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Abstract

Development of B-amyloid purification
method and its identification as an inducer of
nuclear scaffold protease-mediated lamin
cleavage which occurs independently of

caspase activation

Vijaysankar Ramasamy
Advisor: Prof. Il Seon Park
Department of Biomaterials

Graduate School of Chosun University

The aggregation and accumulation of AB plays a significant role
in the pathogenesis of Alzheimer’s disease. AB oligomeric aggregates
are believed to be the main toxic species underlying the pathogenicity.
Understanding the mechanistic details of AB-induced cell death is crucial
to developing effective strategies to prevent and control AD. As
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evidenced by a number of cell-based experiments and animal model
studies, there are good correlations between the pathogenesis and
structural species of AB. In this study, an efficient system was
constructed to purify the peptides in soluble form. The target peptides
were expressed as inclusion bodies. Aps were purified after
solubilization of fusion protein in urea and cleavage by a
deubiquilinating enzyme. The cleaved peptide solution were then
subjected to Ni-NTA column and Reverse phase—-HPLC chromatography
to obtain homogeneous AP peptide. Further, to study the Ap binding or
interacting proteins, a FLAG tagged Ab42 vector system was developed.
The fusion protein was overexpressed, purified and their binding
efficiency was analyzed by using Immunoprecipitation and confocal

imaging methods.

. Next, we made an attempt to correlate specific protease(s) to
selected cell death-inducing agent. Particularly, non-caspase proteases
functioning in the cell death were interested, because roles of the
enzymes in the death process are relatively less understood. 3-amyloid
(AB), a hallmark peptide of Alzheimer’s disease (AD), was chosen as a
death inducer, because it is important in pathogenesis of the disease,

and its cell death inducing mechanism is not well understood.

2



Cytotoxicity, Caspases and their substrates processing were analyzed
using immunoblotting and enzyme assays. Our results show that lamin A
and B reduction and consequent nuclear morphological change occur in
cells treated by Ap42 before caspase activation. Data of our study
indicate that the reduction of lamin proteins may be due to NS protease
function. Suppression of NS protease by its inhibitor, AAPF-CMK,
effectively inhibited the cell death induced by AB42.This study provides
an idea that inhibition of NS protease might be an effective way to

control pathological process of AD.
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LINTRODUCTION

1.1 Amyloid beta cascade hypothesis

Accumulation of amyloid beta (AB) as amyloid plaques in the
patient’s brain is the primary event in the pathogenesis of Alzheimer’s
disease (AD). Other neuropathological changes such as neurofibrillary
tangles (NFTs), synaptic degeneration and neuronal cell loss are
secondary and appear as a consequence of AR deposition. AB is a 4.5
KDa peptide consist of 39-42 amino acid residues [1-5]. It is a proteolytic
fragment cleaved from the amyloid beta precursor protein (APP) by two
proteases, - and y- secretase. A third secretase, a- secretase cleaves
the AB sequence itself and is therefore usually considered as
nonamyloidogenic. a- secretase (a member of the ADAM family of
metalloprotease) and B- secretase (a membrane bound aspartyl
protease also called BACE) cleave the ectodomain of APP, resulting in
the shedding of APPsa- and APPsf. y- secretase finally cleaves the
transmembrane domain of the APP carboxy terminal fragments (a-CTF
and B-CTF), releasing p3 and AB peptide [6,7]. AB42 is neurotoxic and

more hydrophobic than AB40, thus it has stronger tendency to
6



oligomerize and aggregate. These neuronally generated AB monomers
and perhaps various oligomers are presumed to equilibrate within the
interstitial fluid of the brain. The imbalance between AR production and
AB clearance is the basis for the formation of amyloid plaques. Both
extracellular and intracellular accumulation of A initiates a cascade of
events leading to the Neurodegeneration: synaptic and neuritic injury,
oxidative damages, microglial and astrocytic activation, altered neuronal
ionic homeostasis, activation of Caspases / proteases and finally cell

death [7-11].

1.2 Amyloid beta aggregation and toxicity

Several pathogenic AB species that precede plaque formation
have been isolated from AD brains. These include low molecular weight
(LMW) oligomers; AB derived diffusible ligands or high molecular weight
(HMW) oligomers, protofibrils and fibrils. AB42 aggregation is a complex
multi-step reaction; the exact mechanism of aggregation is not fully
understood [12, 13]. A general view of the aggregation of soluble
monomers into insoluble fibrils involves two steps (i) nucleation, the
formation of the nucleus by association of a series of monomeric

7



peptides, (ii) and extension, the subsequent addition of monomers to the
existing nucleus. AB40 and APB42 have been shown to have distinct
aggregation pathways at early stage. Initial aggregation of AB42 involves
the formation of pentamers/ hexamers units, referred to as Paranuclei [9,
12]. Then AB42 paranuclei further oligomerize to larger forms, i.e. large
oligomers, protofibrils and fibrils. Two additional hydrophobic residues
lle at position 41 and Ala at position 42 may play important role in
enhanced toxicity and faster aggregation properties of AB42 compared

to AB40 [14 — 16].

Previous reports implicated that the deposited fibrils around the
neuronal cells are responsible for the cell death in AD brains. But recent
evidences suggest that this toxicity may be linked to the oligomers
rather than the insoluble fibrils. While both are found in the brains of AD
patients, soluble AB oligomers are better correlated with the disease
severity than the fibrillar deposits. Furthermore oligomers are found both
extracellularly and intracellularly and are capable of moving between the
extracellular space. However Ap oligomer structure, size, conformation
and interrelationship with other amyloid aggregates, as well as the exact

mechanism of oligomer induced toxicity remains elusive [17- 20].



.3 Amyloid beta: Interaction with membranes and

intracellular proteins

The mechanisms through which of AB monomers, oligomers
and other APP metabolites that lead to synaptic damage and
neurodegeneration is not completely clear. A number of possibilities are
under investigation, one of the main focuses is receptor mediated
toxicity. Several research groups reported that extracellular AR
oligomers binds the cell surface leading to functional disruption of
number of receptors including the N-methyl-D-aspartate (NMDA)
receptor(1), Nerve growth factor (NGF) receptor, p75 neurotropin
(p75NTR) receptor. AB disrupts NMDAR dependent long term
potentiation by interfering with Calcinurin and Calmodulin dependent
protein kinase Il. Another study showed that Ap oligomers bind to the
Frizzled receptors and inhibit the Wnt signaling pathway which is
essential for axon guidance and synapse formation. A recent study
identifies the cellular prion protein (PrP°) as an AB oligomer receptor [21
— 26]. The maintenance of plasma membrane integrity is critical for cell
viability. An increase in membrane permeability and intracellular calcium

concentration has long been associated with amyloid pathogenesis.



Recent reports also proved that AB can form membrane channels and
disrupt calcium homeostasis. A study by Demuro et al showed that
amyloid oligomers consistently produce rapid and dramatic elevations in
Ca?*, whereas equivalent concentrations of monomers or fibrils do not.
Once AB channels are formed on neuronal membranes, the disruption of
calcium and other ion homeostasis may promote numerous
degenerative processes, including free radical formation, and
phosphorylation of tau, alterations in glutamate receptors and
excitotoxicity; circuitry hyper excitability; mitochondrial dysfunction [27 —
33]; lysosomal failure and alterations in signaling pathways related to

synaptic plasticity and neurogenesis.

In addition to extracellular AB, there is a large body of evidence
to demonstrate that AB accumulates intracellularly. Several pathways
have been proposed to mediate the event. Internalization via
endocytosis and accumulation in the endosomal / lysosomal system
have been suggested by an earlier study. It has been reported that A is
internalized through the advanced glycation end products receptor
(RAGE). Another data provided evidence that A accumulation in
neurons inhibits the activities of proteasome and deubiquitylating

enzymes. Accumulation of A has also been observed in mitochondria
10



[30-36]. Progressive accumulation of intracellular AB in mitochondria is
related to diminished enzymatic activity of respiratory chain complexes
Il and IV, and a reduced rate of oxygen consumption. The interaction of
ApB with amyloid beta binding alcohol dehydrogenase (ABAD) leads to
the dysfunction of mitochondria and generation of reactive oxygen
species (ROS) by abrogating ABAD’s 4-HNE detoxifying properties.
Binding of AP to the a7 nicotinic acetylcholine receptor with high affinity

results in receptor internalization and accumulation of Af intracellularly.

Several studies have shown that a number of signaling proteins,
including fyn kinase [37], glycogen synthase kinase-33 [GSK3(] and
cyclin-dependent kinase-5 [CDK5], are involved in neurodegenerative
progression of AD. Other signaling pathways that have been
investigated include members of the MAPK family such as ERK and
JNK as well as other pathways such as p21-activated kinase. Abnormal
activation of signaling pathways might lead to synaptic failure and
altered neurogenesis by promoting Tau phosphorylation and
aggregation, cytoskeletal abnormalities, activating Pro-apoptotic
pathways and induces calcium and calpain dependent proteolysis [37-

43].

11



Caspases and Caspase-independent mechanisms in

apoptosis

Caspase is one of well-known proteases related to cell death
[44]. The apoptotic enzyme is synthesized as a zymogen form which is
activated by apoptotic signal. Among the two well-defined apoptotic
pathways, receptor-mediated apoptosis, or extrinsic apoptosis is
characterized by the formation of the death-inducing signaling complex
(DISC). On the other hand, chemical-induced apoptosis or caspase-
dependent intrinsic apoptosis leads to mitochondrial damage, resulting
in the release of cytochrome ¢ which associates with caspase-9, dATP
and an adaptor protein Apaf-1 to form a multiprotein complex called
apoptosome. The DISC and apoptosome complex activate procaspase-
8 and procaspase-9, respectively. Once activated, caspase-8 and -9
then process effector caspases, including caspase-3, -6 and -7 which
are responsible for most of the cleavage events observed during
apoptosis. Beside the two apoptotic pathways, endoplasmic reticulum
stress involved in neurodegenerative disease including Alzheimer’s
disease induces caspase-4 activation by the unfolded protein response

signaling pathway [45].

12



Other proteases than caspases have been identified to
participate in the death process. For example, a mitochondrial serine
protease Omi/HtrA2 is released in the cytosol, where it contributes to
apoptosis through both caspase-dependent and -independent pathways
[46]. It proteolytically removes not only natural inhibitors of caspase
such as XIAP and clAP1 to assist caspase activation, but also many
other target proteins which might mediate caspase-independent
apoptosis. Lysosomal cathepsin proteases are other example for death-
inducing protease. They are released to cytosol by a process known as
lysosomal membrane permeabilization [48]. The proteases in cytosol
can induce both caspase-dependent and —independent cell death
(reviewed jmcb 5:214). The calcium-dependent proteases, calpains,
have been also implicated in cellular apoptotic processes (47). The
proteases process several members of the Bcl-2 family of cell death
regulators and caspases [49]. The ubiquitin-proteasome system also
contributes to cell death (50). Besides those exemplified proteases,
other proteases such as matrix metalloprotease, amino peptidase and
have been suggested to play a critical role in apoptosis or other cell

types of cell death [51].

13



1.4 Amyloid beta and Apoptosis

The eventual consequence of AP interactions to extra- and
intracellular proteins is the induction of cell death process through
different biochemical events such as the activation of caspases, which
has been a strong evidence for involvement of apoptosis in the death
process. Extensive evidence shows that apoptosis is involved in
neuronal loss in AD [52]. The apoptosis, also known as programmed cell
death, involves a series of biochemical events, both mitochondrial and
non-mitochondrial.  The mitochondria-mediated apoptosis is
characterized by the formation of apoptosome, a multiprotein complex
composed of cytochrome c released from mitochondria, Apaf-1, dATP
and Caspase-9 which becomes activated in the complex [53]. On the
other hand, extracellular ligands such as TNFa, CD95 and TRAIL bind
to the death receptors to form death inducing signaling complex (DISC)
which activate caspase-8 in non-mitochondrial receptor mediated
apoptosis [54]. Once apoptosome complex and DISC activate the
initiator caspases, procaspase-9 and procaspase-8 respectively, it
process the effector caspases such as caspase-3, -6 and -7 which are
responsible for most of the downstream effects of apoptotic processes.

Studies have shown that Ap induced the apoptosis process both in vitro
14



and in vivo systems. Several hypotheses have been proposed for the
mechanisms followed by AP to induce apoptosis. The mitochondrial
release of apoptosis inducing factor (AlF) in cultured neurons ( ) and the
release of cytochrome c from isolated mitochondria [53] in presence of
Ap have been suggested, which subsequently initiates a caspase-
independent apoptosis by causing DNA fragmentation and chromatin
condensation [55]. On the other hand, direct induction of apoptosis by
AB has been reported by demonstrating the activation and processing of
caspase-3 in rat cortical neurons after Ap application. The presence of
caspase inhibitor has been found to block Af induced apoptosis without
affecting the cell death by the peptide, which indicates different
pathways following by Ap to kill the cells. The exact mechanism of AB
induced apoptosis and its correlation with cell death, however remains

indistinct.

I1-6. Outline of the Thesis:

The thesis focused on development of $-amyloid purification method
and tried to understand the role of amyloid beta in caspase processing
and cytotoxicity. The initial part of the thesis focused on the
development and comparison of two methods of B-amyloid purification

15



and its positivities. The later portion investigates the role of f-amyloid as
an inducer of nuclear scaffold protease that cleaves nuclear lamin

proteins independently of caspases activation.

1. An improved method was discussed for the production of
recombinant amyloid beta peptide by comparing two different
methodologies. Amyloid beta co-expressed with inclusion body
forming or Solubilization facilitating fusion partners were used

for the study.

2. To explore and understand the amyloid beta interacting proteins
a FLAG tagged AB system was developed, purified and its

efficiency was analyzed.

3. A comprehensive study has been carried out to better
understand the AB mediated caspase processing and early
events of cytotoxicity. Protease inhibitor Screening (P1S) method
was applied to identify the inhibitors that can reduce the cell
death induced by AB42. The results provides an interesting clue
towards a Nuclear Scaffold protease and its lamin cleaving

property independently caspase activation.

16



4. In addition, experiments were carried out to understand the
interaction and effect of AB42 on purified recombinant Caspases

and also in cultured cells.

17



Il. Purification of recombinant B-amyloid peptide
expressed with inclusion body-forming or
solubilization-facilitating fusion partner proteins

II-1. INTRODUCTION

The proteolytic cleavage of the amyloid precursor protein by o-,
B- and y- secretases generates 36-43 amino acid-long B-amyloid (AB)
[1-4]. The native AB forms B-sheet-rich intermediate structures after the
spontaneous conformational changes. The intermediate peptides are
structurally unstable in the aqueous environment and interact with each
other to form aggregates such as oligomers, protofibrils and fibrils [5-7].
Those aggregates play a critical role in determination of cell fate. It was
suggested that the progressive deposition of the aggregated AR
peptides in brain parenchyma and cerebral blood vessels leads to the
neurodegenerative disorder, Alzheimer’'s disease (AD) [8]. Recent
studies, however, support soluble AB42 oligomers and protofibrils
formed during A fibrillogenesis as a principle inducer of the neuronal
cell death and the disease, because they are more toxic than the
monomeric species and fibrils and there are evidences of correlation of

the soluble peptides and AD pathogenesis [5, 7].
Understanding the mechanistic details of AB-induced cell death

18



is crucial to developing effective strategies to prevent and control AD. As
evidenced by a number of cell-based experiments and animal model
studies, there are good correlations between the pathogenesis and
structural species of AB. For those studies, AR peptide and its natural
variants such as those associated with familial AD (FAD) have been
widely used and various methods have been employed to prepare the
peptide. Chemical synthesis of the peptide has been a conventional
method for preparation of AR peptide. However, the high contents of
hydrophobic amino acid and relatively large size of the peptide make the
synthesis difficult [56, 57. 58]. Restrictions often encountered in the
chemical synthesis of such peptides are on-resin aggregation resulting
in inferior yields, chemical and physical heterogeneity and impurities
(59). To circumvent many of those problems, recombinant technology
has been developed, in which AR peptide is expressed in E. coli and is
purified by conventional purification methods [60]. Using the methods
with additional site-directed mutagenesis, desired AB sequence and
length variants could be readily prepared. The method was also
applicable to preparation of other amyloid-forming peptides. The purified
recombinant AB42 (42 amino acid-long AB) showed faster aggregation

and slightly higher toxicity compared with synthetic AB42 [61]. The

19



robust amyloidogenic property and toxicity of the recombinant AB42 was
speculated to be due to the absence of impurities found in synthetic AB
which may prevent or slow AB incorporation into growing AP fibrils [61].
However, biological production of AR peptide is not easy task, either,
because of its propensity of aggregation, resulting in difficulty in the

following purification process.

ll-2. Previous results

Recombinant AR peptide could be expressed alone without
other partner proteins [ref]. However, additional methionine was present
in the N-terminal end of the peptide and removal of the amino acid
greatly reduced the productivity of the method. On the other hand,
methods employing a fusion protein composed of AB and partner
proteins facilitating the expression and purification steps were shown to
be efficient in generation of pure, authentic AR peptide. Thus, we here
focused on AP fusion proteins in the current protocol. As a fusion partner,
several proteins such as maltose binding protein [62, 63, 64] [65, 66],
ubiquitin and NANP have been previously employed. A cleavage site is
also included in the fusion proteins to cleave off the partner protein from

the target AB peptide.

20



Most of fusion proteins constructed and utilized for purification
of AB peptide generally formed inclusion bodies except MBP-based
construct [60]. The inclusion bodies containing AB fusion protein was
solubilized by chaotrophic agents such as urea and guanidine for the
following cleavage reaction and purification steps. We have been
concerned with two points in the overall steps of the purification: i) the
chaotrophic agents could interfere with the cleavage reaction which,
usually mediated by enzymes, was undertaken after the solution of the
fusion protein was diluted with buffers in the several studies (ref). In the
case, the fusion protein might aggregate again to reduce the
performance of the cleavage reaction; ii) after the cleavage, AR might
start the fibrillogenic process, generating several heterogeneous
structural species of the peptide. Fibrils and other aggregates of AB

peptide might result in problems in the next step of purification.

Usp2-cc, a deubiquitylating enzyme, retains its activity even in
the presence of 3-4 M urea (ref). This implies that the cleaving step can
be performed without removal of urea and moreover, the chemical
prevents aggregation of cleaved peptide [60], enabling us to carry out
the whole purification steps without removal or dilution of urea. A Hisg-

GroES-ubiquitin-AB fusion protein was constructed to purify AR by

21



exploiting the findings: Hisg was for the affinity purification of the fusion
protein; a bacterial chaperon protein GroES was selected as a fusion
partner because the fusion protein was relatively small (10.4~kDa),
highly expressed in E. coli and formed the inclusion bodies [60];

ubiquitin was for the cleavage.

Hise-GroES-ubiquitin-AB fusion protein was highly expressed in
E. coli and major parts of the protein were recovered as inclusion bodies
(200 mg/1 liter culture). The fusion protein comprises the main part of
inclusion bodies (approximately 80%), which facilitated the next step of
purification. The inclusion bodies were initially solubilized in a buffer
containing 6 M urea and then diluted with the same buffer to make the
final concentration of urea 3 M under which the fusion protein was still
soluble and the cleaving enzyme Usp2-cc was active enough to cleave
off AB peptide, as expected. The AR peptide maintained its soluble state
even after the cleavage, which enabled us to apply the reaction mixture
directly to a reverse phase column. ~8~15 mg peptide was obtained per

1 liter culture of the bacteria depending on AR variants.

The following development to purify AR peptide was focused on
construction of a fusion protein that is soluble without the aid of the

chaotrophic agents. This system would be efficient in purification of
22



aggregation-prone proteins and peptides, because it could enable
purification of those proteins and peptides in soluble form without the
solubilization steps (ref). This made solubilization and refolding process
unnecessary for recovery of biological activity of the proteins and
peptides. The MBP-AB fusion protein was a potential system for the
purpose, because the MBP-TEV protease recognition site-AR40 fusion
protein was expressed as a soluble protein and the target peptide 40
amino acid-long AB40 was readily purified from the protein by cleavage
by TEV protease and several steps of chromatography. MBP-(Ala)s-
AB42 was also recovered in the soluble part of E. coli cell extract,
although authentic AB peptide was not purified (ref). However, AB42 has
not been purified from the soluble part of E. coli cell extract to our
knowledge in the system. Furthermore, our previous trial to employ the
MBP system showed that large part of MBP-AB fusion proteins were
recovered in the inclusion bodies [60]. We therefore searched for other
protein as a fusion partner that can make whole fusion protein soluble.
After screening E. coli proteins, we selected trigger factor protein (TF)
as a fusion partner for producing the soluble fusion protein without aid of
chaotropic agents [60]. Ubiquitin was also inserted between TF and AR

for the cleavage of fusion partner as the GroES system. Hisg-TF-
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ubiquitin-AB protein was soluble and ready for the next cleavage and
purification steps without any aid of chaotrophic agents, complying with
the wanted property. Comparable amount (~8 mg of AB42 peptide per 1

liter of E. coli cell culture) was produced.
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Usp2cc cleavage

AT Ndel  BamHI ane B Ndel  BamHI Xhol
Xhol
His6H GroES H Ubiquitin His6| TF | Ubiquitin | A
Me----Q-R-G-G

Fig. 1. Schematic representation of the AR fusion proteins; (A) GroES-Ub-

AB42, (B) Trigger factor-Ub-AB42.
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lI-3. Experimental design

The general procedures for the purification of AR peptide based
on the GroES system are shown in the figure 2A. One key aspect of the
protocol is maintenance of the fusion and target protein in a soluble
state. Once the inclusion bodies were solubilized by 6 M urea, the
proteins stay in solution with the aid of urea during the removal step of
the fusion partner protein (Hise-GroES-ubiquitin) and purification steps
of the target peptide until it is finally purified, enabling to maintain the
concentration of protein high enough, which is advantageous for higher

yield of protein.

In the initial protocol, the cleavage reaction mixture of the fusion
protein was directly applied to the reverse-phase column. One drawback
to the method was the limited amount of the protein applicable to the
reverse-phase column, because of the fusion partner protein which
comprises a major part of the cleavage reaction mixture and reduces the
capacity of the column. More serious problem was that the column
performance was deteriorated so rapidly that the column recovery
process was frequently necessary. We speculated that the deteriorated

performance was due to aggregation of fusion partner protein (Hise-
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GroES-ubiquitin) in the column by organic solvent used during the
chromatography. Thus, the cleaved fusion partner was removed using
Hise tag at the front of the GroES and conventional Ni-NTA column
chromatography before the application to the reverse-phase column. It
is critical to increase urea concentration in the chromatography to
selectively elute AR peptide in the flow through fraction, because the
peptide was found to bind the resin of the column in the presence of
urea at concentrations lower than 6 M. The procedures for the
purification of A peptide based on the TF-ubiquitin system are shown in
the figure 2B. The purification method is similarly performed as found in

those of the conventional methods.
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A. B.

Timing Timing
Solubilization of Inclusion bodies in -1h Preparation of cell extracts 1h
6 M urea buffer
v
Ni2* -NTA column chromatography -1.5h  Ni?*-NTA column chromatography  _1 p
with 6 M urea (optional) l
¥
Digestion of the fusion protein from Digestion of the fusion protein from
the fractions with Usp2ccin 3 M 2h the fractions with Usp2cc -2h
urea buffer
v l
Ni2* -NTA column chromatography 45h HPLC purification -1h
with 6 M urea
1\
HPLC purification -1h

Fig. 2. Schematic step wise representation of the purification system: (A)
for inclusion body forming fusion partner (GroES-Ub-AB42). (B) for

solubilization facilitating fusion partner (TF-Ub-AB42).
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lI-4. MATERIALS AND METHODS

ll-4. 1. Reagents

Tris (hydroxymethyl)-amino methane (USB products), Hydrochloric acid
(32% WI/V), Sodium chloride, Thioflavin-T(Sigma), Glycine, EDTA,
Kanamycin (Amresco), Bacto-peptone, Bacto-Yeast extract (Bector,
Dickinson and Company), Triton X-100, DTT, B-mercaptoethanol,
PMSF, Acetonitrile, Urea, Ammonium acetate, Bradford reagent (Bio-
Rad), Acetonitrile (Merck), Ammonium hydroxide, PBS (phosphate

buffered saline), Imidazole, HFIP.

llI-4. 2. Equipments

e 2L culture flasks, 250 ml culture flasks,

e 500 ml polyethylene centrifuge tubes,

e Shaking incubator (Jeiotech-SI900R),

e High-speed refrigerated centrifuge (Hanil-Supra 22k),

e Multi-purpose refrigerated centrifuge (Hanil-Union 55R),
e Autoclave,

e iLshin freeze dryer,

e Centrifugal vacuum concentrator (Biotron),

e Ultrasonic cell disruptor (Microson — XL2000),
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e AKTA explorer Fast Protein Liquid Chromatography system
(Amersham Pharmacia Biotech),

e Hamilton PRP-3 reverse HPLC columns (79147) — (10 um, 300
A, 21.2 x 250 mm)

e Preparative Liquid chromatography system (Shimadzu — LC 8A),
e Water bath Sonicator (Branson 8210),

e Ni#*-NTA columns (XK-26 Amersham Pharmacia biotech)

e UV visible spectrophotometer

e Syringe filters (0.22 M)

llI-4. 3. Equipment setup

Equilibration of Ni-NTA columns — XK 26 Ni-NTA columns were
connected to an AKTA explorer FPLC chromatography system,
equipped with a UV detector and fraction collector and equilibrated with
3 column volumes of (20mM Tris-HCI (pH 8.0), 300mM NaCl, 1mM (-
mercaptoethanol and 6M urea) for inclusion body purification step. The
upper operational pressure limit was set to 1.8 MPa with the flow rate of

10ml / min.

Equilibration of Hamilton PRP-3 columns for HPLC — Columns were
connected to Shimadzu preparative liquid chromatography unit,

equilibrated with 3 column volumes of 30 mM Ammonium acetate with 2%
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acetonitrile in water for amyloid beta purification. The upper operational

limit was set to 22 MPa with the flow rate of 10 ml/min.

I1-5. Procedure

II-5. 1.

1)

a.

Preparation of large scale culture

Seed culture

BL21 pLysS transformed with pET28-GroES-Ub-AB (1-42) or
pET28-TF-Ub-AB (1-42) was inoculated in each flask containing
50 ml LB media supplemented with kanamycin to a final

concentration of 30 pg/ml (in 250 ml flask) x 6 (for 6 L culture).
Incubated at 37 °C overnight with shaking at 220rpm.

Large culture; Volume : 6L( 2.4 L flask x 6)

seed culture was Spin down at 4000rpm for 10min at 4°C and
the supernatant was discarded.

cell pellet was added into 1L pre-warmed LB media
supplemented with kanamycin to a final concentration of
30ug/ml.

Incubated at 37°C with shaking at a speed of 220 rpm until

ODggg reaches 0.6-0.8

Plasmid expression was induced with 400 uM / L concentration
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of IPTG and the culture was further incubated for 4h
3) Harvesting the cells

a. cells were harvested by centrifuging at 4000 rpm for 10 min at 4°

C and washed with 50mM Tris-HCI + 150mM NaCl + 5§ mM
EDTA ( 20mL/1 L culture)
b. cells were collected in 50ml conical tube by centrifuging at
4000rpm for10min at 4°C
c. cell pellets were stored at -20°C until lysis.
lI-5. 2. Preparation of Inclusion bodies, solubilization and
Ultra-filtration of soluble protein
1. 20ml of Lysis buffer was added to the cell pellet and
resuspended
Lysis buffer: (50mM Tris-HCI (pH 8.0)+150 mM NaCl+5 mM
EDTA+0.5% triton X-100+1mM DTT+0.1mM PMSF).
2. Keptin ice for 30min.
3. Cell extract was prepared by using ultra sonic cell disruptor
4. Lysate centrifuged at 10,000rpm for 30minutes
5. Supernatant was discarded and the pellet was saved
6. Then the pellet was washed with Washing buffer | for 3 times

(50mM Tris-HCI (pH 8.0) + 150mM NaCl + 5 mM EDTA + 0.5%
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triton X-100 and 1mM DTT).

7. Wash the pellet with Washing buffer Il (50mM Tris-HCI (pH 8.0) +
150mM NaCl + 5 mM EDTA + 1 mM DTT) twice. Inclusion bodies
were collected by centrifugation at 10,000rpm for 30minutes.

8. The pellet was stored in -20~-70 for the later use.

1I-5. 3. Solubilization
1. 20ml/L of solubilization buffer was added and incubated for
30minutes at room temperature.
Solubilization Buffer: 50mM Tris-HCI, 150mM NaCl, 2mM -
mercaptoethanol, 6M Urea
2. Soluble proteins were collected by centrifugation at 18000 rpm

for 30minutes.

lI-5. 4. Purification of Inclusion body using Ni2+-NTA column

chromatography

1. Before injecting the soluble proteins into the column, the column
was equilibrated with 3 column volumes of Buffer A - (20mM

Tris-HCI (pH 8.0), 300mM NaCl, 1mM B-mercaptoethanol and
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6M urea).

Then the soluble proteins were injected in to the column at the
flow rate of 10ml / min, Flow through was collected for further
analysis.

After the soluble protein injection, the column was washed with
3 column volumes of Buffer A at the flow rate of 10ml / min.

For elution, 6 column volumes of Buffer B - (200mM NaH,PO,
(pH 4.0), 10mM Tris-HCI, 1mM B-mercaptoethanol, 6M urea)

was used and fusion proteins have been collected.

1I-5. 5. Digestion of GroES-Ubiquitin-AB (1-42) fusion protein

with Usp2cc enzyme

1.

The protein samples were diluted 3-times in Buffer A and urea
added accordingly to maintain the final concentration of 3M to
avoid precipitation of fusion protein (keep protein concentration
up to 4-5mg/ml) immediately before digestion.

For digestion, a final concentration of 2mM B-mercaptoethanol
and Usp2cc enzymes at 1:50 weight ratio (enzyme : substrate)

or a 1:100 molar ratio was added and incubated at 37°C for

2hrs.

After incubation, the digested protein sample was sonicated on
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water bath for 10min followed by centrifugation at 18,000rpm for
30 minutes

4. Save supernatant for the next step purification

II-5. 6. Purification of AB (1-42) using Ni**-NTA column

chromatography

1. Urea concentration of the protein sample was increased to 6M
prior to Ni** column injection.

2. The column was equilibrated with 3 column volumes of Buffer A
(20mM  Tris-HCI (pH 8.0), 300mM NaCl, 1mM -
mercaptoethanol and 6M urea.

3. Digested fusion proteins were injected in to the column at the
flow rate of 10ml / min, Flow through was collected and kept on
ice.

4. After the sample injection, the column was washed with 3
column volumes of Buffer A at the flow rate of 10ml / min.

5. For elution, 4 column volumes of Buffer B (20mM Tris-HCI (pH
8.0), 300mM NaCl, 1mM B-mercaptoethanol, 6M urea and 250

mM Imidazole) was used and the fractions were collected for
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further analysis.

lI-5. 7. HPLC: Separation of amyloid beta peptide on polymer

based column

1.

Reverse phase chromatography column was equilibrated with 3
column volume of Buffer A and AB containing Ni** column
fractions were injected on to the column. (loaded 100mg total
protein per injection)

The column bound AR peptide was eluted with a gradient of
HPLC B buffer over 60 minutes.

Column: Hamilton PRP3 (79147) — (10 um, 300 A, 21.2 x 250

mm)

Flow rate: 10ml/min

HPLC buffer A: 10mM Ammonium acetate, pH 10 in 2%
acetonitrile

HPLC buffer B: 70% acetonitrile

Gradient: Linear 0-20% buffer B over 5 minutes. Then 20% - 40% B in

30minutes and 40% - 100% B for next 30 minutes.

3. Peptide fractions were collected in 50ml conical tube and
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lyophilized.
II-5. 8. Purification of AR (1-42) fused with Trigger factor-

Ubiquitin

1. E.Coli cells transformed with pET28-TF-Ub-AB (1-42) vector
were overexpressed and harvested by centrifugation at 4000

rpm for 10 min at 4°C.

2. Cell pellets were lysed with 20mM Tris-HCI (pH 8.0), 10mM
NaCl, 0.1 mM EDTA, 1mM B-mercaptoethanol) and centrifuged
at 20,000 rpm for 1h.

3. The soluble fraction was applied to a Ni-NTA column
equilibrated with 3 column volumes of Buffer A (50mM Tris-HCI,
pH(8.0), 150mM NaCl, and 1mM (-mercaptoethanol).

4. Then the column was washed with 5 column volumes of Buffer
A and the protein was eluted with Buffer B (Buffer A+250 mM
imidazole).

5. Fractions containing fusion proteins were quantified, diluted 2-
fold and incubated with Usp2cc enzyme in 1:100 enzyme-

protein molar ratio at 37°C for 2h.
6. The samples were then centrifuged and subjected to preparative
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reversed-phase HPLC with a solvent system buffer A (30mM
ammonium acetate, pH 10.0, and 2% acetonitrile) and buffer B
(70% acetonitrile in water) at a flow rate 10ml/min using a 20% -
40% linear gradient over 35 mins

Peptide fractions were collected in 50ml conical tube and

lyophilized.

1I-5. 9. Aliquoting and Storage

1.

The purified peptides were weighed and dissolved in 100%
1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) at a concentration of
0.5 to 1 mM and sonicated in water bath until the peptide
solution becomes clear.

A small quantity of clear peptide solution was dried under
vacuum and suspended in 0.1% NH4OH and the concentration
of peptide measured by BCA method.

0.5 mg aliquots were made in an sterile tube, vaccum dried to

evaporate HFIP and stored at -20°C.
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1I-5. 10. Aggregation kinetics using thioflavin (ThT) binding

assay

1. Each AB was dissolved in PBS (300 ul) and allowed to

aggregate at 37 °C for the indicated time without shaking.

2. At the end of the reaction, 20 ul of the reaction mixture was

mixed with 80 pl of 5 uM ThT in PBS solution

3. fluorescence was measured immediately at an excitation of 445
nm and emission of 490 nm using the Microplate
Spectrofluorometer Gemini-XS (Molecular Devices, Sunnywale,

CA) [69].

4. The plot of AR ThT fluorescence vs. time followed a

characteristic sigmoidal shape, as described previously [69].

To estimate t,, (time to reach half maximal ThT fluorescence calculated
using the following equation), straight lines resulting from a plot of
Log{F(t)/[F(x)-F(t)]} vs. time were fitted by at+b, where t is reaction time,
F(t) is the fluorescence as a function of time, and a and b are the slopes
and y-intercepts of the lines, respectively [69] . Because Fi(ty) is F(x)/2 or

Log{F(t,)/[F(x)-F(ts)]} is O, as defined, ty, is —b/a, where a and b can be obtained from
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the plot. The rate of fluorescence increase (or rate of polymerization of ThT-binding
aggregates) is highest at time t, [69]. On the other hand, Tso is time to reach half

maximal ThT fluorescence estimated from the plot without using an equation.

11-6. RESULTS AND DISCUSSION

The summary for the purification result are shown in figure 3. We
initially purify wild-type ApR42 (Ap42wt), but this method was
applicable to purify other AR variants such as Dutch AR42 (AB42Du),
Flemish AB42 (AB42Fl), wild-type AB40 (AB42wt), Dutch AR40
(AB40Du) and Flemish AR40 (AB40FI). The yields were varied from

~2 mg/l of culture (AB42Du) to ~15 mg/l of culture (AB42wt).

Inclusion of optional step of Ni-NTA chromatography in the
GroES system produced more pure the fusion protein which may
facilitate the cleavage, but took more step and time and reduced the
yield almost by half (figure 3A vs. 3B). Thus, omission of the step is
beneficial if the cleavage step can be carried out efficiently enough.
Purification of AB42 using the TF system was easier to be
performed, because the solubilization step was not necessary. The
purified AB42 showed no detectable difference from the peptide of

the GroES system, but the yield was a little low (~8 mg/I of culture).
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The GroES system was advantageous over the above TF system in
several aspects for purification of AB peptide, because if the target
was insoluble after the cleavage as observed in AR peptide
preparation, purification of the targets after cleavage of the fusion
partner protein would be difficult in the TF system, because the
heterogeneous species generated during the aggregation process
made it difficult to purify the pure target, resulting in lower yields
(data not shown). Further advantages of the GroES system were
that (i) preparation and storage of inclusion bodies were easier than
preparation of cell extract; (ii) the target protein contents were
higher in inclusion bodies which facilitate the next purification; (iii)
yield was higher. For these reasons, we prefer the GroES system to
the TF soluble system for purification of AB. However, the TF-
ubiquitin system was useful in purification of other inclusion body-
forming proteins which are prone to lose their activity when they
form the inclusion bodies and are needed to maintain folded state
after the cleavage. Thus, the present protocols for both systems,
enabling researchers to select a method suitable for their target

proteins, although only AB purification procedures are provided here.

Aggregation kinetics data of the newly prepared AR were compared
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with those of other preparations reported previously. t,'s for AB42wt,
AB42Du and AB42FI were ~1.4, ~2.1 and ~0.8 h, respectively, while
t,’s for Ap40wt, AB40Du and AB40FI were ~21, ~45 and ~7.7,
respectively. It is difficult to compare the fibrillogenic results
obtained in the current study to those from other groups, because of
the huge differences depending on the reports. For example, t,, or
Tso of AB40wt varied from 107 min [68] to ~24 h [41] and that of
AB42wt from 18.7 min [69] to ~24 h [70]. Tsoof AB40Du also varied
from 59 min[68] to ~6 h [71], while it was ~3 h for AB42Du[72]. More
confusing estimations were reported for the Flemish variants. Tso of
AB40FI was ~2-50 h[68], while AB42FI| poorly formed ThT-binding
aggregates in another report [72] . Because of the variable values of
Tso Or t, in previous reports, it is difficult to evaluate the peptides
prepared in the current study by simple comparison of the

fibrillogenic parameters.

Meanwhile, AB preparations showed the general characteristics of
wild-type and variant AR peptides: higher amyloidogenic property of
AB42 than AB40, faster aggregation rate for the Dutch variants, and
slower rate for the Flemish variants compared to the wild-type. In

addition, biophysical properties such as mass, elution profile in high
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performance liquid chromatography and formation of [-sheet
assayed by circular dichroism spectroscopy in the previous [73] and
current (data not shown) studies all validate our preparations as a

reliable resource for these investigations
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Fig. 3. Purification of AB42 from different fusion partners (A) SDS-PAGE
(15%) analysis of AB42 and its fusion proteins from two step Ni column
purification. Lanes: 1, Inclusion body contains GroES-Ub-Ab42 fusion protein; 2
and 3, Flow through and Buffer A wash fractions of Ni-NTA column; 4, Ni
column fraction contains fusion protein; 5, the fusion protein digested by
Usp2cc; 6 and 7, Flow through and Buffer A wash fractions of Ni column
containing cleaved AB42 peptide; 8, Ni column fraction containing GroES; 9,
HPLC pure AB42. (B) SDS-PAGE analysis of one step Ni column purification.
Lanes: 1, Inclusion body contains GroES-Ub-Ab42 fusion protein; 2, Usp2cc
digested fusion protein; 3 and 4, Flow through and Buffer A wash fractions of Ni
column containing AB42; 5, Ni column fraction containing GroES; 6, HPLC pure
AB42. (C) SDS-PAGE analysis of Trigger factor-Ubiquitin- AB42 fusion protein.
Lanes: 1, Soluble fraction of fusion protein expressed cell lysate; 2, insoluble
fraction of cell lysate; 3, TF-Ubiquitin-AB42 fusion protein purified from Ni-NTA
column; 4, the fusion protein digested by Usp2cc; 5, HPLC purified Ap42

peptide. (D) Chromatogram shows elution profile of reverse-phase HPLC.
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lll. Construction and purification of FLAG-AB42

llI-1. INTRODUCTION

To identify the amyloid beta interacting cellular proteins, it is
necessary to use a good protein complex isolation system. Especially
when we use antibody based pull down assay the specificity of the
antibody to its target is very important. We utilized immunoprecipitation
method during this study; we found some difficulties with amyloid beta
antibodies specificity. To overcome this problem and to improvise the
amyloid beta antibody binding efficiency, we designed FLAG tagged
AB42 system. The FLAG system utilizes a short, hydrophilic 8 amino
acid peptide (Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys) which can be fused to
the recombinant protein of interest. The FLAG peptide includes the
binding site for several highly specific Anti-FLAG monoclonal antibodies
(M1, M2, M5). The FLAG peptide is likely to be located on the surface of
a fusion protein because of its hydrophilic nature, as a result it is more
likely to be accessible to antibodies. In addition, because of the small
size, the peptide is not likely to obscure other epitopes, domains or
transport of the fusion protein [74]. It can be used in affinity

chromatography to separate overexpressed recombinant protein, It can
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also be used in the isolation of protein complexes with multiple

subunits.[74, 75, 76]

lll-2. MATERIALS AND METHODS

llI-2. 1. Construction and purification of FLAG tagged amyloid

beta peptides

Genes encoding GroES, Ubiquitin and AB42 were PCR amplified,
cloned between Ndel and BamHI sites of pET28b expression system,
whereas FLAG tagged Ab42 was synthesized by inserting FLAG
sequence between ubiquitin and Ab42 sequence using antisense primer
5-
GTGTTGCGCCTCCGCGGTGGAGATTACAAGGATGACGATGACAAG
GATGCAGAATTCCGACATGAC -3 and sense primer 5-
GTCATGTCGGAATTCTGCATCCTTGTCATCGTCATCCTTGTAATCTC
CGCGGAGGCGCAACAC -3'. The fusion protein was overexpressed as
inclusion bodies in E.coli BL21 (DE3) pLysS cells and isolated. Inclusion
bodies were solubilized in a buffer containing 6M urea and digested with
Usp2cc. Digested FLAG-AB42 samples were injected in the Ni-NTA
column for first step purification to remove the co-expressed fusion
protein. Then FLAG-AB42 containing flow through and Buffer A wash
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fractions were pooled and subjected to reverse phase HPLC. HPLC

pure FLAG-AB42 were lyophilized and stored at -20°C until use.

lll-2. 2. Immunoprecipitation

250pg of Hela cell extracts were incubated with 0 and 20uM
concentrations of FLAG-AB42 for 6h at 37 °C. Following incubation
mouse monoclonal antibodies for FLAG peptide were added to the
reaction mixture and kept at 4°C for overnight. Next 20-40 pl of Protein A
Sepharose (Amersham Biosciences, Uppsala, Sweden) beads were
added to each sample and incubated at 4°C for 2h. Beads were
precipitated by centrifuging at 13000 rpm at 4°C for 5 min and washed 3
times with PBS. 15 ul 2X SDS loading buffer was added to the beads,
boiled for 5 min and centrifuged at 13000rpm for 10 min. The obtained

supernatants were then analyzed by SDS-PAGE and immunoblotting.

To analyze random and non-specific interaction of FLAG- A42
with Protein A Sepharose beads, 100ug aliquots of FLAG- ApR42 were
incubated with or without beads and anti-FLAG antibodies at 4°C for
overnight. After incubation, the beads were precipitated at 13000 rpm for
10 min at 4°C. Then the supernatant and bead precipitates were boiled

and resolved through SDS-PAGE and immunoblotted for FLAG peptide.
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lll-2. 3. Immunocytochemistry

HelLa cells were seeded in 12 well plates at 70% confluency,
cultured for 24h and further incubated for 12h in serum free media and
then treated without or with 20 or 40 uM FLAG-ABR42. Harvested cells
were fixed in methanol at -20 ° C and permeabilized by 0.3% Triton X-
100. After blocking with 0.1% BSA overnight, mouse anti FLAG (M2) and
rabbit anti caspase-9 antibodies were added and incubated overnight at
4°C. After washing with PBS Alexa-Flour-488 conjugated chicken anti-
mouse IgG and Alexa Fluor-543 conjugated chicken anti-rabbit IgG
antibodies were treated for 2h at room temperature followed by PBS
washing. Nuclei were stained with Hoechst and confocal images were
obtained with a Carl Zeiss LSM510 microscope using the vendor

provided software (LSM510).

lll-2. 4. RESULTS AND DISCUSSION

The fusion protein module that contains GroES, Ubiquitin, FLAG,
and AB42 were overexpressed as inclusion bodies in E.Coli based
expression system. The molecular mass of the peptide were confirmed
by Mass spectrometry which shows the expected 5507.5 Da. Next, we

determined to test whether the FLAG- AB42 binds or interacts non-
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specifically (in the absence of antibody) to the beads which may leads to
false positive results. To analyze this, FLAG- AB42 were incubated with
or without the beads and FLAG antibody at 4°C for overnight. The beads
and the supernatant were obtained by centrifugation, resolved through
SDS-PAGE and immunoblotted for FLAG peptide. The results shown
FLAG- Ap42 did not precipitate with the beads in the absence of FLAG

peptide antibodies.

We further tested whether the FLAG tagged AB42 still binds its
intracellular targets like procaspase-9 by incubating 20uM FLAG-AR42
with 250 pg of HelLa cell extract at 37 °C for 6 h and immunoprecipitated
with monoclonal antibody (M2) for FLAG peptide, then immunoblotted
for Caspase-9 with rabbit polyclonal anti caspase-9. The results shown,
Caspase-9 co-immunoprecipitated with FLAG- ApB42 which suggests
that the binding property of AB42 remains intact. Confocal images of
Wild type AB42 treated Hela cells shown the interaction between

caspase 9 and ABR42.(Fig. 6C).
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Fig.4. Schematic representation of the FLAG-AB42 construct
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SDS-PAGE

analysis of overexpressed GroES-Ub- FLAG-AB42 fusion protein. Lanes:

(S) soluble fraction and (P) insoluble fractions of bacterial cell lysate. 1,

Inclusion body of GroES-Ub- FLAG-AB42 fusion protein; 2, Fusion

protein digested by Usp2cc; 3 and 4, Ni-NTA column fractions

containing FLAG-AB42; 5, Ni column fraction containing part of the

GroES fusion protein;

6, HPLC pure FLAG-AB42.

(B) HPLC

chromatogram shows elution profile of FLAG-AB42.
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Fig. 6. Immunoprecipitation and confocal analysis of FLAG- ABR42 (A)
Western blot analysis of FLAG- AB42 incubated with or without Protein A
Sepharose beads and anti-FLAG antibodies. (B) HelLa cell extracts were
incubated with 0 and 20 uM concentrations of FLAG-AB42 for 6h,
immunoprecipitated with anti-FLAG and immunoblotted for Caspase-9.(C)
Hela cells treated with 20 uM FLAG- AB42 and wild type AB42. Primary mouse
anti-FLAG or mouse anti- AR (6E10) and rabbit anti-caspase-9 antibodies in
addition to secondary anti-mouse IgG-FITC and anti-rabbit IgG Rhodamine
antibodies were used to detect intracellular AB (green) and Caspase (9)
respectively. Nuclei were seen Hoechst nuclear stain. Images visualized using

Carl-Zeiss confocal microscope (LSM510).
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IV. Identification of nuclear scaffold protease
modulating p-amyloid-induced cell death by

screening protease inhibitors

IV-1. INTRODUCTION

Cell death process involves diverse signal pathway and many
factors [78]. Among those death factors, proteases play pivotal roles in
several types of cell death process. We have a hypothesis that different
types of proteases are activated according to the type of cell death or
cell death-inducing agent.

Caspase is one of well-known proteases related to cell death
[44]. The apoptotic enzyme is synthesized as a zymogen form which is
activated by apoptotic signal. Among the two well-defined apoptotic
pathways, receptor-mediated apoptosis, or extrinsic apoptosis is
characterized by the formation of the death-inducing signaling complex
(DISC). On the other hand, chemical-induced apoptosis or caspase-

dependent intrinsic apoptosis leads to mitochondrial damage, resulting
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in the release of cytochrome ¢ which associates with caspase-9, dATP
and an adaptor protein Apaf-1 to form a multiprotein complex called
apoptosome. The DISC and apoptosome complex activate procaspase-
8 and procaspase-9, respectively. Once activated, caspase-8 and -9
then process effector caspases, including caspase-3, -6 and -7 which
are responsible for most of the cleavage events observed during
apoptosis. Beside the two apoptotic pathways, endoplasmic reticulum
stress involved in neurodegenerative disease including Alzheimer’s
disease induces caspase-4 activation by the unfolded protein response
signaling pathway [45].

Other proteases than caspases have been identified to
participate in the death process. For example, a mitochondrial serine
protease Omi/HtrA2 is released in the cytosol, where it contributes to
apoptosis through both caspase-dependent and -independent pathways
[46]. It proteolytically removes not only natural inhibitors of caspase
such as XIAP and clAP1 to assist caspase activation, but also many
other target proteins which might mediate caspase-independent
apoptosis. Lysosomal cathepsin proteases are other example for death-
inducing protease. They are released to cytosol by a process known as

lysosomal membrane permeabilization [48]. The proteases in cytosol

54



can induce both caspase-dependent and —independent cell death. The
calcium-dependent proteases, calpains, have been also implicated in
cellular apoptotic processes [49]. The proteases process several
members of the Bcl-2 family of cell death regulators and caspases [50].
The ubiquitin-proteasome system also contributes to cell death [50].
Besides those exemplified proteases, other proteases such as matrix
metalloprotease, aminopeptidase and have been suggested to play a

critical role in apoptosis or other cell types of cell death [51].

In the current study, we made an attempt to correlate specific
protease(s) to selected cell death-inducing agent. Particularly, non-
caspase proteases functioning in the cell death were interested,
because roles of the enzymes in the death process are relatively less
understood. B-amyloid (AB), a hallmark peptide of Alzheimer’s disease
(AD), was chosen as a death inducer, because it is important in
pathogenesis of the disease, and its cell death inducing mechanism_is
not well understood: caspase-independent process as well as caspase-
mediated apoptotic process seems to be involved in the cell death. AB is
36-43 amino acid-long peptides generated by proteolytic cleavage of the

amyloid precursor protein by a-, p- and y- secretases [1-3]. The
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conformation of AP peptides spontaneously alters to [-sheet-rich
unstable intermediate structures which interact with each other to form
aggregates such as oligomers, profibrils and fibrils [12-13]. The
aggregated AP progressively deposits in brain parenchyma and cerebral
blood vessels [79]. Recent evidences suggest that soluble AB oligomers
and protofibrils more toxic than the fibrils would be the main factor for
AD are accumulating [17-20].

Although it is not yet clearly understood which plays a major
role in the cell death process induced by AR, involvement of apoptosis in
the process has been proposed, because caspases are activated upon
administration of the peptide to cells. A number of reports indicate that
both caspase-8 (extrinsic pathway) and caspase-9 (caspase-dependent
intrinsic pathway) are activated in AB-treated cells. The differential
activation of each pathway might depend on the conformational states
of AB (oligomer vs. fibril) [79]. It is also possible that binding of AB to p75
neurotrophin receptor can trigger the extrinsic pathway, while the
mitochondrial dysfunction caused by the peptide can trigger the intrinsic
pathway. Beside the two apoptotic pathways, caspase-4-mediated
apoptosis is also induced by the unfolded protein response signaling

pathway when endoplasmic reticulum stress is prolonged. AR seems to
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induce caspase-independent cell death pathway, too. One report
supporting for existence of the pathway indicates that pharmacological
inhibition of caspase activity could not prevent AB-induced cell death,
although it could block caspase activation [80].

In the present study, to identify protease(s) playing a role in
AB-induced cell death commercially available protease inhibitors were
screened for inhibition of the cell death. For comparison, the protease
inhibitor screening (PIS) method was also applied in the similar way for
cell death induced by staurosporine (STS) which causes the well-
defined caspase-dependent intrinsic apoptosis. We could successfully
identify a protease inhibitor which suppresses AB-induced cell death but
not STS-induced cell death. It is an NS protease inhibitor which was
further explored to define the role of the protease in AB-induced cell

death.

IV-2. MATERIALS AND METHODS

IV-2. 1. Materials

Fetal Bovine serum (FBS) was purchased from Life Technology Inc.

(Grand Island, USA). Dulbecco’s modified Eagles medium, Ham’s F
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12(1:1) (DMEM/F-12) and high glucose (DMEM/HG) were obtained from
Welgene (Daegu, Korea). Caspase-9, Caspase-8, Caspase-6 and
Caspase-3 substrates, N-acetyl Leu-Glu-His-Asp-amino methyl
coumarin (Ac-LEHD-AMC), Ac-IETD-AMC, Ac-VEID-AMC and Ac-
DEVD-AMC, respectively, were from A.G. Scientific Inc. (San Diego,
USA), Caspase inhibitor Z-VAD-FMK from Alexis (Lausen, Switzerland).
Ni-NTA column were purchased from Amersham Biosciences
(Piscataway, USA). Western blotting detection kit (WEST-ZOL PLUS)
from iNtron Biotechnology (Gyeonggi-do, Korea). Phosphate buffer
saline (PBS) purchased from Amresco (solon, USA). Monoclonal anti-AR
antibody 6E10 was acquired from Signet Laboratories (Dedham, USA),
anti-caspase-9, anti-caspase-3, anti-lamin-A/C, anti-lamin b and anti-3-
actin from Santa Cruz Biotechnology (California, USA), anti-caspase-8
from Cell Signaling Technology (Massachusetts, USA), anti-DFF45 from
BD Transduction Laboratory (San Diego, USA) and anti-Bid developed
in laboratory. Polyclonal antibody anti-caspase-9(p10) obtained from
SantaCruz Biotechnology, Urea was from USB chemicals, Acetonitrile
from Merck (Darmstadt, Germany). All other chemicals obtained from

Sigma (St. Louis, USA), unless otherwise stated.
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IV-2. 2. Preparation of AR42

The purified peptide was solubilized in 100% 1,1,1,3,3,3,-
hexafluoro-2-propanol, and dried under nitrogen flow and subsequently,
under vacuum for 30 min. The peptide aliquots were stored at —20 °C
until use. Immediately before use, the peptide was dissolved in 0.1%
NH4OH at a concentration of 2 mg/ml followed by bath sonication for 10
min. The solution was diluted at the desired concentration with PBS.
AB42 oligomers were prepared as described earlier [108] with little
modification. Briefly, peptides were diluted in cell culture media at 100
UM concentration, vortexed for 30 seconds and incubated at 4°C for 12
h. The peptide solution then diluted to the desired concentrations. To
make fibrils, AB42 (100 uM) was incubated in presence of 0.02% sodium
azide in PBS at 37 °C for 4 days. The samples were centrifuged at
16000 x g for 30 mins. Pellet fraction (fibrils) was washed three times
with PBS. Fibrils were sonicated for 10 min, quantified by Branford

method and used immediately or stored at -80°C.

IV-2. 3. Cell Culture and Cytotoxicity Assay

Human epithelial HeLa cells were cultured in DMEM (High glucose)
medium supplemented with 10% (v/v) FBS and 1% antibiotics at 37 °C
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under 5% CO..

For MTT cytotoxicity assay, cells were plated at a density of 15,000
cells/well in 96-well plates (Nunc, Denmark) and cultured for 24 h
followed by serum deprivation for another 12 h. Cells were exposed to
the AR preparation for 12 - 24 h and the viability was assessed by 3-
(4,5-dimethylthiazol-2-yl)-2,5-di-phenyltetrazolium bromide (MTT)
reduction test. Briefly, 20 ul of 5 mg/ml MTT solution in PBS was added
to each well and incubated for 2 h. Then 100 pl of solubilization buffer
[20% SDS solution in 50% (v/v) DMF (pH 4.7)] was added. After 12-16 h
of incubation, absorbance was recorded at 570 nm using a micro plate

reader Spectra Max 190 (Molecular Devices, CA, USA).

For Alamar blue assay also same cell culture and treatment method
was followed. After treatment 10 ul of alamar blue (Life technologies)
was added directly to the cells and incubated for 4-16 h, absorbance
was recorded at 570 nm using a micro plate reader Spectra Max 190

(Molecular Devices, CA, USA).

IV-2. 4. Measurement of Caspase activity

Caspase activity was measured as described earlier [109].
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Briefly, treated cells were washed twice with ice-cold phosphate-buffer
saline (PBS). Then, 40 ul of buffer containing 20 mM HEPES-NaOH, pH
7.0, 1mM EDTA, 1mM EGTA, 20mM NaCl, 0.25% Triton X-100, 1mM
dithiothreitol (DTT), 1mM phenylmethanesulphonylichloride (PMSF), 10
ug/ml leupeptin, 5 ug/ml pepstatin A, 2 ug/ml aprotinin, 25 ug/ml ALLN
was added into each well and incubated on ice for 20 min. Caspase
assay buffer (final 20mM HEPES-NaOH, pH 7.0, 20mM NaCl, 1.5 mM
MgCl,, 1mM EDTA, 1mM EGTA and 10mM DTT) was added and the
release of AMC was monitored for 2h in 2 minute interval with final with
respective caspase substrates at excitation and emission wavelengths
of 360 nm and 480 nm respectively, using microplate
sepectrofluorometer (Molecular Devices, CA, USA). The results were

expressed as a slope of total readings versus time.

IV-2. 5. Protease inhibitor screening (PIS)

MTT assay was used to screen the protease inhibitors that can
inhibit the cell death induced by AB42 or STS. Cells were plated at a
density 15,000 cells/well in 96 well plate and cultured for 24 h followed
serum deprivation for another 12 h. cells were exposed to A or STS in

the presence or absence of protease inhibitors, z-VAD-FMK (20 uM),
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Suc-AAPF-CMK (40 uM), ALLN (Calpain inhibitor, 20 uM), MG132
(Proteasome inhibitor, 5 uM), leupeptin (20 uM), Roscovitine (Cdk5
inhibitor, 5uM) and the viability was assessed by 3-(4,5-dimethylthiazol-
2-yl)-2,5-di-phenyltetrazolium bromide (MTT) reduction test as described

earlier.

IV-2. 6. Measurement of Nuclear Scaffold protease assay

NS protease activity was measured as described earlier . Briefly,
treated cells were washed twice with ice-cold phosphate-buffered saline
(PBS). Then, 40 ul of buffer containing 50 mM Tris-HCI (pH 7.5), 25 mM
KCI, 5 mM MgCl,,0.5% Triton X-100, 0.5% Nonidet p40 (NP40), 1 mM
DTT, 10 uM EDTA, 10 uM E64 was added into each well and incubated
on ice for 10-20 mins. NS assay buffer (final 50 mM Tris-HCI, pH 7.5,
100 mM KCI, 5 mM MgCl, 10 yM CaCl, 1 mM DTT, 10 uM E64 was
added and the release of AMC was monitored for 2h in 2 minute interval
with final concentration of 250 pM Suc-AAPF-AMC substrate at
excitation and emission wavelength of 360 nm and 480 nm respectively,
using Microplate Spectrofluorometer (Molecular Devices, CA, USA). The

results were expressed as a slope of total readings versus time.
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IV-2. 7. Western blot analysis

Cells were harvested, washed with ice-cold PBS and
resuspended in lysis buffer (50 mM Tris-HCL, pH 8.0, 150 mM NaCl, 1%
Triton X-100, 5mM EDTA, 5mM EGTA, 1mM PMSF, 10 ug/ml leupeptin,
2 pg/ml pepstatin A and 2 ug/m aprotinin) for 20 min on ice. The extract
was obtained by centrifugation at 14,000 rpm at 4°C for 15 min. The
amount of protein was measured through Bradford assay. Equal
amounts of proteins were separated on 12-15 % SDS-PAGE and
transferred on to a PVDF membrane. The membrane was
immunoprobed with primary antibodies and horseradish peroxidase-
conjugated secondary antibodies. The blots were visualized using West-

Zol plus reagent (iNtron Biotechnology Inc,, Seoul, Korea).

IV-2. 8. Immunocytochemistry

Hela cells were seeded in 12 well plate at 70% confluency,
cultured for 24h and further incubated for 12h in serum free media and
then treated without or with 40 uM AB42 in the presence or absence of
Caspase (z-VAD-FMK), NS protease (Suc-AAPF-CMK), Cyclin
dependent kinase (Roscovitine) inhibitors for 4+6h. Treated cells were

fixed in methanol at -20 °C and permeabilized by 0.3% Triton X-100.
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After blocking with 0.1% BSA overnight, goat anti lamin A/C and lamin B

polyclonal antibodies were added to each samples and incubated

overnight at 4°C. After washing with PBS, Alexa-Fluor-543 conjugated

rabbit anti-goat IgG antibodies and Alexa-Flour-488 conjugated rabbit
anti-goat IgG antibodies (dilution, 1:200) were treated for 2h at room
temperature followed by PBS washing. Nuclei were stained with
Hoechst and confocal images were obtained with Carl Zeiss LSM510

microscope (Jena, Germany) using vendor provided software (LSM 510).
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RESULTS and DISCUSSION
IV-3. Searching for condition in which cell death occurs

without caspase activation in AB42-treated cells

One prime purpose of this study was to identify caspase-
independent protease which is activated in Ap42-treated cells. For the
purpose, initially cell treatment conditions were sought out in which
AB42-induced cell death occurs without caspase activation. It was also
important to find a condition under which cell survival was minimally
affected by the protease inhibitor alone for application of PIS method to
the aim (see below). Human epithelial HeLa cells were mainly employed
for this study, because it was previously observed that these cells are
relatively resistant to toxicity of protease inhibitors shown below (data
not shown). Cell lines such as human neuroblastoma SH-SY5Y cells
also considered, but death occurred too easily under the most
conditions tested and the levels of activated caspase were inconsistent
(data not shown). And only oligomeric preparation of AB42 was used for
the experiment instead of monomeric or fibrillar peptide. Otherwise
indicated, ApB42 indicates oligomeric peptide in the followings.

4 different synthetic substrates (DEVD-AMC, VEID-AMC, IETD-
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AMC, and LEHD-AMC for each caspase, respectively) were employed
to check the activity of caspase-3, -6, -8 and -9 which plays an essential
role in the extrinsic and intrinsic caspase-dependent apoptotic pathways
[44]. AB has been reported to induce those apoptotic pathways [79]. The
substrates, however, are not specific for the corresponding caspase
(ref). For example, caspase-3 shows optimal activity with DEVD-AMC,
but also has a substantial activity with VEID-AMC (ref). In this study,
therefore, the activity with DEVD-AMC is expressed by caspase-3-like
activity, if necessary.

Cell death was assessed by the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide formazan (MTT) assay. The assay has
been questioned as a reporter of AB-mediated cell death in a previous
report (ref), because soluble AR can lead to a decrease in MTT
formazan production in the absence of overt cell death when cells are
incubated for longer time (ref). However, the cell death estimated using
alamarBlue assay (ref) produced comparable results (data are shown
only in figure 8). Furthermore, the decrease of MTT formazan was low
as shown in the 12-h incubated cells (figure 1E), indicating that the
decrease by AB was negligible. In the following experiments, treatment

for less than 12 h was mainly used. Thus, we conclude that MTT assay
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is a valid method for cell death measurement in the current study.

Enzyme activities for the 4 substrates were not perceivable and
the cell death was less than 20% in the cells treated for 12 h with Ap42
at all tested concentrations up to 40 uM (Fig 7A-D and 7E). Thus, the
12-h incubation was not adequate for the following experiments
because of the low cell death levels. In cells treated with the same
amount of the peptide for 24 h, certain levels of activities, especially with
IETD-AMC and LEHD-AMC, were observed, although they were low
compared to those activated by other apoptogen such as STS (data not
shown) or the double treatment (see below). 24-h incubation was not
applicable for the following study either, for a certain level of caspase
activity was detected and the levels of cell death was barely prominent
(figure 7A-D).

For the study we search for ~30~40% cell death condition, but it
was not sufficient in the “single” treatment experiments. Although cells
incubated for more than 24 h showed that levels of death (data not
shown), the longer incubation often induced robust activation of caspase
(data not shown). Thus, to find condition where cell death occurs rather
quickly, we next tested “double treatment” method in which Ap42

peptide was sequentially twice administered to cells, referring to a report
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that nucleation-dependent polymerization is an essential for ApB-
mediated cell death [81]. Cells were initially treated for 4 h with the
indicated concentration of AB42 which then was removed at the end of
incubation and subsequently, were further incubated with new
preparation of Ap42 peptide at the same concentration for 6 (4+6 h
sample) or 20 h (4+20 h sample). The 4+20 h samples showed robust
enzyme activity for the 4 substrates, while the activities were barely
detected in the 4+6 h sample except for LEHD-AMC (see below for the
reason why it was ignored) (Fig 7A-D). Importantly, a significant level of
cell death (~40% with 40 uM AB42) was observed in the 4+6 h samples
(Fig 7G). Thus, 446 h samples with 40 uM AB42 were mainly used for

the following PIS and study.

Screening for protease inhibitors which suppress STS- and AB42-induced
cell death.

Some commercially available inhibitors of serine proteases,
caspases and proteasome were employed to analyze their ability to

inhibit or reduce the cell death induced by AB42 or STS. HelLa cells

were treated with 40 uM AB42 or 0.5 pM STS with or without this

inhibitors for 4+6h and cell viability was assessed by MTT assay. The
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results shown that ALLN (calpain inhibitor), MG132 (proteasome

inhibitor) and Roscovitine (cdk5 inhibitor) did not show much inhibitory
effect against AB or STS induced cell death. Leupeptin, a serine
protease inhibitor shows equal level of inhibition on STS or AR
cytotoxicity. The pan caspase inhibitor shows 1.5 fold increase in the
survival rate of STS treated cells but not for the AR treated cells; in
contrast the inhibitor of NS protease Suc-AAPF-CMK shows same level
of survival rate in AB treated cells. From this PIS data we decided to
utilize the Suc-AAPF-CMK to understand the mechanism behind this

inhibition on AB cytotoxicity.
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Fig. 7. Effects of AB42 on activation of caspases and cell death in
HeLa cells (A-D) Cells (1.5x10*) were treated with oligomerized Ap42 at
the indicated concentrations and time. Then, the activities of Caspases -
3, -6, -8, -9 of the cell extracts were measured with their respective
synthetic substrates (10 yM DEVD-AMC for caspase-3, 50 uM VEID-
AMC for caspase-6, 50 uM IETD_AMC for caspase-8, 50 yM LEHD-
AMC for caspase-9). (E-H) To check the level of cytotoxicity, cells were
plated in 96 well plates at 15000 cells per well density and treated with
oligomeric AB42 at the indicated concentrations and time, cell viability

was assessed by MTT assay.
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Table. 1. Protease inhibitor screening for identification of
inhibitors that suppress cell death induced by STS and

Ap42
Inhibitor Target K,uM | Cone, p|STS, f|Ap42,
M old fold
z-VAD-fmk caspase 20 15 1.0
Soc-AAPF-cmk Nuclear scaffold protease 0.0056 40 0.9 1.5
ALLN calpain 0.19 20 0.9 0.8
MG132 proteasome 0.004 5 1.0 0.7
Leupeptin serine protease 0.05 20 1.0 1.1
Roscovitine Cdks 0.1 10 0.3 04
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IV-4. Activation of NS protease in AB42-induced cell death

The effect of AAPF-CMK identified by PIS method was
reexamined on the cell death induced by AB42. Cell death was
assessed by measurement of reduction of cellular MTT and alamarBlue.
Cells treated with 40 uM AB42 for 4+6 h as above showed ~40%
decrease of the cellular MTT reduction to MTT formazan (Fig 8A). A
similar value was obtained in alamarBlue assay, confirming occurrence
of cell death at the levels under the condition. Addition of z-VAD-FMK at
20 uM resulted in marginal changes in the cell death induced by ApR42,
while soc-AAPF-CMK at 40 uM significantly reduced the cytotoxicity of
AB42 (Fig 8A). On the other hand the cell death induced by STS was
slightly reduced by 20 uM z-VAD-FMK, but not by 40 uM AAPF-CMK
(Fig 8B).

Although AAPF-CMK was employed as NS protease inhibitor in
the current study, the protease was not clearly characterized. There is
only one report to date identifying the protease which was HtrA1/Prss11
[81]. We keep using the term, NS protease, through the current study
and biochemical data obtained here are compared to those of the

protease, because of the uncertainty. On the other hand, the chemical is
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also known to react with ATP-dependent helicase and proteins
containing SAP-domains [82). Thus, it was necessary to know which
factors are directly relevant to the effect of AAPF-CMK. For the purpose
we initially measured enzymatic activity in AR42-treated cells with using
AAPF-AMC which is a substrate form of AAPF-CMK. Cells treated with
STS and other cell damaging agents were also explored for the enzyme
activity. As shown in Fig 8C, significant AAPFase activity was detected
only in AB42-treated cells. We next measured Ky, value of the AAPFase
activity using cell extracts derived from Ap42-treated cells. The value
was estimated ~245 uM which is similar with the Ky value (250 uM) of NS

protease reported before (figure 2D). Altogether, these data strongly suggest

the activation of NS protease in AB42-treated cells.
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Fig. 8. Effect of z-VAD-FMK and Suc-AAPF-CMK on cell death
induced by AB42 and STS (A-B) HelLa cells were preincubated with 20
MM z-VAD-FMK or 40 uM Suc-AAPF-CMK for 1h, then the cells were
treated with 40 uM oligomeric AB42 in the presence or absence of the
above mentioned inhibitors for 4+6h. In case of STS, inhibitor pretreated
cells were incubated with 0.5 yM STS in the presence or absence of z-
VAD-FMK or Suc-AAPF-CMK for 4h. Cell viability was assessed by MTT
assay and Alamar blue assay. The error bars represent + standard
deviation. (C) Lineweaver-Burk plot of 1/V versus 1/S for Suc-AAPF-
AMC hydrolysis by NS protease activity. AB42 treated cell extracts were
prepared and assayed for 2h with indicated concentrations of Suc-
AAPF-AMC.
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IV-5. Differential processing of lamin A/C and B in STS- and

AB42-treated cells

The activation of NS protease was further explored. One well-
known substrate of NS protease is lamin proteins which are also
substrates of caspase-6 [83]. Caspases have been revealed to be
activated in STS-treated cells [84], while the activity was poor (Fig 7)
and instead, NS-protease-like activity (AAPFase) was detected in AR42-
treated 4+6 h samples (Fig 8). In the following experiments, the
processing of lamin proteins was compared in STS- and Ap42-treated
cells using immunoblot assay. Lamin A and its homologous lamin C are
664 and 572 amino acid long, respectively, while lamin B, is composed
of 586 amino acids. The lamin cleavage by caspase-6 occurs at C-
terminus of Asp230 in lamin A/C and D231 in lamin By, respectively. On
the other hand, NS protease cleaves lamin A/C at Tyr376 and lamin B1
at Tyr376 [85]. Thus, it is possible to determine the enzyme responsible
for the cleavage by examining the size of products.

In STS-treated cells cleaved products were detected for lamin
A/C (Fig 9A and 9C) and lamin B (Fig 9A) as well as caspase-9, -8, -3, -

6, DFF40/45 (substrate of caspase-3). Level of Bid (substrate of
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caspase-8) decreased, suggesting it was also processed in the cells
(Fig 9A). The results are in well accordance with previous studies
indicating activation of caspase-dependent intrinsic apoptotic pathway
(ref). In AB42-treated 4+6 h samples at all AB42 concentrations no
processing of caspases and their substrates was detected (Fig 9B),
consistent with the results shown in figure 1 except LEHDase activity.
LEHD-AMC was employed to assay caspase-9 activity (ref). However,
procaspase-3, substrate of active caspase-9, and DFF40/45, substrates
of active caspase-3 were barely changed (Fig 9B). Thus, it is
questionable if the activity was from caspase-9.

The levels of nuclear lamin A and B were reduced in the 4+6 h
samples with high concentrations (30-60 uM) of Ap42 (Fig 9B).
Differences were clearly noticed between the STS and 4+6 h samples.
In STS-treated cells, both lamin A and C were diminished (Fig 9A),
whereas lamin A levels were reduced but lamin C levels were barely
changed in the 4+6 h sample (Fig 9B). Furthermore, a new protein (~46
kDa) which is seemingly a cleaved product of lamin B (ref) was detected
clearly in STS-treated cells (Fig 9A), while any other bands related to
the protein were undetectable in the 4+6 h samples (Fig 9E). Moreover,

faint but substantial protein band estimated ~46 kDa was detected in
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lamin A/C immunoblot analysis of the 4+6 h samples (Fig 9D). Instead,
~28 kDa protein bands were observed in the STS-treated cells (Fig 9C).
~28 kDa and ~46 kDa peptides were detected in the STS-treated cells
in the immunoblot analysis using antibodies specific for N-terminus of
lamin A/C and C-terminus of lamin B4, respectively (figure 9 and 10).
Those peptides are corresponding to the products generated by
caspase-6 (ref), indicating involvement of caspase-6 in STS-induced
cleavage of lamins.

On the other hand, the reduction of lamin A in AB42-treated cells
(figure 9B) seems to be due to the catalytic activity of NS protease, for
~46 kDa peptide detected in the immunoblot assay using antibody
specific for N-terminus of lamin A/C are corresponding to the peptide
generated by cleavage of lamin A (figure 9D). However, lamin C
homologous to lamin A was barely reduced in the AB42-treated cells
(figure 9B and 4). We referred to other publications to explain the
preferential cleavage of lamin A to lamin C, but failed to find the similar
observations. This observation remains to be explored. The cleavage of
lamin B4 by NS protease was expected to generate ~21 kDa peptide
[87] in Ap42-treated cells, but we failed to detect the peptide in the

Ap42-treated cells even after extensive exposure of the immunoblot to
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the detection apparatus. The reduction, however, was diminished in the
presence of AAPF-CMK (see below). Thus, we speculated that the
reduction of lamin B; was due to cleavage by NS protease.

The reduction of lamin A and B was observed in the 4+20 h
samples with 20-60 uM of AB42 (figure 9F). However, unlike those of
4+6 h samples, activities of caspases with the four different substrates
were robust in the 4+20 h samples (figure 7A-D). Accordingly, the
processing of caspases were detected in the sample on the immunoblot
assay (figure 9C). Levels of procaspase-9 decreased in an AB42-dose
dependent manner. Cleaved caspase-8 was also seen (figure 9F),
although it is questionable if the cleaved product of caspase-8 is
catalytically active, because cleavage of Bid was not detected.
Procaspase-3 and its substrate, DFF40/45 was partially processed in
the same sample treated with higher concentrations (30~60 uM) of AB42
(figure 9F). The reduction pattern of the lamin proteins in the 4+20 h
samples, however, was different from that of STS-treated cells. It was
rather similar to that of the 4+6 h sample. Thus, it is likely that the
reduction of lamin A and B in the 4+20 h samples was caused by NS
protease rather than the active caspases. It might be because lamin

cleaving caspase would not be sufficiently active, as processing of
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procaspase-6 was not detected in the 4+20 h samples.

No reduction of lamin A and B was detected in 24 h samples
(figure 9G). Furthermore, no processing of the caspases and their
substrates was detected in the sample (figure 9G), which was
unexpected because significant levels of activities were detected in the
assay with synthetic substrates (figure 7). The discrepancy may be due
to differential sensitivity between the two assay methods. Although
detection of cleaved product of caspases and their substrates by the
western immunoblot assay is a method to demonstrate the activation
clearly, enzyme activity assay is often more sensitive. Thus, we think
that weak activation occurred in 24 h sample. The activity with LEHD-
AMC was higher in the 24 h samples than in 4+6 h sample. This
strongly suggests that the activity is not related with the reduction lamin
Aand C.

The time point for the double treatment employed in the
previous experiments was determined in cells double-treated with AR42
initially for 1, 2, and 4 h and then for 2, 4, 6 and 8 h. 40 uM AB42 was
used in the present and following experiments, because the reduction
was clearly seen in samples with the concentration of AB42. The

reduction of lamin A (and similarly lamin B) was prominently observed in
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2+8, 4+4, 4+6 and 4+8 h samples (figure 10A). We chose 4+6 h for the
present study because it is a mid-point. The effect of other Ap42
structural species on the reduction was also explored. Fibrillar AR42
peptide showed barely the effect, while monomeric peptide at 40 uM
induced the reduction of lamin A and B (figure 10B). The monomeric
preparation, however, often produced less cell death and fibrillar
preparation was not effective in inducing cell death (data not shown),
compared to the oligomeric preparation (ref). Thus, oligomeric
preparation of AB42 was preferentially used throughout the current

study.
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Fig. 9. Effect of AB42 and STS on Caspases and its substrate processing:
Immunoblot analysis of caspase and its substrates. HelLa cells were incubated
with AB42 at the indicated concentrations and time points or with 0.5 yM STS
for 6h. Total Cell extracts were prepared and assessed for processing of
caspase-3, -6, -8, -9 and its substrates Bid, DFF40/45, Lamin A/C and Lamin B
by western blotting. (A) STS induced caspases and its substrate processing. (B)
Concentration dependent cleavage of lamin A and B observed in 4+6h treated
cells but processing of caspases and its substrates were not observed. (C-E)
STS and AB42 treated cell extracts shows differential cleavage of Lamin A/C
and B. (F) western blot images of caspase processing in 4+20 and 24h AB42
treated Hela cell extracts. Actin was employed as a loading control. The

relative molecular weights (in kDa) were indicated at the left.
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Fig. 10. Time and Species dependent cleavage of Lamin A and B by
AB42 (A) Hela cells (4x10°) were treated with 40 uM AB42 for the
indicated time periods, total cell lysate were prepared and analyzed for
the processing of Lamin A/C and B by immunoblot. (B) HelLa cells
(4x10°) were incubated with 20 and 40 uM concentrations of monomeric
and fibrillar AB42 for 4+6 h and cell extracts were immunoblotted for
Lamin A/C and B. Actin was employed as a loading control. The relative

molecular weights (in kDa) were indicated at the left.
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IV-6. NS protease inhibitor but not caspase inhibitor reduces

AB42-induced lamin A and B cleavage

STS-induced reduction of lamin A/C and production of ~46 kDa
product from lamin B were significant inhibited by 20 uM z-VAD-FMK,
AB42-induced reduction of the proteins was barely affected by the
inhibitor at up to 100 uM of z-VAD-FMK (only 20 uM data is shown in
figure 11A). Conversely, the AB42-induced reduction of lamin A and B
was diminished in the presence of AAPF-CMK which was not effective in
STS-induced reduction of lamin A and B (figure 11B). These data
indicate involvement of NS protease in AR42-treated 4+6 h sample and
caspase in STS-treated cells, again confirming the different nature of the
lamin reduction in the two cell death types. We use the concentration of
AAPF-CMK in the following experiments, because higher concentration
of the inhibitor caused cell death for itself and lower concentration was
not as effective as the concentration (data not shown). Other selected
protease inhibitors such as ALLN (calpain inhibitor), MG132
(proteasome inhibitor), EDTA (metalloprotease inhibitor) and leupeptin
(serine protease inhibitor) were not effective in the reduction of lamin

proteins (figure 11C), excluding the participation of those proteases in
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the process.

We also examined if Cdk5 deregulation functions in the
reduction, because the deregulation of the kinase triggers nuclear
lamina dispersion and cell death before caspase activation (ref).
Inclusion of 10 uM roscovitine a strong and specific inhibitor of Cdk5,
barely affected the reduction of the proteins induced by AB42 in 4+6 h
sample (figure 11D), unlikely that Cdk5 deregulation plays an essential

role in the reduction of lamin proteins.
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Fig. 11. NS protease inhibitor but not caspase inhibitor reduces
AB42-induced lamin A and B cleavage (A-B) HelLa cells were exposed
to indicated concentrations of z-VAD-FMK and AAPF-CMK for 1h prior
to AB treatment and incubated with 40 yM AB42 or 0.5 yM STS in the
presence or absence of z-VAD-FMK or Suc-AAPF-CMK for 4+6h. Cell
extracts were prepared and analyzed for Lamin A/C and B processing.
(C) HelLa cells were incubated with 40 uM AB42 in the presence of ALLN
(AL) calpain inhibitor, MG132 (MG) proteasome inhibitor, EDTA (ED)
metallopeptidase inhibitor and leupeptin (LE) serine protease inhibitor
and immunoblotted for Lamin A/C and B. (D) HelLa cells were incubated
with 40 uM AB42 with or without cdk5 inhibitor roscovitine for 4+6h and

immunoblotted for Lamin A/C and Lamin B.
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IV-7. AB42 induces nuclear deformation which is suppressed

by NS protease inhibitor

Alteration in levels of lamin A/C and B proteins likely causes
nuclear abnormalities. Thus, we subsequently analyzed nuclear integrity
of the 4+6 h sample with 40 uM AB42 using Hoechst staining and
immunofluorescence microscopy for lamin A/C and B. Nuclear
deformation as shown in the images of representative cells was
observed with high frequency in the sample (Hoechst stained samples
of figure 12). Changes in the lamin epitope detected by lamin A/C and B
antibodies were also observed accordingly to the nuclear deformation
(figure 12). The deformation is morphologically similar to those observed
in primary fibroblast with lamin A/C mutation [87] or induced by Simian
virus 40 [88]. On the other hand, condensation of nuclei seen in STS-
induced cells were rarely seen in the 4+6 h sample (figure 12), further
demonstrating the involvement of different mechanism in the two cell
death processes. Nuclear envelope dispersion reported previously for
AB-treated HT22 cells [89] was rarely observed in the sample.

We next asked if NS protease and caspase were involved in the nuclear

deformation observed in the 4+6 h sample. The nuclear deformation and
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changes in the levels of the lamin A/C and B epitopes were significantly
diminished in sample prepared with 40 uM AAPF-CMK as shown in the
images of representative cells (figure 12), whereas z-VAD-FMK at 20
uM was not so effective in suppression of the changes in nucleus.
These results indicate that the nuclear deformations induced by AB42
are due to NS protease-dependent but caspase-independent process.
Cdk5 played a minimal role in AB42-induced nuclear deformation, as the
inhibitor of the kinase, roscovitine, has little effect on the deformation

(figure 12).
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Fig. 12. AB42 induces nuclear deformation which is suppressed by
NS protease inhibitor (A) Confocal image analysis of Hela cells
treated with AB42 in the presence or absence of caspase (z-VAD-FMK),
NS protease (Suc-AAPF-CMK), Roscovitine (Cdk5) inhibitors. Cells
were treated with 0.5 M STS and nuclear deformation also observed.
Primary goat anti-lamin A/C and Lamin B in addition to secondary anti-
goat IgG-FITC and anti-goat IgG-Rhodamine antibodies were used to
detect lamin A/C (Red) and lamin B (green). Nuclei were seen with the
Hoechst staining. Images were visualized using a confocal microscope

(LSM510, Carl Zeiss).
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IV-8. DISCUSSION

Nuclear envelope is supported by the nuclear scaffold composed of both
structural and functional proteins. Polymerization of the intermediated
filament proteins, nuclear lamin A and B, generates the nuclear lamina,
the major structural components of the nuclear scaffold. The lamins are
also essential for many nuclear functions such as chromatin
organization, DNA replication, transcription, and DNA repair (reviewed in
genes develop 2008 22:832).

Modifications of the nuclear lamin proteins are common
processes in dying cells. Nuclear deformation and dispersion and
fragmentation of the nuclear envelope observed in the cells have been
revealed as results of the modification [88-89]. One example of those
modifications occurring in AB-treated cells is CDK5-mediated
phosphorylation of lamin A and B which resulted in the nuclear
dispersion [89]. In the current study, however, rather than the nuclear
dispersion the reduction of lamin A and B (figures 9) and deformation of
the nuclear lamina (figures 12) were recognized in the AB-treated cells.
Furthermore, the lamin reduction and the lamina deformation were

independent on the activity of CDKS5, as revealed by the observation
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that the processes were resistant to Cdk5 inhibitor Roscovitine (figure 11
and 12). The reason for the discrepancy requires further investigation,
but one potential explanation for it might be the different experimental
conditions. In the current study 42 amino acid-long A oligomerized as
indicated were employed (figure 7), while short AB (25-35) was used in
the previous study (ref). It has been revealed that even the same sized
peptides resulted in different biological consequences, if their
conformations are different (eg. oligomer vs. fibrils) (see figure 10 as an
example). Furthermore, in the current study cells were treated twice with
AB42 to attain the condition shown in figure 7. As shown in figure 9,
single treatment of cells with the same AB42 preparation resulted in the
different consequences.

Proteolytic degradation of lamins is other major modification
responsible for the nuclear deformation and fragmentation. At least two
enzymes have been known to catalyze the cleavage of lamins. One of
those proteases is caspase-6 which is an executioner caspase activated
by the upstream caspases such as caspase-3 during apoptosis [90].

Although the lamin cleavage by caspase-6 is clearly late
process occurring after activation of apoptotic cell death pathway, the

cleavage by NS protease can be an early process preceding other cell
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death processes, as illustrated in glutamate-induced cerebellar granule
cell apoptosis in which the lamin cleavage and dissolution of the
microtubule network preceded chromatin fragmentation (Ankarcrona et
al., 1996 Neuroreport 7, 2659-2664). Other example of process
preceding apoptosis is the nuclear dispersion induced by
phosphorylation of lamin A and B by CDK5 which was suggested to be
an early and irreversible trigger for cell death in AB-treated cells [89]. In
the current study, we also show that AB resulted in nuclear deformation
and reduction of lamin proteins before activation of caspase.
Furthermore, it is shown that the two processes occurred independently
of caspase activity (figure 11 and 12). The cell death induced by AB was
significantly reduced by AAPF-CMK, but not by VAD-FMK, suggesting
the importance of NS protease in the cell death rather than in the
caspase-dependent apoptosis. Interestingly, the lamins were cleaved by
NS protease rather than caspase even in cells in which caspases were
activated as shown in AB-treated 4+20 h sample (figure 9F). In the cells,
caspase-6 activation was not detected (figure 9F), although caspase-6-
like VEIDase activity was seen (figure 7B). It remains to explore whether
the low activity of caspase-6 or other unknown factors might result in the

caspase-independent cleavage of lamins.
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In conclusion, we show that lamin A and B reduction and
consequent nuclear morphological change occur in cells treated by
AB42 before caspase activation. Data of our study indicate that the
reduction of lamin proteins may be due to NS protease function.
Suppression of NS protease by its inhibitor, AAPF-CMK, effectively
inhibited the cell death induced by AB42. This study provides an idea
that inhibition of NS protease might be an effective way to control

pathological process of AD.
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V. FUTURE RESEARCH

V-1. INTRODUCTION

Several studies have reported that amyloid beta can induce
caspase activation in cultured cells. But the interaction between amyloid
beta and caspases were poorly studied. Previous work from our group
demonstrated that AB42 can directly bind and inhibits the activity of
procaspase-9 and apoptosome formation in HelLa cells (data not shown).
To confirm these effects on other caspases, we carried out an
experiment by incubating different concentrations of amyloid beta 42
with various forms of purified recombinant caspases and analyzed the

activity.

V-2. MATERIALS AND METHODS

V-2.1. Production of recombinant caspases

Recombinant caspases were purified as described previously
(109, 111). Briefly, Procaspase-4 (mutant at E93A, D104A, D270A,
D289A), Procaspase-6 (mutant at D23A, D193A, D179A), Procaspase-7

(C186S), active caspases -2, -4, -6, -7, -8, (wild type), and caspase -2,
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-4, -7 lacking prodomain (Ap), cloned in pET28 vector were over
expressed in pLysS E.Coli strain. The caspases were purified by two
successive chromatographic procedures. Initially, bacterial cell lysates
prepares by sonication and centrifugation at 2000 rpm for 1h in buffer
contain 20mM Tris-HCL, pH 8.0,, 10 mM NaCl, 0.1 mM EDTA, 0.1 mM
PMSF, 1 mM B-mercaptoethanol. The supernatant was loaded onto a
Ni-NTA column (Qiagen) pre equilibrate with buffer contain 20 mM Tris-
HCL, pH 8.0, 10 mM NaCl, 1 mM B-mercaptoethanol, 10% glycerol and
eluted with same buffer supplemented with 250 mM imidazole. The
active fractions were diluted and applied to a HiTrapQ Sepharose
column (Amersham Pharmacia Biotech) equilibrated with buffer contain
20 mM HEPES-NaOH, pH 7.5, 10 mM NaCl, 0.1 mM EDTA, 1 mM DTT,
10% glycerol and eluted with 1-400 mM NaCl gradient. The purified
proteins were dialyzed against 20 mM HEPES (pH 7.5), 10 mM NacCl, 1
mM EDTA, 2 mM DTT and 10% glycerol; the aliquots were saved at -80

°C before use.

V-2.2. Measurement of purified caspase activity using

synthetic substrates

The activities of purified Procaspase-2, AP caspase -2,

94



Procaspase-4, caspase-4, AP caspase -4, Procaspase-6, caspase-6,
procaspase-7, capase-7, AP caspase -7 and caspase-8 were measured

in the presence or absence of indicated amount of AB42 in caspase

assay buffer (pH 7.0) using VDVAD-AMC (50 pM), YVAD-AMC (50 pM),

VEID-AMC (50 uM), DEVD-AMC (10 uM), IETD-AMC (50 uM)
respectively. The fluorescence of the AMC release from the substrates

was measured as described above.

V-2.3. Immunocytochemistry

Hela cells were seeded in 12 well plate at 70% confluency,
cultured for 24h and further incubated for 12h in serum free media and
then treated with 20 yM ABR42. After treatment, cells were fixed in
methanol at -20 °C and permeabilized by 0.3% Triton X-100. After
blocking with 0.1% BSA overnight, mouse anti amyloid beta (6E10) and
rabbit anti caspase-2, goat anti caspase-4, -6, -7 and -8 were added to
each samples and incubated at 4°C overnight. After washing with PBS,
Alexa-Fluor-543 conjugated secondary antibodies for caspase and
Alexa-Flour-488 conjugated chicken anti-mouse IgG antibodies for AR42
(dilution, 1:200) were treated for 2h at room temperature followed by

PBS washing. Nuclei were stained with Hoechst and confocal images
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were obtained with Carl Zeiss LSM510 microscope (Jena, Germany)

using vendor provided software (LSM 510).

V-3. RESULTS AND DISCUSSION

The results shown, enzymatic activity of processed caspase 4
and 6 were inhibited by AB42. The inhibition was in a dose dependent
manner for caspase 4 but in case of caspase 6, 50% of inhibition was
observed even at 2uM concentration and saturated up to 40uM. AB42
barely inhibited the activity of procaspase 4 but not procaspase 6.
Activity of procaspase 2, Ap caspase 2, procaspase 7, Processed
caspase 7, Ap caspase 7 and processed caspase 8 was not affected by

AB42 (Fig. 13).

The confocal images show the internalization and interaction of
AB42 with caspase 6, but interaction with other caspases was not
identified (Fig. 14). These observations from both enzyme assays and
confocal imaging support the direct interaction of amyloid beta with
caspase-6. But still it has to be investigated in more detail to understand
the mechanism, which may give some new concepts on AR induced

cytotoxicity.
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Fig. 13. Effect of AB42 on purified recombinant Caspases activity:

Purified recombinant caspases were incubated with indicated
concentrations of AB42 and their activity was measured with their
respective synthetic substrates for 1h and the release of AMC was
monitored for 1h in 1 minute interval at excitation and emission
wavelengths of 360 nm and 480 nm respectively, using microplate
spectrofluorometer (Molecular Devices, CA, USA). The results were

expressed as a slope of total readings versus AB42 concentration.
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Fig. 14. AB42 binds Caspase-6 but not with Caspase -2, -4, -7 and -8

Control

(A-E) HelLa cells were cultured and treated with 20 uM AB42 for 12h.
Cells were fixed and permeabilized by methanol and triton x-100.
Primary mouse anti amyloid beta (6E10) and rabbit anti caspase-2, goat
anti caspase-4, -6, -7 and -8 antibodies in addition to secondary anti-
mouse IgG-FITC and anti-rabbit or anti-goat IgG rhodamine antibodies
were used to detect intracellular AB (green) and caspases (red). Nuclei
were seen with the nucleic acid flurochrome Hoechst and images were

visualized using a confocal microscope.(LSM 510, Carl Zeiss).
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