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Abstract

Mutations in the x-linked myelin proteolipid pratel genePLP1) cause the
heterogeneous syndromes of Pelizaeus MerzbaclearsgigPMD) and Spastic paraplegia
type 2(SPG2) in man (Hudson et al., 2004)single base changeutation in our
spontaneous mouse modeinpshaker (PIp ") (11e*®Thr) (Schneider et al., 1992)
generates a misfolded protein resulting in dysnmggion and increased numbers of
apoptotic oligodendrocytes. The phenotype varias fmild on the original C3H
background to lethal when backcrossed onto the C&/Biouse strain (Al-Saktawi et al.,
2003). Utilising the more severe variant we sougtameliorate the lethal phenotype by
transgenic complementation with wild typgpl (Readhead et al., 199%) normalise the

levels of proteolipid protein (PLP) and it's smalieoform DM20.

The presence of the wild type protein improvesstneival of the mice, decreases
oligodendrocyte apoptosis and restores normal gieityg to the myelin, however
hypomyelination remains severe. Although the PLPZDNevel is restored to normal the
level of myelin basic protein remains low. In aduhitthe presence of the wild type protein

does not ameliorate the unfolded protein respamdced by theumpshaker PLP/DM20.
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1. Introduction

1.1 Area of study

The mammalian nervous system can be divided intodistinct regions, the central
nervous system (CNS) and the peripheral nervousmsyd herumpshaker mutation is a
genetic defect primarily affecting the CNS and #¢fiere our study was confined to this
area. The CNS itself can be considered as two atpsiructures, the brain and the spinal
cord. The cervical spinal cord in particular lemdslf well to quantitative assessment and

thus we chose to focus our study on this area.
1.2 Spinal Cord Structure

The spinal cord, although divided along its lengtlh several distinct regions, is
essentially composed of central grey matter, camgineurones, glia and blood vessels,
and peripheral white matter which can be subdividéaldorsal, ventral and lateral
columns (funiculi). The white matter is comprisddryelinated axons interspersed with
occasional non-myelinated axons and numerous@ti@.glial cell types are astrocytes,
microglia and oligodendrocytes. Many precursor (fiecentiated) glial cells can also be

found within the white matter.
1.3 The Glia

Glia are the non-neuronal cells of the brain. Gxvaundred years ago Ramon y Cahal
observed that, given their close association wéhranes, they must do more than fill in
the spaces. It is only recently that their influeioo the functions of the CNS has begun to

be discovered.
1.3.1 Glial cell development

Within the developing mammalian brain in an arethefneural tube known as the
subventricular zone (SVZ) is found a reservoir ailtipotential and lineage restricted
progenitor cells formed from the neuroepitheliurhe3e cells migrate dorsally and
laterally from the SVZ to populate and form the telmatter tracts of the developing

spinal cord. Fine control of the migration and eliéfntiation of these progenitor cells is
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essential, as the more mature forms cannot migéateeral signalling molecules and
transcription factors are involved in this contsath as sonic hedgehog, bone
morphogenic protein and the notch pathway (Colaggatfrench-Constant, 2004))(Barres
& Barde, 2000)Following initial migration it is thought that daisregions develop the
capacity for oligodendrocyte generation (BaumanRh&am-Dinh, 2001).

1.3.2 Astrocytes

Traditionally astrocytes were considered as twonnskasses, the synapse associated
protoplasmic astrocytes found in grey matter amdehassociated primarily with nodes of
Ranvier, the fibrillary astrocytes of the white teat Current classifications recognise the
very heterogeneous phenotype of astrocyiibe astrocyte performs many functions within
the mammalian CNS, sequestration and/or redistabwtf K™ during neural activity,
removal of glutamate and provision of glutamineuptake by the neurones, ensheathment
of blood vessels contributing to the developmeiak m@intenance of the blood brain
barrier being among them. Recently however moremtapt functions have been
emerging for the astrocyte for example regulatibsymaptogenesis and propagation of
calcium waves as a means of signalling each otiebthee surrounding neurones
(Nedergaard et al., 2003). In addition, astrocige a role in myelination by promoting
the adhesion of oligodendrocyte processes to afddeger-Franke et al., 1999). The
accepted marker for astrocytes, in both healthydasehse states is Glial Fibrillary Acidic
protein (GFAP).

1.3.3 Microglia

Microglia account for around 10% of CNS glia butike the other glial cells derive from
mesenchymal tissue rather than the neuroepithellinay serve as the immune cells of the
CNS and in response to injury phagocytose celligdoris as well as eliciting an
inflammatory responsgStevens, 2003 hey are the endogenous macrophages of the CNS
and during an insult their numbers can increaseauwecruitment from the circulating

monocytes. Indeed, endogenous microglia and recruamonocytes are indistinguishable.

1.3.4 Oligodendrocytes

Oligodendrocytes are the myelin-forming cells af @NS. Each oligodendrocyte produces
several processes each of which contacts and \varapad an axonal segment eventually
condensing to expel all but a small pocket of cigem at the axonal surface.
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1.3.4.1 Oligodendrocyte classification

There have been several methods adopted for thsifatation of oligodendrocytes. Rio
Hortega classified them into 4 categories accortbnifge number of processes (Baumann
& Pham-Dinh, 2001). Butt (Butt et al., 1995) alssdribed 4 classes according to their
morphology and the size and thickness of myelimghtormed and Mori and Leblond
described 3 types, light, medium and dark, a dpsen of the cytoplasmic density as
viewed using electron microscopy (Mori & Leblon®7D). More recently, an
understanding of the various developmental stageigodendrocyte lineage has been
possible with the discovery of specific biochemigerkers and a range of antibodies

against them.
1.3.4.2 Oligodendrocyte differentiation

Oligodendrocyte differentiation occurs in a spdtgthporal manner. Early
oligodendrocyte progenitor cells (OPCs) migratirag the subventricular zone express
platelet derived growth factor recepto(PDGFiR) and the sulphated proteoglycan NG2.
They migrate and proliferate to populate the whitdter tracts of the CNS. Late OPCs no
longer migrate but still divide. In addition to N@2d PDGER they express 04 and CD?9.
A few days before myelination the late OPCs diffitigete into premyelinating
oligodendrocytes, which begin to extend multiplegasses. They no longer express NG2
or PDGFR but do express galactocerebroside (GalC), myslsociated glycoprotein
(MAG), 2’,3’-cyclic nucleotide 3’ phosphodiestera$&NP), myelin basic protein (MBP)
and DM20 (the minor isoform of proteolipid prot€LP)). During final differentiation to
a myelinating oligodendrocyte the cell becomesnsda and directs myelin proteins to
specific membrane domains. MAG is localised togaeaxonal membrane, CNP to non-
compact regions of the myelin internode, MBP aredrtbwly expressed PLP are targeted
to the compact myelin. However, if the oligodengtecshould fail to myelinate an axon
then it is programmed to die. It has been estimtétatias many as 50% of new

oligodendrocytes die (Trapp et al., 2004).
1.4 Myelination

Myelination is a process that occurs at varyinge8mm the developing CNS. In the mouse
it begins just before birth in a rostrocaudal di@tin the spinal cord (caudorostrally in
brain) (Schwab & Schnell, 1989) and is not compietiéhe brain until 45-60 days

postnatally. The newly matured oligodendrocytegrupontact with axons, elaborate sheet
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like extensions of their plasma membrane, whichadlgiwrap the axon and eventually
compact to form the myelin sheath. The principalktion of this sheath is to allow rapid
saltatory conduction of action potentials from tig&ironal cell body along the length of
the axon. Depending on its location a single olegattocyte can enwrap up to 40
segments of axon (Coman et al., 2005), althoughcadf myelin sheaths on any given
axon are never formed by the same oligodendrocyte.

1.4.1 Myelin morphology

The mature myelin sheath has a distinct periodiciire, with alternating electron light
and dense layers. The light layer, the intrapélifogl is formed by the close apposition of
the extracellular face of the plasma membrane,sivttie dark layer, the major dense line,
is formed by the fusion of the cytoplasmic surfagcethe membrane. The periodicity of
the lamellae is ~12nm and each segment of a myetirexon or internode is 150-200um
in length. Between each internode there is an@fra&on lacking a myelin sheath known
as the node of Ranvier. Both the thickness of tiielim sheath and the internodal length
are positively related to the axonal diameter. \WEtike myelin lamellae end, at the node of
Ranvier, paranodal loops containing oligodendrocyteplasm can be found, this area is
called the paranode. Each of these anatomicaltindigegions is formed by specific
interactions between the axon and the myelinatiigpdendrocyte (Baumann & Pham-
Dinh, 2001).

1.4.2 Myelin composition

CNS white matter consists of 40-50% myelin by dejgft; it is the major constituent of
the white matter. Myelin itself consists of 30% f@ia and 70% lipid, which is a ratio
unique for biological membranes (Baumann & PhamhD001). The lipid content
consists of cholesterol, phospholipids and glyedsp The most common lipids found in
myelin are the glycosphingolipids, particularly GallThere are many myelin proteins, the
majority of which are specific to oligodendrocytsd the myelin sheath. Numbered
among them are MOG, MOBP, OSP and Cx32, which atdou a very small proportion
of the myelin proteins. Others have a more distiale and account for greater

proportions.
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1.4.2.1 CNP (2',3-cyclic nucleotide 3’ phosphodies terase)

CNP is only 4% of the total myelin protein. It echlized to the cytoplasm of non-
compacted myelin particularly at the paranodal oapd adaxonal cytoplasm. Whilst the
exact function of CNP remains elusive it has beastylated that it associates with actin
and tubulin components of sub-membranous cytoskelehere it plays a role in
membrane expansion and migration, indeed transgeici overexpressing CNP display
perturbed myelin formation and abnormal membramaesion (Trapp et al., 2004). Mice

deficient in CNP develop an axonopathgppe-Siefke et al., 2003).

1.4.2.2 MAG (Myelin-associated glycoprotein)

MAG is a type 1 integral membrane glycoprotein #xatounts for only 1% of total myelin
protein. Two MAG proteins have been identified LaMAG (L-MAG) and small MAG
(S-MAG). It is selectively targeted to paranoded Hre periaxonal membrane and as such
is in direct contact with the axon. L-MAG has bekstected in endosomes during early
myelination, its endocytosis possibly being medidig binding to a ligand present in the
periaxonal space or the axolemma. Once endocytbsettansported back to the
oligodendrocyte body, a possible mechanism by wthiehaxon influences

oligodendrocyte myelination (Trapp et al., 2004).

1.4.2.3 MBP (Myelin basic protein)

Myelin basic protein is one of the major proteif€dS myelin accounting for 30% of the
total myelin protein (Baumann & Pham-Dinh, 2001 exists in rodents as four main
isoforms produced through translation of separd@®is generated from alternative
splicing of the gene (Campagnoni & Campagnoni, 200d4e molecular masses of these
four isoforms are 14, 17, 18.5 and 21.5kDa. Thadd 21.5 isoforms appear early during
mouse development, in fact thbp gene has been demonstrated in developing mouse
embryos as early as E14.5 (Baumann & Pham-Dinhl)2@0p mRNA is translocated to
the inner tongue of the oligodendrocyte where itasslated and the protein inserted into
the myelin sheath (Trapp et al., 200MBP plays a major role in myelin compaction
adhering to the cytoplasmic leaflet of the myelilayer. Electron microscopic studies of
the mutant shiverer mouse spinal cord have denairdithat the major dense line of the
myelin is missing. The shiverer mouse has a mateal in theMbp gene in which 5 of

the 7 exons are deleted.



Jennifer A Barrie 2008 1-17

In addition to the classic MBP isoforms there exesigroup of alternatively spliced
proteins from a largdvibp gene, this one consisting of 10 exons, 7 of whimthe for the
classic isoforms. These alternative proteins haenlralled the Golli-MBPs, their full
function has yet to be elucidated, but it has reported that among other functions they

have a role in signalling pathways (Campagnoni &@agnoni, 2004).

1.4.2.4 PLP (Proteolipid protein) and DM20

Proteolipid protein was discovered by Folch andsl&eearly as 1951 (Folch & Lees,
1951). It is the most abundant protein of centealyaus system myelin accounting for
over 50% of the total. The gene is highly consevedughout nature and exists as a
single copy gene on the X chromosome (Xq22.2 indnynirhe gene spans 17kb and
consists of 7 exon®iehl et al., 1986; Macklin et al., 198&j)th a single promoter region.
The gene encodes a 276 amino acid integral memipraibein with a basic isoelectric
point (Vouyiouklis et al., 2000). Unusually, altative splicing occurs within exon 3 to
generate PLP and its smaller but distinct isoforli2D. Two very close transcription
initiation sites exist (Milner et al., 1985) bothwhich are used. During peak myelination
most transcription initiates from the upstream aitd the full length PLP is expressed,
however during oligodendrocyte development whensitaption initiates from the

downstream site DM20 is selectively expressed.

Regulation

PLP1 gene expression is regulated by the balance betaaesators and repressors, which
bind to sites in the gene. It is likely that sonfi¢h@se transcription factors will recognise
other myelin gene promoters as a mechanism fordimately controlling groups of genes

via common DNA sequences or cis elements.

Conservation

PLP/DM20 are part of the Proteolipid gene familg tipophilins (Gow, 1997jeaturing 4
transmembrane domains with intracellular termingrge extracellular loop between
transmembrane domains 3 and 4 and an intracetolaain between 2 and 3 (Figure 1.).

All family members have a high degree of amino acidservation.
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Figure 1. Schematic of predicted topology of PLP/ZiM\protein within the lipid bilayer of
the oligodendrocyte plasma membrane, showing famsmembrane domains, a large
extracellular loop between domains 3 and 4 anch@adellular loop between domains 2
and 3, both termini are intracellular. Adapted fr@@&arbern, 2007)
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Translational and posttranslational regulation

The orientation of PLP and DM20 in the rough endsplic reticulum is such that both the
amino and carboxy termini are exposed to the cgopl(Gow, 1997). The correct folding
of the proteins within the endoplasmic reticulunessential for their subsequent transport
to the Golgi and eventually the cell surface. Dgtiransit through the Golgi, PLP becomes
associated with lipid rafts. These are microdomaiisin cholesterol and
glycosphingolipids, which act as “rafts” for thesambly of a specific set of proteins. The
hydrophobic nature of PLP/DM20 is enhanced by ttechment of long chain fatty acids
to the cysteine residues via thioester linkagentbst common fatty acid being palmitate.
A further posttranslational modification is protgid cleavage at the intracellular loop,
thus creating an amino terminal half and a carliexyinal half (Hudson et al., 2004).

Function of PLP and DM20

Investigations of expression patterns have revehl@dDM?20 is expressed primarily in
pre myelinating oligodendrocytes (Dickinson et #097) and other non-myelinating cells
(non-myelin-forming Schwann cells, olfactory neeresheathing cells, and myocardial
cells). The fact that DM20 expression does nota@dmwith myelin formation was the
first clue that DM20 was distinct from PLP. ‘Loskfonction mutants’ are the most useful
tools for investigating the function of PLP/DM20e&tic manipulation of thélpl gene
produced mice lacking PLP/DM20 as well as a lirekilag only the PLP isoform. Both
transgenic lines manage to elaborate a myelin Bladdtough in each case the sheath
displays abnormal periodicity. The mice lackingrbBLP and DM20 have a perturbation
of the intraperiod line (Yool et al., 2002) whilgetmice expressing only DM20 may have
an expanded periodicity (Hudson et al., 2004) amakets of cytoplasm throughout the
compact myelin. Given that PLP has 3 fatty aciddtinent sites in the intracellular loop
whereas DM20 only has one may explain a role fd? RLstably linking adjacent
membrane bilayers through intercalation of theyfattid sites into the opposing bilayer
leaflet (Hudson et al., 2004), a function that carive replaced by DM20. In each model
oligodendrocyte development is normal. In othedais, oligodendrocyte death occurs
when mutation of th@lpl gene results in the translation of a misfoldedgimtwhereas
knockout mice lacking functional PLP develop axaswéllings later in life despite
elaborating a relatively normal myelin sheath (f&8hs et al., 1997). The swellings contain
mitochondria and other membranous organelles amdssociated with a deficiency in
axonal transportEdgar et al., 2004). These findings point to apontant role for PLP in

the maintenance and survival of axons.
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1.4.3 PLP1 Mutants

Theproteolipid proteinl gene encodes the major protein of CNS myelin. ktuta within
the gene vary from deletion to missense mutatioragltlitional copies of the gene. The

most common feature of the pathology of the muttertds to be hypomyelination.
1.4.3.1 Mutations in man

Pelizaeus-Merzbacher Disease (PMD), an X-linkeagginating leukodystrophy and
the less severe Spastic paraplegia type 2 (SP@2sanciated with mutations of theP1
gene (Inoue, 2005). To date, many mutations haga lmentified and by far the most
common is duplication of the region harbouring 1 locus. This type of mutation
along with nullmutations tends to be associated with the milden fof the disease
whereas point mutations, of which there are margyjdentified with more severe disease
states (Yool et al., 2000nvestigation of the pathophysiology of PMD and ZR@s been
aided by the existence of various naturally ocagrand engineered animal models

1.4.3.2 Spontaneous disease models in animals

Many spontaneous point mutations of Bipl gene have been described in mice. The
jimpy mutation PIp®), the first to be described, has a point mutatigthin intron 4

leading to the absence of exon 5 from the matarestript. Thgimpy-4J (PIp**¥) model
harbouring a point mutation in exon 2 is the mesese of thé’Ipl mutations and in these
animals death occurs around postnatal day 24. thdtjimpy mutation themsd (Plp/P™)
has also been described, in these animals the aitattion in exon 7 means that the
carboxy terminus is maintained atid phenotype is almost indistinguishable from the
classigimpy with death occurring around 3-4 weeks of age. &magtants display acute
neurological dysfunction due to lack of a functiomgelin sheath. The myelin deficient
rat (PIp™) is an example of a spontaneous mutation in areiffespecies. Each is a useful

model for investigations of the severe connatahfof PMD. (Nave & Griffiths, 2004)

Investigations of the mild forms of PMD and SP®@ aided by work on theimpshaker
mouse PIpP™"), theparalytic tremor rabbit (PIp™) and theshaking pup (PIp™"). These
mutants have less severe phenotypes and althoygimiyglination is still a feature,
oligodendrocyte numbers are maintained and theasisurvive into adulthood (Yool et
al., 2000). Interestingly theimpshaker point mutation, lle-186-Thr, when expressed on
the C57BI/6 background dramatically alters from itiiél phenotype to that of a lethal
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phenotype. The modifying gene/s responsible far dnamatic change are presently
unknown, (Al-Saktawi et al., 2008pwever a dramatic increase in apoptotic
oligodendrocytes, microglia and a significant dnophe amount of myelin are reported.
This same point mutation has been identified iarailfy with a history of SPG2 (Naidu et
al., 1997)

1.4.3.3 Engineered models in animals

Transgenic mice harbouring increased copies oPtpE gene have been generated. The
#66 line has 7 copies per haploid genome, #72 ltapi@s per haploid genome (Readhead
et al., 1994), and the 4e line has 2. In these phemotypic severity closely mirrors copy
number with phenotypes ranging from severely dysimgted in the high copy number

line to normal myelination with late onset demyation in lines with low copy number.
Axonal swellings in later life are also a featuf@tese duplication mutants. (Anderson et
al., 1998)

Additionally, there are two engineered mouse Iwéh functionally null alleles of the
PIpl gene Plp-null andPIp™™. Surprisingly these models elaborate large amanfnts
myelin, have normal numbers of oligodendrocytesdisdlay no obvious clinical

phenotype until late in life. (Anderson et al., 899
1.5 Transgenic complementation as a rescue strategy

Transgenic complementation has been used to sardyug myelin mutants. Readhead et
al rescued thehiverer phenotype by transgenic complementation with ance$ransgene
containing the entir®bp gene (Readhead et al., 1987), Kimura et al sulesglyushowed
that complementation with only one isoformMdbp can restore myelination in the
shiverer (Kimura et al., 1989). In a further study, Readhatiempted to rescue thenpy
phenotype by transgenic complementation with aumas@opies of the mouse wild type
Plpl gene. The survival and myelination status of thraglementedimpy mice was not
improved but the number of apoptotic glia was digantly decreased. They also
discovered that myelination is extremely sensitovever expression of tHépl gene as
the lines of transgenic mice (#66 and #72 linegegated to supply thélpl gene for the
complementation developed dysmyelination (Readleéatl, 1994). Nadon generated
transgenic mice that expressed eitherRlpeor Dm20 cDNAs in order to study the effect

of these individually, when bred on to tinepy phenotype. They discovered that alone
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neither had any significant affect, but when bo#revexpressed jiimpy partial rescue
was achieved (Nadon et al., 1994).

1.6 Aims

As described previously thempshaker mutation expressed on the C57BL/6 background
has a lethal phenotype with death occurring arquosinatal day 30. Severe
dysmyelination, high numbers of apoptotic oligodeagtes and increased numbers of
microglia are prominent features of this mutantis®udy sought to normalise the level of
PLP/DM20 by transgenic complementation with wilgeylp 1 and investigate the effect
this has on apoptosis and myelinatioraddition to the possibility of ameliorating the

lethal phenotype

It is not clear if a lack of functional myelin lead to a breakdown of the normal
axon/glial interaction and therefore a lack of esisétrophic factors is responsible for
oligodendrocyte apoptosis, or if the misfolded Rideumulating in the endoplasmic
reticulum causing activation of the unfolded proteasponse leads to eventual cell death.
The study examines the effect of normalised PLEherUPR in an attempt to understand

the cause of cell death.
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2. Materials and methods

2.1 Animals

Mice were bred in the General Parasitology Unitraiihouse of Biological Services,
University of Glasgow under licence from the UK He@ffice.Animal studies were
approved by the Ethical Committee of the Facultyeferinary Medicine, University of

Glasgow.

2.1.1 Breeding

To generate the genotypes of interest, femadgoshaker heterozygote mice on the
C57BL/6 background were mated with C57BL/6malesytag a wild typePlpl genomic
transgene, line#66 (Readhead et al., 1994). Of gpenotypes generated, only male
rumpshaker mice with or without transgene and the wild typal@nmice were used in the

study.
2.1.2 Genotyping

In order to identify the genotype of each animate length of tail was collected post

euthanasia and snap frozen in liquid nitrogen
2.1.2.1 Preparation of genomic DNA

Digestion was performed by the addition of Nuthgsis solution (Promega) containing

0.35mg Proteinase K and 0.1M EDTA atf65Following complete digestion the protein
component was precipitated by the addition of pnopeecipitation solution (Promega) and
the supernatant containing the DNA removed to agtute containing 2-propanol
(Sigma) which upon gentle inversion precipitatesftne threads of DNA. The fine strands
of DNA were pelleted by centrifugation and the 2gmnol removed and replaced by 70%
ethanol to wash the DNA, which was again pelletgddntrifugation and the 70% ethanol
removed. The DNA was allowed to air dry before restiiuting in 200l DNA rehydration

solution (Promega) at 66 for 1hour. The DNA was quantified on a Genequant
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(Pharmacia Biotech) spectrophotometer and sampégsped at a concentration of
25ug/ul in filter sterilised distilled water.

2.1.2.2 PCR to determine presence of #66 Transgene

To each “ready to go PCR bead”(Amersham BioscieBdg) of prepared master mix
(0.5ul primer PLP,(sequence 5-CAGGTGTTGAGTCTGATCTARCAAG-3) 0.5ul
primeraT7(sequence 5-GCATAATACGACTCACTATAGGGATC-3)(Readhest al.,
1994), 23ul filter sterilized water and1pl(25 pd¢y @f sample or control genomic DNA
(gDNA). 50 ul of mineral oil was layered on toppevent evaporation. PCR was
performed on the BiomettdNO-thermoblock PCR thermocyclasing the following
programme. An initial cycle of a denaturing ste@4fC 3 minutes, annealing step 68
1minute and an extension step ofG2 minutes followed by 35 core cycles of @310
seconds, 5& 1 minute, 7Z 30 seconds and a final cycle of @310 seconds, 58 1

minute and 7Z 3 minutes. Electrophoresis was performed onahgges through a 2.5%
agarose gel (Gibco) containing 0.5u g ethidiumbromide. The gel was both prepared
with and run in Tris acetate ethylene-diamine-teratate buffer (TAE-see appendix).
Samples were prepared with bromophenyl blue loadyeg(see appendix) In each case
positive and negative controls were included ingbkrun as was sterile water to check for
contaminating nucleic acids. Gels were viewed éfeslab UVT-28Mtransilluminator to
reveal bands and images captured with the COHU €&iera system attached to a Sony

Digital Image printer. Figure 2.
2.1.2.3 PCR amplification to identify rumpshaker ge  ne mutation

To each “ready to go PCR bead” (Amersham Biosciewes added 24ul of prepared
master-mix (0.5ul primet-intron 3, (sequence C (5-CATCACCTATGCCCTGA-3)) 0.5
primera-intron 4, (sequence D(5-TACATTCTGGCATCAGCGCCAGAGAGC-3))
(Schneider et al., 199223 pl filter sterilized water) and 1ul (25ug/uf)sample or

control gDNA. 50ul of mineral oil was layered owach sample to prevent evaporation of
the sample during the PCR run. The following pragteas performed on the Biometra
UNO-thermoblock. An initial denaturing cycle of ‘@4for 3mins, 1min annealing at 85
and 4min extension at T2 followed by 35 core cycles of 40secs®31 min at 5%, 2

mins at 72C, and a final cycle of 40secs at@31min at 55C, and 5mins at 7€.

Following PCR the DNA was purified using PCR pudfiion kit (Qiagen) eluting in a

final volume of 30pl.
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The presence of theimpshaker mutation introduces aficcl restriction enzyme site into
the cDNA. We digested 10ul of DNA with 1 pl (10W/kcl restriction enzyme
(Invitrogen), 1.5ul 10x buffer in a final volume d5ul at 37C for 3 hours prior to
electrophoresis through a 2.5% agarose gel (Gibmataining 0.5pg.mi ethidium
bromide. The gel was both prepared with and rufris acetate ethylene-diamine-tetra-
acetate buffer (TAE). In all cases positive andatieg controls were included in the gel
run, as was sterile water to check for contamigatincleic acids and samples were
prepared with Bromophenyl blue loading dye. Figire

2.2 Tissue fixation and preparation

2.2.1 Karnovsky’s modified fixative

This fixative (Griffiths et al., 1981) was used tbe preservation of tissues prepared for
resin embedding for light and electron microscdpiyed tissues were stored aCAuntil

processed. (see appendix).
2.2.2 4% Paraformaldehyde

4% paraformaldehyde prepared in phosphate buffatkde (PBS) was used for the
fixation of tissues intended for cryopreservation aubsequent immunohistochemistry.
Following perfusion and dissection tissues were @rsed in fixative for 3-6 hours before
transferring to 20% sucrose in PBS for 24 hoursrgo rapid freezing

2.2.3 Perfusion

Mice were humanely euthanased using an overdosarbbn dioxide in a closed chamber.
The carcass was pinned out the chest opened apeéticardium removed, to allow
cardiac perfusion the right atrium was puncturedltow drainage and a needle was
inserted into the left ventricle. Saline was ingettinder moderate pressure to flush the
vasculature. Once the effluent was clear, betw@ml5and 100 ml of fixative was flushed
through. Following perfusion the animal was immdrsefixative for up to 3 hours prior

to dissection. The brain, optic nerves and spioed evere removed, cut into appropriate

blocks, placed in fixative and stored until furtipeocessing.
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2.2.4 Resin processing and sectioning

Tissue blocks prepared for resin embedding weregssed using a Lynx el microscopy
tissue processor (Leica). The tissues were pabsedgh increasingly graded alcohols (see
appendix) and infiltrated with araldite resin. Tissue blocks were oriented in resin-filled
silicone moulds and placed at°€0for 24 hours to allow polymerisation. Utilising a
Ultracut-E ultratome (Reichert-Jung), 1pum sectidasexamination by light microscopy,
were cut with a glass knife and the sections malatecleaned glass microscope slides,
whilst for electron microscopic study, 70nm secsigvere cut with a diamond knife and

mounted on 200-mesh 3.05mm-diameter copper grids.
2.2.5 Cryopreservation and sectioning

Tissue blocks from fresh and 4% paraformaldehyde-bfP perfusion fixed animals were
suspended in Tissue-Tec O.C.T compound (Milesfihedl foil moulds and frozen in
isopentane cooled in liquid nitrogen. The frozemcks were wrapped with NescoFilm
(Bando Chemical Ind. Ltd.) and stored at>QQntil required. 1fm sections were cut
using an OTF cryostat (Bright Instrument Compamg mounted onto APES-coated

microscope slides (see appendix) that were theadtt -20C.

2.3 Staining techniques and Immunohistochemistry

2.3.1 Methylene blue/ azur //

1um resin sections were dried onto microscope slitea 60C hot plate. The sections
were flooded with methylene blue/akufsee appendix) stain for 30-60 sec and rinsed in

running water. After drying, slides were mountedinX.
2.3.2 Electron microscopy (EM)
For electron microscopy, the 70nm resin sectionsapper grids were “stained” with

uranyl acetate and lead citrate (see appendix) ieahand images captured on the JEOL

CX100 electron microscope.
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2.3.3 ABC Technique (Avidin biotin complex)

This technique was utilised for immunolabellingimesections with anti-MBP in order to
facilitate the measurement of myelin density. Talde staining, the araldite resin was
etched from the sections by agitation of the slidesodium ethoxide (50% ripened
saturated sodium ethoxide 50% absolute alcohol3@aminutes. Slides were washed in
absolute alcohol (6 changes) over 30 minutes. Egrmgs peroxidase activity was
guenched using 3% hydrogen peroxide in water fanBtutes. Sections were again
washed in running water for 30 minutes. Non-speaifimunoglobulins were blocked with
10% normal goat serum (NGS) in PBS for 2 hour®aitrtemperature. Excess NGS was
removed and primary antibody, diluted in 1% NGS/PB&s immediately applied and the
sections incubated overnight in a humidity chanatefC. Sections were allowed to warm
to room temperature and washed in several charigeB% Biotinylated anti rat link
antibody diluted in 1% NGS was applied for 1 houromm temperature and then washed
in PBS 6 changes over 30 minutes. Sections wetdated with ABC complex
(Vectastain elite) for 30 minutes at room tempewand again washed in PBS, 6 changes.
The chromogen was developed in filtered PBS cointgif.5 mg.mf 3,4,3,4-
tetraminobipheyl hydrochloride (DAB) and 0.003% Fygken peroxide for up to 5
minutes. Excess DAB was removed by washing in RB& iminutes and running water
for 5 minutes. The chromogen was intensified with dsmium tetroxide. The slides were

then dehydrated in alcohols, cleared in xylenerandnted in DPX.
2.3.4 Immunofluorescence

Indirect immunofluorescence was the preferred ntetifdabelling frozen cryostat
sections. The sections were allowed to come to r@onperature before washing in PBS
to remove the Tissue-Tec. If the tissue had non Ipegfusion fixed then the sections were
immersed in 4% paraformaldehyde for 20 minutesvaashed once in PBS. Some
antibody labelling required permeabilisation in?@0nethanol or 0.5% triton X-100
(Sigma), others required non-specific immunoglafsitio be blocked with 10% Normal
goat serum (NGS) or 0.1% tritonX-100 with 0.2% gigsgelatin (Sigma). Primary
antibodies were diluted in 1% NGS or triton/geldilacking buffer, as above, the sections
were incubated in primary antibody overnight at.42@ day 2, sections were allowed to
come to room temperature before being washed ieraeghanges of PBS. Secondary
antibodies labelled with fluorescein isothiocyan@l C) or Texas red (TxR) were diluted

in PBS or the blocking buffer as before and appieethe sections for 30 minutes at room
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temperature. Slides were briefly washed in PBSreefwmounting in antifade mounting
medium (Citifluor). Sections were examined by emfiescence. FITC absorbs light with a
wavelength 495 nm and emits it at 525 nm, whichlzamisualised as green light using a
blue filter. TXR absorbs light at 596 nm and entitt 620 nm, which can be visualised as
red light using a green filter. 4,6-diamidino-2-plgindole (DAPI), a nuclear marker
employed, provides a blue fluorescent light witlsigation of 345 nm and emission of 455.

2.3.5 Antibodies and Markers

Commercially available and gifted antibodies weseduand their sources and dilutions are
illustrated in Table 1. Anti-Caspase-3 antibody wasd to recognise apoptotic cells. APC
(Adenomatous Polyposis Coli) has an affinity for-C@nd was employed to distinguish
mature oligodendrocytes (Fernandez et al., 200Tigle et al., 2001). Anti-CD45
antibody recognises pan-leukocytes and was usielgndify microglia/macrophages. Anti-
MBP antibody was used to stain central compact immyel

Table 1
Antibody Isotype Dilution Source
Caspase 3 Rabbit 1:4000 R&D
CC-1 (APC) IgG2b 1:100 Calbiochem
MBP Rat 1:500 PNGroome (Gift)
CD45 Rat 1:600 Serotec
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Table 2
Secondary Antibody Dilution Source
Rabbit FITC 1:80 Southern Biotech
Rat FITC 1:50 Southern Biotech
MouselgG2b 1:100 Southern Biotech

CC-1 staining of oligodendrocytes

15um cryostat sections from 4% paraformaldehydiiped blocks were permeabilised in
0.5% triton X-100 for 30 minutes and non-specifieding blocked with 0.1% triton X-

100, 0.2% pigskin gelatin in PBS for 30 minutesc&ss blocking solution was removed
and CC-1 antibody at 1:100 diluted in blocking $olu applied and the sections incubated
at £C overnight. The slides were washed in PBS andoai®a with goat anti-mouse

IgG2b FITC secondary antibody diluted in blockimfusion for 30 minutes, the nuclei
stained with DAPI and the slides washed and mour@€dl1 has been used to label mature
oligodendrocytes (McTigue et al., 2001).

CD45 staining of microglia

Animals were perfusion fixed with periodate-lysiparaforfaldehyde fixative (P-L-P see
appendix) Sections were permeabilised in methane?@C for 10 minutes and washed in
PBS. The sections were incubated with anti-CD4BANNGS at 4C overnight.

Following PBS wash, goat anti-rat IgG FITC secogdartibody was applied to the
sections at room temperature for 30 minutes, rins€&BS and counterstained with DAPI

before mounting
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Caspase-3 staining of apoptotic cells

Following permeabilisation in 0.5% triton X-100 seas were blocked with 0.1% triton
X-100, 0.2% pigskin gelatin in PBS for 30 minutEgcess blocking solution was removed
and anti-caspase-3 antibody diluted in blockingisoh was applied and the sections
incubated at 4C overnight. The sections were washed and incuhvaitbdyoat anti-rabbit
IgG FITC secondary antibody diluted in blockingugan for 30 minutes the nuclei

stained with DAPI and the slides washed and mounted

DAPI Staining

Following immunolabelling cell nuclei were staine@th 0.83.9.Iml-1 4,6-diamidino-2-
phenylindole (DAPI), the fluorescent dye, for 30 onds.

2.4 Quantitative studies and statistical analyses

2.4.1 Myelin volume

Cervical segment 2 (C2) of spinal cord was disskfibowing perfusion-fixation in
Karnovsky’'s Modified Fixative and processed forimemmbedding. Following

polymerisation the resin blocks were trimmed and sections (70nm) cut from the
ventral columns of the white matter tract and piboeto copper grids, which were

subsequently stained with uranyl acetate and |geates

Using the Jeol CX-100 Electron microscope setragagnification of x4000, ten
micrographs from each sample were randomly selestddrinted at ~3.5x enlargement
to occupy an A4 sheet of printing paper. The myetitume of each genotype was derived
using a point counting technique (Williams, 197#&)grid pattern (2crf) was
superimposed over each print and the number ofiggithtercepts overlying areas of

compact myelin expressed as a ratio of the totalber of gridline intercepts.

Vv = Points overlying compact myelin/Total pointsadable on grid.
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2.4.2 Axon status

Utilising the same photomicrographs as above alsifime grid (2 lines running

diagonally from corner to corner) was overlayed trenumber of non-myelinated and
myelinated axons touching the line were counte@ fitmber of each was expressed as a
percentage of total number of fibres.

2.4.3 gratio

Axon and total fibre diameters were measured witade ProPlus-4 software (Media
Cybernatics, Silver SpringMD) from digital imagdsloe ventral columns of 0.5um resin
sections taken with x100 oil immersion lens. Fromse data the myelin thickness and g

ratio (ratio of axon diameter to total fibre diae®twere calculated.
2.4.4 Myelin Density

Myelin area was measured on semi thin (1um) resttians immunolabelled with anti
Myelin Basic Protein using the ABC technique. Fargas, two either side of the
ventromedian fissure were captured (x40 dry lesg)gua CCD camera (Colour Coolview,
Photonic Science). The digital images were conddxdeyrey scale using Image Pro Plus
software (Media Cybernetics). An area of interd€dl) of 2500pnf was placed over two
separate areas of each of the four captured inegkthe total area of black objects (MBP
labelled myelin) measured. The density of myelim{fmm?) of white matter was

calculated.
2.4.5 Quantification of CC-1+ cells

Cell counts were performed on the ventral colunfrgyosections (1jm), adjacent to the
ventromedian fissure, from rostral cervical spic@id. Images of CC-1-labelled cells
(green channel) and DAPI-labelled nuclei (blue ctenfrom the same sampling area
were collected (x20) using a CCD camera systemt@PimScience Colour Coolview) and
stored in the computer. The green and blue chamvesis merged using Adobe Photoshop
(Adobe systems Inc., San Jose) and the image yaaiusted. For each combined image,
a frame (35804um2) outlining the AOI was placedlenscreen. The number of APC+
cell bodies containing a DAPI-stained nucleus wasmted within the AOI or touching the
top or left side but excluding those touching t&dm or right sides. The density of
DAPI-labelled nuclei was counted automatically wath AOI of 10,000u 1 The density
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of CC-1-labelled cells with DAPI-stained nuclei @hei/mnT) was calculated and the
percentage of CC-1+ve cells (CC-1 cells/DAPI nugl&DO0) calculated.

2.4.6 Quantification of CD45+ cells and caspase3+c ells

These cells were quantified as described for thel€Cells (2.4.5).

2.4.7 Calculation of cell numbers

Quantification of cells or nuclei was determineddensity in the ventral funiculi. As the
area of the white matter varied between differ@magypes we calculated the total number
of cells/nuclei in the white matter of a transvessetion. This calculation assumes that the
density is equally distributed throughout the wimtatter when there is actually variation
between tracts and at different ages. In fact theear density alters across the width of
the ventral column, being greater in the centrgiare adjacent to the grey matter. The
alternative strategy is to define a precise sulmregf the ventral column in which to
calculate total numbers, a task that would be jgrohtic in ensuring consistent
identification of the chosen region. The calculatiased on the total white matter area
therefore offers an acceptable way of comparingneeghbers between different genotypes

and ages.

2.4.8 Statistical analysis

Group sizes

The number of animals included in a group variesvben ages, genotype and techniques.

In general, 4 or more animals were included inaugr

Data presentation

Graphs are presented as meg€BEM. P values are denoted«as).05,x <0.01, %

<0.001.
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Statistical tests

As group sizes were always relatively small no agsions were made that the data was
distributed normally. Groups were first comparemhg®ne-way Analysis Of VAriation
(ANOVA). If a significant difference (p<0.05) wagtkcted, individual groups were
compared using the Bonferroni multiple comparisest.tComparison of only the two
mutant groups used the grouped t test. Analyses peformed using GraphPad prism 4
(GraphPad software Inc, San Diego CA.)

2.5 Biochemical Analysis

2.5.1 Myelin fraction preparation

This technique was used to extract myelin from GiNSue and is based on the method of
Norton and Poduslo (1973a). The principle is basedentrifugal enhanced flotation of
the myelin fraction due to the highly buoyant nataf lipids. By-products of the technique
include the pellet fraction containing the membranhand nuclear components of the

spinal cord and the supernatant representing ttopl@gmic components.

Spinal cords snap frozen in liquid nitrogen araded at -70°C, from freshly euthanased
animals were used in the preparation of the frastio

Initially the cord was thawed in 7.5ml high sucrbs#fer (0.85M sucrose, 10mM Hepes,
2mM Dithiothreitol, 1mM TLCK) and homogenised usiagy IKA ultra turrax polytron
homogeniser at high speed for 12-15 strokes. 56D{hle resultant homogenate was
retained and represents the total homogenateethaimder was transferred to a Beckman
centrifuge tube and 3ml of low sucrose buffer (M2&icrose, 10Mm Hepes) gently
layered on top. The samples were centrifuged ad@@®0minutes, 4°C using SW41 rotor
on a Beckman ultracentrifuge. Following centrifugatthe myelin fraction could be
clearly visualised at the interface of the two sgersolutions. The upper layer was
aspirated and the myelin interface collected taealt tube, 6mis of chilled milliQ water
(Millipore System) was added to each sample caussngotic shock. The samples were
vortexed and centrifuged at 23000g, J21 rotor, 83%ninutes. The supernatant was
removed and the process repeated a further 2 tintleshe exception that the third spin
was performed at 17000g, this ensures that theimigehs “clean” as possible. The final

pellet was resuspended in a volume of milliQ wdegendant on the size of the pellet, the
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intention being to have each sample at a similacenotration. From a representative
sample group theumpshaker myelin pellet, being the smallest of the sampless
resuspended in 75ul, the transgene-complementagshaker pellet resuspended in 150ul
and the wild type pellets in 600ul. Aliquots ofdti@mns generated from the initial high
speed 700009 spin were collected for subsequehtsamal ml of the sucrose supernatant,
enriched in the soluble cytoplasmic fraction arel pillet fraction enriched in
membranous and nuclear elements resuspended i0.250M sucrose. All fractions were
stored at -20°C.

2.5.2 Oligodendrocyte culture preparation

Oligodendrocytes were prepared from the spinal obpbstnatal day 5 animals by the
method described (Fanarraga et al., 1995). Animale euthanased in a halothane
chamber and decapitated to ensure exsanguinatging Sterile technique and with the aid
of a dissecting microscope the spinal columns wemeved and the cord dissected out
into Hanks balanced salt solution without calciunmagnesium (Invitrogen) the meninges
were stripped from the cord and the cord masticaiua sterile scalpel. The connective
tissue of the cord was digested by the additiotnolf 0.25% trypsin (Invitrogen) and

100pl1 1% collagenase type 1(MP Biomedicals) andbaton at 37°C for 30minutes,
followed by a second dose of trypsin/collagenaskiacubation for 30 minutes. The
digestion was quenched by the addition of 1ml Swiption (see appendix). The cord
triturated through 23g needle (3 times) and 26gllee@ times) before the addition of
DMEM 10% (see appendix), and centrifugation at gDbminutes. The supernatant was
removed and the pellet resuspended in 1ml DMEM/1DRé. cell suspension was plated
onto 2x 35mm poly-D-Lysine treated tissue cultushds (see appendix) and the cells
allowed to settle down onto the plate for 2houra ItEEC tissue culture incubator at 37°C
with 5% CQ before the addition of 1.5ml Sato conditioned med{see appendix) The
cultures were incubated for 7days in the incubagdore harvesting. Although the cultures
were a mixed population of cells the conditioneovgh medium employed favoured

oligodendrocyte proliferation.
Cell Lysis

Tissue culture plates were removed from the incretd immediately washed with
chilled PBS. 75l of cell lysis buffer (see appendvas added to each plate incubated on
ice for several minutes and the adherent cells vechérom the surface of the plate

utilising a cell scraper. The cell suspension was ttransferred to a tube and rotated end
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over end at 4°C for 30 minutes. The debris wasipitated by centrifugation at 5000rpm
at 4°C for 5minutes and the cell lysate transfeteed fresh tube and stored at -20°C until

required.

2.5.3 Protein Assay

Protein concentrations were quantified in ordegrisure equal loading of samples on
subsequent gels. The assay was performed usirRjeéhee protein assay system (Perbio)
based on the Lowry Method using bicinchoninic d8&A) as the reagent. The reaction
was initiated by the addition of the reagent aribated at 37°C for 30 minutes. 2mg/ml
BSA standards (precision plus all blue protein,r&i) were diluted (0.025, 0.05, 0.1, 0.2,
0.4, 0.6mg/ml) and prepared at 10X the concentraifdhe samples, which were routinely
5ul of sample/1ml of reaction reagent. Measureméttie absorbance of the final product
was performed on a spectrophotometer (Cecil 11€0psa wavelength of 562nM. A
standard curve was generated and the sample coatib@msé calculated from this.

2.5.4 SDS PAGE (sodium dodecyl(lauryl)sulphate poly  acrylamide

gel electrophoresis)Western Blot

At the onset of the project gels were hand potn@a stock solutions (table 4) Laterly
precast gels were employed for safety, conveniesumomy of time and reproducability.
Precast gels employed were Novex Nupage 4-12%r 12 well (Invitrogen) with MES

page buffer (Invitrogen)
Gel preparation

The gel tank system used for precast gels wasthi#dgen Mini gel system, although
these gels were also compatible with the Atto syqi&tto Corporation) employed for the
hand poured gels. Various combs were used dependitige number of samples to be

run.
Sample Preparation

The samples were prepared to a total volume of Rgllding 8l of 3x SDS/DTT
denaturing buffer (see appendix) and heated to 85°€ minutes, to linearise the protein

and allow SDS association at a uniform charge ooejpm ratio, prior to running in SDS
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PAGE (see appendix) or MES (Invitrogen) runningféuét Standard limits of 250V
200mA and 25W with a constant voltage of 100-156Wdpproximately 1.5 hours.

Transfer

Following a brief wash in water the gel was rentbfrem the plate and placed in cathode
buffer (see appendix) The proteins were transfexwde/DF membrane (Millipore
Immobilon-P transfer membrane) using a semi drité@and Towbin transfer buffering
solutions (see appendix) which enables the transfer transfer was carried out at
standard limits of 50v 250 mA 15W constant curiZ2é mA for 1hour. To check the
transfer was successful and to check for equaingathe blot was stained briefly with

Ponceau S (see appendix) a water-soluble staimitiaights the proteins.

Immunodetection of protein

Non-specific immunoreactive proteins and peptidese blocked with 5% skimmed milk
(Marvel) in Tris buffered saline/tween (T-TBS sgpendix) for 2 hours at room
temperature or 4°C overnight before immunolabellorghe specific protein of choice. All
primary antibodies (for source and dilutions séx@et®) were prepared in 5% skimmed
milk/T-TBS and the blots incubated overnight at 4fCan ELMI skyline orbital shaker.
After washing several times in T-TBS over 30 misutecondary antibody linked to
horseradish peroxidase was applied at a dilutiahr®,000 (Sigma), again diluted with
5% skimmed milk/T-TBS, 1hour room temperature fokal by several washes. The blot
was developed with ECL (Super signal West Pico clueninescent substrate. Pierce)
wrapped in saranwrap and exposed to x-ray film (Als6ver a range of incubation

periods ranging from 30seconds to several minatédeintify the optimal exposure.
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Table 3
Antibody Dilution Source Secondary
CNP 1:2000 P Brophy (Gift) Anti rabbit HRP
MBP 1:5000 Chemicon Anti rabbit HRP
PLP 1:100,000 In house Anti rabbit HRP|
ASPA 1:1000 J Garbern (Gift) Anti rabbit HRP
MAG248 1:1000 Chemicon Anti rabbit HRP
Sirtuin 2 1:500 Cell Signalling Anti rabbit HRP
Bip 1:2000 Stressgen Anti rabbit HRP
GFAP 1:200,000 Sigma Anti rabbit HRP

Quantification of blots

The blots were scanned with an Epson Perfectiof #£3®to scanner to create digital
images. Scion Image software (NIH) was used to tfyandividual protein bands from
the blots. The software generates a graphic ouatipiime pixel density of the selected band

and the integral calculated to give signal density.

Statistical Analyses

Analysis was performed using Graphpad Prism 4 so#WGraphPad software Inc, San
Diego CA). Statistical tests applied were ANOVA @uahferroni’s multiple comparison

test and t-test as described previously.
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2.6 Molecular Biology

2.6.1 RNA Preparation

Total RNA (tRNA) was extracted from spinal cord sé@s snap frozen in liquid nitrogen
and stored at -80°C. To minimise potentiald@&contamination and subsequent
degradation of RNA, work surfaces mortar and pestttevere sprayed with
RnaZAP(Ambion). The RNA was extracted using the RbBblABee commercial kit (Tel-
test Inc, Friendswood TX), which is based on therfifChloroform extraction of RNA
and separation of nucleic acids from protein duthédr differential solubility in protein

and non-protein solvents. Spinal cord was grouridjind nitrogen using mortar and
pestle, to generate a homogenous powder, trandferi@ 7ml specimen bottle on ice
before the addition of 1ml of prechilled RNAsol Bg®mogenous powder assists in rapid
inactivation of RNise) The tissue was triturated through hypodermic e=edf decreasing
gauge (23G, 26G, 30G) several times each. Theeesdimple was transferred to a 1.5ml
microtube 200ul chloroform added and vortexed 2@&tbnds, chilled on ice for 5
minutes and removed from the Phenol/chloroformtimacand 4l of glycogen added to
enable visualization of the RNA before the additwd®00u| of 100% isopropanol. The
sample was incubated at room temperature for 10tesrbefore centrifugation 13K for 15
minutes 4°C. The supernatant was poured off andb1if0% filter sterilized ethanol
added the sample vortexed and centrifuged 13K it@s 4°C and the supernatant
aspirated with a pipette to ensure that the exessol was removed. The sample was air

dried for 10 minutes and the pellet resuspenddd@ul of DEPC treated water.

The integrity of the RNA was confirmed by gel eteghoresis on a 2% agarose gel
containing 0.5ng/ml ethidium bromide; each sampiatained Orange G loading dye. Both
MRNA and rRNA are visible as sharp bands indicatioglecay of the mRNA; there
should be no contaminating gDNA band present. Thieal density of the RNA was
measured with a spectrophotometer to check forsaltent or protein contamination and
to quantify the RNA yield. The prepared RNA wasdisereal time quantitative PCR
studies (qPCR) and reverse transcriptase-PCR (RR)}Btdies oXbp-1, Chop and

ATF3.
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2.6.2 Real time quantitative PCR (qPCR)

The ABI prism7500 sequence detection system (Ad@i®systems, Foster City, CA)
using TagMan technologies (PE Biosystems, Fostigr @A) was employed following
manufacturers instructions. Real time quantita®@R was performed using the Platinum
quantitative RT-PCR Thermoscript one step systewit(bgen). The PCR primer and
probe sets were designed using the program primpreEs™ (Applied Biosystems) The
following primer and probe sets were usgactin (Accession #NM_007393) forward 5
AGAGGGAAATCGTGCGTGACAT-3: reverse SAGGAAGGCTGGAAAACAGCC-3:
TagMan probe STGGCCACTGCCGCATCCTCTTC3A combined primer probe that
amplified bothPlp andDm20 (Plp/Dm20) was utilised, forward’s
GTATAGGCAGTCTCTGCGCTGT-3 reverse 5AAGTGGCAGCAATCATGAAGG-3:
TagMan probe’SFGGCAAGGTTTGTGGCTCCAACCTT-Q A combined primer set that
amplified allMBP isoforms(Accession #NM_ 010777) was also utiliSed
AGACCCTCACAGCGATCCAA-3: reverse 5CCCCTGTCACCGCTAAAGAAG-3
TagMan probe SCAAGTACCATGGACCATGCCAGGC-3 Each probe had FAM at the
5'end and Blackhole Quencher at then8 (MWG Biotech, Germany). A standard curve
generated from each set using serial dilutiong®RNA prepared from the samples
confirmed the linearity of the method. The samplese run with the following program,
30mins at 50°C, 10mins at 95°C followed by 40 cyckl5secs at 94°C and a final 2mins
at 64°C. Analysis was carried out by relative qgifi@ation using Ct values of the
Plp/Dm20, Plp andMBP probes versug-actin. Normalised expression of target message
probe with respect t8-actin message was determined for all samples to genefRieA

per 50ug total RNA initially loaded. The relativeaunts of transgene-complemented

rumpshaker andrumpshaker mMRNAs were expressed as a percentage of wild type.
2.6.3 RT-PCR for XBP-1, Chop and ATF3

RT-PCR was performed on the sample mRNA (prepaseateacribed 2.6.1) using primers
(MWG, Germany) for XBP-1, forward AAACAGAGTAGCTCAGACTGC-3 and
reverse 5TCCTTCTGGGTAGACCTCTGGGAG/3The PCR products were then
digested witiPst 1 (Invitrogen), which cuts only the unspliced cDNAhe spliced and
unspliced products were resolved on a 2.5% agayelsgnvitrogen) containing ethidium
bromide. Control samples of RNA from oligodendracgultures exposed to DTT, to
stress the cells, were processed simultaneoushgeRr forChop (MWG) were forward 5
CATACACCACCACACCTGAAAG-3, and reverse
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5-CCGTTTCCTAGTTCTTCCTTGC-3accession# X67083.1) a product size of 356bp,
and those foATF3 (MWG) forward 5-CAACATCCAGGCCAGGTCT-3 and reverse's
CTCTGCAATGTTCCTTCTTTT-3 (accession# BC064799.1) a product size of 532bp.
Cyclophilin was used as an internal control foranant gene expression when analysing
these two products which were resolved on a 2%woagagel with ethidium bromide, a
1Kb ladder (Invitrogen) was included on each gel e samples were loaded with
Bromophenol blue loading dye. The captured imaga®wuantified using the Scion

image software correcting the intensity of the algrior the density of the cyclophilin.
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Lane # 1 2 3 4 5 6 78 9

Figure 2. PCR products run on agarose gel. PCRRrmpaed using primers to reveal
presence of #66 transgene. Lanes 1-3 transgengveegamples, lanes 4-7 transgene

positive samples, lane 8 negative control and $apesitive control.

Lane # 1 2 3 4 5 6 78 9

Figure 3. Accl digested PCR products run on agagesperformed to reveal
rumpshaker, transgene-complementeampshaker and wild type genotypes. Lane 1
rumpshaker, lane 2-3 wild type, lane 4-7 transgene-complemeniggshaker, lane 8 wild

type control, lane #umpshaker control.
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3. Comparison of clinical and pathological
phenotype in  rumpshaker, Plpl transgene

complemented rumpshaker and wild type mice

3.1 Survival study

3.1.1 Introduction

Rumpshaker mice on the C57BL/6 background present clinicalith severe tremor from
the second week of life and go on to develop se&during the fourth week of life with
the majority of animals dying in the fifth or sixtieek (Al-Saktawi et al., 2003). |
evaluated the survival time of these animals ahdrstcomplemented with tiirépl

transgene for up to 40 days.
3.1.2 Method

The offspring from a female C57BLfampshaker heterozygote and a C57BL/6 wild type
male carrying the #6Blpl transgene were allowed to survive for up to 40sday
postnatally, the longest time period approved leyHlome Office. A tail tip was collected

from any animal that died prematurely to allow ¢jemotype to be ascertained.
3.1.3 Results

Fewer seizures were observed in the transgene-eomepked umpshaker miceand all
survived up to 40days. Survival curves indicateealian survival of 35 days in the
unmodifiedrumpshaker mice, significantly different from the transgenaygplemented
rumpshaker mice. The wild type mice also survived to P40nital to the transgene-
complementedumpshaker mice. (Figure 4.)
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3.2 Quantification of Myelin

3.2.1 Introduction

Within the normal CNS the majority of axons are tmged. Dysmyelination is a
common feature of animals carrying a mutation efRlpl gene. As described previously
(1.4.2), myelin is a highly organised multilamelructure composed of 70% lipid and
30% protein. | studied the effect on thenpshaker phenotype of introducing a wild type
Plpl transgene. Peak myelination occurs around postdaya20 (P20), therefore, the bulk

of my study focussed on that age point.
3.2.2 Materials and methods

3.2.2.1 Myelin density

Myelin density was quantified using 1um section®20 and P40 cervical spinal cord

immunostained for myelin basic protein (MBP) asodiéed previously (2.4.4). The

amount of myelin positively stained is expressedraa of MBP staining per nfm

3.2.2.2 Myelin volume

Since MBP immunostaining can label uncompacted imy#de volume of compact myelin
was quantified using electron micrographs of thetna columns of C2 spinal cord at P20

and a point counting method as described (2.4.1).
3.2.2.3 Percentage of myelinated fibres

Utilising the same micrographs as above the peagendf myelinated axons was
quantified (2.4.2).

3.2.2.4 gratio

0.5 um resin sections were used to determine g (thie ratio of axon diameter to total

fibre diameter.
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3.2.2.5 Myelin periodicity

High magnification electron micrographs were exadito assess the periodicity of the

myelin.

3.2.2.6 Hardware and Software

A colour Coolview camera (Photonic Science) wittagfa ProPlus 4 software (Media
Cybernetics) imaging system was used to assisiemguantification.

3.2.3 Results

3.2.3.1 Myelin density

At both ages theumpshaker and transgene-complementeainpshaker animals had less
myelin than the wild type animals; (Figure 5) hoegwexpression of wild type PLP/DM20
in the transgene-complementeanpshaker animals significantly increased the myelin
compared to theumpshaker animals. (Figure 6A.)

3.2.3.2 Myelin volume

The transgene-complementagnpshaker animals had significantly more compact myelin
than therumpshaker, but bothrumpshaker and transgene-complementeminpshaker had
less than the wild type. (Figure 6B.)

3.2.3.3 Proportion of myelinated axons

The proportion of myelinated axons was significaiticreased by the presence of wild
type PLP/DM20 in the transgene-complememigdpshaker animals compared with
rumpshaker. (Figure 7A.)

3.2.3.4 gratio

The g ratio was significantly increased in both riiw@pshaker and transgene-

complementedumpshaker animals compared with wild type. (Figure 7B.)
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3.2.3.5 Myelin periodicity

rumpshaker myelin has reduced periodicity and the intrapelind (IPL) and major dense
line (MDL) are hard to distinguish. The periodicitias recovered by expression of the
transgene. (Figure 8D.)

3.3 Quantification of glial cell apoptosis

3.3.1 Introduction

Oligodendrocyte cell death is a prominent featdrBlpl missense mutations (Cerghet et
al., 2001; Skoff, 19959programmed cell death (apoptosis) is charactebgeattivation of
the caspase cascade, including caspase 3, arpeffaspase expressed in
oligodendrocytes, which is a classic marker of apsip (Momoi, 2004).
Histopathologically, dead cells are characterisegyknotic nuclei with condensed
chromatin. | used both histopathological identifica and immunostaining to quantify the
numbers of apoptotic glia. In addition, | quantifitne numbers of microglia/macrophages
present.

3.3.2 Materials and methods

3.3.2.1 Quantification of pyknotic nuclei

Quantification was performed on 1um resin sectmfnervical spinal cord (C2) stained
with methylene blue/aziir(see 2.3.1). Pyknotic nuclei in all white mattexcts were

counted.
3.3.2.2 Quantification of Caspase 3 positive cells

15um cryo sections were immunostained with caspasgBody (see 2.3.5). Counts were

performed from 4 areas on the ventral columns efctrvical 2 segment of spinal cord at

postnatal day 20 and 40 (P20, P40). The immunaxiasrctions were counterstained with
a nuclear marker DAPI (see 2.3.5), only caspasasRipe cells containing a nucleus were
counted.
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3.3.2.3 Quantification of oligodendrocyte numbers

The numbers of CC-1 positive oligodendrocytes envantral columns of cervical 2 spinal
cord were counted (see 2.3.5.). In addition, doublaunostaining with anti-CC-1/ anti-

caspase 3 was performed.

3.3.2.4 Quantification of Macrophages/microglia

The number of macrophages/microglia present in 16gmical 2 sections of spinal cord
were counted by immunostaining with the pan leut®ayarker CD45.

3.3.3 Results

3.3.3.1 Pyknotic nuclei

At P20 both theumpshaker and transgene-complementeuanpshaker mice had elevated
numbers of pyknotic nuclei compared to the wildetygmimals; however, the presence of
the transgene significantly reduced the number vdoempared taumpshaker. At P40, the
overall numbers of pyknotic nuclei in all genotypesre reduced; however, the differences

between genotypes remained unchanged. (Figure 10A.)

3.3.3.2 Caspase 3 positive cells

The counts of activated caspase 3 positive oligdamytes in the ventral columns showed
an identical profile to that of the pyknotic nucéiP20. (Figure 10B.)

3.3.3.3 CC-1 positive cells

The number of CC-1 positive oligodendrocytes wasgarable across all three genotypes
(Figure 11A.). The number of double stained CC-ditpee/ caspase 3 positive cells was
also reduced in the transgene-complementaghshaker animals compared to

rumpshaker.

3.3.3.4 CD45 positive cells

The numbers of CD45 positive macrophages/microgiiee the same faumpshaker and
transgene-complementedmpshaker, each having a fivefold increase from wild type.
(Figure 11B.)
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3.4 Discussion

Data presented in this chapter show that the tearessgomplementedimpshaker animals
live longer than the unmodifieadimpshaker mice.The myelin status in the transgene-
complementedumpshaker animals is improved with an increase in the amadmyelin.
Additionally, the proportion of myelinated axonsnsreased and the periodicity of the
myelin is returned to that of wild type, conversehe g-ratio is not significantly
improved. The number of apoptotic oligodendrocyse®duced in the transgene-
complementedumpshaker animals; however, there is no change in the nuraber

microglia/macrophages, which remain elevated costpty wild type.

The presence of wild type PLP has a marked effiet¢he survival of the animals. In this
study | examined and quantified the most commomaaiteristics of myelin mutants,
dysmyelination and apoptosis of oligodendrocytest to identify the key parameters
that would account for the improved survival. Altighn the amount of myelin is increased
in the transgene-complementeanpshaker animals, the level is still significantly reduced
compared to that of wild type animals. Since thiatg is not significantly improved, the
increase must be attributed to the greater numhbmyelinated axons. McLaughlin
(McLaughlin et al., 2006) demonstrated that misédicumpshaker PLP is inserted into the
myelin sheath. In transgene-complememt@dpshaker myelin it is possible that the
majority of the misfoldedumpshaker PLP is replaced by wild type PLP, which returns the
periodicity to normal.

It is true that mice with hypomyelination die praturely and that severe hypomyelination
causes earlier death, studies by Billings-GagliéBdlings-Gagliardi et al., 1999) and

Wolf (Wolf et al., 1999) revealed that contrarythe accepted view, hypomyelination is
not the cause of premature death. There is alstaaanship between hypomyelination and
severity of apoptosis iRlpl myelin mutants, decreasing amounts of myelin spoading
with increased apoptosis, determining the relatignbetween the two is complicated.
Skoff (Skoff et al., 2004) has proposed that apsiptof oligodendrocytes occurs initially
and that hypomyelination follows as a result of ils@uced numbers of oligodendrocytes.
They show that inhibiting the synthesis of mutabPRPeduces apoptosis and that the
subsequent increase in myelin can be attributedai@ oligodendrocytes surviving rather
than a proliferation of new oligodendrocytes. HuereAl-Saktawi (Al-Saktawi et al.,
2003) found no difference in the number of oligadi@cytes in C57umpshaker when
compared with wild type, the number of apoptotigatiendrocytes inumpshaker being
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matched by the number of proliferating oligodengtes. Indeed in my study the CC-1
immunostaining indicated comparable numbers ofodl@ndrocytes in each of the three
genotypes. Furthermore, Thomson (Thomson et 8@9)1¢howed that in the first week of
life oligodendrocyte numbers jimpy mice were similar to wild type mice but that the
amount of myelin was only 20% of wild type and tbaty a minority of axons were
ensheathed by myelin, suggesting that myelin mwbgddendrocytes are unable to
properly associate with axons resulting in hyponmgion and that the subsequent
apoptosis can be attributed to a lack of trophppsut to the oligodendrocytes which fail
to connect with an axon. We cannot distinguishimmgpshaker PLP from wild type PLP,
therefore cannot determine if transgene-complendamnir@pshaker oligodendrocytes are
synthesising wild type PLP capable of associatiith axons, and that the increase in
myelin is a direct result of this. We could utiliagenetic approach and breed a caspase-3
deficient mouse with outumpshaker mouse to produce a cross in which apoptosis of
oligodendrocytes would be reduced. If there wasrgrovement in survival it would
suggest that apoptosis is the primary cause ofrypbnation and is also related to

survival.

Seizure is another well-documented characterigtmyelin mutants and indeed both the
C57BL/6rumpshaker and transgene-complementeainpshaker mice manifest this
characteristic. A common cause of seizure is hygd¥iller (Miller et al., 2003) have
reported that the myelin-deficienhd) rat develops “lethal hypoxic depression of
breathing at postnatal day 21,” the age at whiesg¢htanimals die prematurely. They
describe pathological changes in the respiratomgrobcentre located in the caudal
brainstem of these animals, including severe dysmatéon and the presence of

immunoreactive PLP/DM20 in neurones.

A further notable characteristic of thempshaker phenotype is the macrophage/microglial
response. It is unclear if this is primarily aneeff of cell death and tissue damage or if it is
part of the causal mechanism. The fact that tleen@ idiscernable difference between the
rumpshaker and the transgene-complementadhpshaker mice may indicate that the
inflammatory response is unimportant in determirthmg severity of the pathology. It
would be possible to assay a panel of cytokingsase two genotypes to determine if any
change in expression was induced by the transddteenatively, we could treat the
animals with minocycline to inhibit microglial acttion (He et al., 2001) and determine if
there was any improvement in phenotype or survi&dlirther approach would be to
attenuate the macrophage response by crossbresdiogdhesin deficient mice (Ip et al.,
2006) with ourumpshaker mice and again, determine any improvement.
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Survival data at P40
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Figure 4. Survival curves fromumpshaker (rsh) and transgene-complementemnpshaker
(rshtr) mice. All transgene-complementagmpshaker survived to postnatal day 40, the

oldest age studied.
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Figure 5. Images from ventral columns @ahiresin sections immunostained for MBP.
A - rumpshaker, B- transgene-complementegmpshaker, C -wild type. The image of
rumpshaker demonstrates that significantly fewer axons areosunded by sheaths
immunolabelled with MBP, an increased in immunoltafg is seen in the image of

transgene-complementedmpshaker. Images 100x oil and bars= 2.
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Figure 6A. Graph of myelin density expressed aa aféVIBP positive immunostaining
per mnt performed on 1pm resin sections of cervical spioadl at P20. Bothumpshaker
(rsh) and transgene-complementanhpshaker (rshtr) are lower than wild type (WT),
howevemrumpshaker is significantly reduced compared with transgeosyslemented

rumpshaker .

Figure 6B. Graph of myelin volume. Counts werdqened on electron micrographs
(x4000) overlaid with a point counting gridimpshaker (rsh) is significantly reduced
compared to transgene-complemermtatpshaker (rshtr). Both mutants are well below the

wild type (WT) value.
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Figure7A. Graph of proportion of myelinated axorpressed as percentage of wild type.
Counts performed on electron micrographs (x400Qfpshaker (rsh) is reduced compared
to transgene-complementeampshaker (rshtr) and both are reduced compared to wild
type (WT).

Figure 7B. Graph of axon diameter plotted againgtlim thickness. Increase in myelin
thickness with increasing axon diameter is sigaifity reduced imumpshaker (rsh)and
transgene-complementedmpshaker (rshtr). Individual points for wild type (WT) and
regression lines for WT (slope 0.087) rsh (0.02%) eshtr (0.027) are shown.
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Figure 8. Electron micrographs of myelin sheath4@®0) from 70nm resin sections
showing ventral column axons of cervical spinaldcar P20 A- rumpshaker- many axons
are unmyelinated, myelin sheaths are very tBitransgene-complementedmpshaker -
most axons are myelinated although the myelin siseate still relatively thinC- wild
type-myelin sheaths are of the appropriate thickesthe diameter of axon. Barsgb
D- micrograph montage of 70nm resin sections showigglin periodicity in ventral
column axons of cervical spinal cord at P20. Pecibdis altered inrumpshaker (rsh) and
the major dense lines (M) and intraperiod lines( indistinct, wild type (WT) and
transgene-complementedmpshaker (rshtr) show correct periodicity. Bar =20nm
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Figure 9. 1im resin sections of the ventral columns of cervepaihal cord stained with
methylene blue/azur 1A - rumpshaker, B- transgene-complementedmpshaker, C -wild
type.rumpshaker image shows prominent pyknotic nucleus (arrow) iaiaehy

unmyelinated axons. Images x100 oil and barg=20
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Figures 10A. Graphs depicting numbers of pyknoticlei counted in white matter tracts
of cervical spinal cord at P20 and P40.Counts peréd on Lim resin sections. At each
age the transgene-complementeahpshaker (rshtr) is reduced comparedriampshaker
(rsh). P40 rsh n=1 (the only animal to survive 40P

Figure 10B. Graph of caspase3 positive cell cofiota the ventral columns of 15um
frozen sectiong.umpshaker (rsh) has significantly greater numbers compardd wi
transgene-complementedmpshaker (rshtr). Wild type (WT) had only a nominal number
of caspase3+ve cells.

Figure 10C. Image of ventral column of transgeneqgiemented umpshaker
immunostained for caspase3 (red) CC-1 (green)l@duclear marker DAPI (blue) only
one cell (orange) is positive for both caspase3@@el
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Figure 11A.Graph of CC-1+ve cell counts expressecedls/mm. The counts were
performed on 15um frozen sections immunostaineld GAE-1, a marker for mature

oligodendrocytes. The difference between the the®types was not significant

Figure 11B. Graph of inflammatory cell counts déipig CD45+ve cell counts expressed
as positive cells/mAperformed on 15m frozen sections. There is no difference between
rumpshaker (rsh) and transgene-complementaohpshaker (rshtr), each is significantly

greater than wild type (WT).
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4. Analyses of protein and mRNA levels in spinal

cord and cultured oligodendrocytes

4.1 Introduction

PLP, the major myelin protein of the CNS (as disedsl.4.2.4) is markedly reduced in the
rumpshaker mouse on the C57BL/6 background (Al-Saktawi et28103). In this study |
analysed the level of PLP and the alternativelicedlisoform DM20 to determine if
complementation of the mutaRtp gene with the wild typ®Ip gene would increase the
levels of these proteins in the CNS myelin. Sintteeomyelin proteins, such as MBP, are
also reduced in the myelin extracts from the dydmsedrumpshaker, protein analyses

of these were performed too. To ascertain if theesattenuation was reflected in the
transcript level of the major myelin proteins, reale quantitative PCR was performed on

total RNA extracted from P20 spinal cord.
4.2 Materials and methods

Myelin was extracted from dissected, snap frozemasgord following the method of
Norton and Poduslo (1973a) previously describebl 12, the myelin protein content
assayed (2.5.3) and SDS PAGE Western blots pertb(8.4). Enriched myelin fraction
samples ofumpshaker, transgene-complementedmpshaker and wild type P20 and P40
cord were blotted for the myelin proteins PLP, DMRIBP, CNP and MAG. In addition
total homogenate samples were blotted for GFAPaapdrtoacylase (ASPA) and the
pellet fraction enriched in membranes, includindagiasmic reticulum, blotted for the
chaperone protein BiP. The NAD-dependent deacetydatuin2 was also investigated.
Primary oligodendrocyte cultures (2.5.2) were lyaad the lysates blotted for PLP, MBP
and ASPA. To perform real time quantitative PCRG&? (2.6.2) and semi-quantatitive
reverse transcriptase-PCR (RT-PCR), total RNA waseted (2.6.1) following the
instructions provided with RNAsol Bee reagent (Tekt Inc, Friendswood, Texas).
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4.3 Results

4.3.1 Myelin protein analyses

PLP/DM20 level inrumpshaker myelin from P20 spinal cord is less than 20% efldvel

in wild type myelin. In the presence of the tramsgéransgene-complemented
rumpshaker), however, the level of PLP/DM20 recovers to ne@mal levels (approx

90% of wild type) (Figure 12A.). In contrast, tleél of MBP in the presence of the
transgene does not recover to normal levels, baihg30% of wild type, which was only
slightly above the level aumpshaker at 25%, a difference which is not statistically
significant (Figure 12B.). Both CNP (Figure 13AndaMAG (Figure 13B.) levels are
improved from the low level inumpshaker, but neither reaches the level of wild type. The
oligodendrocyte culture lysates show similar restdtthe myelin fractions, the PLP/DM20
levels are very low imumpshaker and recover to wild type levels in the transgene-
complementedumpshaker (Figure 14A.), whereas MBP is similarly low in the
rumpshaker but does not recover in the transgene-complementepshaker samples
(Figure 14B.). Sirtuin2 levels were low in thempshaker but returned to normal in the

transgene-complementedmpshaker samples (Figure 12c.).

4.3.2 Non myelin proteins

Total homogenate fractions were blotted for GFARaaker for astrocytes and ASPA, a
protein marker for oligodendrocytes. In both thepshaker and transgene-complemented
rumpshaker animals GFAP levels are elevated compared to tydd (Figure 15A.); in
contrast, the ASPA levels are reduced compareditbtype (Figure 15B.). Results for the

endoplasmic reticulum enriched pellet fraction tadtfor BiP are discussed in (5.3.1)

4.3.3 Real time PCR (gqPCR)

Total RNA from wild typerumpshaker and transgene-complementeuanpshaker cord
was collected and real time PCR performedFigi Dm20 andMbp mRNA. The level of
Plp/Dm20 mRNA has returned to near wild type level in tlsgene-complemented
rumpshaker samples (Figure 16AMbp mRNA levels in bothrumpshaker and transgene-
complementedumpshaker remains 20% lower than those of wild type (FigLé®).
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4.4 Discussion

In this section | have presented data showingithtite presence of the wild type transgene
both PLP/DM20 andPlp/Dm20 are returned to near wild type levels. ConverddiBP is

not returned to normal levels in the transgene-demented umpshaker animals,

remaining at a similar level tmmpshaker, the same result is reflected in the
oligodendrocyte cultures, which do not elaborateyalin sheath, suggesting that the
paucity of myelin is not the cause of the contintedliction in MBPMbp mRNA levels

are also reduced compared to wild type, howeverrdduction is not nearly as great as the
protein, suggesting that the deficiency in MBP @sqredominantly during translation or
post-translational modification as a consequenadtefed translation efficiency,
accelerated degradation or a combination of the @P and MAG levels have a greater
recovery than MBP but again do not return to wyfokt levels. These proteins employ
similar but distinct transport mechanisms to PLEg&sting that a global protein transport
deficit is not induced and that the selective ati&tion of MBP is a specific effect. Sirtuin2
levels mirrored those of PLP in that they were veced to normal in the transgene-
complementedumpshaker cord. In both theumpshaker and transgene-complemented

rumpshaker animals ASPA is reduced whilst GFAP is elevated.

While the numbers of oligodendrocytes betweenhalé¢ genotypes are similar, the density
of astrocytes and microglia are increaserumpshaker and transgene-complemented
rumpshaker. The elevation in the density of these cell typédshave a significant

dilutional effect on the oligodendrocyte-derivedigins that are present in the total
homogenate. This could account for the reductiah@&ASPA content despite the number
of oligodendrocytes being maintained. The elevaitio@FAP is most likely a mild
astrocytosis.

This study reveals that sirtuin 2 is grossly reduicerumpshaker myelin and recovered to
wild type levels in the transgene-complememigdpshaker. Sirtuin 2 is targeted to the
paranodal region of the myelin sheath (Southwoal.e2006). Werner et al show that in
the PLP™" mouse sirtuin 2 was “virtually absent” and surmigieat PLP/DM20 was
required to transport sirtuin2 to the myelin. Thgyothesise that the late-onset axonal

degeneration observed in the PPmice may be associated with the absence of si2tuin
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that it has a function in the support of the axgrhe oligodendrocyte (Werner et al.,
2007).

Although the major myelin protein PLP/DM20 is reeoad in the transgene-
complementedumpshaker animals, severe dysmyelination still persists, sstjgg that
merely replacing or “topping up” the aberrant PLRVZD with wild type protein is not
enough to establish the synthesis of normal amafntsyelin, that other mechanisms, not
ameliorated in the transgene-complememtenpshaker, cause the dysmyelination to

persist.

rumpshaker PLP is present in the oligodendrocyte membraneideeced by positive
immunostaining with the conformational sensitivéilardy, O10; however, processing of
the mutant protein is altered. McLaughlin(McLaughdit al., 2006) demonstrated that
rumpshaker PLP has an accelerated degradation through the32Gdnsitive proteasome,
being two times faster than wild type. Furthermdine, mutant protein is endocytosed from
the membrane at a faster rate than wild type (Mgh#n et al unpublished data). It is
possible that the high turnover of a major myebmponent renders the myelin sheath
unstable, or that the turnover is too fast to allmeumulation and thickening of the myelin
sheath.

The association of PLP with myelin is dependanseveral factors, which could be
affected when a misfolded protein is present. L fPansported to the myelin membrane
by association with glycosylceramide/cholesterald®d microdomains known as lipid
rafts (Simons et al., 2000). It has been shownttietholesterol composition of
rumpshaker myelin is compromised, perhaps affecting the lijiff formation or the ability
of PLP to associate with them (Karthigasan etl®96; Kramer-Albers et al., 2006)
Palmitoylation, a post translational modificatidnRP, is necessary for stabilisation of
the protein—lipid interaction Schneider (Schneigkeal., 2005) and Tetzloff (Tetzloff &
Bizzozero, 1998) concluded that acylation plays@portant role in the acquisition of
palmitic acid by PLP. The abnormal molecular orgation ofrumpshaker PLP may

prevent these post-translational modifications.

The continued reduction in MBP, which is esseritaimyelin formation, may also be
critical in the continuing dysmyelination (Shineagt 1992) Mbp mRNA is translocated to
the cytoplasmic face of the major dense line witasetranslated on free ribosomes and
where its efficient translation requires a stalriismRNA protein complex. Increased

citrullination, a post-translational modificatiohMBP, decreases the ability of the protein
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to aggregate with acidic lipid vesicles (Seiwalet2D00). Fyn tyrosine kinase (Fyn) is a
signalling molecule which stimulates MBP gene tcaipgion and has a putative role in the
initiation of myelination (Umemori et al., 1999)yrrdeficient mice have been shown to
have increased citrullination of MBP; moreover, 1AM, which remains reduced in the
transgene-complementedmpshaker animals, stimulates the activation of Fyn. This is
perhaps too simplistic an explanation and wouldagay require further investigation;
however, it may contribute to the loss of the synnlsed synthesis of myelin.

An ongoing study within our laboratory has utiligeahsgenic complementation to
producerumpshaker mice harbouring a transgenic cosmid containinganpy of theMbp
gene to determine if additional MBP affects an iay@ment in phenotype, a further cross
under investigation is theimpshaker x shiverer (shi). It is hoped that these studies will
elucidate further the relationship between PLP didP.
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Figure 12A. Graph of PLP protein in myelin fractiof P20 cord expressed as a
percentage of wild typeumpshaker (rsh) is approx 20% of wild type (WT) whereas
transgene-complementedmpshaker (rshtr) is recovered to near wild type. Figure.12a
Representative blot stained with anti-PLP/DM20n$gene-complementedmpshaker
and wild type are necessarily saturated to allotea®mn ofrumpshaker band), Figure 12c.
Blot of sirtuin 2 showing recovery of sirtuin 2time transgene-complementeganpshaker.
Figure 12B. Graph of MBP protein in myelin fractiohP20 cord expressed as a
percentage of wild type. Transgene-complementeghshaker does not recover to wild
type levels, remaining only slightly elevated whoampared toumpshaker, The
difference is not statistically significant. Figut8b. PVDF membrane of the myelin
fraction blotted with anti-MBP.
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Figure 13A. Graph of CNP protein in myelin fractiohP20 cord expressed as a
percentage of wild type. Transgene-complementiegbshaker is partially recovered.
Figure 13a. Panel shows representative CNP blot&ig8B. Graph of MAG protein in
myelin fraction of P20 cord expressed as a pergentwild type. Transgene-

complementedumpshaker is partially recovered. Figure 13b. Panel shoysasentative
MAG blot.
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Figure 14A. Graph of PLP/DM20 protein from oligodeocyte cell culture lysate

expressed as a percentage of wild type. Transgem@lementedumpshaker is returned

to near wild type levels. Figure 14a. Panel showstarn blot PVDF membrane blotted
with anti-PLP.

Figure 14B. Graph of MBP protein from oligodendrizcygell culture lysate expressed as a
percentage of wild type. Transgene-complementiegbshaker remains at a similar level

to rumpshaker; the difference is not statistically significanigére 14b. Representative
panel of membrane blotted with anti-PLP.
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Figure 15A. Graph of GFAP protein expressed ageepgage of wild type in total
homogenate of P20 cord. GFAP is elevated in batfipshaker and transgene-

complimented umpshaker compared to wild type. Figure 15a. Representatiestern blot
of GFAP.

Figure 15B. Graph of ASPA protein expressed aseepéage of wild type in total
homogenate of P20 cord. ASPA is significantly lowebothrumpshaker and transgene-
complimentedumpshaker compared to wild type but not significantly diféet from each
other. Figure 15b. Panel shows representativesbdiied with ASPA.
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Figure 16A Graph oPlp/Dm20 mRNA from P20 cord expressed as a percentageladf wi

type.Plp/Dm20 message in transgene-complememtedbshaker is significantly increased
to near wild type levels.

Figure 16B Graph dfibp mRNA from P20 cord expressed as a percentageldtyye.

Mbp message in transgene-complememtenpshaker remains around 20% lower than
wild type.
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5. Study of the unfolded protein response

5.1 Introduction

The unfolded protein response (UPR) is a complgnaditransduction system activated in
response to the accumulation of misfolded proteiitisin the endoplasmic reticulum

lumen (Gow, 2004). It is part of the endoplasmitctdum stress response comprising the
UPR, the endoplasmic reticulum associated deg@uddERAD) pathway and the
endoplasmic reticulum overload response, that begeict to protect the cell and
subsequently the organism from the effects of aaraalation of unfolded or misfolded
proteins. Within the membrane of the endoplasnticukim (ER) are three sensors, PERK
(PKR-like resistant kinase), ATF6 (activating tramgtion factor 6) and IRE1 (Inositol
requiring enzyme 1) that monitor the accumulatibordolded proteins and activate the

ER stress response when these become a burderthgpoell.

There are many proteins and transcription factesg@ated with the UPR, which

modulates cell homeostasis through transcripti@hrapression of translation. Previous
studies have shown that the UPR is activated imuimpshaker (McLaughlin et al., 2007),
most likely in response to the accumulation ofrthisfolded PLP. This study sought to
reveal any alteration in the activation statushef PR in response to the introduction of
the wild type PLP transgene. | investigated theemalar chaperone protein BiP and the
transcription factor€hop, Atf3 andXbpl as these are key indicators of an unfolded protein

response.
5.2 Materials and methods

The pellet fractions from spinal cords of P20 muecessed by the method of Norton and
Poduslo (2.5.1), were collected and resuspendé®bM sucrose. SDS-PAGE was
performed on the samples and the nitrocellulose Ion@ne blotted with anti-BiP. mRNA
from whole cord was prepared (2.6.1) and RT-PCRopaed (2.6.4) using primers for the
amplification ofChop, ATF3 andXBPL1.



Jennifer A Barrie 2008 5-68

5.3 Results

5.3.1 BiP

The level of the immunoglobulin binding protein B#dso known as Glucose-regulated
protein 78(GRP78)) is elevated in both thenpshaker and transgene-complemented
rumpshaker samples compared to wild type; the transgene-cemghted umpshaker
level is significantly higher tharumpshaker (Figure 17A).

5.3.2 XBP1

A small amount of active (splicedppl mRNA is present in the samples of both
rumpshaker and transgene-complementeminpshaker, although the majority is unspliced.

The wild type sample consists entirely of unspligepl (Figure 17B.).

5.3.3 Chop and ATF3

Both Chop (Figure 18A.)andATF3 (Figure 18C.) mRNAs are elevatedrumpshaker and
transgene-complementedmpshaker samples compared to wild type; there is no

significant difference between samples from the tmdgants.

5.4 Discussion

Results from the study of the unfolded proteirpogse show thathop, Atf3, Xbpl and

BiP were elevated in bottumpshaker and transgene-complementeanpshaker mutants
compared to wild type. The difference between lmotitants in each case was not
significant with the exception of BiP. This studyvealed that there is increased induction
of BiP in the transgene-complementedpshaker compared toumpshaker.

The ER is the site for the synthesis of secretad/rmembrane proteins and lipids and is
also a major intracellular calcium storage compartnand as such ER homeostasis is of
the utmost importance to the survival of the c8iP is a stress-inducable ER chaperone
protein that binds to unfolded peptides and promspteper folding of newly synthesised
proteins. It also acts as the master modulatdne@ftPR network and under normal
conditions binds to the luminal domain of the ERs$ sensors PERK, ATF6 and IRE1

inhibiting their activation. Upon ER stress BiPdtisiates from the stress transducers and
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binds to the accumulating unfolded proteins, thieoumd transducers become active
leading to the transcriptional and translationduiction of various intermediaries resulting
in upregulation of CHOP (Oyadomari & Mori, 2004)id disputed whether the effect of
the transcriptional activation of CHOP is pro-apjutor anti-apoptotic. McLaughlin et al
reported an increase in CHOP positive nucleumpshaker when expressed on the C57
background, a result which correlates with theaased number of apoptotic cells in these
animals (McLaughlin et al., 2007), and one whichuldcsuggest a pro-apoptotic role.
Interestingly, they failed to co-immunostain CHQRI £aspase3 perhaps indicating that
different cells were involved or that the tempargpressions of the proteins were

different. Additionally, Marciniak reports that tleletion of CHOP protects cells from ER
stress by decreasing the client protein load (M@akiet al., 2004). Conversely,
Southwood (Southwood et al., 2002) showed that CH@F sh mice died earlier than
rumpshaker controls, suggesting a protective role for CHORo Rehis review refers to
CHOP as an ER stress-induced cell death modulgew €t al., 2004) which is perhaps

cell type specific. The elevation @hop transcription in both theumpshaker and
transgene-complementedmpshaker would suggest a pro-apoptotic function; however,
since no change is induced by the introductiornefttansgene we cannot deduce anything
further from the results. Likewise, we see no cleainghe level ofAtf3, the induction of
which has been shown to increase the likelihocahodipoptotic event. Recently it has been
reported that this transcription factor plays aonirole in the UPR and that its activation is

a secondary event unrelated to cell death (Shatmla 007).

Activation of IRE1 mediates the splicing of X-boxding protein pre-messenger RNA to
form matureXbpl mRNA. The transcription factor protein XBP-1(S)rséated from the
mature mMRNA binds to, among other things, the E&sstresponse element (ERSE)
activating the transcription of ER chaperones Bk (Yoshida et al., 2006). In both the
rumpshaker and transgene-complementeainpshaker we detected a small amount of
matureXbpl mRNA (spliced) however the majority remained urcsgdi. Lee et al reported
that the expression of BiP was only modestly depathdn XBP-1 (Lee et al., 2003).
Recently Yoshida et al demonstrated that unsplceemRNA encodes a functional
protein the expression of which is significantldirted during recovery from ER stress
(Yoshida et al., 2006), they also demonstratedri@sponding increase in unspliced
MRNA. The cellular response to chemically induc&idiress, such as that employed by
Yoshida, is many times greater than that inducedwvo. It is not unreasonable to surmise
that there may be a recovery response in the temesgomplimentedumpshaker that we
have failed to detect.
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BiP plays a central role in the UPR. As an ER chape protein, an integral part of the
“ER quality control system” it assists in the faidiof client proteins and retains misfolded
proteins within the ER. In addition it acts asr@s$ sensor, its dissociation from PERK
results in attenuation of protein synthesis redyitie client protein load in the cell, and
dissociation from IRE1 and ATF6 activates trandmipof ER chaperone proteins and
Xbpl (S). Gulow et al demonstrated that BiP expressdightly controlled at post-
transcriptional level, and that under ER stresslitmms translation efficiency is enhanced
(Gulow et al., 2002), an essential response it#ies to survive. Recent studies have
suggested that ER stress causes BiP (or a subpiopudd) to redistribute from the ER
lumen to become an ER transmembrane protein wheryars a complex with caspase-7
and caspase-12 at the ER surface preventing caspssade activation and subsequent
cell death (Rao et al., 2004). It can be said ta@nti-apoptotic role of BiP represents an
important pro-survival component within the UPRsdems entirely possible that this
element has been upregulated in the transgene-earepted umpshaker, which has a
larger elevation in BiP and lower numbers of casgapositive cells tharumpshaker
(3.3.3.4). Perhaps the burden of wild type PLPdditzon to the misfolded PLP has
induced an increase in translation of BiP, whichk had the added benefit of reducing
oligodendrocyte apoptosis. Karim et al found nauictebn of the UPR in #66 hemizygote
animals which are essentially transgene-complerdentgpshaker without the

rumpshaker mutation (unpublished data), it is apparent theeetbat the continuing
presence of misfoldedumpshaker PLP, even at the reduced level in transgene-

complementedumpshaker, induces activation of the unfolded protein response
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Figure 17A. Graph of BiP protein from pellet fragtiof P20 cord expressed as a
percentage of wild type. BiP is elevated umpshaker compared to wild type but the

transgene-complementedmpshaker is elevated when comparedrtompshaker . Figure
17a. Representative blot of BiP

Figure 17BPstl digested X-Box protein PCR produd®impshaker (rsh)and transgene-
complementedumpshaker (rshtr) have undigested and spliced bands asaselPst1
digested band, wild type product is completely digd.



Jennifer A Barrie 2008 5-72

CHOP P20

WT rsh rshtr WT rsh rshtr

=
$ 5
R=]
A fg
O £
T2
O =
WT rsh rshtr WT rsh rshtr
T
rsh rshtr W1
Genotype
Cyclophilin
ATF3 P20
150
WT rsh rshtr WT rsh rshtr
28
S 5
c :% ¢
=
=2 50-
< &
0- T
rsh rshtr WT
Genotype

Figure 18A. Graph of quantified agarose gel prosloftRT-PCR, using primers for CHOP
against cDNA from P20 cord showing bathmpshaker and transgene-complemented
rumpshaker are elevated with no significant difference betw#em.

Figure 18a. Image of representative agarose geTédPCR CHOP products

Figure 18b. Image of cyclophilin gel an internahttol showing equal loading

Figure 18C. Graph of quantified agarose gel fromAOR, performed using primers for
ATF3 against cDNA from P20 cord. Again, batimpshaker and transgene-complemented
rumpshaker are elevated with no difference between them.

Figure 18c. Image of representative agarose gelfePCR ATF3 products.
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6. Summary and further work

This body of work was carried out to determinené tntroduction of wild type
PLP/DM20, by transgenic complementation, intonpshaker on the C57BL/6
background would ameliorate the lethal phenotypei@ate the primary cause of
oligodendrocyte apoptosis and establish the calugeemature death. There are several

possible explanations for the lethal phenotypegctvimay act in tandem.

Rumpshaker mice harbouring the wild type transgene surviveaj@and possibly beyond,
postnatal day 40, significantly longer thampshaker. There is an increase in myelin
volume and density and in the number of myelinatezhs in the presence of wild type
PLP. In addition, the periodicity of the myelinregurned to that of wild type, having

distinct intraperiod and major dense lines.

It is possible that with an increased number of Imgiged axons the transgene-
complementedumpshaker attains a critical threshold of myelination andttessential
neuronal pathways, for example, the respiratoryroboentre, are sufficiently myelinated
to allow survival. Miller et al (Miller et al., 2CK) reported severe dysmyelination of the
respiratory control centre in timad rat leading to “lethal hypoxic depression of breathing”
around the time of premature death in these anjrhather investigation would be
required to determine if this is an explanationtfa seizures which may be the cause of
premature death irumpshaker and if transgene-complementation improves thelamte

or severity of the seizures.

The presence of misfolded PLP within tluenpshaker myelin causes a change in the
myelin structure revealed by the altered periodidihe presence of the misfolded PLP
may affect the arrangement of key components iptbeess of myelination such as
cholesterol and glycosphingolipids (Karthigasaalgt1996). Processing of key myelin
proteins is altered in bottumpshaker and transgene-complementesinpshaker.
McLaughlin demonstrated thaewmpshaker PLP is endocytosed from the myelin
membrane at an increased rate perhaps causingehthgo be unstable and preventing it
from reaching full maturity (unpublished data). PRDM20 levels in the transgene-
complementedumpshaker myelin are returned to wild type levels but MBP ens
severely reduced and CNP and MAG only partiallpwee. Transgene-complementation

of rumpshaker returns the myelin to normal periodicity and ailtgbh myelin volume,
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density and the number of myelinated axons areasad it is still significantly
dysmyelinated. The presence of abnormal myelincbasequences for the underlying
axon. Studies by Edgar (Edgar et al., 2004; Edg&agbern, 2004) confirmed that the
oligodendrocyte directly supports the underlyingraalthough it is not yet clear how this
is achieved, perhaps the presence of normal amotiRisP within the myelin and/or the
increased stability of the myelin sheath is impngvihe feedback control to the axon.
Trajkovic reported that transport of PLP to the tmysheath is under neuronal control
(Trajkovic et al., 2006) this too could be improvsdthe presence of wild type PLP.

The presence of the misfoldegimpshaker PLP within the oligodendrocyte elicits the
unfolded protein response. Investigation of sevevaiponents within the UPR revealed
that only the molecular chaperone protein BiP wised, being upregulated in transgene-
complementedumpshaker. At a cellular level, the presence of the wild tymnsgene
reduces the number of apoptotic oligodendrocyteas,possible that upregulation of BiP is

reducing stress within the oligodendrocyte and tiedsicing apoptosis.

The microglia/macrophage response in transgene-eonemted umpshaker is unchanged
remaining at a level five times greater than wyldet. Further investigation would be
required to establish the cause of this inflamnmatis the microglial/macrophage
activation a response to the presence of myelinigledr does activation of the
inflammatory response produce cytokines, which cadine apoptosis? Lin demonstrated
that apoptosis following ER stress was relateclease of the immune cytokine
interferony in oligodendrocyte culture (Lin et al., 2005);eaitatively, low level or

transient cytokine release can be protective (Vilh&005).

Transgene-complementation of thenpshaker with wild type PLP has rescued, to a
degree, the lethal phenotype. Further studiesbsillequired to determine why these
animals survive and conversely whympshaker animals die. Breeding pairs have been set
up to ascertain the longevity of the transgene-demented umpshaker. In addition
proteomic studies are being conducted utilisingasaectrometry to determine the ratio of
rumpshaker to wild type PLP within total homogenate sampleB20 spinal cord. Clearly,
there are many more questions which remain unaeskgansgenic complementation

provides a useful tool to address many of these.
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7. Appendix

7.1 Tissue fixation and immunocytochemistry

7.1.1 APES coated slides

Coating microscope slides with the adhesive APE&Bopropyl)triethoxysilane)
(Sigma) enabled the sections to adhere to thesstidang the subsequent steps in
immunohistochemistry. Slides were soaked overrigb®o Decon 90 (Decon Lab Ltd)
washed in distilled water and oven dried. The dsides were dipped in methylated spirit
then soaked in 0.25% APES/methylated spirit fori@utes, rinsed in distilled water, oven
dried and wrapped in foil. APES-coated slides vatoeed at room temperature.

7.1.2 Karnovsky’s modified fixative

8% Paraformaldehyde:

20 g of paraformaldehyde was added to 250 ml &@dnd heat to 6&.

A few drops of 1M NaOH added to clear the solutidnch was allowed to cool.
0.08M Cacodylate buffer:

17.1224g sodium cacodylate dissolved in 1 litrdlé20O and adjusted to pH 7.2.
Preparation of Karnovsky fixative (500ml)

250ml 8%Paraformaldehyde

100ml 25% EM Grade glutaraldehyde

150ml 0.08M sodium cacodylate buffer

0.25g calcium chloride

Add volumes, dissolve calcium choride, adjust top# filter, and store at 4°C.
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7.1.3 4% paraformaldehyde

20g paraformaldehyde was added to 500m| PBS arntdd&a63C. A few drops of 1M

NaOH were added to clear the solution which wanr tumled and filtered.

7.1.4 Periodate-lysine-paraformaldehyde fixative(P- L-P)

Buffered lysine solution:

13.7g lysine monohydrate dissolved in 375ml dH20.
1.8g sodium hydrogen phosphate dissolved in 1042
The two solutions were mixed to give 475ml and p#H 7

10% Paraformaldehyde:

20g paraformaldehyde dissolved in 200 ml dH20 asatdd to 65C. Few drops of 1M

NaOH were added to clear and allowed to cool dietdid.
Preparation of P-L-P fixative:

Immediately before use the buffered lysine soluti@s added to the 10%
paraformaldehyde and the volume made up to 1dgneg 0.1M phosphate buffer. Finally
2.14g sodium periodate was dissolved in the salutio

7.1.5 Phosphate buffer saline (PBS)

8g Sodium Chloride

1.44g Disodium hydrogen phosphate

0.24g potassium dihydrogen @phate

0.2g potassium chloride

Dissolved in 800 ml of dH20, adjusted to pH 7.4hwitM HCI and the volume made up to
1 litre with dH20
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7.2 Tissue processing and staining for Electron

Microscopy

7.2.1 Resin processing

The following is the programme entered into thextyissue processor in order to produce

resin blocks from the Karnovsky fixed tissue.

1- isotonic cacodylate buffer 50 mim°C

2- 1% Os04 in cacodylate buffe2hr room temperature
3- isotonic cacodylate buffer 30 mimoom temperature

4-  50% ethanol 5min 4°C

5-  50% ethanol 10 min4°C

6- 70% ethanol 5 min 4°C

7-  70% ethanol 10 min4°C

8- 80% ethanol 5min 4°C

9- 80% ethanol 10 min4°C

10- 90% ethanol 5min 4°C

11- 90% ethanol 10 min4°C

12 ethanol 20 min 4°C

13 ethanol 20 min 4°C

14- propylene oxide 15 minroom temperature
15- propylene oxide 15 minroom temperature
16- 1:3 resin: propylene oxide 13 hr  room temperature
17- 1:1 resin: propylene oxide 18hr room temperature
18- resin 6hr 30°C

7.2.2 Araldite Resin

30g Araldite CY212

25.2g DDSA (Dodecynyl succinic anhydride)
1.2ml DMP 30 (2,4,6tri(dimethylaminoethyl)phenol
0.75ml Dibutylphthalate

7.2.3 Methylene blue/ azur |l stain

1% Methylene blue powder
1% azurll powder
1% Disodium tetraborate

dissolved in distilled KD and filtered before use
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7.2.4 Staining of Electron microscope grids

Reynold’s lead citrate(1.2mM lead citrate, 1.8mM sodium citrate, pH 32.0

1- 1.33 g lead nitrate dissolved in 15 ml&H 1 min vigorous shaking
2- 1.76 g sodium citrate dissolved in 15 ml@H 1 min vigorous shaking
Add solution 1 to solution 2 and equilibrate overrBinutes with occasional shaking.

Clear with 1M NaOH and make up to the final voluofi&0 ml with dH20.
Saturated Uranyl acetate

Uranyl acetate in excess dissolved in 50% ethatoid at 4C in the dark)
Staining schedule

10mins Uranyl acetate

2x 50% ethanol wash

1% distilled HO wash

Air dry

10 mins Reynolds Lead citrate in 1M NaOH moistecieaimber
2x 1M NaOH

wash distilled HO

Air dry

7.3 Oligodendrocyte culture

7.3.1 DMEM 10%

500ml Dulbeccos modified Eagle Medium
5ml Fungizone

5ml 100x Glutamine

2.5ml Gentamycin

50ml Foetal bovine serum
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7.3.2 Sato mix

Glucose (1g/L)

BSA Pathocyte (0.0286%)
Progesterone (0.2uM)
Putrescine (0.1puM)
Thyroxine (0.45uM)
Selenite (0.224uM)
Tri-iodothyronine (0.5uM)

7.3.3 Sato conditioned Medium

50ml Dulbeccos modified Eagle Medium containinggizone and gentamycin
1ml 100x Glutamine

1ml 0.5mg/ml Bovine Insulin

500u! 1% Apo transferrin

50ul Foetal bovine serum

1ml Sato Mix

Mix final 5 ingredients and sterilize through a |02 syringe filter into DMEM.

7.3.4 Stop solution

Soyabean trypsin inhibitor (0.52mg/ml)
Bovine serum albumin factor V (3mg/ml)
DNase (0.04mg/ml)

Make up in HBSS and filter sterilize

7.3.5 Poly-D-Lysine treated dishes

Using sterile technique, 13§/ml Poly L Lysine in sterile distilled water wadded to
35mm vented Petri dishes for 30mins. The Poly Lingsvas aspirated and the dishes
rinsed once with sterile distilled water then ltefdry. Petri dishes were then repackaged

for use as required
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7.4 Biochemistry and Molecular biology buffers

7.4.1 Tris buffer saline (10x)

129 Tris base
87g sodium chloride
Make up to 800ml adjust to pH7.4 1M HCl top upto 1

7.4.2 Tris acetate EDTA buffer x10 (TAE buffer)

48.49 Tris base
11.4ml Glacial acetic acid
20ml 0.5M EDTA

Make up to 1L Distilled HO

7.4.3 SDS Page Running buffer (10x)

1449 Glycine

30.3g Tris

10g SDS

Dissolve glycine then add Tris and finally SDS maketo 1L

7.4.4 Towbin transfer buffers

Anode 1
369 Tris
74ml| Methanol
Make up to 1L

Anode 2

3g Tris

75ml Methanol
Make up to 1L
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Cathode

3g Glycine

3g Tris

74ml Methanol
Make up to 1L

7.4.5 TBS-T Buffer

100ml Tris Buffer

1ml Tween

7.4.6 Cell Lysis Buffer

1ml 10% Triton x100

1ml 10x TBS

20l 0.5M EDTA

5ul IMDTT

5 pul 10mg/ml Aprotinin

5 pl 10mg/ml Leupeptin

5 pul 210mg/ml Trypsin inhibitor

100 pl 200mM Benzamidine

100 pl 250mM sodium orthovanadate
100 pl 200mM sodium pyrophosphate
40 pl 250mM PMSF

Make up to 10ml with distilled ¥0 Add PMSF immediately before use.

7.4.7 Ponceau S

0.1% Ponceau S powder

1% Glacial acetic acid
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7.4.8 Bromo phenol Blue loading Dye (6x)

0.04% Bromophenol Blue
0.04% Xylene cyanol
15% Ficoll 400

500ul 1M Tris-HCI

5ml 0.5M EDTA

Make up to 50ml KO

7.4.9 Orange G Loading Dye (6x)

15% Ficoll 400
500ul 1M Tris-HCI
5ml 0.5M EDTA
0.4% Orange G
Make up to 50 ml BD

7.4.10 DEPC-treated water

0.1% solution of DEPC was made in distilled wated &eft for at least 12 hours to
inactivate contaminating RNases. The water wascéaued for 20 minutes to destroy the

DEPC before use and stored sealed at room temperaitil required.
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8. Abbreviations

3XSDS/DDT

ABC
ANOVA
AOI
APC
APES
ASPA
ATF3
ATF6
BCA
BiP
BSA
CC-1
CD45
cDNA
CNP
CNS
DAB
DAPI
DDSA
DEPC
dH20
DM20
DMEM10%
DMP30
DNA
DNase
DTT
ECL
EM

ER
ERAD

3x concentration sodiumdodecylsulphatbkidihreitol
Avidin-Biotin complex

one way analysis of variation statisticalttes
area of interest

Adenomatous Polyposis Coli
3-aminopropyltriethoxy-silane
aspartoacylase

Activating transcription factor 3

Activating transcription factor 6

Bichinoic acid

chaperone protein

Bovine serum albumin

APC directed against CC-1 identifies oligodewgites
CD45 antigen

complimentary deoxyribonucleic acid

2' ,3,cyclic nucleotide 3phosphodiesterase
central nervous system

3,4,3,4 ,-tetraminobiphenyl hydrochloride
4',6-diamidino-2-phenylindole

Dodecyl succinic anhydride

diethyl pyrocarbonate

distilled water

26.5kDa protein isoform encoded B gene
Dulbeccos modified eagle medium with 10%tab calf serum
tri-dimethylaminomethyl phenol
deoxyribonucleic acid

deoxyribonuclease

dithiothreitol

enhanced chemiluminescent substrate
Electron microscopy

Endoplasmic reticulum

endoplasmic reticulum associated degradation
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ERSE
FAM
FITC
gDNA
GalC
GFAP
HBSS
IRE1
MAG
Mbp
MBP
MES
MOBP
MOG
MRNA
NG2
NGS
OPC
OSP
P20
P40
PBS
PCR
PDGFR
PERK
PLP
P-L-P
PLP1
Plp1l
PIpP
PIpP4
Pl ™
PP
PlIp™
PIp™
Plp™

Pl ptrrknl

endoplasmic reticulum stress response element
fluorescein reporter label for rPCR
fluorescein isothiocyanate

genomic deoxyribonucleic acid
galactocerebroside

glial fibrillary acidic protein

Hanks balanced salt solution

Inositol requiring enzyme 1
myelin-associated glycoprotein

myelin basic protein gene

myelin basic protein
2-(N-morpholino)ethanesulfonic acid
myelin-associated oligodendrocytic basic prote
myelin/oligodendrocyte glycoprotein
messenger ribonucleic acid

sulphated proteoglycan

normal goat serum

oligodendrocyte progenitor cells
oligodendrocyte specific protein
postnatal day 20

postnatal day 40

phosphate buffered saline

polymerase chain reaction

platelet derived growth factor a receptor

PKR-like resistant kinase

proteolipid protein (30kDa protein isoform encodgdPlp
gene)

periodate-lysine-paraformaldehyde
proteolipid protein (human gene)
proteolipid protein (non-human gene)
jimpy

jimpy-4j

myelin synthesis deficient
rumpshaker

myelin deficient

paralytic tremor

shaking pup

targeted mutation of the PLP gene
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PMD
PMSF
PVDF
gPCR
rRNA
RNA
RNase
rsh
rshtr
RT-PCR
SDS
SDS-PAGE
shi
SPG2
SVvz
TAE
TBS
TLCK
tRNA
TXR
UPR
uv
WT
xbp-1
XBP-1

Pelizaeus-Merzbacher disease
phenylmethanesulphonylfluoride
polyvinylidene fluoride transfer membrane
Quantitative polymerase chain reaction
ribosomal ribonucleic acid

ribonucleic acid

ribonuclease

rumpshaker
transgene-complemented rumpshaker
reverse transcription polymerase chain i@act
sodium dodecyl sulphate

sodium dodecyl sulphate polyacrylamidestgdtrophoresis
shiverer

Spastic Paraplegia Type 2

subventricular zone

tris acetate ethylene-di-amine-tetra-acetatéebu
tris buffered saline

Na -p-tosyl-I-lysine chloro-methyl ketone
transfer ribonucleic acid

Texas red

unfolded protein response

ultraviolet

wild type

gene encoding X-Box proteinl

X-Box protein 1
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