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Abstract

Mutations in the small heat shock protein (SHSP) aB-crystallins cause a range of
human diseases including dilated cardiomyopathy (DCM), desmin-related myopathy
(DRM) and congenital cataracts. DRM was the first discovered associated with
desmin mutations which can affect themselves and closely interacted proteins that
typically tending to incomplete assembly of desmin and formation of electro-dense
granulofilamentous materials. These diseases involve the disruption of the
intermediate filament (IF) cytoskeleton and thus identified intermediate filaments as
important physiological targets of SHSPs. Recently, a missense mutation Gly154Ser
(G154S) in aB-crystallin was reported to be associated with a late-onset distal vacuolar
myopathy without cardiac or respiratory dysfunction and cataracts. This mutation
affects a highly conserved amino acid residue among the aB-crystallin in mammals and
has been identified earlier in patients with isolated cardiomyopathy. In this study, the
effects of G154S mutation on aB-crystallin’s. ability to interact with desmin IFs was
investigated in details using a - combination..of biochemical, molecular and cell
biological approaches. Cosedimentation assay showed that the G154S mutation
increased the binding of aB-crystallinto:assembled desmin IFs. Transmission electron
microscopy confirmed that the G154S aB-crystallin particles decorated the assembled
desmin filaments. Transient transfection studies revealed that the expression of G154S
aB-crystallin did not affect its distribution but accomplishment of slightly decreased of
solubility in C2C12 cell fraction study compared to the wild type aB-crystallin. This
IS in contrast to the R120G mutation reported in desmin-related myopathy, where this
mutation affected the solubility of aB-crystallin and promoted its interaction with
desmin filament leading to intracellular aggregates formation in transiently transfected
cells. When transfected into a range of cell lines, both R120G and G154S aB-crystallin
mutants, but not the wild type protein, increased the phosphorylation of aB-crystallin at
Ser*® site. Taken together, these data suggest that the G154S mutation may be involved
in the pathogenesis of myopathy through a mechanism that is different from the R120G

mutation found in DRM.
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Abbreviation

BCA Bicinchoninic acid assay

Co-IP Co-immunoprecipitation
CryAB aB-crystallin

Des Desmin

DRM Desmin-related myopathy
DCM Dilated cardiomyopathy

DAPI 4', 6-diamidino-2-phenylindole
IFs Intermediate filaments

MT Microtubule

MF Microfilaemnt

MAPs Microtubule-associated-proteins
NF-H Neurofilament heavy

NF-M Neurofilament medium

NF-L Neurofilament light

P Pellet

RIPA Radial immnoprecipitaiton assay buffer
S Supernatant

ULFs Unit length filaments

WT Wild type

NT No transfected cells

SDS-PAGE  Sodium dodecyl sulfate polyacrylamide gel electrophoresis

Vil



Chapter 1 : Introduction

1.1 Intermediate filaments

Intermediate filaments (IFs), together with microfilaments (MFs) and microtubules
(MTs), form an interconnected cytoskeletal network that gives cells their shape, form
and function. Interactions among the three cytoskeletal elements regulate the structural
organization of the cytoplasm of animal cells. In contrast to MTs and MFs, which are
assembled from highly conserved tubulin and actin that have nucleotide-binding and
hydrolyzing activity, IFs are made up of fibrous proteins that have no known enzymatic
activity. These proteins have a conserved substructure that is necessary for their
self-assembly into IFs of ~10 nm diameter, which is intermediate in size between
microfilaments and microtubules.. They -are, however, characterized also by
considerable divergence, especially with respect tothe amino-acid sequences of their
non-a-helical amino- and carboxy-terminal domains [1, 2]. Of all the three cytoskeletal
fibers, IFs are the most diverse and are.encoded by at least 70 IF genes, making this
gene family one of the largest in the human genome [3, 4]. Based on their gene
structure and sequence similarity, IFs are classified into five major families with cell-,
tissue-, differentiation- and developmental-specific expression patterns (Table 1). Type
| and type Il are keratins that are expressed in most epithelial cells. Type Il contain
four different IF proteins. Among these, vimentin is the most wildly expressed in
different cell types. Desmin is the major muscle-specific IF proteins. Glial fibrillary
acidic protein (GFAP) expresses mainly in astrocytes of central nervous system and
peripherin is predominantly expressed in peripheral nervous system. Type IV IF
proteins consist of neurofilament triplet proteins and o-internexin that are mainly
expressed in neurons of central nervous systems. Whilst types I-IV IF proteins are

localized to the cell cytoplasm, the type V proteins contain nuclear lamins that are



important organizers of the nuclear envelope. Although heterogeneous in size and
primary structure, IF proteins share a common tripartite domain structure, with the
defining feature being a centrally located o-helical domain containing long-range
heptad repeats of characteristic seven-residue periodicity in the distribution of
hydrophobic residues in the sequence. The central rod domain mediates coiled-coil
dimer formation and represents the major driving force sustaining self-assembly [2, 5].
The central a-helical coiled-coil rod is flanked by flexible, highly variable N- and
C-termini that lead to exceptional structural diversity among IFs [6]. This diversity
provides many opportunities for tailoring IF networks to cell type-specific functions in
contrast to the broadly conserved functions of MT and MF. In most vertebrate cells,
intermediate filaments form extensive networks within the cytoplasm. These networks
extend throughout the cytoplasm radially in all:directions from the nucleus to the cell
surface where they provide a scaffold to orchestrate the positioning and function of
cellular organelles and to coordinate with other cytoskeletal activities. In the periphery,
IFs associate with plasma membrane specialized:ceHular junctions such as desmosomes,
hemidesmosomes and focal adhesions. The resulting network integrates and organizes
the cytoplasm providing mechanical integrity that is crucially important for tissue
function. The most remarkable feature of IFs is that they can easily self-assemble into
10-nm filaments without any cofactors. Recently, IF assembly has been described in
vitro as a three-phase scenario [7], in which tetramers first associate laterally into
unit-length filaments (ULFs) with approximately 16 nm in diameter and 60 nm in
length. In the subsequent elongation phase, the ULFs anneal end-to-end to yield loosely
packed filaments that are several hundred nm long. In a third phase, the loosely packed
filaments undergo an internal reorganization to yield 10-nm intermediate filaments (Fig.
1). Evidently, this radial compaction that propagates throughout the filament represents

an essential step in the conversion of assembly intermediates to mature IFs. Cell culture



studies using live cell imaging as well as immunofluorescence staining of fixed cells
have shown that some intermediate filament proteins such as vimentin exists in several
organizational states, including non-filamentous particles, short filaments and
filamentous networks [8, 9]. The form of vimentin within the particles is unknown at
present, although it is possible that they contain oligomeric complexes such as dimers,
tetramers or ULFs. In vitro studies using bacterially expressed and purified IF protein
have yet to reveal any particle-like structures during intermediate filament assembly.
However, microinjection experiments have shown that at least for vimentin, the
recombinantly purified IF protein associates immediately into non-filamentous
particles before assembling into longer intermediate filaments [10]. Although IF
proteins are very capable of forming 10-nm filaments in vitro, the consequence of not
forming a functional filament network-in cellsis-highlighted in a wide range of human
genetic diseases caused by deficiency. in this:network, including skin fragility and
epidermolytic disorders, laminopathies,. myopathies, astrogliopathies, neuropathies,
cataracts and premature aging [11;12].
1.2 Desmin and DRM

Demonstration that IFs provide mechanical integrity to tissues first came from
pioneering studies showing that mutations in keratins K5 and 14 led to epidermal
fragility in mice and epidermolysis bullosa simplex (EBS) in humans [13]. Similar
mutations have since then been found in other IF family members leading to
identification of a plethora of disease phenotypes [11]. One of these IF-based diseases
is the DRM, which is caused by mutations in desmin. Desmin is a type Il intermediate
filament (IF) protein mainly expressed in cardiac, skeletal, and smooth muscle. It is
expressed early in embryogenesis, preceding the expression of many other
muscle-specific proteins, such as sarcomericactins, and myosins [14-16]. During

myogenic differentiation, an extensive rearrangement in myofibre architecture occurs



where desmin adopts a transverse association with accompanying the alignment of Z
bands that anchor actin filaments to at the ends of each sarcomere [17]. By interacting
with other IF proteins, such as paranemin [18, 19], synemin [20], syncoilin [21],
desmuslin [22] and the cytoskeletal linker protein plectin [23, 24], desmin forms a
continuous cytoskeletal network that maintains a spatial relationship between the
contractile apparatus and other structural elements of the cell, thus providing
maintenance of cellular integrity, force transmission, and mechanochemical signaling.
Desmin is much more abundant in heart muscle (2% of total protein) than in skeletal
muscle (0.35%) and is a major component of Purkinje fibers, the specialized
myocardial conduction system that enables the heart to contract in a coordinated
fashion [25]. Desmin gene is located on chromosome 2935 [26], which encompasses
nine exons within an 8.4-kb region-and encodes 470 amino acids [27]. The gene is
highly conserved among vertebrate species. Like other IF proteins, desmin is organized
into three domains with a highly-conserved o-helical core of 308 amino acid residues
flanked by non-helical N- and C-terminal structures [28]. The a-helical core contains a
heptad repeat pattern that two polypeptides to form a homopolymeric coiled-coil dimer,
the elementary unit of the desmin IF. The heptad repeat periodicity within the helical
rod is interrupted in several places, resulting in four consecutive helical segments
known as 1A, 1B, 2A, and 2B that are connected by short nonhelical linkers [29]. To
date, the number of known disease-causing desmin mutations has reached 45 (Fig. 2).
Although most of these mutations are missense and located within the highly conserved
rod domain of desmin, some insertional and frame-shift mutations have also been
identified. These include three in-frame deletions of between one and seven amino
acids, one exon-skipping mutation, and one insertion of a single nucleotide resulting in
premature translation termination. Although most of the mutations have been found

throughout the entire desmin sequence, no mutations have thus far been identified in



the 2A helical segment. A characteristic disease pathology that typifies DRM is the
presence of protein aggregates containing desmin and aB-crystallin [30], a member of
the small heat shock protein family.
1.3 The small heat shock proteins and aB-crystallin

The small heat shock proteins (SHSPs) comprise proteins important in cellular stress
response and their ability to protect cells against heat shock and their increased
expression as part of the heat shock response contribute to their assignments as heat
shock proteins. As the molecular weights of the small heat shock protein subunit are
usually less than 30 kDa, the term small was incorporated to distinguish them from the
other heat shock proteins. Small heat shock proteins are implicated in different cellular
processes, such as suppression of protein aggregation, involvement of cytoskeletal
dynamics, cellular growth and differentiation. :Of ithe 10 different small heat shock
proteins that are currently known'in human [31]; some are widely expressed in various
tissues, whereas others are mare-restricted. The aB-crystallin protein has a subunit
mass of 20 kDa but forms molecular aggregates with a mass of approximately 650 kDa.
Although it was originally discovered and- classified as a lens protein, aB-crystallin is
found in nonlenticular tissues and is abundant in cardiac and skeletal muscle [32].
Functionally, aB-crystallin acts as a chaperone that responds to stressful conditions by
binding to unfolded proteins and preventing their denaturation and aggregation [33]. In
addition to modulate correct protein folding, aB-crystallin participates in a number of
other cellular processes, including compartment targeting, misfolded/unfolded protein
degradation [34, 35], redox homeostasis [36] and apoptosis [37-39].
1.4 Interaction of aB-crystallin with cytoskeletal proteins

The cytoskeleton is the internal structure of the cell that makes the diverse cellular
functions possible. The cytoskeletal structures are extremely dynamic, undergoing

continual flux within the cytoplasm and requiring continual change in the



protein-protein interactions necessary for their function. It is not surprising that
cytoskeletal proteins require the attention of protein chaperones, and specifically small
heat shock proteins, to the maintenance and control of the cytoskeleton. Importantly,
viewing chaperones and the cytoskeleton as a functional units suggests exciting new
possibilities that make us to rethink the general perceived role of chaperones as just
quality control proteins. In fact recent studies strongly suggest a far greater potential for
the small heat shock proteins, in particular aB-crystallin, in attending the needs of the
whole cytoskeleton in both healthy and diseased cells but before | explore these in more
detail, it is imperative to discuss the interaction of aB-crystallin with each of the
cytoskeletal components. After all, it is from this source that the most unequivocal and
strongest evidence has emerged that small heat shock proteins are absolutely required
the efficient function of the whole cytoskeleton.
1.5 Actin-based microfilaments and microtubules

Previous studies had shown that aB-crystallin stabilizes actin filaments and regulate
actin assembly dynamics in a phosphorylation-dependent manner both in vitro [40, 41]
and in cultured cells [42]. Suppressing aB-crystallin gene expression using RNAI
technology leads to disruption of the actin microfilament network, further supporting
an important role of aB-crystallin in the maintenance of microfilament integrity and
ultimately cellular survival [43]. Recently, Gosh et al. reported the identification of
several actin interactive sequences in aB-crystallin that could potentially promote actin
assembly and also inhibit filament disassembly and aggregation in vitro [44]. Whatever
the precise binding sites might be, a direct actin-aB-crystallin interaction probably also
occurs in vivo and may participate in the regulation of the actin filament assembly.
aB-crystallin is not only important in regulating stability and assembly of actin-based
MFs, their interactions with tubulin and MTs have also been documented. It has been

reported that aB-crystallin interacts with MTs through MT-associated proteins (MAPS),



and this interaction gives MTs resistance to disassembly both in vitro and in unstressed
cells [45]. Further studies revealed that the highly conserved aB-crystallin domain is
essential to prevent denatured tubulin from aggregation [46]. Protein pin array
technology identifies several tubulin interactive sequences on the surface of human
aB-crystallin, providing direct experimental evidence that aB-crystallin can selectively
stabilize tubulin as a client protein and collectively modulate MT
assembly/disassembly through a dynamic mechanism of SHSP subunit exchange [47].
1.6 Intermediate filaments

Initial studies on the lens cytoskeleton led to the discovery that a-crystallins interact
with vimentin [48]. Subsequently it has been shown that both aB-crystallin has
temperature-dependent interactions with IFs [49-51]. In vitro assembly studies have
also shown that aB-crystallin can-inhibit IFassembly and in the case of GFAP,
inhibition is independent of phosphorylation. [48, 51]. The inhibitory effect of
aB-crystallin upon vimentin ‘and GFAP assembly provides a direct regulatory
mechanism. Co-immunoprecipitation-has demonstrated the associations of SHSPs with
soluble IF subunits including vimentin‘and GFAP [48, 51]. Association of SHSPs with
IF networks has also been visualized in a range of cell lines with different IF
compositions using immunofluorescence microscopy [51, 52]. Previous studies have
provided data to show that the main functions of the aB-crystallin-IF interaction are to
maintain the individuality of IFs [51], to modulate inter-filament interactions in their
networks [53] and to stabilize assembly intermediates [54]. In skeletal myofibrils and
cultured cardiomyocytes, aB-crystallin is colocalized specifically with desmin at the
Z-bands [55] and recent studies have demonstrated that in muscle, aB-crystallin serves
as a chaperone for desmin and other cytoskeletal proteins preventing them from
unintended filament entanglement and subsequent aggregation. Whilst aB-crystallin

and IF interaction forms functional complex in normal cells, this interaction is also



observed in a range of pathological conditions. For instance, a characteristic disease
pathology that links the different causes of DRM is the presence of aggregates of
intermediate filaments containing oB-crystallin in the muscle cells of affected
individuals [56, 57]. In fact, there are many diseases where aggregates of IFs and
aB-crystallin occur. These include a range of neurodegenerative diseases typified by
characteristic cytoplasmic inclusions, such as Pick Bodies [58], Lewy bodies [59] and
Rosenthal Fibers [60]. Different IF proteins, namely GFAP and neurofilaments are
involved. In alcoholic hepatitis, the characteristic Mallory Bodies that are formed
comprise keratin filaments associated with oB-crystallin [61]. So in the disease
scenario, these aggregates are typically co-associated with aB-crystallin despite the fact
that they involve different intermediate filament proteins. This suggests that the
association of aB-crystallin with intermediate filament aggregates is independent of the
specific intermediate filament /protein but .1s rather a generic response to this
pathological rearrangement of -intermediate: filaments. Whilst these observations
establish a clear link between . aB-crystallin, intermediate filaments, and the
disease-induced aggregation of intermediate- filaments [62], the most compelling
evidence that confirms the importance of the aB-crystallin-1F interaction comes from
the identification of a mutation in aB-crystallin (R120G), which causes IF aggregation
and a phenotype that mimics desmin related myopathies [56]. The clear phenocopy
produced by mutations in both aB-crystallin [56] and desmin [63] provides the
strongest evidence of the functional link between aB-crystallin and IFs.
1.7 Human diseases associated with aB-crystallin mutations

aB-crystallin has received significant attention in recent years because mutations in
the gene encoding aB-crystallin have been linked to human diseases including DRM.
Most of the currently known aB-crystallin mutations occurred in highly conserved

regions and disease phenotypes associated with aB-crystallin mutations are clinically



heterogeneous. The R120G is by far the most studied aB-crystallin mutation, which
was identified originally in a multi-generation French family with autosomal dominant
DRM and cataracts [56]. The age of disease onset was in the mid-30s and rate of
progression was moderate [56, 64]. The R120 residue is located in the highly conserved
region shared by other small heat shock proteins. Structural and functional studies
indicate that the aB-crystallin mutant had reduced or completely lost chaperone
function [65, 66]. This mutation also decreased the ability of aB-crystallin to interact
with the closely related lenticular chaperone aA-crystallin, but strongly interacted with
wild type aB-crystallin [67], suggesting a mechanism for dominant negative effect.
When transfected into muscle cell lines, R120G aB-crystallin forms intracellular
aggregates that contain both desmin and aB-crystallin [56, 66]. Transgenic mice
expressing R120G mutant show.-the “presence. of protein inclusions that are
immunopositive for desmin. and: oaB-crystallinin in cardiomyocyte [68], which
compromises cardiac muscle function-and results in.cardiac hypertrophy. Subsequently,
three other mutations in the C-terminal extension were reported for aB-crystallin, butin
contrast to the R120G mutation, none caused both cataract and myopathy. The first of
these was the 450del A mutation that is associated only with cataract and resulted in a
184-residue product where the coding sequence of the C-terminal extension was altered
from residue 150 onwards [69]. Two other mutations were then reported that cause
myopathies but not cataract. One mutation with a 2-bp deletion (c.464_465CTdel) in
the C terminus of aB-crystallin resulting in a truncated protein of 162 amino acids,
instead of the normal 175, was present in a patient with myofibrillar myopathy [70].The
mutation was predicted to impair the ability of aB-crystallin to inhibit heat-induced
protein aggregation of unfolded and denatured proteins, resulting in aberrant
accumulation of proteins in muscle fibers. The other mutation with ¢.451C>T transition

resulting in a p.GIn151X substitution was also identified in a patient with myofibrillar



myopathy [70].The mutation results in a truncated protein of 150 amino acids and is
predicted to be functionally deficient. Immunoblots under nondenaturing conditions
showed that the mutant protein forms lower than normal molecular mass multimeric
complexes with the wild type protein and exerts a dominant-negative effect.
Subsequently, a missense R157H mutation in aB-crystallin associated with a late onset
dilated cardiomyopathy was reported [71]. This mutation, occurring in an evolutionary
conserved amino acid residue, reduces the binding of aB-crystallin to the N2B domain
of titin/connectin [71].Very recently, a missense mutation G154S was reported to be
associated with a late-onset distal vacuolar myopathy without associated
cardiomyopathy, respiratory failure and cataracts [72]. This mutation affects a residue
in a highly conserved domain of aB-crystallin, but the effect of such a mutation upon
aB-crystallin structure and function -has not yet been investigated.
1.8 Molecular pathogenesis of DRM

In vitro studies, together with successful development of cell models and transgenic
mice have helped to understand critical pathogenic events in DRM. Based on these
studies, the pathomechanism that underlies-the development of DRM is beginning to
emerge.
1.9 In vitro studies

For DRM caused by desmin mutations, recent investigations have focused on the
hypothesis that mutations in the desmin gene lead to defective IF assembly and that this
results in aggregation of the mutant protein [57]. Accordingly, Bar et al. showed in a
series of elegant studies that mutations in the rod domain of desmin give rise to distinct
assembly defects: either they arrested the normal in vitro assembly process at specific
stages [73] or they led to disassembly of irregular precursor structures [74].
Surprisingly, however, many of the mutations allowed filament formation to take place,

although these superficially “normal-looking* filaments had distinct alterations of
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filament architecture, including a change in the number of subunits per cross-section as
compared to wild-type desmin IFs [75]. These observations underscore the emerging
realization that mutations can contribute to disease in ways that go beyond formation of
the filament. The situation in myocytes is even more complex because patients
heterozygous for the mutant desmin allele express both mutant and wild type proteins
in variable proportions in affected muscle. In vitro studies using a coassembly assay
showed that filament formation by assembly-deficient mutant desmins can be rescued
in some cases by the presence of wild-type desmin [76]. In many cases, however, the
mutant protein drives the wild-type protein into non-IF structures [77]. These in vitro
analyses were corroborated by transient transfection studies, which revealed that
assembly-incompetent desmin mutants formed cytoplasmic aggregates, whereas
filament-forming mutants assembled-into filamentous networks [73, 74]. A potential
disease-causing mechanism that is-induced by the filament-forming mutants might be
that mutations alter the surface-charge patterns that disturb interaction with important
cellular binding partners such as aB-crystallin; leading to accelerated breakdown of the
desmin IF network and aggregate formation. Alternatively, an alteration in the intrinsic
viscoelastic properties of single desmin filaments might cause a failure in the
mechanical coordination of the positioning of individual myofibres. Here, detailed
binding studies with IF-associated proteins and analyses of biophysical properties at the
single-filament level should help to gain more insight.
1.10 Animal models

Although mice lacking desmin develop normally with no overt phenotypic
abnormality in early life, they do develop muscle disorders as they age. Phenotypes
include progressive muscle weakness and dystrophic alterations with misalignment of
myofibrils and the abnormal distribution of mitochondria in both cardiac and skeletal

muscle cells [30, 78]. The severe morphological and functional defects observed in
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desmin deficient mice demonstrated that desmin plays a critical role in maintaining
the organization of the cytoarchitecture and structural integrity of myofibril, myofibre
and the whole muscle tissues. In transgenic mice expressing the R173-D179del desmin
mutation that is associated with DRM in humans, examination of the myocardium
revealed the accumulation of intracellular aggregates containing desmin and other
cytoskeletal proteins [79]. Such aggregates are not seen in desmin-knockout mice,
supporting the hypothesis that mutant desmin protein acts as a seed for the formation of
protein inclusions in patients with DRM. The aggregates appear as electron-dense
granulofilamentous structures, which disrupt the continuity and overall organization of
the desmin IF network throughout the cell [79]. In transgenic mice carrying the
myopathy-causing human L345P mutation, there is a striking abnormality of
mitochondrial morphology and-Ca*" handling; suggesting that the mutation impairs
mitochondrial integrity in muscle cells [80].. DRM has been recapitulated in transgenic
mice by cardiac-specific expression of the.aB-R120G protein [79]. These mice
develop severe cardiomyopathy. with™ early death at 28 weeks in a gene
dosage-dependent manner. Subsequent studies have shown that the defective cardiac
chaperone perturbs mitochondrial architecture and impairs mitochondrial function
[81]. These changes ultimately lead to cardiomyocyte death, dilation, and heart failure
[81]. In another study, Rajasekaran et al. [82] showed that increased
glucose-6-phosphate dehydrogenase expression is sufficient to cause cardiomyopathy
in transgenic mice, which may represent an alternative mechanism underlying
aB-R120G-associated cardiomyopathy [82]. Most recently, Andley et al reported the
development of R120G oB-crystallin (aB-R120G) knock-in mice [83]. Both
heterozygous and homozygous mutant mice developed myopathy. In skeletal muscle,
aB-R120G co-aggregated with desmin, became detergent insoluble, and was

ubiquitinated. Moreover, cataract severity increased with age and mutant gene dosage.

12



These data suggest that the cataract and myopathy pathologies in aB-R120G knock-in
mice may share common mechanisms, including increased insolubility of aB-crystallin
and its co-aggregation of with IF proteins. Although the detailed molecular basis of
cataract and DRM development is not fully understood, the aB-R120G knock-in mice
provide a useful model for identifying the effects of molecular mechanisms that affect
IF aggregation and lead to cataract formation and DRM.
1.11 Eliminating the aggregates

Chaperones assist normal protein folding and, if necessary, enhance ubiquitination
and proteasomal degradation of abnormally constructed proteins. Misfolded desmin or
aB-crystallin may escape proteolytic breakdown and accumulate in perinuclear
electron-dense bodies [84] known as aggresomes [85]. The aggresomes identified in
cardiomyocytes of a mouse expressing the aB-R120G are similar to the accumulations
of primary toxic oligomers in neurons of patients with neurodegenerative diseases such
as Alzheimer disease [86]. Analysis of aggresome-composition also suggests that they
contain an amyloid oligomer._ representing .a -primary toxic species [87]. Toxic
aggregates trigger autophagy as a mechanism for clearing the defective proteins from
the muscle fiber [88, 89]. Activation of autophagy has been shown in the aB-R120G
mouse model of DRM [90, 91]. Autophagy is considered protective in late-onset
neurodegenerative disorders such as Huntington disease and other polyglutamine
expansion diseases, and it has been suggested that autophagy upregulation may be a
potential strategy for the treatment of a wide range of disorders [92, 93]. A similar
approach should be considered in future therapies for the treatment of patients with

DRM.
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Chapter 2 : Material and Methods

2.1 Construction of expression plasmids.

The expression plasmid of human wild type (WT) aB-crystallin was constructed as
described previously [54]. In brief, total mMRNA was isolated from a sample of human
soleus muscle using the RNeasy kit (Qiagen) and converted to cDNA by RT-PCR.
Full length human oB-crystallin cDNA was amplified from this cDNA using the
nucleotides: 5-AGCCACCATGGACATCGC-3” and 5-CTATTTCTTGGGGGCT
GCG-3" as forward and reverse primer, respectively. The PCR product was cloned
into the pGEM® -T Easy vector (Promega) and the sequence confirmed against the
GenBanky database entry (Accession No. S45630). The R120G aB-crystallin was
constructed by two consecutive -PCR.--amplifications [54] using the mutagenic
oligonucleotides 5-TTCCACGGGAAGTACCGGATCCCAGC-3" and 5"-CCGGTA
CTTCCCGTGGAACTCCCTGGAGATGAA-3’, with the desired A — G mutation at
nucleotide position 358 as well ‘as‘a silent mutation at nucleotide position 363. After
confirmation of the mutation by DNA-sequencing, the R120G aB-crystallin was
subcloned into the Ncoland EcoRI restriction sites of the bacterial expression vector
pET23d (Novagen). For expression in cultured mammalian cells, both WT and R120G
aB-crystallin ¢cDNA were subcloned from the pET23d vector to the mammalian
expression vector pcDNA3.1(-) (Invitrogen) with using of the Xbal and EcoRI
restriction sites.

2.2 Construction of G154S aB-crystallin by site directed mutagenesis.

G154S mutation was introduced by site directed mutagenesis with use of WT
aB-crystallin in pET23d vector as a template. The following mutagenic
oligonucleotides that contained the desired G — A mutation at nucleotide position 460

were synthesized (Mission Biotech, Taipei, Taiwan): 5>-GGAAACAGGTCTCTA
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GCCCTGAGCG-3’ and 5’-GGTGCGCTCAGGGCTAGAGACCTGT-3’, where the
substituted nucleotides were underlined. For site directed mutation, the PCR was
carried out in a 20 pl reaction containing 10 ng of template, 0.5 uM primer pair, 200 uM
dNTPs (NEB) and 0.02 unit of Phusion High Fidelity DNA polymerase (Finnzymes).
The PCR cycles were initiated at 98°C for 30 seconds to denature the template DNA,
followed by 20 amplification cycles. PCR cycling was carried out using a G Strom
thermal cycler (Gene Technologies, Essex, UK). Each amplification cycle consisted of
98°C for 30 seconds, 55°C for 1 minute and 72°C for 3 minutes. The PCR cycles were
finished with an extension step at 72°C for 10 minutes. The PCR products were treated
with 5 units of Dpnl (NEB) at 37°C for 1 hour. An aliquot of 10 pl PCR reaction
product was analyzed by agarose gel electrophoresis. The full-length plasmid DNA
was quantified by band density analysis against:-the 1636-bp band of the DNA ladders
(Fermentas). A 2 ul aliquot of above PCR product was transformed into E. coli DH5a
competent cells by heat shock at-42°C.for 45 seconds. The transformed cells were
spread on a Luria-Bertani (LB) agar plate containing 50 g/ml ampicillin and incubated
at 37°C for 16 hours. Four colonies from-each plate were amplified and the plasmid
DNA was isolated byFavorPrep™ Plasmid DNA Extraction Mini Kit (Favorgen). The
mutation was confirmed by DNA sequencing (Mission Biotech, Taipei, Taiwan). For
expression in cultured mammalian cells, the G154S aB-crystallin in the pET23d was
subcloned into the pcDNAS3.1(-) vector (Invitrogen). Briefly, WT aB-crystallin
inpcDNA3.1(-) (Invitrogen) and G154S aB-crystallin in pET23d were both digested
with EcoRIl at 37°C for 15 minutes. After digestion, the pcDNA3.1(-) vector
(Invitrogen) was treated with 1ul calf intestinal phosphatase (CIP, NEB) at 37°C for
45 minutes. After purification by FavorPrep Gel/PCR Kit, the G154S aB-crystallin
and pcDNA3.1(-) vector were ligated by T4 DNA ligase at 16°C overnight.

2.3 Preparation of competent cells.
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One single colony of bacteria was picked and grown in 1 ml LB with appropriate
antibiotics overnight at 37°C. The saturated culture of bacteria was inoculated into a
100 ml fresh LB and incubated with vigorous shaking for ~2 hours at 37°C. At this
stage, bacteria were grown in an active state, which is required for preparing
competent cells. The bacteria were pre-chilled on ice and collected by centrifugation
at 4,000 rpm for 20 minutes. The bacterial pellets were resuspended in 20 ml of
Competent buffer I (100uM KC1, 60uMCaC1l, 50uM KOAc, 15% glycerol, pH 5.8),
followed by incubation on ice for 10 minutes. The bacteria was pelleted by the same
centrifugation conditions as mentioned above and resuspended in 4 ml Competent
buffer 11 (100uM KCl1, 75uMCaCl,, 10uM MOPS, 15% glycerol, pH 6.8). Aliquots of
100 ml bacterial suspension per Eppendorf tube were prepared and stored at -80°C.

2.4 Expression and purification of recombinant aB-crystallin.

The expression constructs, ‘of G154S  aB-crystallin were transformed into
Escherichia coli BL21 (DE3) pLysS strain. After-transformation, one well-separated
colony was picked and grown in LB with appropriate antibiotics overnight at 37°C. A
10-ml test culture was first set up to check protein expression and optimize the
induction conditions. For large-scale oB-crystallin expression, 1.6-liter LB
supplemented with 50 g/ml ampicillin and 34 g/ml chloroamphenicol was inoculated
with a saturated overnight culture at 1:100 dilution. Bacteria were grown at 37°C with
vigorous shaking at 225 rpm. Once the cultures had reached an ODgy of 0.5-0.6 (~2
hours), recombinant protein expression was induced by the addition of 1 mM IPTG
for 4 hours. Bacteria were harvested by centrifugation at 6,000 rpm for 30 minutes at
4°C in a JA-10 rotor (Hitachi). The bacterial pellet was resuspended in TEN buffer
(50mM  Tris-HCI, pH 8.0, 1mM EDTA, 100mM NaCl and 0.2mM
phenylmethylsulfonyl fluoride (PMSF) and 1% (v/v) protease inhibitor cocktails

(Sigma, St. Lewis, MO)) and homogenized in a 45-ml Dounce homogenizer.
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RNase-free DNase (Promega) was added at 10 U/ml to the crude homogenates and
incubated at room temperature for 30 minutes. The homogenate was clarified by
centrifugation at 18,000 rpm in a JA-20 rotor (Hitachi) for 30 min at 4°C. The
resulting supernatant was collected and polyethyleneimine (50%, Sigma) was added
to form a 0.06% (v/v) solution. After incubation on ice for 5 min, the mixture was
centrifuged at 16,000 rpm for 10 min to pellet the bacterial DNA.

2.5 Purification of G154S aB-crystallin by column chromatography.

The G154S aB-crystallin was purified to homogeneity by column chromatography
with use of an AKTA prime Plus System (GE Healthcare).During the purification,
protease inhibitor cocktails (1% (v/v), Sigma) and 0.2mM PMSF were included in all
buffers to avoid protein degradation. The purification steps were carried out at room
temperature unless stated otherwise. After being dialyzed against column buffer A
(20mM Tris-HCI, pH 7.4 and 1mM EDTA) at 4°C overnight, the clear supernatant
was loaded onto a TMAE column: (2.6x10 cm) pre-equilibrated with the same buffer.
The column was washed with 6-column volumes of column buffer A, and proteins
were eluted with a linear gradient of 0-1M NaCl in the same buffer over 1 h at a flow
rate of 1 ml/min. The aB-crystallin-enriched fractions were pooled and concentrated
by Ultrafree-15 concentrators with a 10,000 molecular weight cutoff (Millipore, UK).
The protein sample was then dialyzed against column buffer B (20mM Tris-HCI pH
7.4, 100mM NaCl) overnight at 4°C and further purified by size exclusion
chromatography on a Sephacryl S-400 HR gel filtration column (80 x 1.6 cm)
pre-equilibrated in column buffer B. Proteins were eluted from the column with the
same buffer over 1 hour at a flow rate of 0.5 ml/min. Column fractions were analyzed
by SDS-PAGE and those containing purified aB-crystallin were collected,
concentrated and stored at -80°C.

2.6 Determination of protein concentration.
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Protein concentration was determined by BCA™ Protein Assay Kit (Pierce, UK)
according to manufacturer’s instructions. Briefly, bovine serum albumin (BSA)
standard protein was serial diluted to concentrations of 2 mg/ml, 1.5 mg/ml, 1 mg/ml,
0.75 mg/ml, 0.5 mg/ml and 0.25 mg/ml. 10 ul each of BSA standards and
appropriately diluted protein samples were mixed with 100 pl of working solution
(Reagent A and B mixed at 50 : 1 ratio) in a ELISA plate. After incubation at 37°C
for 30 minutes, protein concentrations were estimated by measurement of absorbance
at a wavelength of 562 nm on a microplate reader (maker).

2.7 Intermediate filament assembly in vitro.

Purified desmin was diluted to 0.3 mg/ml in 6 M urea in a low ionic strength buffer
(20mM Tris-HCI, pH 8.0, 5mM EDTA, 1mM EGTA, and 1mM DTT). Desmin
samples were dialyzed stepwise against 3 M urea in the same buffer for 4 h and then
against the same buffer without-‘urea ‘overnight'at 4°C. Filament assembly was
completed by dialyzing against assembly buffer (10mM Tris-HCI, pH 7.0, 100mM
NaCl, and 1mM DTT) for 12-16"h"at room temperature. The efficiency of in vitro
assembly was assessed by high-speed sedimentation assay as described previously
(Nicholl and Quinlan, 1994). In brief, the assembly mixture was layered onto a 0.85
M sucrose cushion in assembly buffer and was centrifuged at 80,000 x g for 30 min at
20°C. In some experiments, assembled filaments were subjected to low speed
centrifugation at 3,000 x g for 5 minutes in a Bench Top centrifuge (Eppendorf,
Hamburg, Germany) to assess the extent of filament—filament interactions. The
supernatant and pellet fractions were separated by 12% (w/v) SDS-PAGE and
visualized by Coomassie Blue staining. The amount of protein in the supernatant and
pellet fractions was analyzed by a luminescent image analyser (1Q350, GE Healthcare)
and quantified using the 1QTL software (version 7.0, Healthcare).

2.8 Cosedimentation assay.
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WT or mutant aB-crystallin was mixed with desmin in low ionic strength buffer at
different molar ratios as indicated. Assembly of desmin filaments in the presence or
absence of aB-crystallin was initiated by addition of a 20-fold concentrated assembly
buffer to give a final concentration of 2100mM imidazole-HCI, pH 6.8, ImM DTT, 0.2
mM PMSEF. After incubation for 1 h at 37°C, protein samples were layered onto a 0.85
M sucrose cushion in the assembly buffer and centrifuged at 80,000 X g for 30 min at
20°C in a TLX-100 Bench Top centrifuge (Beckman Coulter) by using a TLS 55 rotor
(Beckman Coulter) to pellet assembled desmin filament and associated proteins. To
investigate the effect of aB-crystallin mutation upon aggregate formation in vitro,
desmin was assembled in the presence of WT or mutant aB-crystallin and subjected to
a low-speed centrifugation at 3,000 g for 5 min in a Bench Top centrifuge (5417R;
Eppendorf, Hamburg, Germany). The-pellet and supernatant fractions were separated
by 12% (wt/vol) SDS-PAGE and: visualized by Coomassie Blue staining. The
amounts of protein in the supernatant_and. pellet fractions were analyzed by a
luminescent image analyser (1Q350,"GE Healthcare) and quantified using the 1QTL
software (version 7.0, GE Healthcare).

2.9 Transmission electron microscopy.

Protein samples diluted in assembly buffer to 0.3 mg/ml and were negatively stained
with 1% (w/v) uranyl acetate (Electron Microscopy Sciences, Hatfield, PA). Samples
were spread on glow-discharged, carbon-coated copper grids and examined with a
Hitachi H-7500 transmission electron microscope (Hitachi High-Technologies
Corporation, Japan), with use of an accelerating voltage of 100 kV. Images were
acquired at a magnification of 30,000 X on Kodak 4489 film and then were digitized at
1,200 %X 1,200—pixel resolution before being processed further in Adobe Photoshop
CSIl (Adobe System, San Jose, CA). Measurement of filaments length and diameter

was performed on enlarged electron micrographs using the Image J software (National
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Institute of Health, USA).
2.10 Cell culture and transient transfection.

Baby hamster kidney (BHK21) fibroblasts, mouse myoblast (C2C12) cells and
human breast cancer epithelial (MCF7) cells were grown in high glucose DMEM
medium (Sigma) supplemented with 10% (v/v) fetal calf serum (Invitrogen), 100
U/ml penicillin and 0.1 mg/ml of streptomycin (Invitrogen). All cells were maintained
at 37°C in a humidified incubator of 95% (v/v) air and 5% (v/v) CO,.For transient
transfection experiments, pcDNAS3 vector (Invitrogen) containing either WT or mutant
aB-crystallin in was prepared using PureLink™ HiPure Plasmid Purification Kits
(Invitrogen). Cells grown on 13-mm coverslips at a density of 50-60% confluence were
transiently transfected with aB-crystallin constructsby GeneJuice® transfection
reagent (Novagen) according to manufacturer’s protocol. Cells were allowed to recover
for 48 h before processing for immunofluorescence microscopy.

2.11 Generation of stable cell lines.

BHK21 or C2C12 cells grown.in ,10-cm’ Petri dish to ~50% confluency were
transiently transfected with WT or mutant. aB-crystallin using the GeneJuice®
transfection reagent (Novagen). The pcDNAS3.1/Hygro (Invitrogen) containing
hygromycin resistant gene was cotransfected with aB-crystallin construct to increase
the selection efficiency. Selection of stable cell lines was initiated 48 hours after
transfection using 400 g/ml of G418 (Sigma) and 200 g/ml of hygromycin B
(Invitrogen). This concentration was selected based on the sensitivity of C2C12 and
BHK21 cells to these antibiotics. Fourteen days after selection, colonies were isolated
and cultured in 24-well plates and then transferred into 12-well and 6-well plates
(Greiner Bio-One Ltd, Gloucestershire, UK) and finally into 10-cm? Petri dishes.
Stable cell lines were maintained in standard growth medium supplemented with 200

g/ml G418 and 100 g/ml hygromycin B. The expression and distribution of
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aB-crystallin in stable cell lines were examined by immunofluorescence microscopy.
2.12 Immunofluorescence microscopy.

Cells grown on coverslip were washed twice with PBS and fixed in either ice-cold
methanol/acetone (1:1 (v/v])) for 20 min or in 4% (w/v) paraformaldehyde/PBS for 10
min. In the case of paraformaldehyde fixation, cells were subsequently permeabilized
with 0.5% Triton X-100 in PBS for 10 min. After being washed twice with PBS
containing 0.02% (w/v) sodium azide and 0.02% (w/v) BSA (PBS/BSA/azide), cells
were blocked with 10% (v/v) goat serum in PBS/BSA/azide for 20 minutes. Cells were
incubated with primary antibodies at room temperature for 1 h. The following primary
antibodies used in this study were mouse monoclonal anti-aB-crystallin (2D2B6, 1:500
(Sawada, Agata et al. 1993)), monoclonal anti-HSP25 (Stresgen), monoclonal
anti-HSP70 (W27, Santa Cruz), monoclonal anti-actin (AC-15, Santa Cruz), rabbit
polyclonal anti-desmin (1:100) and: polyclonal anti-aB-crystallin (Stressgen). After
cells were washed with PBS/BSA/azide, the primary antibodies were detected using
Alexa 488 (1:600, Invitrogen) or ‘Alexa 594 (1:600, Invitrogen) conjugated secondary
antibodies. All antibodies were dilutedin PBS/BSA/azide buffer. The glass coverslips
were mounted on slides with the fluorescent protecting agent Citifluor (Sigma). Slides
were observed with a Zeiss LSM 510 confocal laser scanning microscope (Carl Zeiss)
taking 1.0-mm optical sections. Images were collected in multi-track mode and
processed for figures with Adobe Photoshop CSII (Adobe Systems, San Jose, CA).
Quantification of the aB-crystallin phenotypes was by visual assessment of the cells
and by scoring cells for the presence or absence of aB-crystallin-containing aggregates.
Approximately 100-150 transfected cells were assessed, and each experiment was
repeated at least three times.

2.13 Cellular fractionation.

Cells grown on 10-cm diameter Petri dishes were transfected with control vector
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(pcDNAZ3.1) or the same containing either WT or mutant aB-crystallin. At 48 hours
after transfection, cells were lysed using two different extraction buffers, designed to
test the effect of mutation on the solubility of aB-crystallin [94]. In the mild
extraction protocol, cells were lysed on ice for 10 minutes in Triton extraction buffer
(20mM Tris-HCI, pH 7.6, 140mM NaCl, 5mM EDTA, 1mM EGTA, 1% (v/v) Triton
X-100, with protease inhibitor cocktails (Sigma, St. Louis, MO) and 1ImM PMSF). In
the harsh extraction protocol, cells were lysed in radioimmunoprecipitation assay
(RIPA) lysis buffer (Triton extraction buffer containing 0.5% (w/v) sodium
deoxycholate and 0.1% (w/v) SDS). Cell lysates were then homogenized in a
Douncehomogeniser (Wheaton, Millville, NJ). Total cell lysates were prepared by
mixing a small aliquot of the cell lysate with an appropriate volume of Laemmli
sample buffer. To prepare supernatant and pellet fractions, total cell lysates were
centrifuged at 12,000 rpm at 4°C for 10 minutes in a benchtop centrifuge (Eppendorf,
Hamburg, Germany). The resulting pellets were resuspended in the pelleting buffer
(20mM Tris-HCI, pH 8.0, 10mM.'MgCl; and “ImM PMSF) containing 100 U/ml
RNase-free DNase (Promega, UK) and were incubated at room temperature for 1 hour.
The pellets were then homogenized and were repelleted by centrifugation at 12,000
rpm at 4°C for 5 minutes. The final pellets were washed in PBS containing 1mM
PMSF and resuspended in Laemmli’s sample buffer, in a volume that was
proportional to the supernatant before being analyzed by SDS-PAGE and
immunoblotting.

2.14 Preparation of cytoskeletal fractions.

The IF-enriched cytoskeletal fractions were prepared as described [95]. In brief,
confluent cells grown on 10-cm diameter Petri dish were washed with cold PBS
several times, followed by incubation with Triton buffer (10mM Tris-HCI, pH 7.4,

140mM NacCl, 1% (w/v) Triton X-100) for 5 minutes at room temperature. After
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removal of the Triton buffer, cells were incubated with high salt buffer (10mM
Tris-HCI, pH 7.4, 1.5M KCI, 140mM NaCl, 0.5% (w/v) Triton X-100) on ice for 30
minutes. Cells were then collected by a rubber policeman and homogenized in a
15-cm homogenizer (Wheaton, Millville, NJ). The cell homogenates were centrifuged
at 4,000 rpm at 4°C for 20 minutes and the resulting pellet was collected, washed
with PBS and resuspended in Tris buffer (10mM Tris-HCI, pH 7.4, 140mM NacCl,
5mM EDTA). After being repelleted by centrifugation at 10,000 rpm at 4°C for 10
minutes in a pre-cooled benchtop centrifuge (Eppendorf, Hamburg, Germany), the
final pellet was resuspended in Laemmli’s sample buffer before being analyzed
further by SDS-PAGE and immunoblotting.
2.15 Immunoprecipitation.

For immunoprecipitation (IP)-experiments, cells:were trypsinized and collected by
centrifugation at 1,000 rpm for 5 'minutes. The cell pellet was washed once with PBS
and then homogenized on ice in RIPA buffer (L0mM Tris-HCI, pH 7.6, 140mM NaCl,
5mM EDTA, 1ImM EGTA, 1% (v/v)-Triton X-100, 0.5% (w/v) sodium deoxycholate
and 0.1% (w/v) SDS, 1% (v/v) protease-inhibitor cocktails (Sigma, St. Louis, MO)
and 1mM PMSF). The homogenate was centrifuged at 12,000 rpm at 4°C for 10
minutes and the resulting supernatant was used for subsequent immunoprecipitation.
An aliquot of 0.5 ml of the supernatant was incubated with 20 ml of protein G
Sepharose (GE Healthcare, Uppsala, Sweden) followed by centrifugation at 2,500 rpm
for 3 minutes. The pre-cleared supernatant was incubated with monoclonal
anti-aB-crystallin antibody on ice for 2 hours, followed by incubation with 20 pl of
protein G Sepharose in an end-over-end rotator at 4°C overnight. The
immunoprecipitate was collected by centrifugation at 2,500 rpm at 4°C for 3 minutes.
After being washed with RIPA buffer without SDS four times, the immunocomplex

was pelleted and resuspended in Laemmli’s sample buffer prior to SDS-PAGE and
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immunoblotting analysis.

2.16 Immunoblotting.

Immunoblotting was performed using the semi-dry blotting method according to
the manufacturer's specifications (Bio-Rad Laboratories, UK). After blotting, protein
transfer efficiency was assessed by Ponceau S (Sigma, St. Louis, MO) staining of the
nitrocellulose membrane followed by destaining in Tris-buffered saline (TBS, 20mM
Tris-HCI, pH 7.4 and 150mM NaCl). Membranes were blocked for 1 hour in blocking
buffer containing (3% (w/v) bovine serum albumin in TBS containing 0.1% (v/v)
Tween 20 (TTBS) and incubated for 1 hour with primary antibodies at room
temperature. The following primary antibodies used in this study were mouse
monoclonal anti-desmin (1:2500, D33, DakoCytomation), polyclonal anti-desmin
(1:2500), monoclonal anti-HSP27 -(G3.1, ©1:2500, Abcam, Cambridge MA),
monoclonal anti-aB-crystallin/ (2D2B6, 1:2500;[96]), monoclonal anti-HSP70
(1:2500), monoclonal anti-actin-(1:2500, AC-40,.Sigma, St. Louis, MO), In some
experiments, the membrane was “probed . with _rabbit polyclonal anti-[pSer™]
aB-crystallin - (1:1000, Enzo), polyclenal- -anti-HSP25 (1:1000), monoclonal
anti-caspase 3 (1:1000, Cell Signaling Technology, Danvers, MA) antibodies diluted
by 1:1,000 in blocking buffer. After several washes with TTBS, the membrane was
incubated for 1 hour with horseradish peroxidase (HRP)-conjugated secondary
antibodies (Dako Cytomation) diluted by 1:2,000 in blocking buffer, followed by
washing with TBS for 30 minutes with several changes. Antibody labeling was
detected by enhanced chemiluminescence (Western Lightning Plus-ECL, Perkin
Elmer) with use of a luminescent image analyser (Image Quant 350, GE Healthcare,
Uppsala, Sweden). The strength of signal was quantified using the image analysis
software (Image Quant TL 7.0, GE Healthcare, Uppsala, Sweden).

2.17 Silver staining.
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For detecting the signal of aB-crysyallin in cytoskeletal preparation, silver stain kit
(Bio-Rad) was used to increase the protein sensitivity. After analysis of cytoskeletal
preparation by SDS-PAGE, protein gel was incubated in 40% methanol and 10%
acetic acid (v/v) at least 30 minutes. Then the fixed buffer was discarded and gel was
incubated in sensitized buffer for 5 minutes. Last buffer was discarded and gel was
washed in large volumes of milli-Q water for 2 minutes 3 times. Gel was then stained
with staining buffer for 20 minutes. Again, staining buffer was discarded and gel was
rinsed in milli-Q water for quickly 30 seconds. Finally, gel was developed in
developer until the appearance of brown bands. Notice that, the developing time does

not over than 15 minutes.
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Chapter 3 : Results

3.1 The effect of G154S aB-crystallin on the interaction with desmin filaments in
vitro.
3.1.1 Expression and purification of recombinant G154S aB-crystallin.

The G154S aB-crystallin generated by site directed mutagenesis was used to
produce recombinant protein suitable for subsequent in vitro studies. The G154S
aB-crystallin was expressed in Escherichia coli BL21(DE3) pLysS strain using a
pET-based vector system and purified to homogeneity by a two-step purification
protocol [97]. The expression and purification of the G154S aB-crystallin was
monitored by SDS-PAGE followed by staining with Coomassie Blue R250 (Fig. 1.1).
In the first step, the G154S_aB-crystallin"-was purified by anion exchange
chromatography using a TMAE column. This step removed most of the contaminated
proteins from bacteria. Results of a representative Chromatographic profile are shown
(Fig. 1.2). Complete removal of the.impurities ‘was achieved by subsequent gel
filtration chromatography on a Sephacryl® S-400 HR column. A representative
chromatogram and the elution profile of the column chromatography are shown (Fig.
1.3). Column fractions containing purified aB-crystallin were collected and protein
concentrations were determined by bicinchonic acid (BCA) assay with use of bovine
serum albumin as a standard (Fig. 1.4). The recombinant human desmin as well as
wild type and R120G aB-crystallin were purified as described previously [53].

3.1.2 Interaction of aB-crystallin and desmin filaments in vitro.

Previous studies on DRM showed that the myopathic mutation R120G aB-crystallin
caused cytoplasmic aggregates containing desmin IFs and aB-crystallin in muscle cells
of affected individuals [56]. Structural studies have confirmed that the R120G mutation

in aB-crystallin results in altered secondary, tertiary, and quaternary structure,
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decreased protein stability and compromised chaperone function [54, 65, 98, 99, 100].
Using several in vitro assays, the effects of R120G mutant upon the interaction with
astrocyte-specific IF protein glial fibrillary acidic protein [54] and desmin[53] had been
studied previously. These results suggested that the major histopathological feature of
the disease, namely, IF aggregates, could result from an altered interaction between
aB-crystallin and IF proteins.

Cosedimentation has been very effective in showing the interaction of aB-crystallin
with the assembled intermediate filaments [51]. Therefore this assay was used to
investigate whether the G154S mutation in aB-crystallin alters its interaction with
desmin filaments in vitro. A schematic view showing the basic principle of this assay is
shown (Fig. 1.5). The binding of either wild type or G154S aB-crystallin with desmin
filaments were determined by measuring the ratio of bound and unbound aB-crystallin
to desmin at 37°C. Cosedimentation assay was performed at the molar concentrations
range from 1:2 to 2:1 ratio of-aB-crystallin to. desmin. Protein amounts in the
supernatant and pellet fractionswere .determined by densitometry. Representative
cosedimentation data are shown in Figures-1-6-and 1-7. Under the conditions of the
assay, desmin assembled efficiently and ~95% protein was found in the pellet fraction
(Fig. 1.6A, lane 2, labeled P) with very little (~ 5%) detectable desmin left in the
supernatant fractions (Fig. 1.6A, lane 1, labeled S). In the absence of desmin, both wild
type (Fig. 1.6B, lanes 1, 3 and 5) and G154S (Fig. 1.7A, lane 9) aB-crystallin remained
mostly soluble, with only ~10% of wild type (Fig. 1.6B, lanes 2, 4 and 6) and G154S
(Fig. 1.7A, lane 10) aB-crystallin and being sediment into the pellet fractions. When
desmin was included in the assay at 2:1, 1:1 and 1:2 molar ratios, 27% (Fig. 1.6B, lane
8), 31% (Fig. 1.6B, lane 10) and 43% (Fig. 1.6B, lane 12), respectively, of wild type
aB-crystallin  (Fig. 1.6B, lanes 10 and 12) compared with 28% (Fig. 1.7A, lane 4),

38% (Fig. 1.7A, lane 6) and 50% (Fig. 1.7A, lane 8), respectively, of G154S
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aB-crystallin cosedimented with desmin filaments. These data suggest that the G154S
aB-crystallin binds desmin filaments more efficiently than wild type protein in vitro.
3.1.3 Visualization of the interaction between aB-crystallin and desmin by
electron microscopy.

To visualize the direct association of wild type or G154S oB-crystallin with the
desmin filaments during the cosedimentation assays, samples were stained with 1%
(w/v) uranyl acetate and examined by transmission electron microscope (Fig. 1.8). In
the absence of desmin filaments, both wild type (Fig. 1.8C) and G154S (Fig. 1.8D)
aB-crystallin formed discrete particles approximately 15-20 nm in diameter. When
included in the coassembly assay, some of wild type aB-crystallin binding to desmin
filament was observed (Fig. 1.8A). Similar results were obtained when the G154S
aB-crystallinn coassembled with desmin filaments (Fig. 1.8B). These observations
correlated well with the cosedimentation assay. results (Fig. 1.6B and 1.7B), where both
wild type and the G154S aB-crystallin._partially-bind to desmin filaments and the
G154S aB-crystallin appears to bind mare efficiently to desmin filaments.

3.2 The effect of aB-crystallin mutation-on the IF networks in cultured cells
determining.

To test whether the G154S mutation alters the interaction of aB-crystallin with
desmin filament networks in cultured cells, BHK21 and C2C12 cells were transfected
with G154S aB-crystallin and compared with those transfected with wild type protein.
These cells were muscle-derived cell lines with desmin being expressed as a major IF
protein and contain little endogenous aB-crystallin. Therefore, these cell lines provides
an excellent experimental system to test the effect of the aB-crystallin mutation on the
organization of the endogenous desmin IF networks.

To determine the distribution of aB-crystallin in relation to the endogenous desmin

filament networks, BHK?21 cells transfected with either wild-type, G154S or R120G
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aB-crystallin were fixed at 48 hour posttransfection and processed for double label
immunofluorescence microscopy. Cells transfected with wild-type aB-crystallin
showed a cytoplasmic distribution (Fig. 2.1B) that is partially coaligned with bundles
of desmin filaments (Fig. 2.1A). Similar observation on aB-crystallin distribution was
observed (Fig. 2.1H) in cells transiently transfected with G154S aB-crystallin (Fig.
2.11). In contrast, the majority of cells transfected with R120G aB-crystallin form
perinuclear aggregates (Fig. 2.1E). These aggregates were not obviously desmin
positive (Fig. 2.1D), although desmin filaments were usually around the periphery of
these aggregates (Fig. 2.1F). These data show that cells expressing wild-type and
G154S aB-crystallin exhibit cytoplasmic distribution of aB-crystallin. Expression of
R120G mutant, however, leads to aggregate formation and the localized reorganization
of desmin filaments, which are in_agreement with. previously published data where
desmin filaments seemed to"engulf the R120G-containing aggregates in transfected
BHK21 cells [2, 3].

3.2.1 Expression level and solubility property of aB-crystallin.

The relative expression levels and solubility property of the wild-type and mutant
aB-crystallin in transfected BHK21cells were determined by immunoblotting analysis.
BHK21 cells express very low levels of the endogenous aB-crystallin as shown by the
immunoblot analysis of untransfected cells using the anti-aB-crystallin antibody (Fig.
2.2A, lane 1). In contrast, cells transfected with either wild type (Fig. 2.2A, lane 2),
R120G (Fig. 2.2A, lane 3) or G154S (Fig. 2.2A, lane 4) oB-crystallin generated
proteins of the expected size at comparable levels. The solubility of the wild-type and
mutant aB-crystallin were monitored by immunoblotting of the supernatant and pellet
fractions prepared using a harsh extraction buffer containing deoxyclolate [94]. Under
these extraction conditions, the endogenous aB-crystallin (Fig. 2.2B, lane 1) and

transfected wild-type (Fig. 2.2B, lane 3) aB-crystallin were found entirely in the
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soluble fraction of untransfected and wild-type aB-crystallin-transfected cells. Whilst
the G154S aB-crystallin was also detected in the soluble fraction of G154S
aB-crystallin (Fig. 2.2B, lane 7) tansfected cells, a significant proportion (~50%) of the
R120G aB-crystallin was found in the pellet fraction (Fig. 2.2B, lane 5) in cells
transfected with R120G aB-crystallin. Under the same extraction conditions, the
endogenous desmin was found exclusively in the pellet fraction in untransfected (Fig.
2.2B, lane 2) and aB-crystallin-transfected cells (Fig. 2.2B, lanes 4, 6 and 8). These
data suggest a limited association of G154S aB-crystallin with desmin intermediate
filaments in transfected BHK21 cells. The R120G aB-crystallin apparently associated
with desmin filaments and this association could contribute directly to the localized
reorganization of the desmin filament network seen in the R120G oB-crystallin
transfected BHK21 cells.

3.2.2 Expression of aB-crystallinin C2C12 cells.

The next important question 'to-address 1S whether the distribution of aB-crystallin is
independent of the cellular background. Transient transfection assays coupled with
immunofluorescence microscopy were conducted to compare the distribution of wild-
type and mutant aB-crystallin in the mouse myoblast C2C12 cells. This cell type
expresses the endogenous desmin and low level of aB-crystallin and therefore would
be expected to better mimic the disease scenario of mutant aB-crystallin being
expressed in the muscle cell background. C2C12 cells were tansiently transfected with
either wild-type or mutant aB-crystallin. At 48 hour after transfection, the distribution
of aB-crystallin was examined by confocal immunofluorescence microscopy with use
of a monoclonal antibody to aB-crystallin. When expressed in C2C12 cells, wild-type
aB-crystallin  showed cytoplasmic distribution (Fig. 2.3A), whereas, R120G
aB-crystallin formed cytoplasmic aggregates (Fig. 2.3B). The G154S aB-crystallin

appeared to show more filamentous staining pattern with beaded morphology (Fig.
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2.3C). The distribution of wild-type or mutant aB-crystallin in relation to the
endogenous desmin filament networks was examined by double label
immunofluorescence microscopy (Fig. 2.4). Cells transfected with either wild-type or
G154S aB-crystallin showed a cytoplasmic distribution (Fig. 2.4, A and I) that is
partially coaligned with bundles of desmin filaments (Fig. 2.4, D and L). In contrast, the
R120G aB-crystallin often form perinuclear aggregates in transfected cells (Fig. 2.4B),
which were not obviously desmin positive (Fig. 2.4H).

The relative expression levels and solubility of wild-type and mutant aB-crystallin
were determined by immunoblotting of extracts from C2C12 cells prepared using
RIPA extraction buffer. Analysis of total lysates revealed little endogenous
aB-crystallin expressed in nontransfected C2C12 cells (Fig. 2.5B, lane 1), whereas
cells transfected with either wild-type (Fig. 2.5B; lane 2) or mutant (Fig. 2.5B, lane 3-4)
aB-crystallin generated proteins- of .the “expected size. Under these extraction
conditions, the endogenous (Fig.-2.5A, lane 1-2),-wild type (Fig. 2.5A, lane 3-4) and
G154S (Fig. 2.5A, lane 7-8) aB-crystallin were almost completely extracted from the
untransfected, wild-type, and G154S aB-crystallin transfected cells, conditions that
also extracted desmin. In contrast, a significant proportion (~50%) of R120G
aB-crystallin remained in the pellet fraction in cells transfected with R120G
aB-crystallin. When the supernatant and pellet fractions were also probed with
antibody to phosphorylated aB-crystallin at Ser-59, a significant increase in the
phosphorylated form of aB-crystallin was observed in the pellet fraction of R120G
aB-crystallin transfected cells. The increased phosphorylation of aB-crystallin in
R120G oB-crystallin transfected cells is not restricted to C2C12 cells, as similar
results were observed when R120G aB-crystallin was transiently expressed in human
breast carcinoma MCF7 cells that are epithelial in origin. This cell type expresses only

keratin IF proteins but little endogenous aB-crystallin [53]. When expressed in this cell
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line, both wild-type and mutant aB-crystallin generated proteins of the expected size at
comparable levels (Fig. 2.6B, lanes 2-4). In contrast to untransfected (Fig. 2.6B, lane 1)
or WT aB-crystallin-transfected (Fig. 2.6B, lane 2) cells, phosphorylated aB-crystallin
levels were significantly increased in cells transfected with R120G aB-crystallin (Fig.
2.6B, lane 3). The level of phospho-aB-crystallin in G154S mutant-transfected cells
(Fig. 2.6B, lane 4) was somewhat between these two extremes of the wild-type and
R120G aB-crystallin. Analysis of the supernatant and pellet fractions revealed that both
wild-type (Fig. 2.6A, lane 3) and G154S (Fig. 2.6A, lane 7) aB-crystallin were almost
completely extracted from wild-type and G154S aB-crystallin-transfected cells. Under
the same extraction conditions, almost all of the HSP70, HSP27 and actin were also
extracted (Fig. 2.6A, lanes 3 and 7). In contrast, a significant proportion of R120G
aB-crystallin resisted such an extraction and a-significant proportion of the R120G
protein still remained in ‘the ‘pellet fraction :(Fig. 2.6A, lane 6). In R120G
aB-crystallin-transfected cells, the phosphorylated aB-crystallin was detected in both
the supernatant (Fig. 2.6A, lane 5)-;and pellet fractions (Fig. 2.6A, lane 6). To
investigate whether aggregation of R120G-aB-crystallin could adversely affect cell
viability through activation of caspase 3, | also measured levels of activated caspase 3.
Whilst inactive full-length caspase 3 was found exclusively in the supernatant fraction
in wild-type and mutant aB-crystallin transfected cells, no active caspase 3 was
detected in both untransfected and aB-crystallin-transfected cells.

As sHSPs are highly soluble proteins [101], aB-crystallin would be expected to be
present exclusively in the supernatant fraction. With use of an extraction buffer
containing deoxyclolate, both wild-type and G154S oB-crystallin were almost
completely extracted from aB-crystallin-transfected cells. Although some R120G
aB-crystallin was recovered in the insoluble fraction, a significant proportion of the

R120G mutant remained soluble. Under the same extraction conditions, the
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endogenous desmin was completely extracted into the supernatant fraction. The
presence of desmin and aB-crystallin in the supernatant fraction raised the possibility
that both were associated in a soluble complex. To test this hypothesis, a series of
co-immunoprecipitation experiments was performed. In a pilot experiment, C2C12 or
BHK 21 cells were first extracted with a mild extraction buffer containing 1% (v/v)
Triton X-100 to preserve the potential protein-protein interactions. Under these
extraction conditions, however, desmin was found mainly in the pellet fraction (Fig.
2.8A and B, lane 2 and 7) and soluble desmin in the supernatant fraction is not
sufficient to perform immunoprecipitation. To increase the soluble form of desmin,
cells were extracted with the radio-immunoprecipitation assay (RIPA) buffer
containing both ionic and nonionic detergent. After extraction, the supernatant fraction
containing soluble desmin . was increased. and wused for subsequent
co-immunoprecipitation assay. During the course of study, | found that the process of
freeze and thaw of the supernatant fraction. accelerates self-aggregate of soluble
proteins including desmin, which. precipitated -easily even without centrifugation. To
avoid this non-specific precipitation, standard immunoprecipitation experiment was
performed using the soluble fraction obtained immediately after cell extraction. Using
an anti-aB-crystallin antibody, protein complexes were immunoprecipitated from the
RIPA-soluble fraction. The immunoprecipitated complexes were then probed with a
panel of antibodies to aB-crystallin and desmin (Fig. 2.9). As expected, aB-crystallin
can be immunoprecipitated by the anti-aB-crystallin antibody (Fig. 2.9, lanes 5~8), but
co-immunoprecipitation of desmin was not detected.

Mitochondrial abnormalities contribute to the pathogenic process of DRM. This is
supported by previous studies [81], in which expression of R120G aB-crystallin
disrupted mitochondrial membrane potential, activated opening of the mitochondrial

permeability transition pore and release of cytochrome ¢ from mitochondria. Apoptotic
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pathways are subsequently activated, which eventually results in cardiomyocyte death,
dilation, and heart failure [81]. To investigate whether expression of the G154S
aB-crystallin affects mitochondrial distribution, C2C12 cells were transfected with
either R120G or G154S aB-crystallin. Cells transfected with wild type aB-crystallin
were used as a control. The distribution of mitochondria in relation to transfected
aB-crystallin - was visualized by staining with mitochondrial-selective dye
MitoTracker (Fig. 2.7, B, F and J). When transfected into C2C12 cells, both wild-type
(Fig. 2.7, A) and G154S (Fig. 2.7, 1) aB-crystallin exhibited a cytoplasmic staining
pattern. In contrast, cells transfected with R120G aB-crystallin contained cytoplasmic
aggregates (Fig. 2.7, E). Expression of either wild-type or mutant aB-crystallin did
not cause redistribution of mitochondria, which were localised throughout the
cytoplasm (Fig. 2.7, B, F and- J)..In_cells transfected with wild-type or mutant
aB-crystallin, the nuclear morphology appeared normal, as revealed by DAPI staining
(Fig. 2.7, C, G and K).

3.3 Generation of stable cell lines.

Although transient transfection provides-a-quick and convenient way to analyze
expressed proteins in cells, the transfection efficiency and expression levels varied
between experiments. Therefore, stable cell lines provide a better experimental system
to achieve a more consistent study. Prior to establishing cell line, it is important to
titrate the selection antibiotics to determine the optimal concentration for selection
with the particular host cell line being tested. In this study, BHK21 and C2C12 cells
were selected, because these cell lines normally express the endogenous desmin and
low levels of aB-crystallin. Therefore these cell lines would be expected to better
mimic the disease scenario of DRM with mutant aB-crystallin being expressed in the
muscle cell background. Initially, BHK21 cells were seeded in 10-cm tissue culture

dishes containing growth medium supplemented with varying amount of G418 (500
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or 1000 g/ml) and hygromycin (25, 50, 100, 200, 400 or 800 g/ml). Cells were
cultured for 1-12 days and the selective medium was replaced every two days to
maximize the efficiency of the antibiotics. Cell viability was monitored by visual
assessment of adherent and floating cells every day. | have found 400 ug/ml G418 and
200 pg/ml hygromycin to be optimal for killing most of the BHK21 cells (Fig. 3.1) and
these concentrations of antibiotics were used to select for antibiotic-resistant clones that
express aB-crystallin.

To generate stable cell lines, BHK21 cells grown in 10 cm dishes at ~50%
confluency were cotransfected with pcDNA3 vector containing either wither wild
type or mutant aB-crystallin and the pTRE2-hyg vector. Two days after transfection,
cells were dual selected with 400 pg/ml G418 and 200 pg/ml hygromycin for two
weeks. After selection, antibiotic-resistant ‘clones were isolated using cloning
cylinders and transferred to. 35 'mm Petri- dishes. Once the cells reached ~90%
confluency, they were trypsinized-and transferred to a 10 cm Petri dish to expand the
culture.

3.3.1 Screening of BHK21 cell lines expressing aB-crystallin.

The expression levels of aB-crystallin in BHK21 stable clones were analyzed by
immunoblotting. As a control, transient transfection was performed to analyze the
expression levels of aB-crystallin. BHK21 cells transfected with either wild-type or
R120G aB-crystallin were extracted with RIPA buffer. Analysis of the total cell
lysates revealed that levels of aB-crystallin increased in oB-crystallin-transfected
cells (Fig. 3.2B, lanes 2 and 3) compared to untransfected controls (Fig. 3.2B, lane 1).
Several wild-type and R120G oB-crystallin clones were selected for screening
aB-crystallin expression. Stable cell lines that express high levels of aB-crystallin
compared to the endogenous baseline levels of parental cells were selected for further

characterization (Fig. 3.2 and Fig. 3.3). Among these lines, the 2ES and 2G4’ clonal
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lines were selected because they express approximately equal levels of wild-type and
R120G aB-crystallin (Fig. 3.3). The name of stable clone was according to the rule
that ’» means R120G aB-crystallin stable clone and the reverse means wild-type
aB-crystallin. The distribution of wild type and R120G aB-crystallin in relation to the
endogenous desmin networks was visualized by double-label immunofluorescence
microscopy using anti-aB-crystallin and anti-desmin antibodies. Because there is
currently no antibody available to distinguish the expressed human aB-crystallin from
the endogenous mouse aB-crystallin in BHK21 cells, it was first necessary to titrate the
antibody concentration to the point where the endogenous aB-crystallin appeared as
background staining on the parental cells. When aB-crystallin levels are elevated in
stable clones, the signal becomes obvious above background. Stable cell lines
expressing wild-type or R120G aB-crystallin-showed cytoplasmic distribution of
aB-crystallin (Fig. 3.2 A, 3.3A, 3.5A, and 3:6A).

To determine the solubility proeperty of aB-crystallin in stable cell lines, a two-step
fractionation protocol using Triton. X-100 buffer and high salt extraction buffer was
performed. The resulting supernatant and pellet fractions prepared from 2E5 and 2G4’
cell lines were separated by SDS-PAGE followed by Coomassie blue (Fig. 3.4A) and
silver staining (Fig. 3.4C), from these data, it can be seen that vimentin is the major IF
protein in the final pellet of high-salt buffer extraction although desmin was also
detected at lower levels (Fig. 3.4A and 3.4C). Immunoblotting analysis revealed that
most of the wild-type and R120G aB-crystallin were recovered in the Triton X-soluble
fraction, whereas little desmin was detected in this fraction (Fig. 3.4B, labeled S1).
The Triton-insoluble fraction was further extracted with high salt buffer containing
1.5M KCI and the resulting supernatant and pellet fractions were probed with
antibodies to desmin and aB-crystallin. Whilst desmin was found in both the

supernatant and pellet fractions after being extracted with high salt buffer (Fig. 3.4B,
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labeled S2 and P), little wild-type and R120G oB-crystallin were detected in the
Triton-insoluble fractions. These data suggest that in stable cell lines the R120G
aB-crystallin shifts its equilibrium from insoluble toward soluble pools (Fig. 3.4D).
This result is in stark contrast to previous studies, where the increased insolubility of
R120G aB-crystallin in vitro and in cultured cells was the dramatic effect of this
mutation.

3.3.2 Screening of C2C12 cell lines expressing aB-crystallin.

After selection of C2C12 stable clones, the expression level of wild-type, R120G,
and G154S aB-crystallin (Fig. 3.7 lane 1-4) was analyzed by immunoblotting. Also,
the distribution of aB-crystallin was stained with monoclonal anti-aB-crystallin
antibodies (Fig. 3.7 A-C). These data confirm again that wild-type aB-crystallin
shows a normally cytoplasmic distribution throughout the cell (Fig. 3.7A), whereas,
R120G aB-crystallin formed /cytoplasmic- aggregates (Fig. 3.7 B). The G154S

aB-crystallin appeared to show beaded morphology.
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Chapter 4 : Disscussion

4.1 Interaction between desmin and aB-crystallin.

| have already shown that the increased interaction of desmin and R120G
aB-crystallin by in vitro assay and indirect immunofluorecience. There have also
many reports suggesting that the direct binding of desmin and R120G aB-crystallin.
Co-immunoprecipitation was another method to support these data, although | tried
hard to find out the suitable condition but didn’t work out so far. R120G aB-crystallin
not only decreased self-solubility but also compromised desmin filament network
which leads to aggregate formation in cell model. Even cell lysate was extracted with
high stringent buffer, R120G aB-crystallin was found lots amount in insoluble
fraction. The key factor was that retained desmin in soluble fraction and also
contained adequate amounts.” Using -high stringent buffer to extract cell lysate
facilitates that increases solubility-of desmin. But at the same time, the protein-protein
interaction may break by detergent. However, extraction of cell lysate by using low
stringent buffer could maintain the protein-protein interaction but not used upon
increased desmin solubility. Indeed, Co-IP was limited that using soluble fraction to
investigate the interaction of desmin and aB-crystallin due to prevent the nonspecific
interaction. Although | have yet try that using total lysate to process Co-IP experiment,
but cell lysate may treated with 5,000rpm, which lower than 12,000rpm and higher
than no treated (Total lysate), then extracted with low stringent buffer. Until now,
there has no published data and well established protocol interpret that the differential
binding affinity to desmin between wild type and mutant aB-crystallin. Because the
main reason was aB-crystallin was a highly soluble protein but not desmin. In
signaling pathway, | observed R120G aB-crystallin was apparently phosphorylated on

Ser*® site in the pellet fraction in C2C12 cells but both in supernatant and pellet in
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MCEF7 cells. This data indicated that the phosphorylated form of aB-crystallin may
decrease its solubility. Both in C2C12 and MCF7 cells, R120G aB-crystallin was
highly phosphorylated on Ser® site, which is reported that this post-translational
modification could modify the structure and functional property of aB-crystallin. That
is the anti-apoptosis function was deficiency and may lead to apoptosis, although we
have yet observed this phenomenon. So | could follow this clue and trace this
potential signal pathway.

4.2 Establishment of stable cell line.

The expression levels of aB-crystallin in stable clone were shown in figure 3.
BHK21 cell line only contained little endogenous aB-crystallin, so it provided
distinguishability between endogenous oB-crystallin and transfected aB-crystallin.
Unexpectably, the expression level -of selected cells was too low compared to
transiently transfectional cells. I also constructed in'C2C12 stable clone recently, but
similar results were appeared that C2C12 stable clones do not express aB-crystallin
more than transiently transfection (Figure 3-7): The reason stable clone selection not
efficient has been explained in result 3.3.-To conduct high quality stable clone, there
has another way to pick up the cells. | tried to select cells expressing aB-crystallin by
insertion of dsRed sequence to the expression vector, which could excite red
fluorescence when expressing in cells. And the flow cytometry was used to select
cells which have red fluorescence exciting by laser beam. There has no efficient
selection so far, but I think this progress was worth to continue.

4.3 The event which transfected aB-crystallin into cell model related to late onset
disease of DRM.

DRMs are usually adult-onset neuromuscular diseases characterized by large
accumulations of aggregates containing cytoplasmic desmin with other proteins [65].

There are many published data indicated that the R120G aB-crystallin could not only
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alter the desmin filament status and simultaneously cause abnormal aggregate
formation but also compromise mitochondrial distribution and consequent
dysfunction and probably induce autophagy or apoptosis in mouse model and in
patients [81, 89]. In my study, | observed the first response to cellular stress causing
by R120G mutation in directly perturbing desmin filamentous structure. In cell model,
cells were only transfected with mutant aB-crystallin for 48 hours. After fixed cells
transfected with oB-crystallin, there has many cells contained R120G
aB-crystallin-possitive aggregates, but also many cells contained normally desmin
filament and expressed R120G aB-crystallin. This appearance indicated that | can’t
control the transfection efficiency. That’s why | tried to establish wild type and mutant
aB-crystallin stable cell line also an over expression of aB-crystallin system.
However, | observed the change of mutant aB-=crystallin base on their structure upon
the ability of binding to desmin-filament although 1 did not see other effect on

autophagy and apoptosis in cell model.
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Appendix

Appendix 1. IFs are classified into five major families.

IF proteins Type Molecular weight (kDa) | Assembly group Distribution
Karatin (acidic) [ 40-64 A Epithelia
Karatin (basic) I 52-68 A Epithelia
Vimentin "I 55 B Heterogeneous
Desmin Il 53 B Muscle

GFAP "I 50-52 B Astrocyte/glia
Peripherin "I 54 B PNS neurons
NF-L v 62 B CNS neurons
NF-M (\V4 102 B CNS neurons
NF-H (V4 110 B CNS neurons
a-internexin (V4 66 B CNS neurons
lamin A/C Vv 72162 C Nucleus
lamin B1 Vv 65 C Nucleus
laminf2 Vv 78 C Nucleus
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Appendix 2. Model of IF assembly

NH COOH
NH§>‘ = coom

== = =33

Phasel : Tetramer forms into ULFs.

= =R} = — =

Phase 2 : Longitudinal annealing of ULFs into loosely packed filaments.

Phase 3 : Loosely packed filaments organized to yield 10nm IFs.
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Appendix 3. Draw of desmin mutations

Head domain a-helical rod domain Tail domain
A 1 L
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Figures

Figure 1-1. Electrophoretic analysis of expression and purification of G154S

aB-crystallin.
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Figure 1-1. Electrophoretic analysis of expression and
purification of G154S aB-crystallin. The G154S aB-crystallinin
pPET23d was transformed into Escherichia coli BL21pLysS strain.
After transformation, protein expression was induced by the
addition of 1 mM IPTG. Total protein profiles of uninduced (Lane
1) and induced (Lane 2) bacterial protein extracts are shown. The
G154S aB-crystallin was purified to homogeneity by ion exchange
(Lane 3) and gel filtration (Lane 4) chromatography.
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Figure 1-2. Purification of GI154S aB-crystallin by anion exchange

chromatography.
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Figure 1-2. Purification of G154S aB-crystallin by anion exchange
chromatography. The cleared supernatant prepared from bacterial extracts was
applied into a DEAE Sepharose columnipre=-equilibrated in the column buffer A.
After being washed with 6 bed-volume of the column buffer A, proteins were
eluted from the column with a 0-1 M NaCl in the same buffer at a flow rate of 1
ml/min over 1 hour at room temperature. The chromatogram was showed (A). A
small aliquot of protein sample from each fraction (B, lane 2~12) was analyzed by
12% (w/v) SDS-PAGE followed by Coomassie Brilliant Blue R250 staining (B).
The G154S aB-crystallin-enriched fractions were pooled (C, lane 2-~5),
concentrated by centrifugal device (Millipore) and purified further by gel filtration
chromatography.
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Figure 1-3. Purification of G154S aB-crystallin by gel filtration chromatography.
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Figure 1-3. Purification Df:;‘ K 7
chromatography An 1m| concent_te_

aBcrystallin by gel filtration
"rcﬁefjh “sample was applied to a
Sephacryl S-400 HR column (16 X 60 cm) | J,e"}eq’uilibrated in column buffer B.
The column was developed with the same: buffer at a flow rate of 0.5 ml/min over 1
hour at room temperature and the elution proflle was shown (A). Approximately 2
ml/tube was collected and the purity of aB-crystallin was analyzed by SDS-PAGE
(B, 2~12). Each fractions were then enriched by passing centrifugal device
(Millipore) as shown in (C, 2~7). A Coomassie Brilliant Blue-stained gel of protein
samples from each fraction was shown. Molecular weight markers are shown in the
lane 1 and the position of aB-crystallin is indicated by an arrow.
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Figure 1-4. Protein concentration determination.
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G1545-1 0.832 0.833 0.792 0.793 0.793 2.125
G1548-2 0.753 0.877 0.713 0.837 0.775 2.073
G1545-3 0.711 0.79 0.671 0.75 0.711 1.883
G1545-4 0.623 0.624 0.583 0.584 0.584 1.509
G1545-5 0.83 0.787 0.79 0.747 0.769 2.054
G1545-6 0.636 0.759 0.596 0.719 0.658 1.727

Figure 1-4. Protein concentration determination. After purification, the
concentration of purified aB-crystallin was determined by bicinchoninic acid
(BCA) assay. A standard curve was prepared by a series of dilution of known
concentrations of standard protein, including 0.25, 0.5, 0.75, 1.0, 1.5 and 2 mg/ml
of bovine serum albumin (BSA). A sample without any protein was used as a
blank. A working reagent was first prepared by mixing 50 parts of Reagent A with
1 part of Reagent B. An aliquot of 200 ml working reagent was then added to
microplate wells that contain 25 pl of each BSA standard and unknown sample
replicates. After mixing thoroughly for 30 seconds, the plate was incubated at
37°C for 30 minutes. The absorbance was measured at a wavelength of 565 nm on
a microplate reader. The concentration of aB-crystallin in each fraction (B) was
determined against the standard curve (A) generated by a series dilution of known
concentrations of bovine serum albumin.
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Cosedimentation assay explained

Cosedimentation Assay Explained
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Figure 1-5.Cosedimentation of WT aB-crystallin with wild-type desmin in vitro.
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Figure 1-5.Cosedimentation of WT aB-crystallin with wild-type desmin in
vitro. Desmin was assembled with additions of wild-type aB-crystallin (B) at
indicated molar ratios at 37°C..The supernatant (S) and pellet (P) fractions were
analyzed by SDS-PAGE followed by Coomassie Blue staining. Representative
gels from the cosedimentation ‘assay. are shown' (A). The positions of desmin,
wild-type and G154S aB-crystallin-are indicated. Under these assay conditions,
desmin assembled efficiently as-all proteins.were found in the pellet fractions (A,
lanes 11, 13, and 15, labeled P). ‘In_.the absence of desmin, both the WT and
G154S aB-crystallin remained mostly-in-the supernatant (A, lanes 4, 6, and 8,
labeled S) with only ~10% being sedimented into the pellet fractions (A, lanes 5,
7, and 9, labeled P). When desmin was included in the assay, both the WT (A) and
G154S oB-crystallin (Figure 1-6, A) cosedimented with desmin filaments in a
concentration-dependent manner because increasing proportions of aB-crystallin
were found in the pellet fractions at elevated ratios of aB-crystallin. The amounts
of aB-crystallin and desmin in the supernatant and pellet fractions were quantified
as described in MATERIALS AND METHODS. Quantification results from three
independent experiments are shown as mean + SE and presented as bar charts (B).

49



Figure 1-6. G154S aB-crystallin cosediment with wild-type desmin filament.
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Figure 1-6. G154S aB-crystallin cosediment with wild-type desmin filament.

After desmin was assemble ether individually or with additional G154S

aB-crystallin at indicated molar ratios at 37°C. (B), protein samples were sediment

at 32000 rpm for 30 minutes at 20°C..The resulting supernatant (S) and pellet (P)

were analyzed by 12% SDS-PAGE followed coomassie blue staining as shown in

(A). The molecular weight of desmin and . aB-crystallin compared against
commercial marker as shown' in lane:3 and: indicated by arrows. Assembly and
consequent sedimentation of ‘individual .desmin ‘and G154S aB-crystallin were
displayed in lane 1~2 and lane-4~9. ‘According to SDS-PAGE, desmin was
assemble efficiently and almost found in-P,-reversely, over than 80 % of G154S
aB-crystallin was found in S. Desmin and G154S aB-crystallin were assembly
together and consequently cosediment at three different molar ratios were shown in
(A, lane 10~15). In contrast to cosedimentation of desmin and wild-type
aB-crystallin, G154S aB-crystallin has an increased more 10% of amounts than
wild-type aB-crystallin were found in P. Quantified data from three independent
experiments are shown as mean + SE and presented as bar charts (B).
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Figure 1-7. Visulization of WT and G154S aB-crystallin binding to desmin

intermediate filaments in vitro by electron microscopy.

Figure 1-7.Visulization of WT and G154S eB-crystallin binding to desmin
intermediate filaments in vitro by electron microscopy. Desmin was assembled
in the presence of either WT (A), or G154S (B) aB-crystallin at 37°C for 1 h. After
assembly, protein samples were negatively stained with 1% (w/v) uranyl acetate and
examined by electron microscopy. Under these assembly conditions, desmin formed
typical 10-nm filaments with several microns in length (A). In the presence of WT
aB-crystallin, desmin filaments had some aB-crystallin particles attached (B,
arrows). Similar results were observed when G154S aB-crystallin was included in
the coassembly mixture. In the absence of desmin, WT (C) and G154S (D)
aB-crystallin both formed 15-20 nm particles. All micrographs are at the same
magnification. Bar, 200 nm.
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Figure 2-1. Formation of cytoplasmic aggregates in BHK21 cells expressing

mutant aB-crystallin.

Figure 2-1. Formation of cytoplasmic aggregates in BHK21 cells expressing
mutant aB-crystallin. BHK21 cells transiently transfected with either wild-type
(A—C), R120G (D-F) or G154S (G-I) aB-crystallin were fixed at 48 hours after
transfection. Subcellular distribution of aB-crystallin (B, E and H, green channel) in
relation to desmin (A, D and G, red channel) was visualized by double labeling with
use of monoclonal anti-aB-crystallin and polyclonal anti-desmin antibodies. Merged
images show the superimposition of the green and red signals with areas of overlap
in yellow (C, F and 1). Images were acquired by a confocal laser scanning
microscope. Cells expressing WT (B) and G154S (H) aB-crystallin showed
cytoplasmic distribution of aB-crystallin and desmin. In contrast, cells expressing
R120G aB-crystallin (E) resulted in the formation of cytoplasmic aggregates (white
arrow) that are immunopositive for both aB-crystallin (E) and desmin (D). Notice
that desmin-positive signals were distributed outside, but not within, the aggregates
(F). Bar, 10 um.
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Figure 2-2. Analysis of wild type and mutant eB-crystallin in transiently

transfected BHK21 cells by immunoblotting.
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Figure 2-2. Analysis of wild type and mutant aB-crystallin in transiently
transfected BHK21 cells by immunoblotting. BHK21 cells were transfected with
either wild-type (B, lane2), R120G (B, lane 3) or G154S aB-crystallin (B, lane 4).
Untransfected cells (B, lane 1) were used as a control. At 48 hours after
transfection, cells were lysed on_ice with triton X-100 extraction buffer. A small
aliquot of total cell lysate was mixed ‘with- Laemmli sample buffer and the
remaining lysate was subjected to: centrifugation at 12,000 rpm at 4°C for 10
minutes. The total cell lysates and resulting supernatant (S) and pellet (P) fractions
were separated by SDS-PAGE and analyzed by immunoblotting using antibodies to
desmin and oB-crystallin. The pellet-fractions were dissolved in 125 pul Laemmli
buffer which means enrich 8 times. The blot was developed by chemiluminescence
system. Equal loading of various fractions were confirmed by probing with
anti-actin antibody. Notice that whereas WT and G154S aB-crystallin were present
almost entirely in the soluble fraction (B, lane 3 and 5, labeled S), ~50% of R120G
aB-crystallin was found in the pellet fraction (B, lane 6, labeled P). Desmin
immuno-positive signals were detected exclusively in the pellet fractions (A, lanes
2,4, 6,and 8, labeled P).
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Figure 2-3. Effect of C2C12 cells transiently transfected with either wild type
aB-crystallin (A), or R120G aB-crystallin (B), or G154S aB-crystallin (C) after

48 hours.

Figure 2-3. Effect of C2C12 cells transiently transfected with either wild type
aB-crystallin (A), or R120G aB-crystallin (B), or G154S aB-crystallin (C) after
48 hours. G154S, which is published recentlyin 2010 in C2C12 cells and processed
by immunofluorescence staining method. The aB-crystallin distribution werelabeled
with monoclonal anti-aB-crystallin (A~C)-which:is the green channel. Images were
showed that wild type aB-crystallin: formed. normally distribution throughout the
cell (A), but unlikely, R120G ‘aB-crystallin, which significantly formed intracellular
aggregates, G154S aB-crystallin;. which exhibited differently status from wild type
and R120G aB-crystallin. G154S aB-crystallin-tended to accumulate around the

nuclear and existed in a small particle pattern, which .Bar, 20 um.
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Figure 2-4. Distribution of WT and mutant aB-crystallin in relation to the

endogenous desmin IF networks.

Figure 2-4. Distribution of WT and mutant-aB-crystallin in relation to the
endogenous desmin IF networks. C2C12 cells were transiently transfected with
either wild type (A~D), R120G (E~H) or G154S (I~L) aB-crystallin. At 48 hours
after transfection, cells were visualized by double labeling with anti-desmin (B, F,
and J) and anti-aB-crystallin antibodies (A, E, and I). The immunofluorescence for
aB-crystallin is in the green channel (A, E, and 1), whereas the staining for desmin
is in the red channel (B, F, and J). The nuclei were visualized by counterstaining
with DAPI (C, G and K). Merged images show the superimposition of the green
and red signals with areas of overlap in yellow. Images were acquired by a
confocal laser scanning microscope. Cells expressing WT and G154S aB-crystallin
showed cytoplasmic distribution of aB-crystallin (D) and desmin (L). In contrast,
cells expressing R120G aB-crystallin resulted in the formation of cytoplasmic
aggregates in some transfected cells (E, arrow). Bar, 20 um.
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Figure 2-5. Wild-type and mutant aB-crystallin were transiently transfected into

C2C12 cells.
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Figure 2-5. Wild-type and mutant aB-crystallin were transiently transfected
into C2C12 cells. At 48 hour after transfection, the total cell lysates, supernatant
(S) and pellet (P) fractions were prepared from these cultures and were compared
with untransfected cells (B, lane 1).. The-pellet fractions were dissolved in 125 ul
Laemmli buffer which means enrich-8" times.-Immunoblots of the cell fractions
were probed with antibodies  to. desmin,. HSP70, aB-crystallin and
phospho-aB-crystallin (p-Sersg), procaspase 3,-and finally actin, which was used as
a loading control. When cells were: transfected with R120G oB-crystallin, a
significant proportion of the -aB=crystallin, but not-HSP70 remained in the pellet
fraction. Notice that the insoluble R120G aB-crystallin was phosphorylated on
Ser-59 as detected by p-Ser59phospho-specific antibody. The solubility of
transfected wild type (A, lane 3 and 4), R120G (A, lane 5 and 6), and G154S
aB-crystallin (A, lane 7 and 8) were compared with endogenous aB-crystallin (A,
lane 1 and 2) in the C2C12 cell. The proportion of aB-crystallin amounts in pellet
was quantified from three independent experiments are shown as mean + SE and
presented as bar charts (C).
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Figure 2-6. Immunoblotting analysis of wild type and mutant aB-crystallin

expressed in MCF7 cells.
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Figure 2-6. Immunoblotting -analysis of wild type and mutant aB-crystallin
expressed in MCF7 cells. MCF7 cells were either untransfected (A, lanes 1 and 2)
or transfected with indicated aB-crystallin constructs. At 48 hours after transfection,
cells were extracted on ice with RIPA buffer followed by centrifugation at 12,000
rpm at 4°C for 10 minutes. The total cell lysates as well as the resulting supernatant
(S) and pellet (P) fractions were separated by SDS-PAGE followed by
immunoblotting with antibodies to HSP70, HSP27, aB-crystallin, phosphorelated
form of aB-crystallin (p-Sersg-aB-crystaIIin) and finally actin, which was used as a
loading control. The pellet fractions were dissolved in 125 pl Laemmli buffer which
means enrich 8 times. The blot was developed by enhanced chemiluminescence
system. Notice that after transfection into MCF7 cells, both WT and mutant
aB-crystallin expressed at comparable levels. Whereas WT (A, lane 3) and G154S
aB-crystallin (A, lane 7) were present almost exclusively in the soluble fraction,
~50% R120G aB-crystallin was found in the pellet fraction.
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Figure 2-7. Effect of aB-crystallin mutations upon mitochondrial distribution in

C2C12 cells.

Figure 2-7. Effect of aB-crystallin mutations upon mitochondrial distribution

in C2C12 cells. C2C12 cells were tansiently transfected with either wild type or
mutant aB-crystallin. At 48 hours after transfection, cells were incubated with
MitoTracker® Red CMXRos for 45 minutes at 37°C to label the mitochondria (B, F,
and J). After fixation, cells were counterstained with monoclonal anti-aB-crystallin
antibody (A, E, and I). Images were acquired by a confocal laser scanning
microscope with aB-crystallin signal in the green channel and mitochondrial signal
in the red channel. Merged images show the superimposition of red and green
signals with areas overlap appearing yellow (D, H, and L). The nuclei were
visualized by counterstaining with DAPI (C, G, and K). Bar, 10 um.
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Figure 2-8. The problems and improvements in co-immunoprecipitation.
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Figure 2-8. The problems and improvements in co-immunoprecipitation.
C2C12 transfected with aB-crystallin-cells and untransfected C2C12 cells were
extracted with triton-X100 buffer and fractionated by centrifuge at 12000rpm for 10
minutes. The resulting of supernatants were applied to Co-IP. The first problem was
presence that desmin non-specifically binds to protein G beads in every
pre-clearing bead fractions (A and B, lane 2 and 7) at the 2500rpm centrifuge for 3
minutes. Two improvements were concerned that protein G were pre-blocked with
5% BSA in fresh PBS before capturing the antibodies-aB-crystallin complex and
supernatants were sonicated before processing Co-IP. The improvements figured
out the non-specific binding of desmin to protein G beads (C, lane 2 and 5) in
untransfected cells but not in transfected-aB-crystallin cells (F, lane 7 and G, lane 2
and 7). Desmin was captured from protein G-aB-crystallin complex (D, lane 1 and
3) in untransfected cells. To find out this difference, pre-clearing bead fractions
were analyzed by SDS-PAGE following coomassie blue staining (E). Desmin in
R120G and G154S transfected cells have the lowest solubility (E, lane 2-5).
Supernatant, preclearing-bead, input, IP, and least fractions were indicated.
Immunoblotting was against monoclonal anti-aB-crystallin antibodies and
polyclonal anti-desmin antibodies.
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Figure 2-9. Co-immunoprecipitation of NT, WT, R120G, and G154S

aB-crystallin in C2C12 cells.
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Figure 2-9. Co-immunoprecipitation ©of "NT, WT, R120G, and G154S
aB-crystallin in C2C12 cells. At 48 hours posttransfection of aB-crystallin, cells
were homogenized in RIPA buffer and fractionated by centrifuge at 12000rpm for 10
minutes. The concentration of resulting supernatants were determined by BCA assay
kit. To decrease protein complexity; the protein-concentration of supernatants should
be dilute into 0.5mg/ml. To prevent self-accumulation of proteins including desmin
and increase the soluble desmin in the supernatant, the resulting supernatants were
without storing at -20°C and disolved in RIPA buffer. The input fractions shows that
desmin presented in Input fraction initially (Lane 1~4) and almost found in Least
fraction (Lane, 9~12). Although monoclonal anti-aB-crystallin antibodies efficiently
captured oB-crystallin (Lane 5~8), desmin doesn’t bind to aB-crystallin in RIPA
buffer.

60



Figure 3-1. Killing curve of BHK21 cells treated with G418 and hygromycin.
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2-800 + — — — — — — — — — — —

Figure 3-1. Killing curve of BHK21 cells treated with G418 and hygromycin.
1-25~1-800 means that BHK21 cells were treated with 400ug/ml G418 and 25~800
ug/ml variants hygromycin and-2-25~2-800 means that BHK21 cells were treated
with 1mg/ml G418 and 25~800-ug/ml variants hygromycin. The elucidation of
killing curve shows that treating with Tmg/ml of G418 into DMEM was too toxicity
so that cells dead in three days. The ideal concentration of both G418 and
hygromycin do not more than 500ug/ml as principle.

61



Figure 3-2. Stable clones were selected from single cell in each 96 well petri dish.
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Figure 3-2. Stable clones were selected from single cell in each 96 well petri
dish. The distribution of aB-crystallin was labeled with monoclonal
anti-aB-crystallin antibodies (A) which is the green channel and DAPI which is the
blue channel. Stable clones were. cultured to-80% confluence and extracted with
triton X-100 buffer and consequent analysis.by immunoblotting (B) by probed with
monoclonal anti-desmin and -anti-aB-crystallin | ‘antibodies. = To compare the
expression level between transiently transfected cells and stable clones, C2C12
transfected with aB-crystallin cells (B, lane'1~3) were analyzed with aB-crystallin
stable clones (B, lane 4~7). Desmin and 'aB-crystallin were pointed by arrows. B8,
E9, and F8 was the wild type aB-crystallin' stable clones. F2° was the R120G
aB-crystallin stable clone. Bar, 50pum.
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Figure 3-3. Expression level of aB-crystallin in selected BHK21 stable clones.
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Figure 3-3. Expression level of aB-crystallin.in selected BHK21 stable clones.
The distribution of aB-crystallin in these sélected stable clones were labeled with
monoclonal anti-aB-crystallin, (A) which-is the green channel and DAPI which is the
blue channel. When cells grow. into~80%. confluence, cells extracted with triton
X-100 buffer and consequent -analysis by immunoblotting (B) by probed with
monoclonal anti-desmin and anti-aB-crystallin antibodies. The 2C1 clone
significantly expressed most aB-crystallin, but no one express the same amounts of
R120G aB-crystallin. 2E5 and 2G4’ were expressed equal amounts of aB-crystallin
that were applied to cytoskeletal preparation (Fig. 3.4). These stable clone included
2A11, 2B2, 2C1, 2D9, 2ES5, 2F8, 2F11, and 2G7 were wild type aB-crystallin stable
clones. 2D5’ and 2G4’ were R120G aB-crystallin stable clones. Bar, 50 pm.
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Figure 3-4. Cytoskeletal preparation was analyzed by coomassie blue staining

and silver staining.
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Figure 3-4. Cytoskeletal preparation wasanalyzed by coomassie blue staining
and silver staining. 2E5 and 2G4’ clones expressed approximately amounts of
aB-crystallin according to ‘immunoblotting” (Figure 3.3). The distribution of
intracellular proteins was analyzed by SDS-PAGE following either coomassie
blue (A) staining or silver staining (B) in 2E5 and 2G4’ stable clones. The
molecular size of vimentin, desmin, and aB-crystallin were indicated by arrows.
The evidence shows that vimentin intermediate filament was the major protein in
the C2C12 cell. Triton-soluble intracellular molecular was released in S1
(Supernatant 1). Cytoskeletal proteins were released by dissolved with high salt
buffer containing 1.5 M KCI. Desmin in 2E5 clone was more soluble than in 2G4’
clone (D). And R120G aB-crystallin in stable clone becomes more triton-soluble
(C, lane 4) in contrast to cell fraction study.
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Figure 3-5. Expression level of R120G aB-crystallin stable clones.
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Figure 3-5. Expression -level of ‘R120G @B-crystallin stable clones. The
expression level of aB-crystallin.in‘these selected-stable clones were labeled with
monoclonal anti-aB-crystallin (A)-which is the green channel and DAPI which is
the blue channel. Cells were then analized by western blotting (B). These clones
expressed low levels of R120G aB-crystallin. These R120 G aB-crystallin stable
clones included 3B7°, 3C2’, 3C7°, 3C10°, 3D6’°, 3D7°, 3D9’, and 3F9’ were
indicated. Bar, 50um.
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Figure 3-6. R120G aB-crystallin was examined by immunofluorecent

microscopy.
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Figure 3-6. R120G aB-crystallin was examined by immunofluorecent
microscopy. aB-crystallin was labeled against monoclonal anti-aB-crystallin
antibodies, which shows in green channel and DAPI, which shows in blue channel.
aB-crystallin expression was indicated according to immunoblotting. These stable
clones also express low levels amounts of R120G aB-crystallin. These stable clone
included 3F9°, 3G3’, 3G9’, 3G11°, 3H2’, and 3H5’ were indicated. Bar, 50um.
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Figure 3-7. C2C12 stable clone selection of cells expressed transfected

aB-crystallin.

(D)

Total lysate

Figure 3-7. C2C12 stable ' clone selection -of ‘cells expressed transfected
aB-crystallin. These aB-crystalin stable clones were selected by treating 0.4 mg/ml
G418 and 0.2mg/ml hygromycine.for-approximately two weeks. When cells grew
into 80% confluence, cells were fixed and-counterstained both with monoclonal
aB-crystallin antibodies, which is the green channel, and DAPI, which is the blue
channel. The images show that the expression level of aB-crystallin selection was
not vary efficient and the effect that causing by stable transfected aB-crystallin. The
distribution of wild type aB-crystallin (A) was throughout the cell, in contrast,
R120G oB-crystallin (B) formed cytoplasmic aggresomes perinuclear. G154S
aB-crystallin (C) highly express insight the individual cell and tend to close to
nuclear although absence of aggresomes. After stable transfection with
aB-crystallin, cells were collected and lysed when cells grew into 80% confluences.
The fractionation condition was the same with studies of transiently transfection. In
contrast to no transfected cells (D, lanel), the efficiency of drag selection was not

good enough. Bar, 20um.
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