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Abstract

Axonal degeneration is the final common path in many neurological disorders. Hereditary sensory neuropathies
(HSN) are a group of neuropathies involving the sensory neurons. The most common subtype is autosomal dominant
hereditary sensory neuropathy type | (HSN-I). Progressive degeneration of the dorsal root ganglion (DRG) neuron with
an onset of clinical symptoms between the second or third decade of life characterises HSN-I. Mutations in the serine
palmitoyltransferase (SPT) long chain subunit 1 (SPTLC1) gene cause HSN-I. The endoplasmic reticulum (ER) is a
dynamic organelle that houses the SPTLC1 protein. Ultra structural analysis has shown the ER in the HSN-I mutant cells
to wrap around dysfunctional mitochondria and tethers them to the perinucleus.

This investigation establishes that the V144D mutant of SPTLC1 alters the expression of and potentially interacts
with a set of proteins within the ER. Using ER protein lysates from HSN-I patient and control lymphoblasts: we have
identified a change in regulation of five proteins; Hypoxia Up regulated Protein 1: Chloride intracellular channel protein 1:
Ubiqutin-40s Ribosomal protein S27a: Coactosin and Ig Kappa chain C. The expression and regulation of these proteins

may help to establish a link between the ER and the ‘dying back’ process of the DRG neuron.
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Chain Base One; UPR: Unfolded Protein Response; UPS: Ubiquitin
Proteasome System; ROS: Reactive Oxygen Species; ORP-150: Hypoxia
up Regulated Protein 1; CLIC1: Chloride Intracellular Channel
Protein 1; RPS27a: Ubiqutin-40s Ribosomal Protein s27a; COTLI:
Coactosin; HRP: Horse Radish Peroxidase; IEF: Isoelectric Focusing;
TEMED: Tetramethylethylenediamine; PMT: Photomultiplier Tube;
2DE: Two Dimensional Gel Electrophoresis; IAA: Idoacetic acid; LC/
MS: Liquid Chromatography/Mass Spectrometry; ECL: Enhanced
Chemiluminescence; FACS: Fluorescence’s Assisted Cell Sorting;
Grp170: Glucose related protein 170; G-actin: Globular actin; F-actin:
Filamentous actin

Introduction

The ER is an intracellular organelle which supports and maintains a
plethora of functions critical for cellular survival. The ER plays a crucial
role in many aspects of protein compartmentalisation which include
membrane translocation, folding, post-translational modification, and
transport of both membrane and soluble proteins [1]. In addition, the
ER is involved in the synthesis of phospholipids and steroids and also
in the regulation of Ca** homeostasis. The ER is organised in a complex:
continuous network of tubules and sheets that includes the nuclear
envelope and extends throughout the cytosol into the cell periphery
[1]. Nascent polypeptide chains fold, acquire further modifications
like glycosylation and disulphide bonds and often assemble with other
subunits before traversing further along the secretory pathway with in
the ER. These processes are both assisted and monitored by molecular
chaperones [1].

SPT is an ER bound and key rate determining enzyme in the

complex sphingolipid metabolic pathway consisting of 3 subunits;
SPTLC1: SPTLC2 and SPTLC3 [2]. Mutations within SPTLCI result
in potential dysfunction and perturbations in sphingolipid synthesis
and metabolism causing HSN-I [2]. These mutations are single
amino acid changes in the SPTLC1 gene that encodes the long-chain
base one (LCB1) subunit [3]. HSN-I is the most common subtype of
HSN [4]. HSN-I is an autosomal dominant disorder characterised by
degeneration of the DRG neuron and with a clinical onset between the
second or third decades of life.

The ER carries out extensive quality control of proteins to enable
normal cellular function. Disruption to the function of the ER or loss
of its integrity leads to ER stress [5]. ER stress can be characterised
by the accumulation of unfolded proteins and changes in calcium
homeostasis within the ER with stress activating the unfolded protein
response (UPR) [6]. The UPR and its signalling components can change
the expression of specific proteins such as, those designated for the ER
chaperones; the enhancement of degradation of misfolded (mutant or
unfolded) proteins; and the inhibition of protein synthesis to decrease
the load within the ER [6].
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Disturbed functions of the ubiquitin proteasome system (UPS):
responsible for the degradation of cytosolic: ER and synaptic proteins:
can contribute to ER stress [5]. A common occurrence in many
neurodegenerative disorders is the accumulation and deposits of
misfolded proteins that affects various cell signalling systems: as well as
neuronal connectivity and cell death such as in Alzheimer’s: Parkinson’s
and Huntington’s disorders.

The activity of the UPS is mitigated in degenerative disorders by
the protein aggregation or by enhanced oxidative stress with other toxic
products [5]. Dysfunctional UPS in turn causes increased accumulation
of proteins in the cell leading to ER stress and the aggravation of the
disorder [5]. Additionally the effect of environmental toxins, reactive
oxygen species (ROS) and other signals that influence mitochondria
lead to the activation of the caspase family of cysteine proteases causing
cell death [7]. This negative cycle of increasing ‘stressors’ within the
cell often leads to the cells inability to function properly and eventually
leading to cell death [7].

It has recently been shown that HSN-I patient cells, expressing
the V144D SPTLCI1 mutant have a marked increase in ER stress in
comparison to healthy control cells [8]. Considering this finding: in this
study we have investigated altered protein changes in the ER membrane
of these HSN-I patient cells. The resulting proteomic and cell biology
analyses have identified for the first time, increases in the Hypoxia up
regulated Protein 1 (ORP-150), Chloride intracellular channel protein
1 (CLIC1), Ubiqutin-40s ribosomal protein S27a (RPS27a), Coactosin
(COTL1) and Ig Kappa chain C protein expression in HSN-I in this
membrane.

Materials and Methods

All cell culture stock solutions, including RPMI-1640, Foetal
bovine serum (FBS), Penicillin (100 U/mL), Streptomycin (100 pug/mL),
L-glutamine (2 mM), HEPES (1 M): and phosphate buffered saline
(PBS) were purchased from GIBCO Invitrogen (Australia). Cell culture
consumables were purchased from BD Falcon (Greiner, USA). DAPI
stains were purchased from Sigma-Aldrich (Australia).

EBV Transformed lymphoblasts

EBYV transformed control and V144D HSN-I patient lymphoblasts
were kindly provided by Prof. Garth Nicholson (Molecular Medicine
Laboratory: Anzac Research Institute: Sydney) [9].

Lymphoblast cultures

Lymphoblasts were cultured in RPMI-1640 media (GIBCO),
supplemented with FBS (10% v/v), Penicillin (1 U/mL), Streptomycin
(I pug/mL), L-glutamine (2 mM), and HEPES (1 M) at 37°C in a
humidified atmosphere of 5% CO,, using T75 cm® culture flasks
(Greiner: Interpath). Prior to use in biochemical assays, lymphoblasts
were collected by centrifugation at 1,500 x g (5 min at RT) and washed
in PBS. Cell counts were obtained using the Countess Automated Cell
Counter (Invitrogen, Australia).

Isolation of ER proteins

Briefly, ER proteins were isolated using a sucrose density gradient
[10,11]. Lymphoblasts were first centrifuged at 1,500 x g for 5 min,
and the cells were then washed in 10 mL of ice cold 1 x PBS prior to
suspension in 10 mL ice cold CaSRB Buffer (10 mM NaCl, 1.5 mM
CaCl, 10 mM Tris-HCL, pH 7.5) and left on ice for 10 min. Cells were
homogenised using a Dounce homogenizer (Kimble-Chase, USA)
and 7 mL of 2.5 x MS buffer (210 mM Mannitol, 70 mM sucrose, 5

mM EDTA, 5 mM Tris-HCI, pH 7.6) was added to restore isotonicity.
Homogenate was centrifuged at 700 x g for 5 min to remove nuclei and
unbroken cells. The resulting supernatant was centrifuged at 15,000 x g
for 10 mins to remove mitochondria. A sucrose gradient was made in
15 mL high speed centrifuge tubes (Beckman Coulter, USA) by adding
2 mL of 2.0 M sucrose buffer (2.0 M sucrose, 10 mM Tris-base, 0.1 mM
EDTA, pH 7.6) overlayed with 3.0 mL of 1.5 M sucrose buffer (1.5 M
sucrose, 10 mM Tris-base, 0.1 mM EDTA, pH 7.6) and 3.0 mL of 1.3
M sucrose (1.3 M sucrose, 10 mM Tris-base, 0.1 mM EDTA, pH 7.6)
ER containing supernatant was loaded on top of the sucrose gradient
and spun at 152,000 x g for 70 min. The ER band, the interface of the
1.5 M and 1.3 M sucrose, was gently removed using a 20 G needle,
transferred to a 4 mL high speed centrifuge tubes (Beckman Coulter,
USA) and centrifuged at 100,000 x g for 35 min. The resulting pellet
was resuspended in 2D solubilisation buffer containing 8 M urea, 2 M
thiourea, 4% (w/v) CHAPS and a cocktail of protease inhibitors.

Protein concentration

Determination of total cellular protein was performed using the
EZQ protein estimation assay (Invitrogen, Australia) as previously
described by Churchward [12].

Two dimensional gel electrophoresis

Protein concentration estimations (EZQ assay) were performed on
patient and control ER protein fractions; a total of 100 ug protein was
used for each 2DE analysis. 2DE was carried out as previously described
[13-16]. Briefly, ER proteins were reduced and alkylated in solutions
containing total protein extraction buffer (containing 8 M urea, 2 M
thiourea and 4% CHAPS without ampholytes), total extraction buffer
with 2% ampholytes, TBP/DTT disulphide reduction buffer (2.3 mM
Tributyl phosphine and 45 mM DTT) and alkylation buffer (230 mM
acrylamide monomer).

The treated samples were added to 7 cm Non-Linear pH 3-10 IPG
strips (Bio-Rad ReadyStrip), and rehydrated for 16 hrs at RT. Isoelectric
focusing (IEF) was then carried out at 20°C using the Protean IEF Cell
(Bio-Rad, USA). After IEF, IPG strips were then resolved in the second
dimension using a 12.5% T, 2.6% C polyacrylamide gel buffered with
375 mM Tris buffer (pH 8.8), 0.1% (w/v) sodium dodecyl sulphate and
polymerised with 0.05% (w/v) ammonium persulphate and 0.05% (v/v)
tetramethylethylenediamine (TEMED). A stacking gel containing a 5%
T, 2.6% C polyacrylamide buffered with 375 mM Tris buffer (pH 8.8),
0.1% (w/v) SDS and included 0.1% bromophenol blue was added to
the resolving gel. The IPG strips were placed onto the stacking gel and
overlaid with 0.5% (w/v) low melting agarose dissolved in 375 mM Tris
(pH 8.8): with 0.1% (w/v) SDS. Electrophoresis was carried out at 4°C;
150 V initially for 10 min then reduced to 90 V for 2.5 h. The gels were
placed in fixative containing 10% methanol and 7% acetic acid for 1
hr. The gels were washed with distilled water for 20 min, 3 times and
subsequently stained with colloidal coomassie blue (0.1% (w/v) CCB
G-250, 2% (v/v) phosphoric acid, 10% (w/v) ammonium sulphate, 20%
(v/v) methanol) for 20 hr, with constant shaking at RT [14], the gels
were then de-stained 5 times with 0.5 M NaCl, 15 min each. Imaging of
CBB-stained gels on the FLA-9000 imager (FUJIFILM, Tokyo, Japan)
was carried out at 685/750 excitation/emission with a photomultiplier
tube (PMT) setting of 600 V and pixel resolution set to 100 pm [14].
Analysis of 2D gel images was performed using Delta 2D software with
automated spot detection (Local background region, 96; Average spot
size, 32 and sensitivity in percentage, 20.0) (version 4.0.8; DECODON
GmbH, Greifswald, Germany).
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Mass spectrometry

2D gels were analysed for uniquely present or absent protein spots
in control versus V144D mutant, (i.e. all or none changes) as previously
described 25 and 18. Briefly, the protein species of interest were excised
from gels and de-stained overnight. The gel pieces were then reduced
and alkylated in 10 mM Dithiothreitol (DTT) and 15 mM Idoacetic
acid (IAA), and subsequently incubated with trypsin solution (10 ng/
uL, pH 7.4) for 16 hours at 37°C. LC-MS/MS analysis was carried out
on a nanoaquity UPLC (Waters Corp, Milford, MA, USA) linked to a
Xevo QToF mass spectrometer from Waters (Micromass: UK). The data
were acquired using Masslynx software (Version 4.1, Micromass UK).
The MS/MS data files were searched against SwissProt databases with
semi-trypsin as the enzyme.

SDS-PAGE and immunoblotting

Control and patient ER protein fractions (25 pg total protein)
were subjected to SDS-PAGE on 12.5% resolving gels and transferred
to PVDF membrane. The membranes were blocked with 5% skim
milk in TBS buffer containing 0.1% Tween-20. Whole membranes
were blocked and incubated with anti-Calnexin (Cell Signalling
Cat# 2679S, RRID:AB_2228381), anti-SPTLC1 (Santa Cruz
Biotechnology Cat# sc-32916, RRID,AB_2195864), anti-Ig kappa
chain C (Abcam Cat# ab1050, RRID:AB_297240), anti-GAPDH
(Abcam Cat# ab9485, RRID:AB_307275), anti-ORP-150 (Abcam
Cat# ab124884, RRID:AB_10973544), anti-CLIC1 (Abcam Cat#
ab77214, RRID:AB_1566060), anti-RPS27a (Abcam Cat# ab57646,
RRID:AB_2180587) and anti-COTLI1 (Proteintech Group Cat# 10781-
1-AP, RRID:AB_2084785) at 1:1000, for 16 h. The membrane was
then incubated with secondary HRP antibodies (Sigma-Aldrich Cat#
A9044, RRID:AB_258431 and Cat# A0545, RRID:AB_257896) (1:2000
dilution) for 1 hr at RT. Blots were developed using an enhanced
chemiluminescence (ECL) detection kit (Pierce Thermo Scientific,
USA). The membrane was developed on CL-Xposure Film (Thermo
Fisher Scientific, U.S.A) using an AGFA X-ray developer.

Immunofluorescence

Immunofluorescence was carried out as previously described by
Stimpson [16]. Briefly: Lymphoblasts (1 x 109 cells) were suspended
in 4% paraformaldehyde for 15 min. Cells were then placed in 0.5%
TritonX-100 and incubated at 37°C for 30 min. The cells were then
blocked in 5% BSA solution at 37°C for 30 min: then resuspended
in primary antibody, SPTLC1, ORP-150, CLIC1, RPS27a, COTLI,
and stained for 1 hr at RT. The cells were subsequently washed

MW (kDa)

and resuspended in secondary antibody: anti-mouse Rhodamine
(Millipore, 1:200), and incubated for 1 hour at RT. DAPI (1 pg/pL) was
added to the cell suspension for 2 min, the cells were centrifuged and
washed twice with PBS. Aliquots (300 uL) were added to 6 well culture
plates containing coverslips coated in Histogrip (Invitrogen, USA)
and centrifuged at 500 x g for 10 min. The coverslips were washed in
warm PBS, left overnight to dry and mounted onto glass slides prior to
confocal imaging using the LSM 5 confocal microscope comprising the
LSM 5 exciter laser scanning microscope with Axiovert 200 M inverted
optical microscope (Carl Zeiss: Jena: Germany).

Flow cytometry

FACS analysis was carried out as previously described by 18.
Lymphoblasts were isolated as above; the cells were then suspended
in 4% paraformaldehyde and incubated for 15 min at RT and then
resuspended in 0.3% Triton X-100 for 15 min at 37°C. After incubation
the cell suspension was centrifuged at 1,000 x g for 5 min and the pellet
resuspended in primary antibody for 1 hr at RT. Cell suspension was
centrifuged, washed in PBS and resuspended in secondary antibody,
anti-mouse FITC (Millipore, 1:200) for 1 hr at RT. The cell suspension
was then analysed using the MACSQuant flow cytometer (Miltenyi
Biotech).

2D gel images of ER proteins from control and patient de-
rived lymphoblasts

Total isolated ER proteins were resolved using a refined 2DE
protocol [13,14] (Figure 1). Control and V144D total ER proteins were
resolved using mini gel format. Standard spot counts indicated 656 + 5
and 675 + 3 protein species were resolved in control and V144D mutant
ER fractions respectively. Further analysis of the total ER protein
profiles from control and HSN-I patient derived lymphoblasts revealed
five ‘all or none’ protein changes in the V144D mutant and control
lymphoblasts (Figure 2). These proteins were located in the pI of 5.5,
5.6, 8.0, 5.8, 6.6 and 8.3 and molecular weight of 120, 30, 15, 17, 22 and
22 respectively (kDa) (Table 1). Subsequent LC/MS analysis identified
the protein to be ORP-150, CLIC1, RPS27a, Coactosin (COTL1) and Ig
Kappa Chain C.

Expression of identified ER proteins from HSN-I patient-de-
rived lymphoblasts
In order to determine protein expression changes, immunoblot

analysis was carried out on isolated ER and total cell lysates from
control and HSN-I patient derived lymphoblasts. These data showed a

MW (kDa)

Figure 1: Representative images of 2D gels following resolution of ER proteins from control and patient derived lymphoblasts. (A) Control ER proteins; (B) V144D ER
proteins. The molecular weights are in kilodaltons (kDa) and the IEF dimension is in pH units.
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Figure 2: Representative images of 2D gel regions of ER proteins from control and patient derived lymphoblasts. Resolved protein species having a vastly altered
abundance is indicated (Red Arrow). The molecular weights are in kilodaltons (kDa) and the IEF dimension is in pH units.

Page 4 of 8
Control V144D 5 ol i " i 5
= 20
-
. - ' - J
g F 3 = 3 (- | ubiquitin-40s
£ £ Hypoxia Up = i = | Ribosomal protein
= z regulated Protein 1 z ¥ 2 - - iy
H H H I = :
10 10
4 ol 6 a " 5
20 2
” - e -e
_ ) = -
= é Chloride _g_ é‘ '
g S Intracellular z s Coactosin
z s Channel Protein 1 H “ - g ”
® .
37 15 15
12
Control V144D
55 pl 7 55 pl 7
i v ol e " 3
- - -
- - .
T g " & ' Ig Kappa Chain €
= =
{ Poloqrp |} .-
- P
A L
15 15
7 Bl 85
37 37 - ]
- -
i g 1g Kappa Chain C
2 z
: : Ve s
15

Spot Protein Identified Accession UniN:r:bzr gf:ies Sequence | Mascot Protein Predicted Mw Mascot Mw
Number Number crlnatzhsd Coverage Score Predicted pl (kDa) Mascot pl (kDa)
L Hypoxia Up. QY94L1 42 49% 1741 55 120 52 12
Regulated Protein 1
. Chloride Intracellular 55599 15 50% 448 56 30 5.1 273
Channel Protein 1
Ubiquitin-40s
. Ribosomal protein P62979 10 33% 182 8.0 15 9.7 18.3
S27a
IV. Coactosin Q14019 19 73% 190 5.8 17 5.6 16
V. Ig Kappa Chain C P01834 9 71% 587 6.6 22 5.5 12
VI. Ig Kappa Chain C P01834 10 80% 985 8.3 22 55 12

Table 1: Summary table of mascot protein identification. LC-MS/MS and Mascot Database searching identified Hypoxia up Regulated Protein 1, Chloride Intracellular
Channel Protein 1, Ubiquitin 40s ribosomal protein s27a, Coactosin and Ig Kappa Chain C from V144D patient derived lymphoblast control lymphoblasts isolated ER.

concomitant increase in the amount of ORP-150, CLIC1, and COTL1
in the V144D mutant protein samples compared to the control samples
with a p value of < 0.05 (Figures 3A-3]). RPS27a was slightly increased
in the V144D mutant; however this change was not statistically
significant. Whereas quantitative analysis of Ig kappa protein displayed
significant increase in the amount of Ig Kappa protein being expressed
in the control total protein lysates compared to that of the protein
isolated from the V144D mutant samples (p < 0.05) (Figure 3]).

The intracellular localisation and abundance of SPTLC1, ORP-150,
CLIC1, RPS27a and COTL1 was established using immunofluorescence
studies on control and patient-derived lymphoblasts. It was observed that
there was no apparent change in intracellular localisation of the SPTLC1

protein in control and V144D mutant HSN-I patient lymphoblasts.
However, whilst there appeared to be an increase in the abundance of ORP-
150, CLIC1, RPS27a and COTLI1 in the V144D (patient) lymphoblasts,
there was no change in intracellular localisation (Figure 4).

Control and patient-derived lymphoblasts were immuno
stained for ORP-150, CLICL1, RPS27a and COTL1 were analysed
by fluorescence assisted cell sorting (FACS) to determine the total
fluorescence per cell (Figure 5). There was a marked increase in the
relative fluorescence intensity of all the proteins in the V144D cells
compared to that of control lymphoblasts with an increase in relative
fluorescence of 1.4, 1.25, 2.4, 1.5 OD (fold increase) respectively,
relative to the stained controls.
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Figure 3: Expression of five ER proteins from HSN-I patient-derived lymphoblasts. (A) Immunoblot detection of ORP-150. (B) Immunoblot detection of CLIC1. (C)
Immunoblot detection of RPS27a. (D) Immunoblot detection of COTL1. (E) Immunoblot detection of Ig Kappa Chain C. Lanes 1 and 2 represent control ER proteins, 3
and 4 represent control total proteins, 5 and 6 represent V144D ER proteins, 7 and 8 represent V144D total proteins. Figures (F-J) are representative graph showing
statistical significant (*) (p < 0.05) difference between control patient lymphoblasts compared to the mutant V144D lymphoblasts of ORP-150, CLIC1, RPS27a, COTL1
and Ig Kappa Chain C respectively (n=3). Blots normalised to GAPDH. Errors bar depict SE of means.

Figure 4: Representative immunofluorescence images of the intracellular localisation of five proteins. Representative confocal micrographs showing SPTLC1, CLIC1,
ORP-150, RPS27a and COTL1 stained lymphoblasts (red) and DAPI nuclear stain (blue). Scale bar =5 pym.
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Figure 5: Relative quantification of ORP-150, CLICL1, RPS27a and COTL1 HSN-I patient-derived lymphoblasts expressing the V144D mutant SPTLC1 genes. Flow
cytometry analysis of the relative fluorescence intensity of (A) ORP-150, (B) CLICL1, (C) RPS27a and (D) COTL1 in control and V144D patient-derived lymphoblasts.
(A) Blue histogram represents the V144D patient lymphoblasts and Red histogram represents control lymphoblasts. (n=3).

Discussion

SPTisan ERbound andkeyrate determining enzyme in sphingolipid
metabolism. Mutations within the SPT subunits result in potential
dysfunction with possible perturbations in sphingolipid synthesis and
metabolism causing HSN-I [2]. The ER plays a crucial role in many
aspects of protein compartmentalisation which include membrane
translocation, protein folding, post-translational modifications of
proteins, transport of both membrane and soluble proteins, as well
as monitoring protein synthesis and degradation [1]. These processes
are both assisted and monitored by molecular chaperones. This
investigation has identified several proteins that change in expression
in the V144D SPTLCI mutant lymphoblasts. Whilst this investigation
only analysed one patient derived lymphoblast sample: we have
conducted further investigation using a tranfected neuronal model,
data in follow-up manuscript, with the data here correlating with the
transfect neuronal system, thus indicating the changes observed here
are not due to patient-patient variations. The proteins that have major
increases in expression are ORP-150, CLIC1, COTL1, Ig Kappa Chain
C, and with an increase in RPS27a in the ER.

To elucidate if protein changes in the proteomes of the ER fractions
occur due to mutations in SPTLCI causing HSN-I ER membranes
were isolated from control and V144D patient lymphoblasts and lysed
proteins were subjected to high resolution 2DE (Figure 1). Calnexin, a
marker for the ER: confirmed the quality of the isolated fraction used
for analysis. In a study by 14, ER stress markers increased in V144D
lymphoblasts: here we detected no statistically significant changes in
expression of calnexin, suggesting that this protein is constant in both
the control and V144D cells (Figures 6A-6F) Expression of the SPTLC1
protein in the V144D fractions analysed, in comparison to the control
and revealed no significant increase in expression (Figure 6E) indicating
a constant expression state of SPTLC1 in the diseased state. GAPDH (a

house keeping protein) analysis showed no significant changes in in the
V144D compared to that of the control lymphoblasts (Figure 6F).

2DE analysis revealed 5 proteins species only detected in the
V144D ER fractions in the pI of 5.5, 5.6, 8.0, 5.8, 6.6 and molecular
weight of 120, 30, 15, 17, 24 respectively (kDa) (Figure 2). Subsequent
LC/MS analysis identified these protein species to be ORP-150, CLIC1,
RPS27a, COTLI, and Ig Kappa Chain C (Table 1). A protein species
was detected in the control ER fractions in the pI region of 8.3 and
molecular weight range of 24 kDa. This protein species was identified
as Ig Kappa Chain C. Quantitative immunoblot analysis was carried
out to determine the expression of these 5 proteins: it was shown that
ORP-150, CLIC1 and COTLI had statistically significant increases in
the V144D mutant (Figures 3A-3]), however RPS27a showed slight
increase in the V144D mutant ER fraction: but was not statistically
significant (Figure 3I).

Oxygen regulated proteins are overexpressed under conditions of
hypoxia. The heat shock protein, oxygen-regulated protein of 150 kDa
(ORP-150) also known as Glucose related protein 170 (Grp170), serves
as an important molecular chaperone of the endoplasmic reticulum
during stress [17]. Notably, hypoxia mediated up-regulation of ORP-
150 suppresses programmed cell death driven by oxygen deprivation
[18]. Neurons with increased ORP-150 expression demonstrated
suppressed caspase-3-like activity [19].

Chloride intracellular channel protein 1 (CLIC1), is small in size
and exists in both soluble cytoplasmic and integral membrane forms
[20]. CLICI exists usually in a soluble form in the cytoplasm and
nucleoplasm, but following stimuli undergoes major structural changes
and inserts in lipid membranes, where it acts as a chloride-selective
ion channel. Cell oxidation seems to be the most important stimulus
controlling the transition of CLIC1 between these two forms [21].
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Figure 6: Expression of ER resident proteins and GAPDH in HSN-I patient-derived lymphoblasts. (A) Immunoblot of Calnexin, (B) Immunoblot of SPTLC1, (C) Immunoblot
of GAPDH. Lanes 1 and 2 represent control ER proteins, 3 and 4 represent control total proteins, 5 and 6 represent V144D ER proteins, 7 and 8 represent V144D
total proteins. A representative graph showing no statistical significant (p > 0.05) difference between ER control and patient lymphoblasts lysates (n=3) of Calnexin (D),
SPTLC1 (E) and GAPDH (F). Blots were normalised to GAPDH. Errors bar depict SE of means.

While many of the processes that require ubiquitin: are common to
all cell types, ubiquitin also has distinct roles in protein degradation. For
example; the ubiquitin proteasome system: protein ubiquitylation is also
responsible for regulating cell signalling by controlling the endocytosis
of plasma membrane receptors. Ubiquitin: is highly conserved and is
involved in processes of signal transduction, endocytosis, and DNA
repair [22].

Cells are able to move and extend dynamically which is facilitated
by actin dynamics. Coactosin (COTL1) is an actin binding protein,
and has been shown to associate with F-actin [23]. Under normal
cellular conditions, monomeric globular actin (G-actin) is in a state
of equilibrium with filamentous actin (F-actin), forming the actin
cytoskeleton and is responsible for maintaining and modifying cell shape
in motility, phagocytosis, and cytokinesis [24]. The actin cytoskeleton is
regulated by numerous actin-binding proteins that interact with actin
and regulate the cytoskeleton in cells [23]. COTLI was also found to
directly interact with the filamentous, F-actin but does not form a stable
complex with globular, G-actin [23].

Immunostaining (Figure 3) and FACS (Figure 4) analyses yielded
the cellular localisation and expression of the following 5 proteins
SPTLC1, ORP-150, CLIC1, RPS27a and COTL1 was established. It was
observed that there was no apparent change in intracellular localisation
of the SPTLCL1 protein in control and V144D mutant HSN-I patient
lymphoblasts. ORP-150, CLIC1, RPS27a and COTL1 displayed an
intracellular localisation change to the cellular periphery and increased
abundance. FACS analysis of ORP-150, CLIC1, RPS27a and COTL1
was used to determine the total fluorescence per cell, revealing a
marked increase in the relative fluorescence intensity of all the proteins
in the V144D cells compared to that of control lymphoblasts with an
increase in relative fluorescence of 1.4, 1.25, 2.4, 1.5 OD (fold increase)
respectively: relative to the stained controls.

It was identified that there were two other proteins with a marked
change in protein expression. Both proteins were located at 24 kDa,
but each had a different pI (6.6 and 8.3 respectively). Following mass
spectral analysis: both proteins were identified as Ig Kappa Chain C.

Ig kappa Chain C was found to significantly increase in the control
lymphoblasts compared to that of the V144D mutant lymphoblasts
(Figure 3]). This finding correlates with our previous studies in the
V144D patient lymphoblasts [15].

Conclusion

The novel findings in this study thus suggest a link to increased
oxidative stress within the V144D lymphoblasts. Previous studies
[8,15] have shown there is an increase in both ER stress and potential
oxidative phosphorylation (via a potential change to ROS) changes
in V144D. It is evident that there is an increase in oxidative stress
within the V144D patient lymphoblasts demonstrated by the increased
expression of ORP-150, CLIC1, COTL1 and RPS27a. While these
proteins are functionally independent from one and another: together
they help establish a strong connection that mutations in SPTLCI
cause oxidative stress within the cell. This increase in oxidative stress
could be linked to the increase in Ubiquinol Cytochrome C expression
from the mitochondria of V144D mutant cells previously observed:
thus an increase in ORP-150 is observed to compensate and protect
the cell from an increase in ROS production. Actin function is
highly regulated by the association of actin binding proteins. Studies
have shown that actin oxidation generally inhibits the association of
actin binding proteins with actin [25]. As COTLI is an actin binding
partner its upregulation could be due to the increased oxidative stress
upon the cellular cytoskeletal system. Oxidative stress can cause actin
remodelling and potential axonal retraction in the neuron [22]. Under
the conditions of stress the UPR is activated to ensure misfolded
proteins are targets for destruction [22]. RPS27a has a major role in
targeting cellular proteins for destruction as such its apparent increase
in the V144D mutant demonstrates that there is a possible increase in
misfolded protein either directly due to ER stress, oxidative stress or by
another mechanism that affects protein conformation. The findings in
this study, coupled with others [8,15] suggest that there is a probable
underlying mechanism that is common to sensory neurodegenerations.
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Results

Expression of GAPDH and ER markers in HSN-I patient-de-
rived lymphoblasts

In order to assess the levels of calnexin and SPTLCI expression
in isolated ER fractions and total cell lysates from control and V144D
mutant HSN-I patient-derived lymphoblasts: immunoblotting was
carried out (Figures 6A-6F). Purity of the ER fraction was determined
by immunoblotting for membrane, mitochondrial and Golgi complex
markers: all of which were absent from the isolated ER fractions,
indicating the isolated ER fraction was devoid of other organelles.
There were no expression differences observed between the control
and V144D samples in either isolated ER isolations or total cell lysates.
Quantitation of the immunoblots of the isolated ER and total cell
lysate fractions from control and HSN-I patient-derived lymphoblasts
(Figures 6D and 6E): confirmed that there was no statistically significant
change in expression of these proteins. Expression analysis of GAPDH
(Figure 6C) established there was no statistically significant change in
the expression of GAPDH (Figure 6F).
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