e xpression signifiesits r olea s a

molecular chaperone for MMP’s and in tumor invasiveness (Asahi et al. 2002). ORP150
is implicated in angiogenesis where it is seen to co-express with VEGF and increase its
secretion in human wound macrophages (Ozawa, Kondo, et al. 2001; Ozawa, Tsukamoto,
etal 2001; S emenza?2 001). A Iso, O RP150 m ediates 1 ysophosphatidic a cid i nduced
VEGEF secretion as observed in mesenchymal stem cells (Wei et al. 2013). Furthermore,
ORP150 has been shown to provide anti-apoptotic signals in a variety of cancers such as
prostate, breast and bladder (Asahi et al. 2002; Miyagi et al. 2002). Thus, induction of
ORPI50incancersisthoughttobea causeforresistanceto chemotherapy andis
involved in tumor progression (Kretowski et al. 2013). ORP150 in complex with tumor
specific antigens is studied as a potential vaccine and has been shown to produce tumor
specific immune response in vivo (Arnouk et al. 2010; Chen et al. 2013; Yu and Wang
2013). While most of the studies of ORP150 involve the endoplasmic form, one study
states the presence of a cytosolic form of ORP150 transcribed from exon 2 that lacks the
ER-targeted signal peptide. This cytosolic form of ORP150 was found to have a role in
nuclear t ransport a nd w as f ound t o be ¢ o-immunoprecipitated with Ran-GTP,t he
complex i nvolved i n N LS-dependent nuc lear i mport of pr oteins. T hus, O RP150 a Iso

seems to play some role in nuclear transport of proteins (Yu et al. 2002).

Development of neurological disorders has been associated with ER chaperones and co-
chaperones in which ORP150 was found to be associated with Alzheimer’s disease (Ni
and Lee 2007). Same study shows knockout of ORP150 in mouse models is associated
with embryonic lethality. Studies in HEK293-APP stable cells showed overexpression of
GRP170/0ORP150, G RP78, ¢ alnexin s uppressed t he pr oduction of B-amyloid pe ptides
(AP), a major component of extracellular senile plaques in Alzheimer’s disease. On the
other hand, overproduction of swAPP or addition of synthetic AB42 caused upregulation
oft hem RNA of va rious E R ¢ haperonesi nc ellsi ncludingt hat of O RP150.

Cytoprotective r ole of ORP150 a long w ith 1 ts ¢ ritical r ole 1 n ne uronal s urvival t o
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ischemic stress and excitory stimuli has previously been reported (Tamatani et al. 2001;
Kitao et al. 2004). Thus, it is concluded that ORP150 and other ER chaperones are highly
induced to ameliorate the accumulation of misfolded proteins and protect neuronal cells
against ne urotoxicity (Hoshinoe t al.2007) . A nother s tudy s hows i nduction of

cytoprotective ORP150b ys APPalpha,t he non-amyloidogenic pr oduct of A PP
processing (Hartl et al. 2013).

II. C-terminus of HSC70 interacting protein (CHIP) in Alzheimer’s disease

As ¢ haperones ha ve be en know n't o r egulate pr oteins a ssociated w ith A Izheimer’s
progression (Koren et al. 2009), another such Tetracopeptide r epeat ( TPR)-containing
cellular chaperone is C-terminus of HSC70 interacting protein (CHIP), also known as
STUBI1 (STIP1 homology and U-box containing protein 1). CHIP is a 35kD ubiquitously
expressed cellular protein possessing dual function both as a molecular chaperone and as
an E 3 ubi quitin | igase (kumar et al. 2012) . Stress-induced ¢ haperone responsei s a

characteristic pr otective response to environmental s tress ( Feder and H ofmann 1999).
CHIP, activates HSF 1—the central transcriptional activator of stress-response signalling,
and also confers protection against apoptosis and cellular stress (Dai et al. 2003). CHIP
critically plays r ole in quality c ontrol andis known to degrades everal A D related
misfolded or aggregating proteins like tau (shimura et al. 2004), CFTR (Meacham et al.
2001), pS3 (Esser et al. 2005) and AP (Kumar et al. 2012). Recently it was shown that
CHIP stabilizes APP via proteasomal degradation and p53 -mediated trans-repression of
BACEI (Singh et al. 2015). Elevated CHIP levels protect against NFT formation in early
stages of AD (Sahara et. al. 2005); conversely decrease in CHIP has been correlated with
an i ncrease i n ne uroprotective N QOI1 pr otein i n a ged br ain (Tsvetkovet al.2 011).
Another pa per s hows p roteosome-dependent C HIP-HSP70 ¢ omplex in stabilization of
APP and degradation of cellular AB levels (Kumar et al. 2007). CHIP has also been seen
as a mechanistic link between AP and Tau pathology where AP induced progression of
tau pathology could be reversed by addition of CHIP (Oddo et al. 2008). Thus, CHIP is
found to be a potential target for therapeutics in AD. CHIP along with USP47 enzyme is
known t o antagonistically regulate k atanin-p60 mediated a xonal growth (Yanget al.
2013). A ntogonistic interactions ha s also been ob served between yeast cha perones,

Hsp104 and Hsp70 in Prion curing (Newnam et al. 1999).
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Rationale

The mechanism of action of mol ecular ¢ haperones in Alzheimer’s di sease is s till not
completely understood. However, enough evidence in literature encourages development
of ¢ haperone-mediated therapy for t reatment of A D (Marino Gammazzaetal. 2016).
Chaperone-mediated therapy would include c haperone replacement via gene or protein
administration in case a cha perone is protective to AD and blocking or elimination of
chaperone if a cha perone is pathogenic to AD. As BACEI is at the crossroad of a toxic
vicious c ycle invol ving cellular stress and AP production (Chami and Checkler 2012),
thus studying the regulation of BACE1 by stress-responsive chaperones will help us find

new strategies for therapeutic intervention in Alzheimer’s progression.

Increased levels of ORP150 has been observed in cellular and transgenic mouse models
of AD (Hoshinoetal 2007). As ORP150is a chaperone i nvolved in f olding a nd
assembly of secretory proteins it was hypothesized in this study whether ORP150 plays
role in regulating BACE1-mediated A PP processing and cellular AB42 generation. An
inverse relation exists between CHIP and BACEI in neuronal cells by virtue of CHIP’s
ability in destabilizing BACE1 (Singh and Pati 2015). CHIP, along with HSP70, have
been found to be a critical regulator of neuronal cell fate after stress (Stankowski et al.
2011). In a ddition, C HIP-HSP70 ¢ omplex pl ays ne uroprotective r ole b y maintaining
steady state levels of APP and attenuating AP toxicity (Kumar et al. 2007). As multiple
chaperones are s hown to be simultaneously functional in A Izheimer pa thology it w as
further hypothesized whether a ny chaperonic s ynergy or a ntagonism be tween ER
chaperone, ORP150 and cellular chaperone, CHIP might constitute AP pathology under

pathological stress conditions.

Expression levels of a large num ber of heat shock proteins and c haperones have been
found to be elevated in effected regions from AD brain tissue (Hamos et al. 1991). The
primary role o f the se p roteins is to protect s ubstrates f ollowing s ynthesis and during
stress and only as al ast al ternative do they p romote protein de gradation (Koren etal.
2009). T o further probe the role of ORP150 and CHIP in the pathogenesis of AD, the
levels of these chaperones were compared with that of BACE1 and APB42 in human AD

brain.
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Aims and Objectives

To analyze the effect of ORP150 on BACEL1 levels and on BACE1-mediated
APP-processing in HEK 293 and Neuronal cells.

To establish the role of ORP150 on stress-mediated (oxidative stress, ER-
stress, hypoxia) BACE1 regulation.

To study the subcellular colocalization and interaction between ORP150 and
BACEL.

To study inverse relation between ORP150 and CHIP under stress
conditions.

To analyze and comparein vivo expression profile of ORP150, CHIP, BACEL1
and AB42in cortex of AD patients.
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Materials

Human brain tissue

Post-mortem frontal cortex and temporal cortex tissue of an Asian origin were obtained
from N IMHANS, Bangalore, India a nd frontal ¢ ortex of W hite B ritish or igin w ere
obtained from South West Dementia brain bank, University of Bristol, Bristol. All patient

samples were approved by Institutional Ethical Review Board, JNU.
Chemicals

Acrylamide, Ammonium Acetate, Ammonium Persulphate, Bis-Acrylamide, Boric Acid,
Bovine S erum A Ibumin, B romophenol B lue, p-Coumaric a cid, Calcium C hloride,
Chloroform, Cycloheximide (CHX), Dithiothreitol, Ethidium Bromide, Ethylene Diamine
Tetracetic A cid (EDTA), Formaldehyde, Glacial A cetic aci d, Glutathione S epharose,
Glycine, G lycerol, G uanidium H ydrochloride, H EPES, I midazole H ydrochloride,
Isoamyl Alcohol, I sopropyl A Icohol, L -glutamine, Lithium ¢ hloride, Luminol,
Magnesium ¢ hloride, M ethanol, M G-132, N, N, N ', N '-Tetramethyl-Ethylenediamine
(TEMED), Ni*-NTA b ead, N onidet P -40, P henol, P henyl M ethyl S ulphonyl Fluoride
(PMSF), P otassium D ihydrogen P hosphate, P otassium A cetate, P otassium C hloride,
Protein A S epharose, R educed G lutathione, S odium A cetate, S odium A zide, S odium
Bicarbonate, Sodium Chloride, Sodium Deoxycholate, Sodium dodecyl (lauryl) sulphate,
Sodium hydroxide, Sodium pyruvate, Tris Base (Trizma Base), Triton X-100, Tween-20,
Trypsin Inhibitor, Xylene Cyanol, B-mercaptoethanol and ot her ch emicals w ere
purchased from Sigma-Aldrich, USA, Amersham P harmacia, UK, A mresco, USA and
Calbiochem, U SA. A bsolute a Icohol w as pur chased from E . M erck, Germany. Luria
Bertani (LB) medium, Luria agar for bacterial growth was obtained from BD Difco™,
USA. C oncentrated HCI, C oncentrated N itric acid, G lucose, P otassium di chromate,
Sodium carbonate and S odium thiosulphate were purchased from Qualigens Chemicals,
India. Bradford r eagent f or pr otein qua ntitation w as obt ained f rom B io-Rad, U SA.
Nitrocellulose m embrane pur chased f rom M DI, India and M illipore, USA. D ialysis
tubing for removing the extra salts from the purified proteins was bought from Sigma-

Aldrich, USA.
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Enzymes, Reagents and Antibodies

RNase A, T4 DNA ligase and restriction endonucleases Clal, EcoRI, Nhel, Sall were
purchased from New England Biolabs, USA. Taq DNA polymerase was purchased from
Bangalore G enei India. Pfua nd phus ion DNA pol ymerase were purchased f rom
Fermentas, USA. All the oligonucleotides used were obtained from Sigma-Aldrich, USA.
Mini and midi plasmid DNA isolation kits, Genomic DNA isolation kit, and agarose gel
extraction kit were purchased from Qiagen, Germany. Bradford protein detection kit was
procured from BIO-RAD. Human AB42-specific sandwich ELISA kit was obtained from
Invitrogen, C arlsbad, C A. TRIzol for total R NA 1solation w as pur chased from S igma-
Aldrich, U SA. ¢ DNA s ynthesis and S YBR green R eal-Time P CR M aster m ix w ere
purchased from T hermofischer s cientific, U SA. Anti-BACE1 (M-83 and Z-183), anti-
CHIP (G-2), anti-myc (9E10), anti-HA (F-7), anti-GST (B-14), anti-GAPDH (0411), and
anti-B amyloid (H-43, 6A 6 a nd 2C 8) antibodies w ere pur chased from S anta-Cruz
Biotechnology, U SA. A nti-ORP150 antibody ( 2F07) w as pur chased from IB L, Japan.
Anti-Mouse a nd A nti-Rabbit s econdary antibodies ( poly HRP-conjugated) w ere
purchased from Pierce Biotechnology, USA.

Bacterial strainsand bacterial expression vectors

Escherichia.coli DH5a strain (E. coli DH50) were routinely us ed f or pl asmid DNA
preparation and E. coli BL21(DE3) strain was used for protein expression. pPGEX vector

systems was used for expression of GST-tagged proteins.

Céll culturereagents, cell linesand mammalian expression vectors

Dulbecco’s Modified Eagle Media (DMEM) was purchased from Hi-media, India. Pen-
Strep (Mixture of two antibiotics: Penicillin and Streptomycin), Phosphate buffered saline
(PBS) and Trypsin-EDTA were obtained from Sigma-Aldrich, USA. Fetal bovine serum
was pur chased f rom Gibco-BRL, USA. DMSO f or p reservation of celll ines w as
purchased f rom S igma-Aldrich, U SA. T ransfection r eagent | ipofectamine 3000 was
bought from Invitrogen, USA. Cell culture plastic wares were obtained from BD Falcon,
USA. All cell lines were obtained from National Centre for Cell Sciences, Pune, India.
Expression ve ctorsus ed int hes tudiesw ere O RP150-pMDI18-T (p rocured from
Sinobiological), pCHA (from P rof. Uttam P ati), ORP150-pCHA ( sub-cloned i n 1 ab),
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pcDNA3.1 BACE1-FLAG (from Prof. Bart De Strooper), pcDNA3.1 APP-HA (from Dr.
Maria), pc DNA3.1 CHIP-myc (from Dr. Suzanne), ORP150-EGFP (sub-cloned in lab),
BACEI1-DsRED Ex (sub-cloned in lab), GST-BACE]1 (from Dr. Georges Levesque).

siRNA ORP150 construct

Mission e siRNA, poo 1 of s iRNA, targetted a gainst O RP150 and n egative ¢ ontrol

(scramble) siRNA was procured from Sigma Aldrich.

Table 1. Oligonucleotide sused in the study

Oligo. Name No. of Purpose
SNo.| (RS Oligonucleotide sequence (5'-3') bases of use
1 ORP150 fwd | CTAGCTAGCTATGGCAGACAAAGTTAGGAGGC 32 ORP150-
(Nhel) pCHA
Clone
2 ORP150 rev | CCCATCGATTAGTTCGTCGTTCTTCAAAGG 30
(Clal)
3 ORP150 fwd | CTAGCTAGCTATGGCAGACAAAGTTAGGAGGC 32 ORP150-EGFP
(Nhel) clone
4 ORP150 rev | CGGGAATTCTAGTTCGTCGTTCTTCAAAGG 31
(EcoR1)
5 BACEl fwd | CGGAATTCATGGCCCAAGCCCTGCCC3 26 BACEl-
(EcoR1) DsRED Ex
clone
6 BACEl rev | ACGCGTCGACCTTCAGCAGGGAGATGTC 28
(Sall)
7 BACEI fwd | AGACGCTCAACATCCTGGTG 20 Real time
8 BACEI rev CCTGGGTGTTAGGGCACATAC 21
9 ORP150 CCCTCGATAATCTCCTCAA 19 Real time
fwd
10 | ORP150 rev | CTAACGTTGTCATCTCCAC 19
11 | GAPDH CCACTTTGTCAAGCTCATTTCC 22 Real time
fwd
12 | GAPDHrev | CTCTCTTCCTCTTGTGCTCTTG 22
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The following samples were procured from Dr. S.K Shankar, NIMHANS, Bangalore and
from SWDBB, UK.

Table 2: Patient Samples Used in the Study

S. No. ID PMI Age/ Sex Diagnosis Tissueregion Braak
stage
1 BBN 9299 5.5 90 /M CONTROL Frontal Cortex 2
2 BBN 9408 42 87 /M CONTROL Frontal Cortex 2
3 BBN 9413 67 82 /M CONTROL Frontal Cortex 2
4 BBN 9429 57.5 74 /M CONTROL Frontal Cortex 0
5 BBN_19626 35.75 81 /M CONTROL Frontal Cortex 3
I BBN 8989 13 90 /M AD Frontal Cortex 3
2’ BBN 9275 36 87/ M AD Frontal Cortex 6
3 BBN 26011 68.5 80/ M AD Frontal Cortex 4
4’ BBN 9148 55 74/ M AD Frontal Cortex <3
5’ BBN 9394 32 81/M AD Frontal Cortex 4
6 08B203 20.3 77/ F CONTROL emporarf Cortex -
7 08B203 20.3 77/F CONTROL Frontal Cortex -
8 BBN 9422 39.5 74/ F CONTROL Frontal Cortex 1
9 BBN 9399 50 73/F CONTROL Frontal Cortex 2
10 BBN 8728 62 88 /F CONTROL Frontal Cortex 2
11 BBN 9365 32 86/F CONTROL Frontal Cortex 2
12 BBN 8671 24 78 /F CONTROL Frontal Cortex 2
6’ 15B271 4.36 92/F AD Temporal Cortex -
7 15B271 4.36 92/F AD Frontal Cortex -
8’ BBN 9123 35 74/ F AD Frontal Cortex 3-4
9’ BBN 9371 50.5 73 /F AD Frontal Cortex 5
10° BBN 9346 64 88 /F AD Frontal Cortex 6
11’ BBN 9173 31 86/F AD Frontal Cortex 5
12° BBN 9189 21 78 / F AD Frontal Cortex 6
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M ethods

M aintenance of mammalian cdll linesand cdll culture

HEK-293 and SHSYS5Y cell lines were maintained for whole cell lysate preparations, cell
biology experiments, a nd t ransfection e xperiments. T he c ells w ere grownina C O,
incubator at 37°C and 5% CO,. The medium used for these cell lines was Dulbecco’s
modified eagle’s me dium (DMEM) s upplemented w ith 10 % F etal C alf S erum ( FCS).
Trypsinization w as done when c onfluency r eached 90 -100% f or s plitting of cells for
further use. For trypsinization of the cell lines, the cells were first washed with 1X PBS.
The cel Is w ere t reated with 1X Trypsin-EDTA s olution f or 2 m inutesint he 37°C
incubator. A fter incubation, the cells were detached from the plate surface and trypsin-
EDTA solution was neutralized by adding 1.0 mL of complete DMEM media to the plate.
Cells were centrifuged and re-suspended in the complete media. E qual number of cells

were added to fresh plates and then allowed to grow for further growth.
Generation of HEK293-BACE1 and HEK293-APP stable cell line

The HEK-293 cells stably expressing BACE1 and swAPP695 were generated as follows.
HEK-293 cells were seeded on pol ylysine-coated 6-well plate. At 70% confluency, cells
were 1 ndependently t ransfected with 1 pg/well of line arised F LAG-BACEI a nd
pcDNA3.1 A PP695 ve ctor each using Lipofectamine 3000 reagent ( Invitrogen). G418
(Calbiochem) was added at a concentration of 1000 pg/mL after 48 hours of transfection
and drug resistant cells were collected after 2-3 weeks for single cell cloning, in which
cells were diluted, and seeded in 96-well plates at one cell per well. Wells that contained
more than one cell were marked and excluded from further investigation. Fifty per cent of
the medium in each well was replaced twice a week. After 4-6 weeks, surviving clones
reached confluency and were expanded for experiments and cryo-preservation. Resistant
clones were analyzed by western blot to confirm the overexpression of BACE1 and FL-

APP.
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Preservation of cell lines

For the preservation of cell lines, freeze downs were prepared and stored at -80°C for
short-term storage and at -196°C (liquid nitrogen) for long-term storage. Healthy growing
cells were harvested at ~70-80% confluent stage for preservation. A fter trypsinization,
cells were col lectedin a 15 mL centrifuge tube by centrifugingat 1,0 00 rpm for 3
minutes followed by thorough washing with 1X PBS. PBS was then removed and cells
were re-suspended in the preservation solution containing 90% FCS and 10% DMSO and
added to cryo-vials. The vials were immediately transferred to -80°C deep freezer/liquid
nitrogen. For best revival efficiency ~ 1x10° cells were added per vial. After a week post

storage, one freeze down per cell type was revived and checked for the cell viability.
Revival of mammalian cell lines

Cells were taken out from the liquid nitrogen cylinder, thawed at 37°C and added to
falcon tube having 1.0 mL of com plete D MEM m edia. The cel Is w ere cent rifuged at
1,000 rpm for 3 minutes, the supernatant was discarded and the cells were washed with
1X PBS solution. Again cells were homogeneously re-suspended in 1.0 mL of complete

media and plated in 60 mm petri-plates.
Transient transfections

Transient transfections were done using lipofectamine reagent (Invitrogen) according to
manufacturer’s protocol. A day before transfection, cells were trypsinized and then plated
equally into culture plates. 24 hour s later, on t he day of transfection, cells were around
70-80% confluent. The required amount (1.0 pug) of DNA was suspended in 100 pL of
incomplete medium and mixed with 1.0 uL of Plus reagent. After 5 minutes of incubation
at room temperature 1.5 puL of lipofectamine was added to the mixture and was mixed
again. M ixture was incubated for 15 minutes to form the complexes. W hen incubation
period was over, transfection mixture was added to the petri-plates drop by drop; plates
were rocked gently and keptin C O, incubator at 37°C. Cells w ere further al lowed to

grow and processed according to experiments.
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Preparation of whole cell lysate

Cells were harvested and centrifuged at 7,000 rpm for 5 minutes. The pellet was washed
with PBS and centrifuged at 7,000 rpm for 5 m inutes. A fter de canting the supernatant,
pellet was re-suspended in appropriate volume of RIPA lysis buffer (50 mM Tris, pH
7.4, 150 mM NacCl, 0.1% SDS, 1 mM EDTA, 1% Triton X-100, 1X PIC, 1.0 mM PMSF).
It was incubated on i ce for 15-20 minutes and then centrifuged at 13,000 rpm for 10
minutes. S upernatant w as aliquoted in fresh tubes, and protein concentration of w hole

cell lysate was estimated using Bradford protein detection kit (BIO-RAD).

Preparation of human brain tissuelysate

25 mg cortex from each of an AD patient and an age-matched non-demented control was
weighed, minced and collected in respective labelled eppendorf and 250 uL of RIPA lysis
buffer was added to the tissue. Pippetting was performed for re-suspension of tissue. It
was i ncubated on 1ce for 30 -40 m inutes a nd t hen ¢ entrifuged at 13,0 00 r pm for 20
minutes. S upernatant w as aliquoted in fresh tubes, and protein concentration of w hole

tissue lysate was estimated using Bradford protein detection kit (BIO-RAD).

Quantitation of proteinsusing bio-rad protein assay kit

The B IO-RAD pr otein a ssay ki ti s ba sed on t he B radford d ye bi nding pr ocedure
(Bradford, 1976). The assay makes use of BSA as a protein standard. The micro assay
was used h ere t o de tect proteininthe range of 1.25 p g/mL to 25 p g/mL. D ifferent
concentrations of B SA ranging from 1.0 p g to 25 p g diluted in 800 pL miliQ w ater
sample was taken. 200 pL of the BIO-RAD reagent was added to it and incubated for 15
minutes i n da rk. O .D. w as t aken i mmediately at 595 nm . T he s ame pr ocedure w as
performed for the cell lysates, tissue lyastes and recombinant protein samples. A standard
linear curve was plotted for estimation of the cell/tissue lysates and recombinant proteins.
The complex formed with the dye reagent is photosensitive and stable for a maximum

period of 30 minutes.
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I mmunopr ecipitation assay

Cells w ere ha rvested and lysed in NP-40 bu ffer (50 m M T ris-HCl pH 7.4, 150 m M
NaCl,1.0% NP-40, 1.0 mM PMSF, supplemented with protease inhibitor cocktail) at 4°C
for 20 minutes. A fter centrifugation at 13,000 rpm supernatant was transferred to fresh
tubes. 5% of whole cell lysate was used as input. About I mg of whole cell lysate was
incubated with 1.0 pg of anti-BACEI or anti-HA antibody and incubated for 3-4 hours at
4°C. 25 pL of protein A agarose (50%) was added to the lysate and further incubated at
4°C for 2 hours. W ashing was done 5 times with N P-40 buffer. Immunocomplex w as
released by addition of SDS loading dye, boiled for 5 minutes and loaded to 10% SDS-
PAGE. T ransfer of proteins to nitrocellulose m embrane w as done and immune-blotted

with target antibodies.

Western blotting

After protein samples were resolved on SDS-PAGE, gel was equilibrated with transfer
buffer for 10 minutes, followed by transfer of proteins on to the nitrocellulose membrane
by wet blot system (Bio-Rad). Post-transfer, membrane was transferred to blocking buffer
(PBS containing 5% BSA, and 0.1% Tween-20) for 2 hours at room temperature. A fter
incubation, bl ot w as w ashed t hree t imes ( 5 minutes each) w ith wash buffer (P BS
containing 0.1% Tween-20). Subsequently, the me mbrane was incubated with primary
antibody diluted (1:2,000) in PBS containing 0.1% BSA and 0.05% Tween-20 for 2 hours
followed by washing thrice (5 minutes each) with wash buffer. The membrane was then
incubated w ith s econdary antibody (1:10,000 di lution) conjugated t o po ly-horseradish
peroxidase (HRP) for another 1 hour. After subsequent washing, blot was developed with

ECL™ Western Blotting Detection Reagents.

For further detection of the GAPDH (loading control) in the lysates, the membrane was
incubated with stripping buffer (62.5 mM Tris-HCI (pH 6.8), 2% SDS, and 100 mM -
mercaptoethanol) for 30 minutes at 50°C. The membrane was then washed three times
with wash buffer and incubated with blocking buffer. A fter blocking, the membrane was
re-incubated w ith a nti-GAPDH a ntibodies ( 1:5,000 di lution), s ubsequently w ith HRP-
conjugated anti-mouse antibodies (1:10,000 dilution) and treated as described previously.

The intensity of bands was quantified using ImageJ densiometry software (NIH), USA.
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ELISA for amyloid-beta (AB42) analysis

Cells (for intracellular AB42) and 10 mg of brain tissue were extracted overnight in 5 M
guanidine-HCl a t r oom temperature ( RT). T he lysate w ere f urther di luted 50-fold in
BSAT-DPBS with 1X protease inhibitor cocktail (pierce), centrifuged at 16,000g for 20
minutes at 4°C. For extracellular AB42, conditioned media was TCA precipitated and re-
suspended i n B SAT-DPBS wi th 1X protease inhibitor cocktail (pierce). Total Ap42
levels in diluted samples were determined using a human AB42-specific sandwich ELISA
(Invitrogen, Carlsbad, C A) according to manufacturer’s recommendations. In brief, cell
lysates w ere | oaded onto (N-terminal) antibody pr e-coated ELISA pl ate w hich was
further 1 oaded w ith C -terminal s pecific amyloid antibody (rabbit) and i ncubated for 3
hours on shaking at room temperature. A fter incubation, solution was decanted and plate
was w ashed t hrice w ith w ash buf fer. After pa tting dr y t he pl ate on tissue, plate w as
loaded w ith H RP-conjugated de tection a ntibody (anti-rabbit) a nd i ncubated f or 30
minutes. A fter de canting t he s olution, pl ate was w ashed thrice w ith wash buffer.
Chromogen T MB s ubstrate w as then added on to t he w ells a nd i ncubated f or 20 -30
minutes. Blue colour was developed where substrate i.e. amyloid -42 was present. After
20-30 minutes, the reaction was stopped using stop solution and yellow colour developed.

Absorbance was measured at 480 nm.

Cycloheximide (CHX) chase assay

HEK-293 cells were transfected with ORP150-HA along with an empty vector. After 16
hours of transfection, cells were treated with cycloheximide (CHX) (100 pg/mL) for the
indicated time points (0, 3, 6,9 and 12 hours) and samples were collected at these time
points and were processed for western blotting. BACE1 and ORP150-HA protein level
was detected by anti-BACE1 (M83) and anti-HA antibody.

RNA isolation and first strand cDNA synthesis

Expression of endogenous B ACEI transcripts in HEK?293 cells were examined by real
time PCR. HEK293 cells were transfected with BACEI expression plasmids along with
empty plasmid or increasing amount of ORP150. Total RNA was isolated by using Trizol
reagent (Invitrogen) according to the manufacturer’s instructions. Cells were h arvested

and the cell pellet was dissolved in 1 mL of Trizol reagent. After 5 minutes incubation at
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room t emperature, 2 00 u L of ¢ hloroform per ml of T rizol r eagent was added to the
samples and the tubes were vigorously shaken for 15 seconds and further incubated for 5
minutes at room temperature. Samples were centrifuged at 10,000 r pm for 10 m inutes.
After c entrifugation, of t he three visible layers, uppe r a queous 1 ayer consisted R NA,
middle layer consisted white precipitated DNA and bottom layer consisted organic phase
and proteins. The upper aqueous layer containing RNA (which is about 60% of the trizol
reagent used) was transferred to another fresh eppendorf tube. 500 uL of isopropanol per
ml of Trizol reagent was added to the aqueous phase and mixed gently. After 15 minutes
incubation, s amples w ere c entrifuged at 14,000 rpm for 25 m inutes. S upernatant w as
discarded and pellet was washed with 1 mL of 70% ethanol and centrifuged for 5 minutes
at 14,000 rpm at 4°C. Pellet was dried and dissolved in 50 uLL RNase free water. The first
strand cDNA w as s ynthesized from 1 pgof total R NA usinga ¢ DNA s ynthesis ki t
(Verso, T hermo s cientific) w ith an oligo dT pr imer a ccording to the ma nufacturer’s
instructions. A n a ppropriate vol ume of ¢ DNA for e ach gene w as de termined dur ing

qPCR optimization.

cDNA thermal cycle conditions

Temperature Time No. of cycles
Step 1 (cDNA synthesis) 42°C 30 minutes 1
Step 2 (Inactivation) 95°C 2 minutes 1

Real-Time PCR

Quantitative PCR reactions were performed on an Agilent Mx3000P, using SYBR-Green
Master M ix ( Dynamo C olorflash), Agilent 96 well optical r eaction plates and Agilent
optical adhesive plate sealers. All reactions were completed in triplicate. Each 20 uL PCR
reaction contained 0.02 to 0.1 pg cDNA, 2X SYBR-Green M aster M ix, and primers
diluted to a final concentration of 0.5 pM. The following cycling parameters were used:
95°C for 7 minutes, followed by 40 cycles of 95°C for 10 seconds, an annealing of 58°C
for 15 seconds and an extension temperature of 60°C for 15 seconds. During each cycle
of the PCR the fluorescence emitted by the binding of SYBR-Green dye to the double
stranded DNA produced in the reaction was measured. To confirm the specificity of the

reactions, dissociation curves were constructed for each amplicon with a single cycle of
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95°Cforl minute, 55°C f or30 s econdsa nd95°C f or30s econdsa fter P CR

amplification.
Analysis of quantitative PCR

The SYBR-Green fluorescent spectra collected during the PCR were analysed using the
Sequence Detection System Software (Agilent). Firstly, background threshold levels were
set at t he num ber of c ycles be fore an y S YBR-Green fluorescence w as de tected. The
detection threshold was set at the point where the increase in SYBR-Green fluorescence
became e xponential. Assuming s pecific amplification, the cycle number at which t he
sample’s fluorescence intersected with the detection threshold, was directly proportional
to the amount of DNA in the sample, and was expressed as Cr values. Method of relative

quantification was employed to quantify PCR products.

Determination of t he relative a bundance w as a chieved us ing a ubi quitously expressed
gene (GAPDH) as a calibrator. Calibrator used in this thesis, and their primer sequences
are listed in Table 1. This approach requires the calibrator/sample reactions to have the
same am plification efficiency w hich was de termined by titr ating the ¢ alibrator a nd
sample 1,000 fold, where the gradient of the titration series equates to the amplification
efficiency of the r eaction. Calibrator/sample pr imer pa irs w ith similar a mplification
efficiencies (< 0.01) were used for further analysis.

The calculation for quantitation first determined the difference (ACt) between the C

values of the target and the calibrator:

Cr = Cr (target) - Cr (calibrator)

This value was cal culated for each sample after which one sample (either time =0 for
time c ourse experiments) w as de signated as t he r eference s ample. T he com parative
(AACr) calculation was then used to determine the difference between each sample's ACt
and the reference’s ACr.

Comparative expression level = Cr (target) - Ct (reference)

Finally, these values were transformed to absolute values using the formula: A bsolute

. . - AN
comparative expression level = 2 Cr
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Confocal imaging and FRET

For confocal imaging of ORP150-EGFP and BACE1-DsRED Ex constructs, cells were
grown in 35 mm plate on coverslip. The two plasmids were transfected individually and
in 1: 1 ratio of both. In another s et, E GFP and DsRED pl asmids w ere t ransfected for
negative ¢ ontrol e xperiment. 24 hours pos t-transfection, cells w ere f ixedi1 n4 %

paraformaldehyde for 20 minutes, and a fter washing twice with PBS, nuclear s taining
was pe rformed w ith D API. C overslips w ere mounted on g lass s lide a nd c ells w ere

monitored by laser confocal microscope, Zeiss LSM510 for colocalization and FRET.

Images were captured for FRET calculations by sensitized emission. Three sets of images
were captured: pure GFP channel image (Donor channel - Exc. 488nm/Emi. BP 505nm-
530nm), P ure DsRED Ex channel i mage (Acceptor ¢ hannel - Exc. 543nm /Emi. LP
560nm), and FRET channel image (FRET channel - Exc. 488nm and LP 560nm). Bleed-
through of donor in acceptor channel and cross-excitation of acceptor by donor excitation
wavelength was calculated using FRET analyzer plugin (Hachet-Haas et al. 2006) for Fiji
software (https://imagej.nih.gov/ij/plugins). Only EGFP a nd D sRED Ex f luorophore
constructs were used as negative control . FRET efficiency calculations were performed

as mentioned below:

Donor Image In donor Acceptor Image Raw FRET Image
channel In acceptor channel In FRET channel
Exc. 488nm/Emi. BP Exc. 543nm/Emi. LP Exc. 488nm and LP
505nm-530nm 560nm 560nm
ID Pure IA Pure IRaw FRET

1) nFRET - IPUI’EFRET = | Raw FRET _ [BTD+ CEA]

Where, 1”87 is Intensity of Pure FRET image in FRET channel
[R*WFRET is Intensity of Raw FRET image in FRET channel
BTpis Bleed through of Donor in acceptor channel

CEa is Cross Excitation of Acceptor by donor excitation wavelength
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The BTp and CE4 were calculated separately using only Donor (GFP) and only Acceptor

Ds-RED) constructs.
ID FRET

a=—2z—
BTp=ax[I°?] ; IPFure ¢ donor only sample

Where, a is Bleed through coefficient

1P FRET js |ntensity of donor in FRET channel

[P PU* s |ntensity of donor in donor channel

JAFRET

B = TaFure
CEA=Bx[1"™"] ; I4P¥"€ of acceptor only sample

Where, B is Cross excitiation coefficient

[4FRET js |ntensity of acceptor in FRET channel

[4Fure s Intensity of acceptor in acceptor channel

2)

nFRET

FRET efficiency =
y JDFure L KFRET

For c alculations of F RET e fficiency b y acceptor phot obleaching, B ACE1 signal w as
approximately 95% bleached by 543 nm laser with 100% transmittance, a corresponding

increase in ORP150 signal was measured. FRET eff. was calculated as below:

I? Prebleach — I Postbleach

FRET Efficiency = I? Prebleach
rebleac

Where, IP Prebleach is Intensity of donor before bleaching Acceptor

1P Postbleach is Intensity of donor after bleaching Acceptor

Bacterial culture

All the bacterial cultures were grown in LB medium at 37°C with shaking in the presence

of appropriate antibiotics. The medium was sterilized by autoclaving at pressure of 15
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Ibs/square inch for 15 minutes. For preserving the bacterial cultures, cells were allowed to
grow in LB medium with appropriate antibiotic concentration. When the cells reached log
phase, 500 pL of culture was added into the microcentrifuge tube containing 500 uL of
100% g lycerol s olution. T he c ells w ere vor texed t horoughly till t he s olution be came

homogeneous and stored at -80°C.

Preparation of competent cells

The E. coli (DH50 and BL21) competent cells were prepared with slight modifications in
the standard protocol (Sambrook, 1989). The glycerol stock of E. coli was streaked on the
LB agar plate using streak-plate method. A single colony was picked and inoculated in 10
mL of LB broth and incubated overnight at 37°C with shaking. After 16 hours, 500 puL of
the culture was used as inoculum (1% final volume) fora 50 m L LB broth. The cells
were grown to an ODgy of 0.3-0.5. The cells were chilled on ice and then transferred to a
pre-chilled sterile oakridge tube under aseptic conditions. The cells were centrifuged at
4,000 rpm for 5 m inutes at 4°C. The supernatant w as discarded and the pellet was re-
suspended in 25 m L of chilled 100 mM CacCl, and incubated on ice for 30 minutes. The
cells w ere c entrifuged a gain at 4,000 r pm for 5 m inutes at4° C. T he pellet wasr e-
suspendedin5m L of 100 m M C aCl, and 50 % glycerol wasaddedtoittoa final
concentration of 15%. The cells were kept on ice for 2-3 hours and were finally stored at
-80°C as 200 pL aliquots. For checking the efficiency of the cell, an aliquot was taken out
the next day and transformed with 10 ng of a standard plasmid DNA. The efficiency of
the competent cells was calculated as the number of transformants per microgram of the

supercoiled plasmid DNA.

Transformation

A 200 pL aliquot of competent cells was thawed on ice. 10 ng of plasmid DNA was
added to the thawed cells and incubated on ice for 30 minutes. The cells were given heat
shock by keeping the tube containing cells in a water bath at 42°C for 45 seconds. The
cells were immediately transferred onto ice for 2 minutes and 800 pL of autoclaved LB
broth was added to it. The cells were kept on incubator shaker at 37°C for 1 hour. Out of
one ml culture, 25 pL of cells were plated on a LB agar pl ate c ontaining appropriate
antibiotics for selection of transformants. The LB plate was incubated at 37°C for 12-16

hours.
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Plasmid DNA isolation

Small-scale plasmid isolation (mini-prep)

Plasmids were isolated by Qiagen Miniprep plasmid isolation kits which are based on a
modified a lkaline 1ysis procedure, followed by binding of plasmid D NA to Q IAGEN
Anion-Exchange R esin under appropriate 1 ow-salt and p H c onditions. RNA, pr oteins,
dyes, and low-molecular-weight impurities are removed by a medium-salt wash. 5 mL of
overnight grown (15-16 hours) bacterial culture was transferred to a microcentrifuge tube
and centrifuged at 6,000 g for 15 minutes at 4°C. Supernatant was discarded and bacterial
pellet w as r e-suspended in 300 pL of buffer P 1 (containing R NaseA) and mixed by
vortexing/pipetting up/ down until no ¢ ell clumps remained. 300 pl of Buffer P2 was
added, m ixed t horoughly b y vi gorously i nverting t he s ealed t ube 4 —6 t imes, a nd
incubated at room temperature (15-25°C) for not more than 5 minutes. After that, 300 uLL
of buffer P3 was added to it, mixed immediately and thoroughly by vigorously inverting
the tube 4 -6 times and left oni ce for 5 minutes. T he tubes were spun at4°C for 10
minutes at 13,000 r pm. The clear supernatant containing plasmid DNA was transferred
and passed through the qiagen column by centrifugation at 10,000 rpm for 1 minute. The
flow through was discarded. The plasmid containing column was washed with 750 pl of
buffer PE and spun at 10,000 rpm for 1 minute. The flow through was discarded and the
column was spun for another 1 minute to remove any residual buffer PE. EB buffer was
added to the column for elution and the column was allowed to stand for 2-3 minutes and
spun at 13,000 rpm for 2 minutes. The eluted plasmid was collected in a microcentrifuge
tube. Plasmid DNA was run on 1% agarose gel at constant voltage of 75 volts and the

DNA bands were visualized under UV trans-illuminator following EtBr staining.

L arge scale plasmid isolation (midi-prep)

The 1 arge s cale pl asmid isolation w as also don e us ing t he Qiagen P lasmid Midi Kit
according to manufacturer’s protocol. 25 mL of the overnight grown (16 hours) bacterial
culture was transferred to an autoclaved oakridge tube and centrifuged at 6,000 rpm for
15 minutes at 4°C. The supernatant was discarded and the pellet was resuspended in 4
mL of Buffer P1 by vortexing. 4 mL of Buffer P2 was then added and mixed well by

inverting 4-6 times and incubated at room temperature for 5 minutes. 4 mL of pre-chilled
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Buffer P3 was added and mixed by inverting 4-6 times and incubated onice for 15

minutes. The oakridge tube was then centrifuged at 12,000 r pm for 30 minutes at 4 °C.
The supernatant was collected and re-centrifuged at 12,000 r pm for 30 minutes at 4 °C.
Meanwhile, QIAGEN-tip 100 column was e quilibrated with 4 mL Buffer Q BT and
allowed to e mpty by gravity flow. F inally, t he s upernatant w as ¢ ollected a nd pa ssed
through the QIAGEN - tip column and allowed to pass by gravity flow. The column was
washed thrice with 10 mL o f Buffer Q C. Finally the DNA was eluted with 5 mLof
Buffer QF. DNA was precipitated by adding 0.7 volumes of iso-propanol and centrifuged
immediately at 12,000 rpm for 30 minutes at 4°C. The supernatant was decanted and the
pellet was washed with 2 mL of pre-chilled 70% ethanol by centrifugation at 13,000

rpm for 10 minutes at 4°C. The pellet was air dried and re-dissolved in TE buffer.

Agarose gel electrophoresisand DNA quantitation

The agarose gel was made in 1X TAE buffer. The percentages of agarose gel varied from
0.8% to 1.2% according to the size o f the DNA fragments of interest to be analyzed.
Ethidium B romide w as addedto it ( from astock of 10 m g/mL in water)toa final
concentration of 0.5 pg/mL. The agarose was dissolved by boiling and the solution was
poured in the gel casting m ould and c ombs were inserted. T hickness o fthe gel was
approximately 3 -5mm. The gel was allowed to s olidify for approximately 30 minutes.
Meanwhile, 500 mL solution of 1X TAE was made and poured into the electrophoresis
tank. The comb was removed carefully and the gel was kept in the electrophoresis tank.
The D NA s amples m ixed with trackingd ye were loadedi ntot hew ellsa nd
electrophoresis was carried out at constant voltage 60-75 V till bromophenol blue moved
to about 2/3" length of the gel. The bands were then visualized under short wavelength
UV transilluminator. For quantitation of the DNA by spectrophotometer, DNA was taken
in a qua rtz cuve tte and m easured OD at260 nmand280 nm.1.00 Dat260 nm
equivalent to 50 pg/mL DNA concentration. The ratio of ODyey/ OD,gp nm was taken to
check the purity of the DNA preparation. The ratio of the protein free pure DNA ranges
from 1.8-1.9.
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Restriction enzyme digestion of DNA

Desired amount of plasmid D NA or P CR amplicons w ere t aken and re-suspended in
ddH»O containing 1X restriction digestion buffer. A ppropriate amount of e nzyme w as
then added and the sample was incubated at the prescribed temperature. After completion
of incubation, 3M NaOAc (Sodium acetate), pH 5.2 was added to the reaction mixture to
a final concentration of 0.2 - 0.3 M. Then 2.5 volumes of ethanol was added and kept at
-80°C for 30-45 minutes to precipitate the D NA. T he sample was then c entrifuged at
14,000 rpm at 4°C for 30 minutes. It was then washed with 70% ethanol and the DNA

pellet was allowed to air dry before proceeding to the next step of loading on the gel.

Phosphatase tr eatment

Calf Intestinal al kaline P hosphatase ( CIAP) catalyzes t he h ydrolysis of 5'-phosphate
groups from DNA, RNA and ribo- and deoxyribo-nucleoside triphosphates. It is used to
deposphorylate restriction digested cloning vector to prevent self-ligation thus lowering
background. 0.01 units/pmol of CIAP enzymes was used to dephosphorylate DNA ends,
in a total reaction volume of 100 pL having 1X CIAP buf fer. T he s ample w as t hen
incubated at 37°C for 30 minutes and the reaction was stopped by adding 2 pL of 0.5 M
EDTA and heated at 65 °C for 10 m inutes. T he D NA was ex tracted with PCI
(phenol:chloroform:isoamyl alcohol) and ethanol precipitated. The DNA pellet was dried

and used for further experiments.

DNA extraction from agar ose gels

Qiagen Q [Aquick gel e xtraction kit w as us ed t o e xtract P CR a mplified pr oducts a nd
restriction enzyme digested DNA fragments to obtain DNA free of all salts, proteins and
other interfering agents. The purified DNA was then used for ligation and other purposes.
For Gene-clean, desired DNA band was excised from the gel and put in a microcentrifuge
tube. The weight of agarose piece was measured. Three volumes of buffer QG was added
and the gel slice in the tube was heated at 50°C for 10 minutes (until the agarose slice
dissolved). Once the gel was completely dissolved, one gel volume of isopropanol was
added to the tube. The sample was then loaded onto the QIAquick column placed on 2 ml
collection t ube a nd centrifuged a t 12000 rpm for I m inute. T he flow t hrough was
discarded. The column bound DNA was washed with 750 pul of buffer PE and centrifuged
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for 1 minute. Flow through was discarded and column was centrifuged for an additional
minute to remove any residual ethanol (of buffer PE). The QIAquick column was placed
on a 1.5 ml microcentrifuge tube and DNA was eluted using EB buffer. The eluted DNA

product was analyzed on agarose gel.

Ligation

Vector and insert DNA were digested with complementary restriction sites. The plasmid
vector and insert were added in a molar ratio of 1:3 or 1:5 along with 1 pL of ligation
buffer (10x) and 1 unit of T4 ligase in a total reaction volume of 10 pL. The reaction
mixture was incubated for 16 hours at 16 °C. The cohesive end ligation needs the final
concentration of | mM ATP. After the completion of the incubation period, samples were

transformed or stored at -20°C until further use.

Overexpression of therecombinant proteins

The e xpression pl asmids ¢ ontaining t he d esired ge ne ( 10 n g) w ere t ransformed i n
competent E. coli BL21(DE3) cells. A s ingle c olony w as pi cked from t he pl ate and
inoculated into fresh LB medium and incubated overnight at 37°C. From this overnight
grown c ulture, LB flask w as i noculated and incubated at 37 °C for 3 -4 hours till A ¢
reached 0.8 to 0.9. C ultures of GST-BACEI1 as well as G ST-only were induced w ith
0.5 mM IPTG for ove rexpression and incubated at 30 °C for 4 hour s. E xpression w as
confirmed by lysis of 1.0 mL cell pellet with lysis buffer and 1oaded on 10-12% SDS-
PAGE.

Purification of proteins by glutathione sephar ose

For the purification of GST-tagged proteins, glutathione agarose affinity chromatography
was used. The Glutathione A garose beads were procured from A mersham Biosciences.
The induced cell culture containing GST-tagged protein was centrifuged at 7,000 rpm at
4°C for 10 m inutes to harvest the cells, the cell pellet was resuspended in lysis buffer
(PBS pH-7.4, 0.1% Triton X-100 and 0.5 mM PMSF) and sonicated with 20 seconds on
and 40 s econds of f ¢ ycle till the lysate be came cl ear. Cell 1 ysate w as cent rifuged at
12,000 rpm at 4 °C for 30 minutes to s eparate the s oluble protein from t he i nclusion

bodies and membrane fractions. The supernatant fraction was taken and passed through
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the pre-packed lysis buffer equilibrated glutathione sepharose column for binding of the
GST tagged protein to the glutathione sepharose beads. To remove the non-specifically
adhered proteins, the column was washed with 10 bed volumes of lysis buffer 3-4 times.
The e lution of the proteins w as done by p assing t he elution buf fer (20 m M r educed
glutathione in 50 m M Tris-HCIL, pH 8.0) to the column and flow through was collected.
The e luted pr otein was di alyzed a gainst P BS (pH 7.4) for 4 -5 hourstoremovethe
reduced glutathione from the protein. The purification as well as the dialysis was done at

4°C.

LB IPTG Induced Induced Glutathione
Proteins Broth |Concentration |Temperature | Time Concentration
GST-BACE1 | 1X 0.5 mM 30°C 4 hours 20 mM
GST-only 1X 0.5 mM 30°C 4 hours 20 mM

Sodium dodecyl sulphate-Polyacrylamide gel electrophoresis

Sodium dodecyl sulphate-Polyacrylamide gel (SDS-PAGE) was used for visualization of
proteins s howing ove rexpression, pur ification, pr otein-protein interactions and western
blot s tudies. D ifferent pe rcentages of gel were used a ccording to the size of proteins.
Percentages of acrylamide in normal gels used for various studies were from 8 and 10%,
and in gradient gels from 4% to 20%. Stacking gel used was either 4% or 5%. Samples
were prepared in 4X SDS-loading dyes. Running buffer used was 1X Tris-glycine. The
stock solutions of buffers used for the preparation of gel were 1.5 M Tris-HCI, pH 8.8
(for resolving) and 1.0 M Tris-HCI pH 6.8 (for stacking gel). The compositions of SDS-
PAGE used in the study were as follows:
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Composition of SDS-Polyacrylamide gel

Resolving gel (10 mL)

Components 4% 8% 10% 20%

MQ water 4.60 mL 4.00 mL 3.30 mL 0.6 mL
30% Acrylamide | 270 mL 3.30 mL 4.00 mL 6.6 mL
1.5M TrisHCL

(pH 8.8) 2.50 ml 2.50 mL 2.50 mL 2.6 mL

10% SDS 100 pL 100 pL 100 pL 100 pl

10% APS 100 pL 100 pL 100 pL 100 pl

10% APS 6 uL 4 uL 4 uL 4 ul

Stacking gel (5 ml)

Components 4%
MQ water 3.56 mL
30% Acrylamide 0.67 mL
1.0M Tris-Hcl (pH 6.8) 0.63 mL
10% SDS 50 pL
10% APS 50 L
TEMED 5uL

Coomassie blue staining

After running the gel, it was transferred to the Coomassie brilliant blue stain solution and
incubated for 30 minutes with constant shaking at room temperature. Gel was then de-
stained by placing it in the destain solution and incubating it a t room te mperature with

constant s haking. U sed de-stain was r eplaced with a fresh de-stain solution until the
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background was cleared and the bands became evident.

GST pull down assay

1 mgof w hole celll ysate pr epared f rom O RP150 transfected H EK293 cells w as
incubated either with 5 ug of purified GST only or GST-BACEI recombinant protein.
After 1 hour incubation at4°C, g lutathione s epharose be ads were added a nd further
incubated for 3 hours at 4°C. After Incubation, beads were washed extensively five to six
times with 1 ml of PBS (containing 0.01% T riton X-100) and complexes w ere el uted
from the beads with elution buffer containing 10 mM reduced glutathione in 50 mM Tris
HCI (pH 8.0). SDS loading dye was added to the eluted proteins, boiled for 5 minutes and
subjected t o S DS-PAGE ana lysis f ollowed by western blotting w ith anti-ORP150
antibody and anti-GST antibody.

Statistical analysis

Data is presented as means and standard errors of the mean (SEMs, represented by error
bars in histograms). Comparisons of the difference in mean of two groups (=SEM) were
carried out using the Student’s t-test. Comparisons were two-tailed. All statistical te sts
were c arried out using SigmaPlot, version 11 s tatistics s oftware w here P < 0.05 w as

accepted as significant mean values (:SEM) for each experiment.
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Results

B-secretase BACEI, isa ke y e nzyme i nvolved i nt he a myloidogenic processing of
Amyloid precursor protein (APP) and generation of toxic B-amyloid peptide; hence is a
suitable dr ug ta rget f or tr eatment of A lzheimer’s di sease (AD) (Ghoshet al. 2014).
BACEI!1 expression level is tightly regulated in cells. Pathological s tructures, amyloid
plaques and neurofibrillary tangles, typical of AD harbour molecular chaperones which
are eminent regulators o f proteins detrimental to Alzheimer’s progression (Koren et al.
2009). ORP150, an E R-resident ch aperone, chaperones a num ber of glycosylated and
secretory proteins (Lin et al. 1993, Kuznetsov et al. 1997). mRNA levels of ORP150 are
upregulated in cellular and transgenic mouse models of AD (Hoshino et al. 2007). It has
already b een shown that cel lular chaperone, C-terminus of HSC70 Interacting P rotein

(CHIP), stabilizes APP via CHIP-BACE1-p53 feedback loop (Singh and Pati, 2015).

In this study, the role of ORP150 was investigated in regulating cellular BACE1 levels
and its B-processing activity over APP. Further, crosstalk between ORP150 and CHIP in
regulating BACE] I evels w as s tudied unde r s tress ¢ onditions. L astly, t he e xpression

profile of O RP150, C HIP, BACE1 and AB42 in vivo in cor tex of A D pa tients w as

examined.

Effect of ORP150 on BACEL levels and on BACE1l-mediated APP-processing in
HEK 293 and Neuronal cells

|. Sub-cloning of ORP150 from pM D18-ORP150 construct into pPCHA mammalian

expression vector

To e xamine w hether O RP150 pl ays rolei n regulating cellular BACE1 levels and
BACEI-mediated APP pr ocessing, first HA-tagged ORP150 m ammalian e xpression
vector was generated. ORP150 cDNA construct (3kb) was PCR amplified with specific
primers by using pMD18-ORP150 as template and subsequently amplified PCR products
were di gested with Nhel and Clal restriction e ndonucleases. Digested PCR pr oducts
were then ligated on the same restriction sites (Nhel and Clal) in pCHA plasmid. Ligated

products were transformed in E. coli DH5a strain. Screening of clone was done by colony
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PCR and positive clones were confirmed by restriction digestion, PCR amplification and

sequencing (Figure 1).

A) Nhel

Clal

ORP150-HA Clone
8506 bp

Replace
FRAGMENY Nhel (4) — Clal (3009)

INSERT
I Insert
Nhel (905) — Clal (912)

whel Clal

PCR amplified & restriction digested ORP150 CDS
3016 bp

pCHA Plasmid
SS08 bp

B)

Clone confirmation

PCR Insert (Nhel & Clal)
from pMD-ORP150.
p CHA expression
ORP150- pCHA

plasmld

PCR
RD

positive clone

1Kb ladder
dd pCHA
(nhel & clal)
1Kb ladder

10Kb —>
6Kb—>

3Kb—>

Figure 1. Construction of ORP150-HA mammalian expression vector. A) Schematic
representation of cloning strategy of ORP150 cDNA in pCHA mammalian expression vector. B)
PCR a mplicon e ncoding O RP150 ¢ DNA w as a mplified f rom pM D18-ORP150 pl asmid a nd
double digested (Nhel/Clal). pCHA ba ckbone vector was also double digested (Nhel/Clal).
Each was purified for ligation C) Clone confirmation of ORP150 in pCHA vector was confirmed
by PCR and by restriction digestion (Nhel/Clal) on 1% agarose.
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1. Generation of HEK293-BACE1 and HEK 293-APP stable cdlls

To analyze the effect of ORP150 on BACEI levels and its functional activity upon APP,
HEK293-BACE1 and HEK293-APP stable cells were generated by transfecting BACE1
and s wWAPP695 pl asmid c onstructs i nto H EK293 cells. E ach of H EK293-BACE1 and
HEK293-APP stable cell lines were collected from respective single cell colony by using
G418 a s s election a ntibiotic, r esistance t o which was conf erred byt he ne omycin
resistance gene present in BACE1 and A PP plasmid constructs. Confirmation of stable
cells was performed by western blot using BACE1 and APP specific antibodies (Figure

2—lane 2). HEK293 only cells were used as negative control (Figure 2- lane 1).
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T ® T B
2 3 z &
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WE: BACE1 L WE:FL-APP | 120
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WE: GAPDH WE: GAPDH — e —
[ 35 35
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Figure 2: Generation of A) HEK293-BACE1 and B) HEK293-APP stable cells. HEK293-
BACEI] stable and APP stable cell 1 ines w ere g enerated by t ransfecting H EK293 cells w ith
BACEI1-FLAG plasmid and APP-HA plasmids respectively. S election w as performed using ( 1
mg/ml) G418 selection antibiotic. Western blot showing expression of BACE1 (A) and APP (B)
in comparison to only HEK293 cells. M is protein molecular weight marker.

[11. Effect of ORP150 on BACEL1 level and BACE1-mediated APP processing in a
dose-dependent manner

To determine the role of ORP150 in regulating BACE]1 levels and BACE1-mediated APP
processing, H EK293 ¢ ells w ere t ransiently t ransfected w ith a ¢ onstant a mount of
expression vector encoding BACEI along with an empty vector or HA-tagged ORP150.
24 hours post-transfection, cells were lysed in RIPA lysis buffer and western blotting was
performed to analyze the expression of ORP150, BACEI and GAPDH. Overexpression
of ORP150 was found to increase ectopic expression of BACE1 by 1.5 fold in HEK293
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cells (Figure 3A — lane 2 and 1). APP isthe key s ubstrate of B ACE1l involvedin
amyloidogenesis. N ext t o de termine t he e ffect of O RP150 upon BACEI1 a nd A PP,
HEK293-BACEI! stable cells were co-transfected with a constant amount of expression
vector encoding swAPP695 along with an empty vector or HA-tagged ORP150. Western
blotting w ith specific antibodies r evealed stabilization of B ACE1 by 1.5foldand a
corresponding decrease in the levels of FL-APP by 1.2 fold in the presence of ORP150 in
HEK?293-BACEI] stable cells (Figure 3B —lane2 and 1).
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A) BACE1 + SWAPP-695
ORPISO-HA M : + D ORP150-HA
WE: FL-APP
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I BACE1
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Relatlve Expression

Relative Expression
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Figure 3: ORP150 stabilizes BACEL levels both transiently in HEK293 cells and in
HEK293-BACE1 stable cells. A) BACEl was transiently co -expressed w ith o r w ithout
ORP150-HA expression plasmid in HEK293 cells. Total amount of DNA for transfection w as
kept ¢ onstant in e ach r eaction w ith e mpty vector. 24 hour s p ost-transfection, O RP150 a nd
BACEI expression were analyzed by western blotting. GAPDH was used as a loading control. B)
Western blot analysis of BACE1 and FL-APP upon overexpression of ORP150-HA in HEK293-
BACEI] stable cells. M is protein molecular weight marker. Data was expressed as mean + SE
from three independent experiments. Statistical analysis was performed by two-tailed t-test for the
significance at the * P < 0.05, ** P <0.01 and *** P <0.001.

Next, to determine if ORP150 has any direct effect over FL-APP, HEK293-APP stable
cells were transfected with empty vector or HA-tagged ORP150 both in the presence and
absence of transiently t ransfected BACE1. Western blotting results de monstrated that
ORPI150 di d not directly affectthel evels of F L-APP in the abs ence of B ACEl in
HEK293-APP stable cells (Figure 4 —lane 4 and 3) but decreased FL-APP levels by 1.3
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fold via stabilization of ectopic expression of BACE1 by 1.7 fold (Figure 4 - lane 2 and
1). This result suggests that ORP150 stabilizes BACEI protein level in cells and hence
enhances BACE1-mediated APP processing.
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Figure 4: ORP150 decreases FL-APP only by stabilizing BACE1. HEK293-APP stable cells
were t ransfected w ith O RP150-HA e xpression pl asmid both in t he a bsence and pr esence of
BACEL. 24 hours post-transfection, expression of ORP150, BACE1 and FL-APP were analyzed
by w estern bl otting. GAPDH w as used as a loading control. M is protein molecular w eight
marker. Data w as expr essed as mean + S E from t hree i ndependent expe riments. Statistical

Relatlve Expression

analysis was performed by two-tailed t-test for the significance at the * P < 0.05, ** P <0.01 and
*** P <0.001.

BACEI-mediated A PP processing r esults in generation of C -terminal fragment of 99
amino-acids (CTF99) which ultimately leads to toxic Amyloid beta42 (AB42) peptides.
To examine whether ORP150 enhanced generation of CTF99 via BACE] stabilization,
HEK293-BACE] stable cells were co-transfected with a constant amount of swAPP695
expression vector along with an increasing dose of HA-tagged ORP150. Western blot of
whole cell lysate with anti-HA, anti-BACE]1, anti-APP, anti-H43 antibodies demonstrated
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that ORP150 stabilized BACEI1 and subsequently deceased the levels of FL-APP each by
1.4 fold in a dose dependent manner (Figure 5 — lane 4 and 1). The levels of C TF99
(C99) fra gment w ere also found to be increased by 1.4 f old with increasing dos e of
ORP150 (Figure 5 —lane 7 and 5). Thus, this data shows ORP150 promotes generation
of CTF99 through B-processing of APP via BACE1 stabilization in HEK293 cells.
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Figure 5: ORP150 promotes f-processing of APP via BACEL stabilization in a dose
dependent mannner. HEK293-BACEI] stable cells w ere co -transfected with swAPP-695 H A
expression plasmid along with increasing amounts of ORP150-HA expression plasmid. A fter 24
hours of transfection, ORP150, BACEI1, FL-APP, C99 levels were determined by western
blotting. GAPDH was used as a loading control. M is protein molecular weight marker. Data was
expressed as mean = SE from three independent experiments. Statistical analysis was performed
by two-tailed t-test for the significance at the * P <0.05, ** P <0.01 and ***P <0.001.

Relative Expresslon
Relative Expression

Further, to study the effect of overexpression of O RP150 on e ndogenous BACE1 and
APP levels, SHSYS5Y neuroblastoma cells were transfected with an empty vector or HA—
tagged ORP150. Western blotting with specific antibodies confirmed that overexpression
of ORP150 stabilized e ndogenous BACEI levels by 1.3 fold, reduced FL-APP by 1.9
fold (Figure 6 — lane 2 and 1) and subsequently increased C99 fragment by 1.2 fold in
SHSY5Y ne uroblastoma c ells (Figure 6 — lane 4 and 3). This r esult s uggests t hat
overexpression of O RP150 1 ncreased endogenous 1 evel of B ACEl and pr omoted

BACEI-mediated APP processing in neuroblastoma cells.
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Relative expression

Figure 6: ORP150 promotes B-processing of APP via BACEL stabilization in SHSY5Y
neur oblastoma cells. SHSY5Y cells were transfected either with ORP150-HA or empty plasmid.
After 24 hours of transfection, ORP150, BACE1, FL-APP, C99 levels were analyzed by western
blotting. GAPDH was used as a loading control. Data was expressed as mean + SE from three
independent experiments. S tatistical a nalysis w as pe rformed byt wo-tailed t-test f or the
significance at the * P <0.05, ** P <0.01 and *** P <0.001.

Next, HEK-APP stable cells or SHSYS5Y neuroblastoma cells transiently transfected with
swAPP695 plasmid were used to examine the e ffect o f overexpression of ORP150 on
APB42 generation. Each cell type was transfected with an empty vector (negative control)
and acons tant am ount of B ACEI e xpression pl asmid. B ACEI t ransfection w as
accompanied e ither w ith a n e mpty ve ctor (positive control), H A-tagged O RP150
(experimental) or m yc-tagged C HIP ( experimental). 24 hour s pos t-transfection, media
was replaced w ith ¢ onditioned media for 18 hours. Cell 1ysate and c onditioned m edia
were us ed for es timation ofi ntracellular and secreted extracellular A 42. ELISA
confirmed an increase in the 1evels of both intracellular AB42 1evels by 1.5 fold and
extracellular AB42 levels by 1.6 fold in the presence of ORP150 (Figure 7A and 7B-lane
3 and 2). CHIP showed a decrease in the levels of both intracellular and extracellular
AP42 each by 1.2 fold (Figure 7A and 7B-lane 4 and 1). Thus, this result confirms the
role of ORP150 in promoting B-processing of APP and AB42 generation via BACEI1

stabilization both in HEK293 cells and neuroblastoma cells.
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Figure 7: ORP150 increased cellular AB42 levels while CHIP decreased AB42 levels both in
HEK-APP stable and in SHSYS5Y neuroblastoma cells. A) BACE1 was co-transfected either
with empty pl asmid or O RP150-HA or myc-CHIP in H EK293-APP s table c ells. ELI SA w as
performed to measure intracellular and extracellular AB42 levels. Only cells were used as a
control. B) ELISA w as si milarly pe rformed in SHSYS5Y ne uroblastoma c ells transiently
expressing s WAPP695 plasmid. Data w as expressed asm ean + S E fromt hree independent
experiments. Statistical analysis was performed by two-tailed t-test for the significance at the * P
<0.05, ** P <0.01 and *** P <0.001.

V. Effect of silencing of ORP150 on endogenous BACEL1 level

Since e ctopic e xpression of O RP150 stabilized e ndogenous B ACE1 1 evels bot hin
HEK?293-BACEl s tablec ellsa ndi n S HSY5Y ne uroblastoma c ells,1 tw as ne xt
investigated whether the depletion of endogenous ORP150 destabilizes BACE1. To study
this, siORP150 was transfected in a dose-dependent manner in HEK293-BACE] stable
cells. 72 hours post-transfection, cells were processed for mRNA and protein extraction.
Real-time analysis confirmed the e fficiency of siORP150 with nearly 80 % silencing o f
ORP150 transcripts achieved with 1pg of siORP150 (Figure 8).

At protein level, silencing of ORP150 by 2.4 fold decreased the levels of BACE1 by 1.7
fold in a dose-dependent manner in HEK293-BACEI stable cells. Scramble silencer was

used as a control for the experiment (Figure 9).
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Figure 8. Silencing of ORP150 in HEK 293-BACEL stable cells. Increasing dose of siORP150
was t ransfected in HEK293-BACE1 stable cells. Relative O RP150 t ranscript levels w ere
calculated normalized to GAPDH. Data w as expressed as mean = SE from three i ndependent
experiments. Statistical analysis w as p erformed by t wo-tailed t-test for the significance at the
*P<0.05 **P<0.01 and *** P <0.001.
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Figure 9: Silencing of ORP150 destabilizes BACE1 in HEK293-BACE1 stable cells.
Increasing dos e of siORP150 w as transfected in H EK293-BACE]1 stable c ells. Expression of
ORP150 and BACEI1 was analyzed by western blotting. GAPDH was used as a loading control.
Data was expressed as mean + SE from three independent experiments. M is protein molecular
weight marker. Statistical analysis was performed by two-tailed t-test for the significance at the *
P<0.05, **P<0.01 and *** P <0.001.
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Similarly, silencing of ORP150 by 1.3 fold in SHSYS5Y neuroblastoma cells destabilized
BACE] by 1.2 fold when compared to scramble silencer control (Figure 10 — lane 2 and
1). Thus, this data validates that ORP150 stabilizes BACEI in physiological conditions.
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Figure 10: Silencing of ORP150 destabilizes BACE1 in SHSY5Y neuroblastoma cells.
SHSYS5Y ne uroblastoma cel Is w ere transfected with either Scramble si lencer or siORP150.
Expression of ORP150 and BACE1 were analyzed by western blotting. GAPDH was used as a
loading ¢ ontrol. D ata w as e xpressed a sm ean+ SE f rom t hree i ndependent e xperiments.
Statistical analysis was performed by two-tailed t-test for the significance at the * P < 0.05, ** P
<0.01 and *** P <0.001.

V. Effect of ORP150 on BACEL genetranscription

A large num ber of transcription factors (S pl, HIF1, Y Y1, NKB etc.) are known to

regulate BACE] at transcription level (Sastre et al. 2006; Zhang et al. 2007; Chami et al.
2012; Marwarha et al. 2013) . Having shown the stabilization of BACE1 by ORP150 at
protein I evels, it w as next inve stigated whether ORP150 a lso r egulates B ACE1 gene
transcription. For this, Real-time PCR was performed to analyze the transcript levels of
BACEI in the presence ORP150. HEK293 cells were transfected with increasing dose of
ORP150. RNA isolation was performed using trizol reagent. Quality and purity of RNA
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was c onfirmed by a garose ge 1 e lectrophoresis a nd s pectrophotometrically respectively.
cDNA was s ynthesized from total RNA by reverse transription kit (thermo-scientific).
Real time P CR w as pe rformed in triplicate us ing cDNA, d ynamo SYBR green PCR
Master M ix, and primers specific for BACE1, ORP150 and GAPDH. Relative BACE1

. . —AACT
gene expression was calculated using the 2 44¢

method, in which the relative amount of
BACE1 mRNA expression 1 evel w as normalized to an e ndogenous hous ekeeping gene
(GAPDH). The result showed that ORP150 does not affect BACE] transcripts level, not
even in a dose de pendent manner (Figure 11). The experiment w as repeated 3 times.
Thus, it can be concluded that ORP150, not being a transcription factor, does not regulate
BACEI transcription either directly or indirectly through any other transcription factor.

Hence, this result indicates post-translational regulation of BACE1 by ORP150.
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Figure 11: ORP150 does not affect BACE1l gene transcription. HEK293-cells were
transfected with increasing dose of ORP150 expression plasmid. The total amount of DNA for
transfection was kept constant in each reaction with empty plasmid. Quantitative real time PCR
analysis was performed on RNA samples. The endogenous BACE1 mRNA level was analyzed by
quantitative real time PCR. GAPDH was used as internal control. Data was expressed as mean +
SE from three independent experiments. Statistical analysis was performed by two-tailed t-test for
the significance at the * P <0.05, ** P <0.01 and *** P <0.001.
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V1. Effect of ORP150 on BACEL1 protein stability

To investigate the pos t-translational r egulation of BACE1 by ORP150, ¢ yclohexamide
time-course experiment w as p erformed to determine t he ha If-life of BACEl int he
presence as well as absence of ORP150. HEK293-BACE! stable cells were transiently
transfected with HA-tagged ORP150 expression plasmid. After 16 hours of transfection,
cells were treated with 100 pg/ml of cycloheximide (CHX) at an interval of every 3 hours
up to 12 hours after which cells were collected at 12" hr and the protein level of BACE1
was estimated. As shown in Figure 12, the level of BACEI1 and its rate of stabilization
gets marginally increased in the presence of ORP150. The marginal increase could be a
result of decrease in the level of ORP150 itself with CHX treatment. This result suggests
that ORP150 promotes stabilization of BACE1 directly at the protein level.

Taken t ogether, t hese observations suggest O RP150 e nhances A PP processing vi a
stabilizing steady-state levels of BACEI, the rate limiting enzyme in the generation of Af
biogenesis. M oreover, t his chaperoning of BACE1 by ORP1501is a p ost-translational

event.
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Figure 12: ORP150 stabilizes BACE1 by increasing its half life at the protein level. HEK293-
BACEI1 stable cells were transfected in the presence of ORP150. pcDNA3.1 empty was used as a
transfection negative control. After 16 hours of transfection, cells were treated with 100 pg/ml of
cyclohexamide (CHX) to inhibit protein synthesis. At indicated time points, cells were harvested
and ORP150, BACEI1 levels were analyzed. GAPDH was used as loading control.
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Role of ORP150 on stress-mediated (oxidative stress, Endoplasmic Reticulum (ER)-
stress, hypoxia) BACE1L regulation

A large number of cellular s tresses including o xidative s tress, E R s tress, h ypoxia are
associated with AD effected brain (Jomova et al. 2010; Madeo et al. 201 3; Rosini et al.
2013). BACEl isthe ke y enzyme i nduced t ranscriptionally a nd t ranslationally und er
these stress c onditions (Chami and Checler 201 2; M outon-liger et al. 2012). Knowing
ORP150 as an ER-resident stress-responsive protein, it was further investigated whether
ORP150 regulates BACE1 under varying physiological s tress ¢ onditions. T o examine
this, the cellular levels of the two stress-responsive proteins, ORP150 and BACE1 were

first observed under varying stress conditions.

|. Expression profile of ORP150 and BACELl under oxidative and ER stress

conditions

For oxidative stress, HEK293-BACEI1 stable cells were treated with increasing dose of
cumene h ydroperoxide (CHP) - a pharmacological ox idative stress inducer, at 100 a nd
200 uM for2 hours e ach. Aftert reatment, cells w ere ha rvested and ex amined for
expression of endogenous ORP150 and BACE1. Immunoblotting with specific antibodies
revealed a significant increase in the levels of both ORP150 by 1.3 fold and BACEI1 by
1.4 fold with increasing dose of cumene hydroperoxide (Figure 13 —lane 3 and 1). This
correlated expression profile of ORP150 and BACEI under ox idative stress c onditions

indicates role of ORP150 in regulation of BACEI expression in oxidative stress.
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Figure 13: Increasing dose of oxidative stress increased the levels of both ORP150 and
BACEL. Oxidative stress was induced in HEK293-BACEI] stable cells using cumene hydrogen
peroxide (CHP) at increasing indicated doses for 2 h ours each. Endogenous levels of ORP150
and B ACE1 were analyzed by western blotting. GAPDH was used as a loading c ontrol. M is
protein molecular w eight m arker. Data w as expressed as mean + S E from t hree i ndependent
experiments. Statistical analysis was performed by two-tailed t-test for the significance at the * P
<0.05, ** P <0.01 and *** P <0.001.

For E R st ress, HEK293-BACE1 stable cel Is were treated with i ncreasing dos e of
tunicamycin (Tu) - a N -linked glycosylation i nhibitor ata c oncentration for4 a nd
10 pg/ml for 5 and 24 hours each. After treatment, cells were harvested and examined for
expression of endogenous ORP150 and BACE1. GAPDH was used as a loading control.
Immunoblotting with s pecific antibodies r evealed significant d ecrease i n N-linked
glycosylated form of ORP150 by 1.5 fold at 24 hour time point for each of the two doses
which coincided with a simultaneous significant decrease in BACEI levels by 1.9 fold
(Figure 14, lane 2-3 and 1). GRP78 was used as a positive control in this experiment

whose expression is known to be induced under ER stress. The decrease in BACE1 level
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under ER stress is suggestive of either a UPR-mediated translational control response or

decrease in BACEI] stabilization because of unglycosylated ORP150.
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Figure 14: Inhibition of glycosylation of ORP150 correlated with reduced BACEL1 levels
under ER stress. Endoplasmic r eticulum stress w as induced in HEK293-BACE]1 stable cells
using tunicamycin at 4 and 10 pg/ml each for 5 and 24 hours. Western blotting was performed
with anti-ORP150, anti-BACE1 (M83), anti-GRP78 and anti-GAPDH antibodies. GRP78 was
used as a positive control for the experiment. GAPDH was used as a 1 oading control. Data was
expressed as mean + S E from three i ndependent ex periments. M is protein molecular w eight
marker. Statistical analysis was performed by two-tailed t-test for the significance at the * P <
0.05, ** P <0.01 and *** P < 0.001.

I1. Role of ORP150 in BACEL regulation under ER and oxidative stress conditions

Next step w as to investigate w hether O RP150 r egulates B ACE1 levels under ER and
oxidative stress conditions. T o examine this, HEK293-BACEI1 stable cells were treated
with scramble silencer or siORP150 for 72 hours and were kept under normal conditions,
ERs tress[ Tunicamycin - 4 ug/mlf or 24 hours]a ndox idatives tress
[cumenehydroperoxide — 200 UM for 2 hours]. After treatment for respective time-points,

cells were harvested and endogenous levels of ORP150 and BACEI were monitored by
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western blotting with respective antibodies. Silencing of endogenous ORP150 by 2.1 fold
reduced BACE] levels significantly by 1.7 fold under normal conditions (Figure 15, lane
2 and 1). Cellst ransfected with scramble s ilencer and subsequently treated with
tunicamycin showed reduction in the levels of BACE] by 1.6 fold (Figure 15, lane 3 and
1). However, silencing of ORP150 and subsequent treatment with tunicamycin reduced
BACEI levels further to 2.5 fold (Figure 15, lane 4 and 1). Thus, this result indicates
ORP150 regulates BACEI under E R-stress c ondition w here N -linked glycosylation of
ORP150 is required for BACEI stabilization. Also, silencing of ORP150 under oxidative
stress conditions reduced BACEI levels to normal levels compared to 1.3 fold increase
under ox idative stress and scramble silencer (Figure 15, lane 6 and 5). Consequently,
these r esults su ggest that ORP150 might be regulating BACEI1 levels in the stressed

environment in Alzheimer’s disease.

Relative Expression

Figure 15: ORP150 regulates BACEL under Endoplasmic Reticulum (ER) and oxidative
stress (OS) conditions. HEK293-BACEI stable cells were transfected with scramble silencer or
siORP150 for 72 hours and the pair was further either kept untreated or treated with tunicamycin
(4 ug/ml for 24 hours) for ER stress or with CHP (200 uM for 2 hours) for OS for respective time
points. Respective levels of ORP150 and BACE1 were analyzed by western b lotting. GAPDH
was us ed as a loading co ntrol. Data w as exp ressed as m ean + S E from t hree independent
experiments. Statistical analysis was performed by two-tailed t-test for the significance at the * P
<0.05, ** P <0.01 and *** P <0.001.
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[11. Role of ORP150 in BACE1 regulation under hypoxia

Hypoxia is another major factor p redisposing an ageing brain to A D. Previous s tudies
have s hown h ypoxiai ncreased a myloid bi ogenesis b y a Iterationi n B ACEl a nd
Y-secretase-mediated amyloidogenic processing of APP (Gugleilmotto and Aragno 2009;
Guglielmotto et al. 2009; Koike et al. 2010; Zhang et al. 2007). Thus, it was investigated
next whether ORP150 also contributes to hypoxia-induced BACE1 stabilization. To study
this, H EK293-BACEI s table ¢ ells w ere e xposed t 0 0.1% oxygen (Figure 16A) and
1% oxygen (Figure 16B) maintained through a hypoxic chamber in a time-dependent
manner up to 72 hour s followed by 24 hours of re-oxygenation. After tr eatment for
respective t ime poi nts, cells w ere ha rvested and endogenous 1 evels of O RP150 a nd
BACEI were m onitored. GAPDH w as us ed as | oading c ontrol. W estern bl otting w ith
respective antibodies revealed a constant increase in BACEL1 levels by 2.8 fold at 0.1%
oxygen up t o 72 hours followed by an increase at 24 hour re-oxygenation by 3.7 fold.
However, levels of ORP150 decreased by 1.3 fold at 0.1% oxygen with increase in time
until re-oxygenation (Figure 16A). Also, at 1% oxygen, levels of ORP150 showed a
constant fall by 2.7 fold while there was no constant pattern for BACE1 expression which
showed increase by 1.2 foldat 24 hou rs of h ypoxic e xposure (Figure 16B). T hus,
ORP150 did not show a direct relation with BACE1 under hypoxia which suggests that
unlike ER and OS, ORP150 might not be playing any role in BACEI stabilization under
hypoxic conditions. Recently involvement of CHIP-p53 loop has been shown in BACE1
destabilization (Singh and Pati 2015). Also, previous publications have shown HIF1a as a
positive regulator in hypoxic induction of BACE1 (Guglielmotto et al. 2009). Thus, we
next examined the levels of p53, CHIP and HIF1a at 0.1 and 1% of oxygen. On probing
with respective antibodies, we found levels of p53 to be decreased under both low oxygen
concentrations up to 72 hours while CHIP levels remained unchanged. HIF1a showed a
constant increase by 2 f old at 0.1% oxygen and 1.5 f old peak at 48 hours of h ypoxic
exposure to 1% ox ygen. T hus, this da ta s uggests that increase in B ACE1 under | ow
concentrations of oxygen might be regulated by both increase in HIF1a levels (positive

regulator of BACE1) and decrease in p53 levels (negative regulator of BACEL1).
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Figure 16: Unlike ER and OS, ORP150 did not show direct relation with BACEL levesin
hypoxic stress. HEK293-BACEI stable cells were either kept under normal condition (N) or at
0.1% hypoxia (A) orat 1% hypoxia (B) for increasing time up to 72 hours (H24, H48, H72)
followed by 24 h ours re-oxygenation (R24). E xpression of ORP150, HIF1a, BACE1, pS3 and
CHIP were analyzed by western blotting. GAPDH was used as a loading control. Data was
expressed as mean + SE from three independent experiments. Statistical analysis was performed
by two-tailed t-test for the significance at the * P < 0.05, ** P <0.01 and *** P <0.001.

Studies on interaction between ORP150 and BACE1

The c haperoning a ctivity of O RP150 has been observed withitsrolein ER to Golgi
transport o f ne wly s ynthesized pr oteins ( including G P80 and V EGF), thus facilitating
their maturation and secretion (Bando et al. 2000; Ozawa et al. 2001). Upon observing a
synchronised expression of ORP150 and BACEI] in cellular stressed conditions as well as
stabilization of cellular BACE1 by ORP150, it was next investigated w hether ORP150

interacts with BACE]1 in cell.

53



RESULTS

I. Subcloning of ORP150 and BACE1l into EGFP and dsRED mammalian
fluorescent expression plasmids

To s tudy the s ubcellular loc alization of t he t wo pr oteins, O RP150 and BACE], t heir
cDNA were sub-cloned into E GFP and DsRED Ex mammalian fluorescent ex pression
vectors respectively. ORP150 ¢ DNA (3kb) and B ACE1 ¢ DNA ( 1.5Kb) w ere P CR
amplified with specific primers by using pPCHA-ORP150 and FLAG-BACEI as template
respectively. Amplified PCR products were digested with Nhel/EcoR1 and EcoR1/Sall
restriction endonucleases respectively. Digested PCR products were then ligated on the
same respective restriction sites in EGFP and dsRED mammalian fluorescent expression
vectors which were al so respectively digested with Nhel/Ecorl a nd EcoR1/Sall
restriction enzymes. Ligated products were transformed in E. coli DH5a strain. Screening
of clones was done by colony PCR and positive clones were confirmed by restriction

digestion, PCR amplification and sequencing (Figure 17).
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Figure 17: Construction of ORP150-GFP and BACE1-DSRED Ex mammalian fluorescent
expression vectors A) Schematic representation of cloning strategy of O RP150 ¢cDNA (Ai) in
EGFP a nd BACE1 cDNA ( Aii)i n DsRED Ex fluorescent e xpression vectors. B) Clone
confirmation of ORP150 in EGFP vector confirmed by PCR and insert fall by restriction
digestion (Nhel/Ecorl) on 1% agarose. C) Clone confirmation of BACE1 in DsRED Ex vector
confirmed by PCR and by restriction digestion (EcoR1/Sall) on 1% agarose.

I1. Subcellular colocalization and FRET between ectopic ORP150-GFP and BACE1-
DsRED Ex in HEK 293 célls

To s tudy t he s ubcellular 1 ocalization a nd i nteraction be tween O RP150 a nd BACE1
through FRET, O RP150-EGFP and BACEI-DsRED Ex ex pression vectors were co-
transfected transiently in HEK293 cells. 24 hours post-transfection, cells were fixed and

images were c aptured u sing ¢ onfocal m icroscope. B oth O RP150 ( green) and BACEI
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(red) 1 ocalized j ust out side t he nuc leus, w hich pos sibly i s a n e ndoplasmic r eticulum.
Colocalization of the two proteins can be seen from the yellow signal in the merged image
(Figure 18A). Only EGFP and DsSRED constructs were used as negative control (Figure
18B). FRET efficiency was calculated as described in Materials and Methods.
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Figure 18: Subcellular Colocalization and FRET (by sensitized emission) between ORP150
and BACE1L: A) Colocalization between ORP150-GFP and BACE1-dsRED Ex is shown in the
merged image of HEK293 cells as indicated by an arrow. 2D cytofluorogram confirms the degree
of colocaliztion. FRET analysis between ORP150-GFP donor and BACE1-DsRED Ex acceptor
by sens itized emission is shown. Scale bar= 5um. B) No colocalization w as obs erved w ith
negative control Only GFP and only Ds RED constructs. Scale bar = 5 pm. C) FRET efficiency
was calculated for Experimental and Negative control. ROI’s stands for region of interest.
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FRET efficiency was also calculated by acceptor photobleaching (Material and Methods).
BACEI signal (Acceptor) was bleached approximately 95% using 543 nm laser beam, a

corresponding increase in ORP150 signal (Donor) was observed (Figure 19).

BACE1-DsSRED ORP150-GFP Merged image

Pre-bleach

Post-bleach

Fret eff.

Figure 19: Subcellular Colocalization and FRET (by acceptor photobleaching) between
ORP150 and BACEL: A) FRET by Acceptor photobleaching was performed for ORP150-GFP
and BACE1-DsRED Ex using confocal laser scanning microscope. Images were taken before and
after photobleaching of t he acceptor at selected ROI for 30 seconds with a 543nm laser beam.
Scale bar = 5 pm. ROI stands for region of interest.

Observing colocalization and interaction between ORP150 and BACE1 microscopically,
physical 1 nteraction be tweent het wo pr oteins wasne xt investigated byco -

immunoprecipitation assay.

[11. Co-immunopr ecipitation between ORP150 and BACEL1

For co-immunoprecipitation, O RP150-HA was transfected i n H EK293-BACEI] s table
cells. After 24 hours o f't ransfection, cells w ere 1 ysed and whole cel 11 ysates w ere
subjected to immunoprecipitation either with anti-BACEI antibody (Figure 20A) or with
anti-HA antibody (Figure 20B). IgG antibody was used as non-specific (NSP) antibody
control. Immunoprecipitated c omplexes w ere s eparated on S DS-PAGE f ollowed b y

immunoblotting w ith ORP150 and B ACEI antibodies. O RP150 w as found t o be ¢ o-
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immunoprecipitated with BACE1-specific pull (Figure 20A) but not with non-specific
antibody pull. Similarly, 50kD form of BACE1 was found to be co-immunoprecipitated
with ORP150-specific HA-pull (Figur e 20B) but not with non-specific antibody pull.
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Figure 20: ORP150 associates with BACEL in cell. HEK293-BACE1 stable ce lls w ere
transfected with ORP150. Whole cell lysate was subjected to immunoprecipitation either with
anti-BACE1 (A) or anti-HA (B) antibody. IgG was used as non-specific (NSP) antibody control
in each IP. Immunoblotting to detect ORP150 and BACEI from the immunoprecipitated complex
was done with anti-ORP150 and anti-BACE]1. Input constitutes 5% of whole cell lysate.

Observing co-immunoprecipitation be tween t he ORP150 a nd B ACE1 unde r nor mal
conditions, the interaction between the two was further investigated under varied stress
conditions using no rmal ¢ onditions as positive control for the experiment (Figure 21,
lane 1). ORP150-HA was transfected in HEK293-BACEI stable cells. After 24 hours of
transfection, cells w ere either ke pt und er nor mal c onditions or treated for E R s tress,
oxidative stress or hypoxic stress for indicated doses and time points (Figure 21). Cells
were then lysed and whole cell lysates were subjected to immunoprecipitation with anti-
BACEI a ntibody. Immunoprecipitated c omplexes were s eparated on S DS-PAGE
followed by immunobl otting w ith ORP150 and B ACE1 antibodies. Surprisingly, both
glycosylated a nd un glycosylated forms of O RP150 interacted with B ACE1 under ER
stress condition (Figure 21, lane 2). In addition, ORP150 interacted with BACE1 under
oxidative stress condition (Figure 21, lane 3) but not under hypoxic stress (Figure 21,
lane 4).
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Figure 21: ORP150 associates with BACEL under ER and oxidative stress but not under
hypoxic stress. HEK293-BACE] stable cells were transfected with ORP150-HA pl asmid. 24
hours post-transfection, cells were either left untreated or treated with tunicamycin (4 pg/ml for
24 hours), cumene hydroperoxide (200 uM for 2 hours), or hypoxia (0.1% for 24 hours). Whole
cell lysate was subjected to immunoprecipitation with anti-BACE1 antibody. Immunoblotting to
detect ORP150 and BACEI1 from the immunoprecipitated complex was done with anti-ORP150
and anti-BACEL1. Input constitutes 5% of whole cell lysate.

IV. GST-pull down assay between GST-BACE1 and cellular ORP150

BACE 1 undergoes extensive post-translational modifications while passing through the
secretory pathway (acetylation, glycosylation etc.), changing from its initially synthesized
50kD form to a 75kD fully matured form. Next, it was examined if there exists an in vitro
interaction be tween r ecombinant G ST-BACE1 and O RP150 ove r-expressing H EK293
whole cell lysate (WCL) using GST-pull down assay. Recombinant GST only and GST-
BACE]1 (kind gift from Prof. Georges Levesque) proteins were first overexpressed in E.
coli BL21(DE3)a ndt hen pur ified w ith g lutathione s epharose be ads b y a ffinity
chromatography. The proteins were dialyzed and their purity was checked by SDS-PAGE
(Figure 22A and 22B).
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Figure 22: Protein purification of GST only and BACE1-GST proteins. A) Coomassie
staining of purified GST-only (26 kD) protein. B) Coomassie staining of purified BACE1-GST
(71 kD) protein

For GST pull down assay, HA-tagged ORP150 was transiently transfected and expressed
in H EK293 cells. 30 h ours pos t-transfection, cell 1 ysis was performed in NP40 lysis
buffer. 1 mg of the whole cell lysate was incubated either with recombinant GST only
protein or GST-BACEI protein (5 pg each). Complexes were pulled down by glutathione
sepharose beads. After extensive washing to remove unbound proteins, complexes bound
to glutathione s epharose be ads w ere e luted and resolved on S DS-PAGE and analyzed
with anti-GST antibody. GST only protein was used as a negative control in the assay
(Figure 23 - lane 3) . GST pull down assay confirmed G ST-BACEI ex pression but
ORP150 was not found to be co-eluted with purified BACE1 (Figure 23 - lane 2). This

experiment s ignifies that ORP150 interacts only with t he pos t-translationally modi fied

form of BACE]L.
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Figure 23: ORP150 does not interact with unmodified immature form of BACEL. HEK293
cells were transiently transfected with ORP150 e xpression plasmid. After 30 hours of
transfection, whole cell lysate (1 mg) was incubated with purified recombinant BACE1-GST or
GST-only protein (5 pg each) for 3 hours. GST-pull down assay was performed as described in
material and methods. Eluted proteins were subjected to SDS-PAGE for western blot analysis. As
a control, whole cell lysate was directly loaded to detect the expression and position of ORP150
(input). M is protein molecular weight marker.

Inversereation between ORP150 and CHIP

|. Effect of ORP150 on CHIP and of CHIP on ORP150 under normal conditions

Opposing role of E R-resident ¢ haperone (ORP150) and o f ¢ ellular ¢c haperone (CHIP)
over c ellular B ACE1 1 evels a nd ove r B ACE1-mediated APP-processingledt o the
investigation whether the two chaperones affect each other. To study this, each of the two
chaperones, O RP150 a nd C HIP were transfectedi na dos e-dependent m anneri n
HEK293-BACE]! stable cells. Increase in ORP150 was found to increase BACE1 levels
by 2.2 fold while it significantly reduced CHIP levels by 3 fold (Figure 24A — lane 3
and 1). However, increase in CHIP decreased both BACEL1 levels by 1.53 fold as well as
ORP150 levels by 1.32 fold (Figure 24B — lane 3 and 1). T hus, this data i ndicates
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distinct effect of ORP150 and CHIP over each other where E3 ubiquitin ligase activity of
CHIP plays major role in de creasing both BACE1 and ORP150 levels w hile O RP150
predominantly be ing a ¢ haperone s tabilizes BACEI. R educed C HIP 1 evelsi nt he
presence of ORP150 might be attributed to the auto-ubiquitylating activity of CHIP in the
presence of ORP150.
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Figure 24: ORP150 stabilizes BACE1 and reduces CHIP whereas CHIP reduces both
BACEL and ORP150. HEK293-BACE] stable cells were transfected with increasing amounts of
either A) ORP150-HA or B) myc-CHIP expression pl asmids. 30 hours p ost-transfection,
ORP150, BACE1, CHIP and GAPDH levels were determined by western blotting with ORP150,
M83, CHIP G2, and GAPDH antibodies respectively. Overexpression of ORP150 and CHIP was
confirmed using anti-HA and anti-myc antibody respectively. Data was expressed as mean = SE
from three independent experiments. Statistical analysis was performed by two-tailed t-test for the
significance at the * P < 0.05, ** P <0.01 and *** P <0.001.

I1. Mode of degradation of ORP150 by CHIP

CHIP has previously been shown to mediate proteosomal-mediated degradation of many
of its client proteins. In addition, CHIP acts a molecular switch between lysosomal and
proteosomal degradation for a-synuclein (Shin et al. 2005) Regulation of degradation of
ORP150 has not been studied so far. On observing a decrease in ORP150 levels on CHIP
overexpression, t he m ode of r egulation of O RP150b y C HIP was elucidated by

overexpressing CHIP in H EK293 cells both in the presence of pr oteosomal i nhibitor
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(MG132/10uM) a nd a n a utosomal i nhibitor (Chloroquine/100 p M) f or 18 hours.
Untreated cells t ransfected with empty pl asmid and myc-CHIP w ere us ed a s ¢ ontrol.
(Figure 25). Immunoblotting s howed de gradation of O RP150b y 1.2 6 fold int he
presence of CHIP (lane 2). It was recovered to normal level in the presence of M G132
(lane 3) and increased by 1.23 fold with respect to normal le vels in the presence o f
chloroquine (lane 4). Thus, these data suggests C HIP mediates de gradation of ORP150

by both proteosomal and lysosomal pathways.
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Figure 25: CHIP degrades ORP150 via both proteosomal and lysosomal pathways. HEK293
cells w ere ei ther k ept unt reated or t reated with constant am ounts o f m yc-CHIP e xpression
plasmid. 24 hours p ost-transfection, m yc-CHIP trasnfected cells w ere e ither k ept un treated or
treated with 10 uM M G132 or 100 uM chloroquine each for 18 hours. Western blotting w as
performed to determine ORP150 levels while overexpression of CHIP was confirmed using anti-
myc antibody. GAPDH was used as a loading control. Data was expressed as mean + SE from
three i ndependent expe riments. Statistical ana lysis w as pe rformed by t wo-tailed t-test for the
significance at the * P <0.05, ** P <0.01 and *** P <0.001.

[11. Effect of CHIP on BACE1 and ORP150 levels under varied stress conditions

It was next investigated i f t he t wo cha perones, ORP150 and CHIP al so r egulate each
other unde r va ried s tressed ¢ onditions. F or t his, H EK293-BACE1 stable cel Is w ere
exposed (Figure 26) to Tunicamycin for ER stress(lane 3 and 4), cumene hydroperoxide
for oxidative stress (lane 5 and 6), and hypoxia (0.1%) (lane 7 and 8) in the absence and

presence of CHIP and level of endogenous ORP150 and BACE] levels were analyzed by
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western bl otting. C HIP w as found t o pl ay du al role ove r O RP150 and B ACEl by
increasing ORP150 levels by 1.66 fold and BACE] levels by 1.16 fold under ER stress
condition (lane 4 and 3) while reducing ORP150 by 1.62 fold and BACEI levels by 1.18
fold under oxidative stress condition (lane 6 and 5). CHIP did not have any significant
effect over ORP150 and BACEI levels under hypoxia (lane 8 and 7).
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Figure 26: CHIP degrades ORP150 and BACEL under oxidative stress while stabilizes both
under ER stress. HEK293-BACE] stable cells were transfected either with empty plasmid or
myc-CHIP expression plasmid. 24 hours post-transfection, each pair was either kept untreated or
treated with tunicamycin for ER stress (4 pg/ml for 24 hours), or CHP for oxidative stress (200
UM for 2 hours) or hypoxia (0.1% for 24 hours). ORP150 and BACEI levels were determined by
western blotting. Overexpression of CHIP was confirmed using anti-myc antibody. GAPDH was
used as a loading control. Data was expressed as mean = SE from three independent experiments.
Statistical analysis was performed by two-tailed t-test for the significance at the * P < 0.05, ** P
<0.01 and *** P <0.001.

1V. Effect of ORP150 on BACE1 and CHIP levelsunder varied stress conditions

Similarly, HEK293-BACE] stable cells were exposed (Figure 27) to T unicamycin for
ER stress (lane 3 and 4), cumene hydroperoxide for oxidative stress (lane 5 and 6), and
hypoxia (0.1%) (lane 7 and 8) in the absence and presence of ORP150 and endogenous
CHIP and BACEI 1evels w ere a nalyzed. O RP150 s ignificantly reduced C HIP 1 evels
under all — ER stress (by 1.3 fold), oxidative stress (by 1.2 fold) and hypoxic stress (by
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1.3 fold). Also, ORP150 maintained BACET1 levels with significantly increasing its levels
especially under ox idative stress (lane 5 and 6). However, overexpression of ORP150
reduced BACEI] levels under hypoxic stress (lane 7 and 8).
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Figure 27: ORP150 degrades CHIP under ER, OS and hypoxic stress while maintaining
BACEL under Oxidative stress. HEK293 cells were transfected either with empty plasmid or
ORP150-HA expression plasmid. 24 hours post-transfection, each pair was either kept untreated
or treated with tunicamycin for ER stress (4 pg/ml for 24 hours), or CHP for oxidative stress (200
UM for 2 hours) or hypoxia (0.1% for 24hours). CHIP and B ACE]1 levels were de termined by
western bl otting. O verexpression o f ORP150-HA was ¢ onfirmed us ing anti-HA antibody.
GAPDH w as us ed as a loading co ntrol. D ata w as expr essed asm ean + S E fromt hree
independent experiments. S tatistical a nalysis w as pe rformed byt wo-tailed t-test f or the
significance at the * P < 0.05, ** P <0.01 and *** P <0.001.

Overexpression studies thus shows inverse effect of chaperones ORP150 and CHIP under
stress conditions, where CHIP inhibits Alzheimer’s progression by reducing ORP150 and
BACEI1 specifically under ox idative s tress w hile O RP150 pr omotes A Izheimer’s

progression by reducing CHIP and maintaining BACE1 under varied stress conditions.
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In vivo expression profile of ORP150, CHIP, BACE1 and AP42 in cortex of AD
patients

A large number of cellular stresses including oxidative, ER, hypoxia and inflammation
are involved in amyloid beta production in human AD brain (Chami et al. 2012). Men
and women give different biological response to cellular stress (Verma et al. 2011). To
examine the ex pression of ORP150, CHIP, BACE1 and AP42 in vivo, cortex from 12
pairs of age and sex-matched AD patients and non-demented controls was analyzed by
ELISA and i mmunoblotting. T he samples w ere further s ub-divided into 5 m ale and 7
female pairs (Table 1). ELISA was performed to detect cellular AB42 levels. The AB42
levels in AD p atients w ere compared to age and sex-matched non -demented ¢ ontrols
(Figure 28A). The plot showed a significant 3 fold increase in AB42 levelsin all AD
patients (n=12) as compared to controls (n=12) confirming the severity of the disease in
patient samples. A 3.9 fold increase in AB42 levels was observed in AD males (n=5) and

a 2.7 fold increase was observed in AD females (n=7) as compared to respective controls.

Next, immunoblotting was performed to detect the levels of ORP150, BACE1 and CHIP
in hum an brain. Frontal cortex from each patient and c ontrol was lysed in RIPA lysis
buffer in 1: 10 (w/v) ratio. The proteins were resolved on S DS-PAGE and probed with
anti-ORP150, anti-CHIP, anti-BACE1 and anti-GAPDH antibodies. GAPDH was used as
a loading control (Figure 28B). AD females showed a significant increase in CHIP levels
by 1.2 fold and a corresponding s ignificant de crease in BACEI levels by 1.5 fold as
compared to AD males (Figure 28C). This data confirms previously published cellular
data of inverse relation between CHIP and BACEI (Singh and Pati 2015). Comparison of
male AD patients with non-demented control males revealed a significant increase in the
levels of ORP150, CHIP,and BACE1 by 1.3 fold, 1.5 fold and 1.4 f old respectively.
While a significant decrease in the levels of ORP150, CHIP and BACE by 1.2 fold, 1.2
fold and 1.3 fold respectively was observed in female AD patients as compared to control
females (Figure 28D, E, F). Further, careful analysis of indi vidual patients with their
respective controls showed that in 5 male AD patients (patients 1-5) an increase in the
levels of ORP150 by 1.3 fold correlated with an increase in BACEI1 levels by 1.3 fold
along with an increase in AB42 levels by 3.9 fold. While in 5 female patients (patient 6-8,
10 and 11), a decrease in the levels of ORP150 by 1.3 fold correlated with a decrease in
the levels of BACE1 by 1.5 fold (Figure 28G). Also, in 3 male patients (patient 3 -5),
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increase in the levels of CHIPby2 fold correlated with an increase in the I evels of
BACE]1 by 1.6 fold while in 6 female patients (patient 6-11), decrease in CHIP levels by
1.2 fold correlated with a decrease in BACE] levels by 1.4 fold (Figure 28H). Thus, in
patient 1 and 2, an increase in ORP150 levels by 1.2 fold, caused a rise in BACEI levels
by 1.2f oldanda rise in AB42 levelsby4.5 fold. No changein CHIP l evels w ere
observed in these patients. While in patient 12, an increase in CHIP levels by 1.1 fold
caused a de creasein BACEl levelsby 1.2 fold. N o c hange in O RP150 l evels was
observed in this patient pair. Thus, this data suggests a s trong gender-specific crosstalk

between stress-responsive proteins - ORP150, CHIP and BACE1 in human AD brain.
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Figure 28: An antagonistic relation exists between CHIP and ORP150 in regard to BACE1
in cortex of AD patient. A) The lysates from human frontal cortices of AD patients and controls
were subjected to ELISA and AP42 levels were compared in AD patients (AD) compared to non-
demented (N) controls. B) The lysates from human frontal cortices of AD patients and controls
were subjected to immuneblotting and probed with antibody specific for ORP150, BACE1 and
CHIP. GAPDH was used as a loading control. The immunosignals were quantified by ImageJ and
plotted as follows. C) Levels of CHIP and BACE1 were compared in AD males (AM, n=5) and
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AD females (AF, n=7). All three proteins D) ORP150, E) CHIP and F) BACE1 were compared
between AD males (AM, n=5) and normal males (NM, n=5) and between AD females (AF, n=7)
and normal females (NF, n=7). The data was represented as mean + SEM. G) Line pl ot
representing direct relation between ORP150, BACE1 and AB42 in male and female AD cases.
H) Line Plot representing inverse relation between BACE1 and CHIP in male and female AD
cases. Statistical analysis was performed by two-tailed t-test for the significance at the * P < 0.05,
** P <0.01 and *** P <0.001.
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Discussion

Molecular chaperones display either protective or pathogenic role in the advancement of
Alzheimer’s disease (Marino Gamazza et al. 2016). BACEI] is at the cross-roads of a toxic
vicious cycle involving cellular stress and A3 production and is a promising therapeutic
target in Alzheimer’s disease (AD) (Cai et al. 2001; Chami and Checkler, 2012). A cellular
chaperone CHIP, mediates stabilization of A PP vi a pr oteosomal de gradation a nd p53 -
mediated trans-repression of B ACE1 (Singh a nd P ati 2015). This study shows that
silencing of an ER-resident chaperone ORP150 reduces BACE] levels under oxidative and
ER st ress. Ont he ot her ha nd, an overexpression of ORP150 s tabilizes B ACE1 a nd
enhances BACE1-mediated APP processing thus leading to increased AP production. The
level of ORP150 has direct relationship with BACEI in post-mortem cerebral cortices of
AD patients. Also, ORP150 and CHIP inversely regulate each other and cellular BACEI
levels unde r s tress ¢ onditions. T hese results s uggest thata significant balance b etween
ORP150 and C HIP may ul timately i nfluence AD pa thophysiology. Thus, t his f inding

might help future implications in designing chaperone-mediated new therapeutics for AD.
ORP150 stabilizes stress-induced BACEL1 levels

To unc over t he role of st ress-induced c haperone O RP150 in BACEI r egulation, t heir
expression profile were analyzed in this study under stress conditions along with silencing
of ORP150. Among the varied stress conditions, E R stress, oxidative stress and hypoxic
stress were selected as all these stresses are detrimental to Alzheimer’s progression (Tan et
al. 2013, Guglielmotto et. al. 2009, Lee et al. 2010; Placido et al 2014). Oxidative stress
showed a s imultaneous i ncrease i n bot h O RP150 a nd B ACE1 1 evels. Interestingly,
silencing of O RP150 r educed B ACEI | evels u nder ox idative s tress i ndicating r ole of
ORP150 in BACEI elevation under oxidative stress. This data complements with previous
studies s howing ox idative s tress-induced B ACE1l e xpression. T he stress-induced
upregulation of BACE]1, though not completely understood, is shown to be attributed to
transcriptional (Marwaha et al. 2012; Kwak et al. 2011), post-transcriptional (O'Connor et
al. 2008), translational (Mouton-liger et al. 2012) and post-translational regulation (Kizuka
etal. 2016). In addition, ER stress increased the overall level of ER resident chaperones
ORP150 as well as GRP78. However, a de crease in the 1evel of N-linked glycosylated

ORP150 w as associated with as imultaneous de creasei n thel evel of B ACEI].
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Glycosylation has previously been shown to play an important role in a protein’s structure,
function and stability (Arey 2012 ). Silencing of N-linked glycosylated O RP150 reduced
BACEI levels in tunicamycin-induced E R-stress. T hus, t his finding for the first time
shows functional role of N-linked glycosylation of O RP150 in stabilization of BACEI.
These r esults i n turn s upport the previously ob served r educed BACE] a ctivity in t he

presence of ER stress inducers (Sun et al. 2006).

However, unlike O xidative and ER stress, ORP150 and B ACE1 were inversely r elated
under hypoxic stress (i.e. 0.1 and 1% O,). Increase in BACE1 expression was associated
with a decrease in ORP150 expression. Previous reports show hypoxia inducible factor-1
(HIF1) as a transcriptional activator of BACE1 (Guglielmotto et al. 2009) and p53 as its
transcriptional repressor (Singh and Pati 2015). Moreover, an increase in BACE] level was
associated with an increase in HIF 1o levels and a decrease in p53 levels under low oxygen
concentrations thus indicating their r ole in inducing BACE1 expression under h ypoxic
stress. This data thus supports pr eviously publ ished H IF1-mediated i ncrease in BACE1
transcription under hypoxia (Guglielmotto et al 2009).

ORP150 interactswith BACE1

Subsequently it w as established that ORP150 and B ACE1 interact and co -localize, and
thus it was suggested that ORP150 might affect the regulation of BACEI, possibly through
their ¢ ellular i nteraction. B ACE1 s tructure, s ubcellular loc alization and/or a ctivity is
modulated by interaction with a large number of proteins including BRI3, GGA’s, LRP1,
and nicastrin among others (Hattori et al. 2002; He et al. 2005; Tanokashira et al. 2015).
This s tudy c learly s hows c ellular colocalization and interaction between ORP150 a nd
BACEI! as confirmed by confocal microscopy and FRET. The colocalization was observed
just outside the nucleus, which possibly is an endoplasmic reticulum-specific localization.
BACE]1 undergoes extensive post-translational modifications (PTMs) during its maturation
including g lycosylation, palmitoylation, a cetylation a nd phos phorylation (Capell et al .
2000). PTM’s of BACE1 are necessary for its interactions with many proteins (Venugopal
et al. 2008). Moreover, ORP150 interacts only with ~50kD form of BACEI] inside the cell
as confirmed by c o-immunoprecipitation but not in vitro as observed by GST-pull down
assay. Thus, cellular co-immunoprecipitation experiment further confirmed an ER-specific

interaction as the ~50kD form of cellular BACE1 corresponds to its initially s ynthesized
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ER-form w hich t hen, while pa ssing t hrough t he s ecretory pathway, undergoes P TMs
resulting in increase in its molecular weight to ~75kD (Capell et al. 2000). Consequently,
this finding as well as the initial finding of regulation of BACE1 by N-linked glycosylated
ORP150 proves that post-translational modification of both the proteins is necessary for
regulation of B ACE1 by O RP150. However, interestingly both glycosylated a nd
unglycosylated forms of O RP150 interacts with BACE1 unde r E R s tress. In a ddition,
ORP150 interacts with BACEI under oxidative stress but not under hypoxic stress. This is
in s ynchronization t o our finding o fr egulation of B ACEl by ORP150 under ER and
oxidative stress but not under hypoxic stress. Thus it can be concluded that although both
glycosylated and ung lycosylated O RP150 ph ysically i nteract w ith B ACE1, itis the
glycosylated O RP150 which is involved i n regulation of cellular BACE. In a ddition,
glycosylated ORP150 has been observed to be the endo genously expressing form in cells

as well as in AD patients.

ORP150 stabilizes BACE1 and mediates -processing of APP

The ¢ haperoning a ctivity of O RP1501 n f olding a nd m aturation of s ecretory and
glycoproteins has previously been reported (Lin et al. 1993; Kuznetsov 1998; Ozawa et al.
2001). Hence, it’s int eraction w ith BACE1 s uggests that the regulation of BACEI by
ORP150 might be consequence of stabilization by ORP150. Overexpression of ORP150 in
cellular models of AD increased cellular BACEI levels which in turn resulted in enhanced
B-amyloid processing o f APP and a ¢ orresponding increase in the levels of C -terminal
fragment 99 (CTF99) and APB42. Also, a correlated expression of BACE1 has earlier been
observed with other proteins like NOGO-B in s-IBM muscle thus affecting its activity over
APP (Wojcik et al. 2007). In contrast to this result, a previous study shows reduction in
AP42 levels by ER chaperones including ORP150 in HEK-APP stable cells (Hoshino et al.
2007). GRP78, another ER-resident chaperone, was shown to mediate stabilization of APP
and r educe A B42 1 evels b y di rect i nteraction w ith A PP. H owever, t he ex act r ole of
ORP150 in reducing AB42 levels was not explained. This contradiction might arise by the
non-involvement of BACEI in the study in HEK-APP stable cells (Hoshino et al. 2007). It
was however taken into consideration in this study by precisely observing stabilization of
BACEI and enhanced B ACE1-mediated APP processing by ORP150 in all cells namely
HEK293-BACE1, HEK293-APP and SHSY5Y neurblastoma cells. In addition, recently C-
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terminus of HSP70 interacting protein (CHIP) was shown to reduce AB42 generation via
BACEI degradation (Singh and Pati 2015). This study further shows inverse regulation of
cellular BACEI 1 evels by C HIP a nd O RP150 t hus, i nversely altering c ellular A 342
production. Similarly, CHIP and USP47 antagonistically regulate Katenin-p60 stability in
neuronal cells w here U SP47 de ubiquitinates a nd s tabilizes ka tenin p60 w hereas C HIP
ubiquitinates and destabilizes katenin-p60 thus critically influencing katenin-p60-mediated
axonal g rowth ( Yang et. al. 2013) . Further, s ilencing o f O RP150 reduced e ndogenous
BACEI1 levels. This data indicates that the increase in BACE1 levels by ORP150 is a post-
translational event as no significant changes are observed in BACE1 mRNA in ORP150
overexpressing cells. A lternatively, BACEI1 h alf-life 1 s i ncreased in the pr esence of
ORPI150 a fter 9 hour s of C HX t reatment. Post-translational r egulation of B ACEI is
significantly associated with both physiological and pathological conditions (Araki 2016).
Moreover, experimental evidence from this study suggests a significant physiological role

of ORP150 in BACE1-mediated APP processing.

AD brain shows gender -specific expression of ORP150, CHIP and BACE1

Levels of cellular chaperones Hsp70, Hsp27 and CHIP are elevated in AD brain and play
cytoprotective role in A D (Koren etal 2009; Zhang etal. 2014). Recent s tudy s hows
silencing of BACELI in vivo promoted translocation of CHIP from nucleus to c ytoplasm
(Piedrahita et. al 2015). An increase in CHIP was associated with a decrease in BACE1 in
female A D p atients when compared t o m ale A D patients. T his data thus c onfirms an
inverse relation between CHIP and B ACE1 (Singh and Pati, 2015). The mRNA level of
ORP150 is reported to be high in cellular and mouse models of AD (Hoshino et al. 2007) .
Correlated but strongly gender-specific expression of ORP150, CHIP and BACEI were
observed in AD affected frontal cortex where female AD patients showed lower levels of
ORP150, CHIP and B ACE1 while male AD p atients showed higher l1evels of ORP150,
CHIP and BACEI as compared to respective sex-matched controls. Likewise, a different
study s hows a nother br ain pr otein, activity-dependent ne uroprotective protein ( ADNP),
showing di fferential ex pression in males and females (Malishkevich etal. 2015) thus
contributing t o gender-specificity in autism a nd AD. Biological di fferences be tween
genders determine the gender-specificity of the occurrence of a 1 arge number of diseases

including A lzheimer’s, autism, autoimmune diseases and cardiovascular diseases (Hebert
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et al. 2001; Ngo 2014; Regitz-Zagrosek 2006). Alzheimer’s disease is more predominant in
women than men where increased life span of women, the presence of apoE4 allele and
lowered level of es trogen with age are s o far cons idered to be s ome of t he f actors
responsible for increased incidence of AD in women (Carter et al. 2012; Malishkevich et
al. 2015; Vina and Lloret 2010). Also, men and women give different biological response
to cellular s tress where f emales are s hownto be m ore vul nerable t o oxidative s tress
resulting 1 n i ncreased anti-oxidative me tabolism ( Schuessel et al. 2004). Asshowna't
cellular level, ORP150 showed direct relationship with BACE1 and APB42 in AD patients
as well though in a gender-specific manner. In addition, although C HIP showed inverse
relationship w ith B ACEI in male and female A D c ases how ever di rect r elationship of
CHIP with BACE1 has be en obs erved in A D patients w hen ¢ ompared t o s ex-matched
controls. Thus, t he observed gender-specific d ifferences i n the ex pression profile of
chaperones, O RP150 a nd C HIP, mightbe a c onsequence of the effect oft het wo
chaperones over each other under gender-specific varied stress response. In addition, this
study also emphasizes the need to consider gender-specific responses in clinic trials for

diseases as they are likely to respond differently.

ORP150 and CHIP inversely regulate each other under varied stress conditions

In vivo data from A D patients reveal direct relation of ORP150 and inverse relation of
CHIP in regard to BACEI levels in a gender-specific manner. Moreover, opposing effect
of ORP150 a nd C HIP, in ¢ ontrolling B ACEI 1 evels as well as AP42 pr oduction, is
confirmed in this s tudy in cellular m odels of AD. CHIP and U SP47 antagonistically
regulate ka tenin-p60-mediated a xonal growth dur ing ne uronal de velopment ( Yang et al.
2013). The e xpression a nd a ctivity o fm olecular ¢ haperonesi s r egulated a t bot h
transcriptional a nd pos t-transcriptional level unde r ox idative a nd pr oteotoxic s tress i n
various a ge-related diseases (Niforou et al. 2014). Subsequently, the role of ORP150 in
controlling CHIP and that of CHIP in controlling ORP150 was further established in this
study. Dose-dependent i ncrease in ORP150 led to ad ecrease in CHIP 1levels and an
increase in BACEI levels. The reduced CHIP levels in the presence of ORP150 might be
attributed to the auto-ubiquitylating activity o f C HIP (Plechanovova etal.2012). In
contrast, overexpression of CHIP resulted in decrease in the levels of both ORP150 and

BACEI1. CHIP mediates proteosomal and/or lysosmal-mediated degradation for many of
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its client proteins (Shin et al. 2005, kumar et al. 2007 ). However, this data shows both
lysosomal a nd pr oteosomal-mediated de gradation of O RP150b y C HIP. Thus,t he
antagonistic actions of ORP150 and CHIP in controlling BACEI levels, either directly or
indirectly vi a ¢ ontrolling each ot her, s hould be a critical m echanism f or c ells t o ke ep

BACEI at appropriate levels in preventing Alzheimer’s progression.

Several stresses 1ike E R st ress, oxidative st ress, hypoxic st ress a mong othe rs regulate
prognosis in Alzheimer’s disease (Jha et al. 2014). Multiple mechanisms regulate BACE1
under varied stress conditions (Kizuka et al. 2016, Wang et al. 2014). Antagonistic action
of ORP150 and CHIP in controlling B ACE1 under varied stress c onditions w as further
established. Overexpression of ORP150 decreased CHIP under different stress conditions
including ER, oxidative and hypoxic stress thereby maintained BACEI levels. However,
CHIP played a dual role under stress c onditions. It reduced both ORP150 and B ACEI
under ox idative s tress ¢ onditions w hile stabilized both under E R s tress ¢ ondition. T he
stabilization of ORP150 under ER stress could be attributed to the need for ORP150 as an
integral part of an ER stress response. Likewise, previous study shows bi-functional role of
CHIP both as a molecular chaperone and an E3 ubiquitin ligase, which controls APP in a
proteosome-dependent m anner and influence AP metabolism (Kumar et al. 2007). Thus,
the changes in the level of ORP150 relative to that of CHIP, and vice versa, especially
under varied stress conditions would critically influence BACEI levels and thus influence

AP42 generation in Alzheimer’s disease

Conclusion

The present study confirms the role of ORP150 as positive regulator of BACEL. ORP150
interacts with cellular BACE1 and controls its protein level and functions by promoting
stabilization of B ACEI a nd e nhancing B ACE1-mediated A PP pr ocessing a nd AB42
generation. Silencing of ORP150, on t he other hand, alleviates BACEI level in ER and
oxidative stress. Multiple chaperones might regulate Alzheimer’s progression by regulating
the key proteins responsible for AB42 generation (Marino Gamazza et al. 2016, Kumar et
al. 2007). Interestingly, ORP150 regulates cellular BACE]1 levels by inversely regulating
CHIP unde r E R, ox idative a nd h ypoxic s tress conditions. By contrast, C HIP r educes
ORP150 and B ACE1 1evels s pecifically unde r oxidative s tress. Consequently, a di rect
relationship between ORP150 and BACEI and an inverse relationship between CHIP and
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BACEIl is obs erved i n both m ale and female AD pa tients. Thus, in vivo data s hows
simultaneous s ynergy and antagonism be tween ORP150 and CHIP in AD patients in a
gender-specific manner in regard to BACEI levels. Based on the present findings, a model
is proposed for control of BACEI levels by antagonistic actions of ER resident chaperone,
ORP150 and the cellular chaperone, CHIP (Figure 29). Consequently, modifying the level
of these chaperones in human brain can significantly regulate BACEI levels and thus this

study can be exploited therapeutically in designing chaperone-mediated treatment of AD.
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Figure 29: Model depicting inverse regulation of BACE1 by chaperones ORP150 and CHIP in Alzheimer’s

disease.
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Appendix
Bacterial Culture Media

LB Medium

Dissolve 25 g m of LB ( Luria-Bertani) powder ( Bekton D ickinson) in 1 litre doubl e
distilled water. Sterilize the media by autoclaving for 15 minutes at 121°C /15 1b/sq. in.

LB Agar Plate

Dissolve 40 gm of LB Agar powder (DIFCO) in 1 litre double distilled water. Sterilize
the media by autoclaving for 15 minutes at 121°C /15 1b/sq. in. Allow LB A gar to cool
and just before pouring the plates, add appropriate antibiotic to the autoclaved media in

the required final concentration to be used as a selection marker.

Antibiotics Preparation

Ampicillin Solution (Bacterial)

Dissolve ampicillin salt in sterile water to make the stock solution of 100 mg/mL and
sterilize by filtration through a 0.22 micron disposable filter. Store the solutions at -20°C
for longer use and can be stored at 4°C for routine work. The working concentration was

100 ug/mL for both broth and plates.
Kanamycin Solution (Bacterial)

Dissolve kanamycin saltin sterile w ater to make the stock solution of 50 m g/ml and
sterilize by filtration through a 0.22 micron disposable filter. Store the solutions at -20°C
for longer use and can be stored at 4°C for routine work. The working concentration of

the antibiotic was 50 pg/mL for both broth and plates.

G418 Solution (Mammalian)

Dissolve G418 in sterile water to make the stock solution of 50 mg/ml and steriliz by
filtration through 0.22 micron disposable filter. Store the solutionat4°Canduseitat

respective calculated concentrations for the generating stable mammalian cell lines.
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Stock Solutions of Commonly Used Reagents

30 % Acrylamide

Acrylamide 29 gm
N, N’-methylene-bis-acrylamide 1 gm
Add ddH5O to make up the total volume to 100 mL and filter the solution. Store it at 4°C.

10 % Ammonium persulphate

Add 10 g m a mmonium pe rsulphate pow derin 100 mL of s terile ddH ;O and mix it
properly. Keep the solution at 4°C. The solution is stable for 2-4 weeks.

10 M Ammonium Acetate

Dissolve 385.4 gm of Ammonium acetate in 150 mL of water. Make up the volume to

500 ml. Sterilize the solution by autoclaving for 15 minutes at 121°C /15 1b/sq. in.

1M CaCly

Dissolve 147 gm of Calcium C hloride (CaCl,.2H,0O) in 1 liter w ater and sterilize the

solution by filtration with a 0.22 micron filter membrane.

1M DTT (Dithiothreitol)

Dissolve 3.09 gm of Dithiothreitol in 20 mL of 0.01 M Sodium acetate (pH 5.2) and store

at -20°C after filter sterilization with 0.22 micron filter.

05M EDTA

Dissolve 186.1 g m of Na,EDTA.2H,0 pow der in 800 mL of water. K eep on s haking
vigorously. A djust pH to 8.0 w ith NaOH (~20 gm of NaOH pellets). E DTA will not
dissolve completely until the pH of the solution reaches 8.0. Finally, add water to 1 litre

and autoclave the solution.

70 % Ethanol

Mix 70 m L of pure ethanol and 30 mL of sterile water to make up t he total volume to
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100 mL. Store it at 4°C.

Ethidium Bromide

Dissolve 100 m g Ethidium bromide tablet in 10 mL of water. Leave overnight at 37°C

shaker to dissolve the tablet completely and store in dark at room temperature.

50% Glycerol

To 50 m L of 100% glycerol, add sterile water to make up vol ume to 100 m I and mix

thoroughly. Sterilize it by autoclaving.

1M HEPES Buffer (pH 7.9, 8.0)

Dissolve 23.83 gm of solid HEPES salt in 80 mL of sterile water. Adjust the pH to the
desired value accordingly with the help of 1N NaOH. Make up the final volume to 100
mL with water. Filter the solution with a 0.22 micron disposable filter. The buffer should

be stored at 4°C.
1 M IPTG (Isopropyl-p-D-thiogalactoside)

Dissolve 2.0 gm of IPTG powder in 8 mL of sterile distilled water. Make up to total 10
mL w ith water to a final c oncentration of 200 mg/mL and sterilize the s olutionby
filtration t hrough a 0.2 2 micron di sposable f ilter. D ispense t he s olution i nto s mall

aliquots and store them at -20°C.
1M KCI

Dissolve 74. 6 g m of P otassium C hloride i n 11itre of w ater and autoclave. S tore the

solution at room temperature.

1M MgCl,

Dissolve 203.3 gm of Magnesium Chloride (MgCl,.6H,0) dry powder and make up the

total volume to 1 litre with water. Sterilize the solution by autoclaving.
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5M NaCl

Dissolve 292.2 gm of Sodium Chloride in 800 mL water and make up the total volume to

1 litre with water. Sterilize the solution by autoclaving.

10% NP-40 (Nonidet P-40) (v/v)

Make 10 % s olution of N P-40 detergent in sterile w ater by di luting from 100 % s tock

solution. This solution can be diluted as per requirement.

dNTP'sMix (dATP,dCTP,dGTP,dTTP)

Prepare 10 mM dNTP mix from a commercially available 100 mM dNTP mix in DNase
free MQ water and store in small aliquots at -20°C.

Phenol: Chloroform: 1soamyl alcohol

Mix 25 parts (v/v) Phenol (previously equilibrated in 150 mM NaCl/50 mM Tris-Cl, pH
7.5 and 1 mM EDTA) with 24 parts (v/v) Chloroform and 1 part (v/v) of Isoamyl alcohol.
Store in a dark colored glass bottle at 4°C.

Protease I nhibitors

All the protease inhibitor solutions were made as 100X concentration stock. They should
be added to the pre-cooled solutions just before use. All the protease inhibitor solutions
are active for 3-4 weeks at a storage temperature of -20°C. The required concentration of

the solutions is 1X.

Leupeptin 100 pg/mL in MQ
Aprotinin 100 pg/mL in MQ
Trypsin Inhibitor 100 pg/mL in MQ

100 mM Phenyl methyl sulphonyl fluoride (PM SF)

Dissolve 174 m g of P MSF pow derin 10 m L of isopropanol. D ivide t he s olution in
aliquots and store at -20°C. W ear gloves while handling the chemical. The half-life o f

PMSF in aqueous solution is 20 minutes. So, it should be added to the solution just before
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use.

10 % Sodium Dodecyl Sulphate (SDS)

Dissolve 100 gm of electrophoresis-grade SDS in 900 mL of sterile ddH>O. Heat to 68°C
and adjust the pH to 7.2 by adding a few drops of concentrated HCI. Adjust the volume to

1 litre with H>O. Store the solution at room temperature.

1M Tris(pH 6.8,7.0,7.2,7.4,75,8.0,838,9.1, 9.5

Dissolve 121.1 g m of Tris base in 800 mL of ddH»O. A djust pH to desired value by

adding concentrated HCI. Make up the final volume to 1 litre with water and sterilize by

autoclaving
10% Triton X-100 (v/v)

Add 10 mL of Triton X-100 detergent solution into 90 mL of water to make up the final

volume to 100 mL to get a final concentration of 10%.

10% Tween-20 (V/v)

Add 10 mL of Tween-20 detergent solution into 90 mL of water to make up the final

volume to 100 mL to get a final concentration of 10%.

Buffers

6X DNA L oading Buffer

Bromophenol blue 0.25% (w/v)
Xylene cyanol FF 0.25% (w/v)
Glycerol 30% (v/v)

4X Sample buffer (SDS gel loading buffer)

Tris-Cl, pH 6.8 200 mM
B-mercaptoethanol 4%

SDS 8% (w/v)
Bromophenol Blue | 0.4% (w/v)
Glycerol 40% (v/v)
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50X TAE buffer for 1litre

Tris Base 242 gm
Glacial acetic acid 57.1 ml
Na,EDTA.2H,O 37.2 gm

5X Trisglycine buffer for 1litre

Tris base 15.1 gm
Glycine 94.0 gm
SDS 5.0 gm

1X Tristransfer buffer for 1litre

Tris base 48mM
Glycine 39mM
SDS .037%
Methanol 20%

Buffersfor Proteins Purification

Purification with Glutathione Sephar ose

Lysis buffer
PBS (pH 7.4) 1X
Triton X-100 0.1%
PMSF 0.5 mM
Wash buffer
PBS (pH7.4) 1X
Triton X-100 0.1%
PMSF 0.5 mM

Elution buffer

Tris-HCI pH-8.0 50 mM
Reduced

Glutathione 20 mM
PMSF 0.5 mM
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Solution for Coomassie stain

Destain
Methanol 45 mL
Water 45 mL
Acetic Acid 10 mL
Coomassie stain

Dissolve 0.25 gm of Coomassie brilliant blue in 100 mL destain solution.
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