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Abstract 
Trapezius myalgia is a pain condition that usually develops in people with repetitive and 
stressful work tasks, which can lead to chronic widespread pain (CWP). This work compares 
protein expression levels in healthy women with those in women who have chronic 
widespread pain, including pain in the trapezius muscle, by using a proteomic approach. Two-
dimensional gel electrophoresis and silver staining with a subsequent digital quantification of 
protein spots was used to detect spots which had significantly higher protein levels in either 
group. Preparative gels were made and stained with SYPRO Ruby, the protein spots that were 
significantly different between the groups were picked from the SYPRO Ruby gels and 
identified by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry, 
MALDI-TOF. 
 
The optical density of seven protein spots were significantly decreased in the trapezius muscle 
of the CWP subjects; however the standard deviations were notably high. Five of the seven 
proteins could be identified as desmin, creatine kinase B-type, serum albumin, heat shock 
protein beta-1 and slow skeletal muscle troponin T. Apart from serum albumin, all these 
proteins can possibly be responsible for pain in the trapezius muscle in CWP. 
 
In conclusion, this study demonstrates that two-dimensional gel electrophoresis in 
combination with mass spectrometry is a powerful tool to identify potential biomarkers of 
musculoskeletal pain in subjects with CWP. The results may provide new insights into the 
mechanisms and patho-physiology of trapezius myalgia. 
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Abbrevations and key words 
CWP  Chronic widespread pain 
MW  Molecular weight 
SDS  Sodium dodecyl sulfate 
PAGE  Polyakrylamide gel electrophoresis 
MALDI  Matrix-assisted laser desorption/ionization 
TOF  Time of flight 
2-DE  2-dimensional gel electrophoresis 
CNS  Central nervous system 
mRNA  Messenger Ribonucleic acid 
DNA  Deoxyribonucleic acid 
ATP  Adenosine triphosphate 
TM  Trapezius myalgia 
IPG  Immobilized pH gradient 
 
Micro biopsy  In this study, a small tissue sample taken with an advanced needle. 
Vastus Lateralis A large muscle situated in the thigh. 
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1 Introduction 

1.1 Muscle pain 

A nociceptor is a free nerve ending with a high stimulation threshold that is connected to the 
central nervous system (CNS) through thin myelinated (Aδ/group III) or unmyelinated 
(C/group IV) nerve fibers and is activated by noxious, tissue-threatening, stimuli. The 
nociceptors in the muscles use mainly C-fibers. These nerve fibers lead to the dorsal horn in 
the spinal cord, shown in figure 1, where they connect to spinal neurons via synapses (Meeus 
and Nijs, 2007). Nociceptors can be activated by chemical stimulus, in addition to mechanical 
force. The two main chemical stimuli in muscle cells are decrease in tissue pH and release of 
adenosine triphosphate (ATP). The concentration of ATP is particularly high in muscle cells, 
so high that it can invoke pain when released from the cells. Other substances that can invoke 
pain in muscle tissue through nociceptors are bradykinin, serotonin, glutamate and capsaicin. 
Glutamate has been shown to have a greater impact on women regarding pain response. 
(Mense, 2009; Mense, 2003) 

1.2 Chronic widespread pain 

Chronic widespread pain (CWP) is a collection of conditions that is characterized by pain, 
stiffness and muscle fatigue (Staud, 2011). The American college of rheumatology defined 
CWP in 1990 as pain in both the right and left side of the body, as well as both above and 
below the waist for at least three months, which is one of the diagnosis criteria for 
fibromyalgia syndrome (Limer et. al., 2008). 

Figure 1: Noxious stimuli, in the form of mechanical force, ATP, acidic pH, bradykinin, serotonin, glutamate or capsaicin, 
binds to nociceptors which are connected to the dorsal horn, either by thin myelinated Aδ nerve fibres or unmyelinated C 
nerve fibres. In the dorsal horn the signal is transferred to spinal synapses. Figure inspired by Silverthorn, 2009, page 302. 
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Figure 2: The trapezius muscle, where the 
analyzed micro biopsies are extracted from, are 
shown. 

 
When the neurons of the dorsal horn are active during an extended time or are strongly 
activated, as a result of noxious stimuli, it may eventually lead to central sensitization, an 
increased responsiveness in the neurons (Meeus and Nijs, 2007). The results of central 
sensitization are hyperalgesia, that painful stimuli becomes more painful, allodynia, that non-
painful stimuli is felt as painful, that the receptive field grows, resulting in pain outside of the 
peripheral nerve area and, finally, prolonged pain after that the stimulus is gone (Mayer et. al, 
2012). The cause of central sensitization is unknown, however, both nervous system changes 
(DeSantana and Sluka, 2008) and changes in the peripheral muscle tissue (Staud, 2011) have 
been proposed as explanations. 
 
CWP can emerge from chronic regional pain; especially high is the risk of developing CWP 
from chronic neck or low back pain, 22.6 % of chronic neck or low back pain developed CWP 
in a study with 512 valid subjects (Kindler et. al., 2010). A large study using the Swedish twin 
registry estimated the heritability of CWP to be 48-54 %.Ten to eleven percent of the general 
population have CWP (Limer et. al., 2008; Staud, 2011), however, CWP afflicts women more 
often than it afflicts men (Limer et. al., 2008). Other factors that have been shown to increase 
the risk for CWP from chronic localized pain is high pain intensity, history of abuse, using 
more pain management strategies and to have one or more of the diseases or syndromes: 
irritable bowel syndrome, irritable bladder syndrome, restless legs syndrome and migraines 
(Kindler et. al, 2010). 

1.3 Trapezius myalgia 

Trapezius myalgia (TM) is a condition where chronic 
neck or shoulder pain is developed in the trapezius muscle 
(shown in figure 2), mainly in people that have repetitive 
and stressful work tasks (Larsson et. al., 2008). Today, 
TM cannot be cured, and the only pain relieving methods 
that medical healthcare can offer is different kinds of 
exercise, often without measurable results (Waling et. al., 
2002). In a study with only women, chronic TM patients 
had higher interstitial trapezius levels of lactate, pyruvate, 
glutamate and serotonin than healthy women (Rosendal 
et. al., 2005) and, as mentioned earlier, both glutamate 
and serotonin invokes pain. 
 
Proteomics studies have been performed on the trapezius 
muscle before, by comparing trapezius muscle biopsies 
with muscle biopsies from the well-studied vastus 
lateralis, showing that the two muscles differ in 
expression levels of both metabolic and sarcomeric 
proteins (Hadrévi et. al, 2011). More importantly for this 
work, there are two studies that have used proteomic 
approaches to specifically study trapezius myalgia, the site for pain that is studied in this 
work. Firstly, by comparing TM and CWP patients with healthy controls using microdialysis, 
in which 48 proteins had higher or lower levels in TM than in controls (Olausson et. al., 2012) 
and, secondly, to study trapezius myalgia with biopsies, resulting in 28 proteins with different 
levels in controls and TM subjects (Hadrevi et. al, 2013). 
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1.4 Biomarkers 
There are many definitions of a biomarker, coming from several large organizations in the 
field. The World Health Organization has defined a biomarker as “almost any measurement 
reflecting an interaction between a biological system and a potential hazard, which may be 
chemical, physical or biological. The measured response may be functional and physiological, 
biochemical at the cellular level, or a molecular interaction.” With this definition, valid 
biomarkers include everything between blood pressure and pulse to complex laboratory tests. 
Nevertheless, understanding the body is not simple and a certain biomarker for a condition 
may not have a complete correlation with the cause of the condition itself, but with a process 
that is not key to the condition. (Strimbu and Tavel, 2010) 
 
In medicine there are two especially important kinds of biomarkers, disease biomarkers, 
which appear or disappear with present disease, and toxicity biomarkers, which appear or 
disappear when pharmaceuticals are used. There are many kinds of disease biomarkers, 
changes in tissue or cell structure, gene mutations, mRNA or protein level variations and 
changes in posttranslational modifications of proteins to name a few important ones. Ideal 
biomarkers, which are unique for the disease, are rarely found. More common is that a 
biomarker is present in more than one disease. However, it is possible to use several non-ideal 
biomarkers, but still relatively reliable, in combination exists, and proteomics have the 
potential to implement that way of working with biomarkers. (Twyman, 2004) 

1.5 A proteomic approach 

The genome is all the genes in an organism, its combined DNA, which by transcription can 
produce mRNA, with the help from RNA polymerase. When the promoter, a region before a 
gene, is activated by proteins called transcription factors, RNA polymerase can bind to the 
DNA encoding the gene. DNA polymerase breaks the hydrogen bonds between the paired 
nitrogenous bases in the DNA, making room for the synthesis of an mRNA strand 
corresponding to one of the DNA strands. The mRNA can in turn be translated into a protein 
by ribosomes, shown in figure 3, once the introns have been removed by enzymes during 
alternative splicing. (Silverthorn, 2009) 

Figure 3: How a gene gives rise to a protein is shown, firstly the transcription of DNA into mRNA by RNA polymerase and 
removal of introns by alternative splicing, followed by the translation of mRNA into protein by ribosomes. Figure inspired 
by Silverthorn, 2009, page 116. 
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The above described is the machinery of how a gene gives rise to a protein, however it is not 
as simple as one gene becoming one protein; one gene can lead to innumerable variants of a 
protein. Different promoters can be used and activated for the same gene, producing different 
mRNA. Modification of the mRNA is then possible, both by alternative splicing, which is the 
removal of introns, and a few number of other mRNA modification processes. The protein 
also can vary in structure, by posttranslational modifications, phosphorylations, 
glycosylations and ubiquitinylation, to name the most prevalent modifications. Glykosylations 
also vary in structure and proteins can have many glycosylation sites, making the number of 
possible modifications very high. (Twyman, 2004) 
 
This work is a so-called expression proteomics study, where global protein expression levels 
in different groups of women were compared by separating proteins from the trapezius muscle 
by 2-dimensional gel electrophoresis (2-DE). The 2-DE approach, combined with different 
identification methods, has previously identified many biomarkers, for example psoriasin that 
is present in the urine of bladder cancer patients (Celis et. al., 1996) and the potential 
biomarker for multiple sclerosis in cerebrospinal fluid, vitamin D-binding protein (Qin et. al, 
2009). 

1.6 Two-dimensional gel electrophoresis 

To separate and isolate proteins from a complex mixture, for example a cell lysate, the most 
commonly used method is two-dimensional gel electrophoresis (2-DE). The proteins are 
firstly separated according to their net charge in the first dimension and secondly according to 
their molecular mass in the second dimension. What has greatly increased the reproducibility 
of 2-DE is the use of immobilized pH gradients, IPGs, in the first dimension (Graves and 
Haystead, 2002). An IPG is built up from ten different acrylamide derivatives, which have 
either an amino or a carboxyl group, that form buffers from pK 1 to 13. The fact that these 
derivatives are copolymerized with the acrylamide matrix is the reason that very stable pH 
gradients are created (Görg et. al., 2004). The first row in figure 4 illustrates the use of IPG 
strips. 
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Sodium dodecyl sulphate polyakrylamide gel electrophoresis (SDS-PAGE) is the method 
used to separate the proteins in the second dimension, illustrated in the middle row of figure 
4. SDS is a detergent that is used to prevent aggregation and precipitation of proteins, due to 
hydrophobic interactions between hydrophobic protein domains. (Görg et. al., 2004) 
 
Running 2-DE is time consuming, running a gel typically takes two days, and there are 
limitations on how many and what kind of proteins that can enter the gel. Hydrophobic or 
large proteins have problems entering the gel and proteins with isoelectric points (pIs) above 

Figure 4: The workflow of using 2-dimensional gel electrophoresis with MALDI-TOF mass spectrometry for protein 
identification is shown. Sample is first prepared with urea, DTT and iodacetamide to denature proteins and remove 
disulphide bonds. IPG-strips with immobilized pH gradients are used to separate the proteins depending on their isoelectric 
point (pI) in the one-dimensional gel electrophoresis. Proteins are then separated according to their mass by using SDS 
polyacrylamide gel electrophoresis. Protein spots can then be picked from the 2D-gels, trypsin digested, put on a MALDI 
plate with matrix and beamed with UV-laser bursts to produce ions that are accelerated through an electric field. The time it 
takes for the ion to reach the detector is mass dependent and is measured and shown in a mass spectrum. The masses from 
the mass spectrum are then used to search databases for proteins that would be digested the same way. 
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pH 10 or below 3, as well as low-copy proteins, are rarely represented on the gels. (Graves 
and Haystead, 2002) 
 
However, there are advantages with 2-DE. Posttranslational modifications, for instance 
phosphorylations and glycosylations, can in many cases be detected as protein spots close to 
each other, but with different pI and molecular weight (MW). Expression levels can also be 
determined from 2-DE, in addition the spots typically contain protein in the µg range, enough 
to perform identification analyses with mass spectrometry. (Görg et. al, 2004) Methods for 
protein separation that do not use 2-DE are available which rely on advanced purification and 
mass spectrometry (shotgun proteomics). However, 2-DE is the most common method used 
for expression proteomics studies (Gao, 2014). (Graves and Haystead, 2002). 
 
To visualize the separated proteins, gels can be stained. The most common techniques are 
staining with coomassie blue, silver and fluorescent SYPRO Ruby. Coomassie-stained gels 
and silver-stained gels can be scanned with a CCD camera with a white light source and 
SYPRO can to be scanned with an ultraviolet (UV) light source. Coomassie blue lacks the 
sensitivity offered by silver staining and SYPRO, which are about ten times as sensitive as 
coomassie blue. Silver staining is not as compatible with mass spectrometry as are coomassie 
blue and SYPRO Ruby staining. Silver staining modifies cysteine residues and makes it 
harder to interpret mass spectrometry data. Silver stained gels also detect glycoproteins badly, 
but most importantly to this study, it has a linear range as low as a magnitude of one. Even 
though SYPRO have a much greater linear range, does not modify the proteins and is as 
sensitive as silver staining, its use is limited by its high cost. (Principles of proteomics, 2004) 

1.7 Matrix-assisted laser desorption ionization time-of-flight 
Mass spectrometry (MS) is a method that requires molecules to be charged and gaseous, to 
measure their masses. For a long time it was problematic to acquire ionized biomolecules in 
gas form, but this was finally made possible by electrospray and matrix-assisted laser 
desorption ionization (MALDI) techniques, among others. MALDI uses a matrix, a small 
organic UV-absorbing acidic molecule which both forms crystals with the peptides and makes 
the ionization of the peptides possible (Principles of proteomics, 2004). Dihydrobenzoic acid 
(DHB) or α-cyano-4-hydroxycinnamic acid is often used for as matrix for the ionization of 
peptides. (Mann et. al., 2001) 
 
The sample is mixed with the matrix and placed on a metal substrate, capable of holding 
between one and several hundred samples, and allowed to dry and form crystals. A laser then 
shoots laser bursts at one sample at a time, usually with the wavelength of 337nm. The ions 
that are generated are accelerated to a given amount of kinetic energy. Small ions have a 
higher velocity than big ions, resulting in small ions hitting the detector before the big ions. 
Hundreds of laser pulses are averaged to produce the time-of-flight (TOF) spectrum. The 
mass accuracy of a reflector MALDI mass spectrometer is often in the range of a few parts 
per million (ppm). (Mann et. al., 2001) 

1.8 Aims of this study 
The intention of this study was to compare the protein expression in microbiopsies taken from 
the trapezius muscle of 19 healthy subjects and 18 subjects with chronic widespread pain, 
including pain in the trapezius muscle, by using two-dimensional gel electrophoresis (2-DE) 
for quantification and peptide mass fingerprinting with matrix-assisted laser 
desorption/ionization time of flight (MALDI-TOF) for identification of proteins that have a 
significant difference in expression between healthy and TM subjects. Proteins with a 
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significant difference have the potential of being biomarkers or even to be involved in the 
development of chronic pain. 
  



8 
 

 

2 Materials and methods 

2.1 Chemicals 
Milli-Q H2O, from a Milli-Q plus, was used unless otherwise stated and all percentages for 
solutions are in mass concentrations (% W/V). How all solutions used during this work were 
made can be seen in Appendix 1. 
 
Urea, DL-Dithiothreitol, CHAPS, bromophenol blue, acid orange, sodium dodecyl sulphate, 
85 % glycerol, Tris base, glycine, methanol, acetic acid, ammonium bicarbonate, acetonitrile, 
trifluoroacetic acid, dihydrobenzoic acid, acrylamide, silver nitrate and formaldehyde were 
acquired from Sigma-Aldrich (St. Louis, MI, USA). Pharmalyte 3-10, IPG buffer, pH 3-10 
NL, IPG strips 3-10 NL,dry strip cover fluid and Sample Application Pieces were delivered 
by GE Healthcare Biosciences (Uppsala, Sweden). Ammonium persulfate, N,N'-
Methylenebisacrylamide, SYPRO ruby, TEMED, Tween 20 and Precision Plus Protein 
Standard were received from Bio-Rad Laboratories (Hercules, CA, USA) and sodium 
carbonate decahydrate was received from Acros organics (Geel, Belgium). Agarose was 
obtained from Invitrogen (Paisley, Scotland, UK) and porcine trypsin was obtained from 
Promega (Madison, WI, USA). Sodium thiosulfate pentahydrate was acquired from Merck 
(Darmstadt, Germany) and calibration mixture for peptide mass fingerprinting was acquired 
from Applied Biosystems (Foster City, CA, USA). 

2.2 Samples 
The samples were derived from microbiopsies from women that had CWP which included 
trapezius muscle pain and from microbiopsies from women that were healthy. The 
microbiopsies were taken by hospital personnel authorized to do the procedure and were then 
kept in frozen state until prepared for analysis. 

2.3 Preparation of micro biopsies 
From frozen state, the micro biopsies were heat stabilized with Denator Stabilizer T1 and put 
in 200 μl sample solution. After this the tissue was homogenized with sonication, three times 
with 10 seconds of sound and stored in -20ºC for 2 hours. Thereafter the samples were 
centrifuged for one hour with a force of 18900 g and the supernatants were stored in -80 C°, 
following the removal of 6 μl sample from each sample to determine the protein 
concentration. 

2.4 Protein concentration 
The measurement of the protein concentrations was performed with a 2-D Quant kit (GE 
Healthcare, Uppsala, Sweden), following the kit instructions and using a Du® 800 
spectrometer from Beckman Coulter (Brea, CA, USA) for absorbance measurements. The 
standard curve was made by plotting intensities from 0, 5, 10, 15, 20 and 25 μl of bovine 
serum albumin with a concentration of 2 μg/μl. The correlation coefficient for the standard 
curve was higher than 99.5 %. 

2.5 Isoelectric focusing 
From each sample of proteins, 100 μg was mixed with sample solution to a volume of 180 μl. 
Then 170 μl rehydration solution was added and the samples were loaded in an Ettan 
IPGphor-3 (GE Healthcare, Uppsala, Sweden) with an IPG-strip, Immobiline™ DryStrip pH 
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3-10 NL, 18 cm, and 800 μl PlusOne Dry Strip Cover Fluid covering the IPG-strip. The Ettan 
IPGphor-3 ran overnight with a current of 50 μA for each IPG-strip, starting with a voltage of 
30 V for 12 hours, continuing with 200 V for one hour, 500 V for one hour, 1000 V for one 
hour,  gradually up to 8000 V for 3975 Vh and finally 8000 V for 40000 Vh. 

2.6 SDS-PAGE 
Both casting of polyacrylamide gels and 2-D electrophoresis was performed in an Ettan 
DALT six Electrophoresis Unit from GE Healthcare Biosciences (Uppsala, Sweden), 6 gels at 
a time, with 1.0 mm wide gel cassettes. The casted gels had an acrylamide and bisacrylamide 
composition with T = 14 % and C = 2.6 %. Before each IPG-strip was loaded on the gel, it 
was equilibrated with 150 mg DL-Dithiothreitol solved in 15 ml equilibrium buffer for 15 
minutes and thereafter 0.675 g Iodoacetamide in 15 ml equilibrium buffer with 175 μl 
bromophenol blue for another 15 minutes. A protein MW standard was added, 10 μl of 
Precision Plus Protein Standard on a sample application piece on which a drop of agarose 
solution was added and left to dry for 2-3 minutes. The sample application piece with protein 
standard was then applied next to the high pH end of the IPG-strip, with a distance between 
them of 1-2 cm. Agarose solution was added so that the IPG-strips were covered. The anode 
buffer, 1xSDS, was prepared by mixing 1500 ml electrophoresis buffer with 3500 ml Milli-Q 
H2O and the cathode buffer, 2xSDS, was prepared by mixing 200 ml electrophoresis buffer 
with 800 ml Milli-Q H2O. The settings for the first step of the electrophoresis was 80 V and 
60 mA, 10 mA for each gel applied, until the bromophenol blue had moved out of the IPG-
strips and into the polyacrylamide gel. The second step was 100 V and 72 mA overnight, 
about 17 hours. Finally the settings were 600 V and 72 mA until the line of bromophenol blue 
had moved to the bottom of the gels. After electrophoresis the IPG strips and the agarose were 
removed and each gel was moved to a tub and covered with 400 ml silver fix and put on 
gentle agitation overnight. 

2.7 Silver staining 
The silver staining was performed with a modified Shevchenko protocol, beginning with 10 
minutes of 50 % methanol, followed by 15 minutes in Milli-Q H2O, 2 minutes in 0.02 % 
sodium thiosulphate, 2 steps with Milli-Q H2O for 2 minutes, 20 minutes in 0.1 % silver 
nitrate, 2 steps with Milli-Q H2O for 1 minute, 1 minute in development solution, another step 
with development solution for 1 minute and 30 seconds, 5 minutes in stop solution, 20 
minutes in Milli-Q H2O and finally 5 minutes in 50 % ethanol to shrink the gel. All solutions 
used during silver staining, except 50 % methanol, were prepared the same day and all steps 
used the volume 350 ml in a Processor Plus™, from GE Healthcare Biosciences (Uppsala, 
Sweden), for shaking. Directly after the 5 minutes in ethanol the gel was photographed as 
described below. 

2.8 SYPRO staining 
The proteins with a significant difference in expression were then identified on three new gels 
cast by following the same protocol as described in sections 2.5 and 2.6, with the difference 
that 300, 500 and 900 μg of protein was loaded. The same amount of protein was taken from 
18 samples (10 controls and 8 with TM) to get the above mentioned amounts of protein. 
Instead of doing a silver staining, the gels were exposed to SYPRO Ruby overnight, washed 
the day after with 3x10 minutes of Milli-Q H2O and then photographed as described below, 
before MALDI-TOF was performed. 
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2.9 Image acquisition and quantification 
Gels were photographed using a VersaDoc 400 MP camera and the program Quantity One 
from Bio-Rad Laboratories (Hercules, CA, USA). Quantification was done in PDQuest™ 
Advanced 2D Analysis software from Bio-Rad Laboratories (Hercules, CA, USA). Spots 
were first identified with the software, using a Gaussian fitting algorithm, thereafter false 
spots were removed manually. One gel with a high amount of spots was then assigned to be 
the master gel, to which all spot matching would be done. Spots that were present on all gels 
and that were easily separated from the rest was matched with the landmark tool. All other 
matching was done with the normal matching tool. To remove the problem with different 
silver stain intensities between the gels, all values were quantified as ppm values, optical 
density for the spot divided with the sum of intensities of all spots in the gel. 

2.10 Matrix-Assisted Laser Desorption/Ionization Time-of-Flight 
Spots were picked from gels with a spot picker, a modified injection tool, and put in 
eppendorf tubes. Thereafter the spots picked from SYPRO stained gels were washed twice for 
30 min with 100 μl 50 % acetonitrile/ 25 mM ammonium bicarbonate. Picked spots from 
silver gels instead went through a destaining by adding 25 μl 30 mM potassium ferricyanide 
and 25 μl 100 mM sodium thiosulfate for 3 minutes. After six 5 minute washes with Milli-Q 
H2O,  the silver stained spots were exposed to 50 μl 200 mM ammonium bicarbonate for 20 
minutes and then three additional 5 minute Milli-Q H2O washes were performed. Both 
SYPRO and silver stained spots continues with a wash with 100 μl 100 % acetonitrile for five 
minutes and then a SpeedVac drying for 15 minutes. To each tube, 30 μl of the mix of 10 μl 
20 μg/ml trypsin in 90 μl 25 mM ammonium bicarbonate was added. Thereafter the tubes 
were stored in 37 °C overnight. The day after, the supernatants were moved to new tubes and 
to the gel spots 40 μl of 50 % acetonitrile/ 5 % trifluoroacetic acid was added. After five hours 
of shaking, the supernatants of those tubes containing the gel pieces were pooled with the 
corresponding supernatants removed after the trypsinization step. The pooled supernatants 
were dried in SpeedVac and stored in -20 °C until loaded on a MALDI plate, described 
below. 
 
Before loading the wells of the MALDI plate, the peptides in the dried supernatants were 
resolved in 4 μl of 0.1 % TFA. 1 μl from each tube of sample was then mixed with 1 μl of 
solved matrix and then applied in wells on the MALDI plate. A peptide standard was added, 
between the wells, at most four wells could run with one standard. 4 μl matrix was mixed with 
1 μl of peptide standard, the amount loaded adjacent to the wells was 0.5 μl from that mix. 
The peptide standard contained 9 different proteins and peptides, from which the following 
were used for the calibration of the MALDI apparatus: des-Arg1-bradykinin, angiotensin I, 
Glu1-fibrinopeptide B, ACTH (clip 1-17) and ACTH (clip 18-39). 

2.11 MALDI data analysis 
The MALDI-TOF spectra for each protein were processed in the program Data Explorer 
(Version 4.0.0.0) with advanced peak detection and an all global Thresholds at 0 %. The peak 
detection was set so that 50-100 big peaks were present in the peak list. Baseline correction 
(peak width 32, flexibility 0.5 and degree 0.1) ,noise reduction with a standard deviation of 
2.00 and deisotoping (H as adduct and C6H5NO as generic formula) was used. The mass was 
calibrated with the theoretical trypsin peaks 842.51 and 2211.1045. If only one of the peaks 
was within 100 ppm of the theoretical value, the ppm mass tolerance was set to 100 ppm and 
if both peaks were within 100 ppm of the theoretical value, the ppm mass tolerance was set to 
50 ppm. The MS-Fit tool at ProteinProspector was used to search for matching peptides and 
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proteins in the database SwissProt.2013.6.27. The changed search criteria were: taxonomy to 
Homo sapiens, monoisotopic mass tolerance to 100 or 50 ppm, as described above, maximum 
missed cleavages by trypsin ≤ 1; fixed modification included carbamidomethylation of 
cysteine and dynamic modifications were oxidation of methionine, N-terminal glutamine of 
pyroglutamate and N-terminus acetylation, and the maximum reported hits to 10. The peak 
list was then pasted in the data paste area and the evaluation of the data was then made, taking 
into consideration the MW, pI and tissue location of the proteins shown in the reported hits. 
Mowse score, number of true peptide matches, if the matched peaks are high in the spectrum 
and if the matched peptides are spread throughout the whole protein sequence or if they are 
close together was also taken into consideration to determine which protein that was the most 
likely hit. Posttranslational modifications were not accounted for during the database 
searches, a more suitable method for that would be advised then, for example LC-MS/MS. 

2.12 Statistical analysis 
When the matching was done, the data was exported to a Microsoft Excel spreadsheet. The 
data was then analyzed in IBM® SPSS® statistics version 21 with an asymptotic Mann-
Whitney test, with a level of significance of 0.05 for the 2-tailed value. 
  



12 
 

3 Project plan 
The initial plan for the project is illustrated in figure 5. The upper row refers to a 
phosphorylation study of myosin light chain, which did not become a part of this project. The 
project in the lower row turned out to be big enough, with two-dimensional gel 
electrophoresis and mass fingerprinting. 

The initial plan does not differ that much from the result, seen in figure 6. However, the 
quantification analysis was not included in the initial plan, which was a mistake. A lot less 
time than expected was needed for the protein identification, partly because experience for 
that was gained in the start of the project, in the phosphorylation study that is not processed in 
this report. Also, the writing process took a lot more time than expected. 
 
The first important results were the protein concentrations from half of the samples. The 
protein concentrations had to be high enough to allow for at least one gel from every sample. 
Otherwise, a second tissue preparation could have been an option, as well as switching project 
to the phosphorylation study. The next checkpoint was when every gel was stained, to see that 
it was properly cast and that the staining procedure had been successful. Otherwise, running 
another two-dimension gel could have been an option, given that there was enough protein 
solution left, which there was for almost all of the samples. 
 
When all gels were stained and photographed, the quantification was the next step. If there 
were spots with a significant difference between the two groups, MALDI-TOF mass 
spectrometry on newly cast SYPRO-Ruby stained gels and protein identification with MS-Fit 
would be the next step. If the identification was unsuccessful, spots from the silver gels would 
be used for a second identification. 

 

  

Figure 5: The initial time scale for the project and how much time each part of the project was expected to take. 

Figure 6: How much of the time all stages of the project finally took is shown. 
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4 Results 

4.1 Process analysis 
The first step of the project, first dimension gel electrophoresis with IPG-strips, included both 
preparation from frozen tissue and the actual gel electrophoresis. The preparation was 
successful and all samples had enough protein concentration to undergo two-dimensional gel 
electrophoresis. Whether or not the two-dimensional gel electrophoresis was successful could 
not be seen until after the silver staining. Out of 37 gels, three had to be remade (one because 
of bad casting and two because they broke into pieces during silver staining) from the first 
dimension gel electrophoresis; luckily all three had been run with enough samples where there 
was enough protein left to repeat. 
 
The quantification and matching of the spots took time, as the computer algorithms were not 
perfect at finding spots and matching them between the gels. As some of the spot finding and 
a plenteous amount of matching was done manually, there is a human factor to take into 
account as well. Seven protein spots were significantly different between the CWP and 
healthy groups according to the Mann-Whitney test. 
 
Unfortunately two of the seven spots with a significant difference between the two groups 
were barely present on the SYPRO-Ruby stained gels, therefore the protein extracted from 
these spots of the three SYPRO-Ruby gels was pooled. The proteins in the other five spots 
were identified through MS spectra via search engine MS-Fit (SwissProt. Database), however 
the two proteins present in the pale spots were not. Even though another MALDI-TOF mass 
spectrometry try was performed with one of the two unidentified spots from a silver gel (the 
other spot was not present on silver gel), the spot could not be identified. 
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4.2 End results 

4.2.1 Protein concentration 

The protein concentrations ranged from 1.28 to 11.25 μg/μl, with a mean value and standard 
deviation of 5.03±2.86 for the CWP group and 5.21±1.98 for the healthy group, resulting in 
no significant differences between the two groups. 
 

 4.2.2 Quantification 

  Thirty-seven images from 2D-gels, of which 18 were CWP samples and 19 were healthy 
control samples, were used in the quantification with PDQuest. A total number of 6260 spots 
were detected on the gels and 5280 spots were used in the matching, with prevalence above 
50 % in either the TM or healthy control group, resulting in 201 matched sets of spots. The 
quantification of protein spots and the statistical analysis (Mann-Whitney test) resulted in 7 
spots that were significantly different in optical density (ppm values) between controls and 
TM samples, those spots are shown in figure 7 and in figure 8.The means and standard 
deviations of the optical densities for those spots are illustrated in figure 9 and shown in 
numbers in table 1. 

CWP Healthy controls 
Spot nr. N Mean Standard deviation Spot nr. N Mean Standard deviation 

1 17 1107 990 1 17 1810 972 

2 9 1935 2387 2 10 4912 3695 

3 11 1860 1259 3 10 4986 2897 

4 14 937 636 4 17 1622 965 

5 18 2428 3660 5 19 3994 2772 

6 15 1404 1360 6 15 2203 1334 

7 18 2277 1515 7 17 4562 2373 

Table 1: The mean values and standard deviations for the protein spots with a significant difference in optical density ppm 
between healthy and CWP patients are shown. 



15 
 

 

Figure 7: The protein spots with a significant difference in optical density ppm values are shown, along with molecular 
weight standard and pI scale. 

Figure 9: The figure shows the mean values of the optical density ppm of the spots with a significant optical density ppm 
difference; black bars are TM patients and white are healthy controls. Standard deviations are illustrated with the black 
lines, with its middle on top of the bars. 

Figure 8: The protein spots with a significant difference in optical density ppm values are shown on both a typical gel from a 
TM subject and a healthy subject. 
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4.2.3 Identification 
The protein identification by MALDI-TOF resulted in five identified proteins, desmin, 
creatine kinase B-type, serum albumin, heat shock protein beta-1 and slow skeletal muscle 
troponin T, with a good mass accuracy (<50 ppm), a high sequence coverage (>24 %) and a 
high MOWSE score. The experimental MW and pI for all the proteins matched well with the 
theoretical database values; these results, all shown in Table 2, altogether suggest that the 
identification was successful. The function for each of the proteins follows below, after an 
explanation of the identification reasoning for each spot. 

For spot number one, desmin is the first hit with a MOWSE score of 5.55*1014, 53.8 % 
sequence coverage, 42 matched peptides, pI of 5.2 and a MW of 53 536 Da. Both MW and pI 
roughly coincide with the values indicated by the spot position on the gels, with a pI close to 5 
and a MW close to 50 kDa. The second hit is Ribosomal protein S6 kinase alpha-6, with a 
mowse score of 29 310, 13.6 % sequence coverage, 8 matched peptides, pI of 5.9 and a MW 
of 83 873 Da, which is heavier than the MW indicated by the spot position on the gel. All 
other lower rank hits have a greater MW than Ribosomal protein S6 kinase alpha-6, except 
dual specificity protein kinase CLK2, which instead has a pI of 9.7 and is specifically located 
in endothelial cells. Taken together, desmin was considered the only likely candidate for spot 
1. 
 
For spot number two, creatine kinase B-type is the first hit, with a MOWSE score of 145 576, 
33.9 % sequence coverage, 10 matched peptides, pI of 5.3 and a MW of 42 645 Da. Both MW 
and pI coincide well with the spot position on the gels, which have a MW between 37 kDa 
and 50 kDa and a pI close to 5. The second hit is Centromere/kinetochore protein zw10 
homolog, with a MOWSE score of 14 776, sequence coverage of 10.3 %, 8 matched peptides, 
a pI of 5.9 and a MW of 88 830 Da. The MW differs from what is indicated by the spot 
postion on the gels and trypsin cleavage spots are present in the whole sequence. Of the 
remaining hits, Splicing factor 3A subunit 3 is the one that does not have a huge MW or pI. It 
has a MOWSE score of 1178, 12.4 % sequence coverage, 6 matched peptides, a MW of 
58 849 Da and a pI of 5.3. Both the MW and pI are close to the values of creatine kinase B-
type, however the MOWSE score, number of matched peptides and the sequence coverage is 
lower than for creatine kinase B-type, leaving creatine kinase B-type as the most likely hit. 
 
For spot number three, serum albumin is the first hit, with a MOWSE score of 1.57*1016, 49.3 
% sequence coverage, 30 matched peptides, pI of 5.9 and a MW of 69 367 Da. The spot on 
the gels are between 50 and 75 kDa and at a pI close to 6. The second hit is Serrate RNA 
effector molecule homolog, with a MOWSE score of 42 558, 11.4 % sequence coverage, 10 

spot 
no. Protein name 

Accession 
no. MW/pI 

Matched 
peptides 

sequence 
coverage 
(%) 

MOWSE 
score 

Molecular 
function 

p-
value 

1 Desmin P17661 53536/5.2 42/66 53.8 5.55*10^14 Muscle protein 0.024 

2 
Creatin Kinase B-
type P12277 42645/5.3 10/55 33.9 145 576 transferase 

0.018 

3 Serum Albumin P02768 69367/5.9 30/75 49.3 1.57*10^16 Binding protein 0.004 

4 
Heat Shock Protein 
beta-1 P04792 22783/6.0 8/57 37.6 341 346 Chaperone 

0.039 

5 
Troponin T, slow 
skeletal muscle P13805 32948/5.9 13/67 38.1 1.94*10^8 Muscle protein 

0.026 

Table 2. The proteins that could be identified are shown here, along with the information of the proteins and the search results 
in MS-Fit. The names, accession numbers, molecular weights, isoelectric points and molecular functions that are shown are 
from the UniProtKB/Swiss-Prot database. 
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matched peptides, pI of 5.7 and a MW of 100 667 Da. There are no other hits with pI and MW 
close to the spot on the gels. However, the exceptionally higher values for MOWSE score, 
sequence coverage and matched peptides strongly suggest that the gel spot contained serum 
albumin. The pI and MW, which are closer for serum albumin than the other hits, also 
supports that the protein is serum albumin. 
 
For spot number four, heat shock protein beta-1 is the first hit, with a MOWSE score of 
341 346, 37.6 % sequence coverage, 8 matched peptides, pI of 6.0 and a MW of 22 783 Da. 
The spot on the gels have a MW close to 25 kDa and a pI close to 6. Most other hits have 
more than double that MW and a pI above 8, along with a MOWSE score between 1400 and 
290. Changing the MW criteria to 1 000-50 000 Da resulted in Protein FAM180A to be the 
second hit, with a MOWSE score of 1 412, 30.6 % sequence coverage, 5 matched peptides, pI 
of 8.6 and MW of 19 733 Da. One other hit have a pI close to 6, 5'-AMP-activated protein 
kinase subunit beta-1, with a MOWSE score of 426, 21.9 % sequence coverage, 4 matched 
peptides, pI of 5.9 and a MW of 30 383 Da. Heat shock protein beta-1 have a higher MOWSE 
score, sequence coverage and number of matched peptides than both the other proteins, 
Protein FAM180A also have a higher pI than what is indicated from the spot position on the 
gels. 
 
For spot number five, slow skeletal muscle troponin T is the first hit, with a MOWSE score of 
1.94*108, 38.1 % sequence coverage, 13 matched peptides, pI of 5.9 and a MW of 32 948 Da. 
The spot on the gels have a MW between 25 and 37 kDa and a pI slightly above 6. There are 
no other hits close to those values of pI and MW. Changing the MW criteria to 1000-50 000 
Da resulted in one hit close to the pI and MW indicated by the spot position, Carbonyl 
reductase [NADPH] 3, with a MOWSE score of 1702, 19.9 % sequence coverage, 6 matched 
peptides, pI of 5.8 and a MW of 30 851 Da. Troponin T, skeletal muscle, have a higher 
MOWSE score, number of matched peptides, sequence coverage and according to the 
UniProtKB database Carbonyl reductase [NADPH] 3 have not been detected in muscle tissue, 
which makes Troponin T, slow skeletal muscle, the most likely protein. 
 
Spot number six is located between pH 6 and 7 and has a MW close to 25 kDa, according to 
the spot position on the gels. The first hit is E3 ubiquitin-protein ligase TRAF7, with 
MOWSE score of 7 935, 11.9 % sequence coverage, 6 matched peptides, pI of 6.8 and a MW 
of 74 610 Da. The peptides are spread all over the protein sequence, making it unlikely that it 
is a 25 kDa part of the protein in the spot. The second hit is V-set and immunoglobulin 
domain containing protein 10-like, which have the same issue with having peptides spread 
over the sequence and having a large MW. All proteins except one are very large and have 
trypsin cleavage sites covering most of their sequence. That protein is Forkhead box protein 
R1, with a MOWSE score of 1 718, sequence coverage of 19.2 %, 6 matched peptides, pI of 
9.3 and a MW of 33 310 Da. Forkhead box protein R1 does not match the pI and MW that 
well and none of the m/z peaks in the MALDI spectrum is high, all are lower than 10 % of the 
highest peak, on top of that one peak is counted twice, making the total number of matched 
peaks only 5. 
 
Spot number seven is located between pH 8 and 9 on the gels and has a MW between 20 and 
25 kDa. The highest ranked hits all have a MW above 60 kDa, with peptides spread out over 
the whole sequence. Mesenteric estrogen-dependent adipogenesis protein, with a MOWSE 
score of 483, sequence coverage of 16.8 %, 4 matched peptides, pI of 6.1and a MW of 34 190 
Da, is the first possible hit, but it is expressed in fat tissue and only one of the four matched 
peaks have a m/z value above 10 % of the highest peak. 
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Spot 7 was also picked from a silver gel, but unfortunately the hits from that run were 
dominated by heavy proteins (Exocyst complex component 3 had the highest MOWSE score 
of 10 730) with matched peptides over the whole sequence. After changing the search 
parameters to exclude proteins heavier than 50 kDa, all shown proteins had four matched m/z 
peaks, of which all had none matching the high peaks of the MALDI spectrum and the one 
last in the list having a MOWSE score of 5.88. Vacuolar protein sorting-associated protein 28 
homolog with a MOWSE score of 68.7, 11.3 % sequence coverage, 4 matched peptides, pI of 
5.4 and MW of 25 425 matched the MW well but instead had a pI of 5.4. No convincing 
identification could be made. 

5.1 Desmin 

Desmin is a protein that is involved in the cytoskeleton of muscle cells by being the 
cytoplasmic intermediate filament building stone. Desmin myopathy is a disease associated 
with desmin, where the function of desmin or its chaperone is damaged, causing misslocations 
of and reducing the number of mitochondria in the muscle cells (Hnia et. al., 2011). 

5.2 Creatine kinase B-type 

Creatine kinase B-type (CKB) is an enzyme, which is responsible for storing adenosine 
triphosphate (ATP) by converting ATP and creatine into phosphocreatine and adenosine 
diphosphate (ADP), which is a reversible reaction. The function of the catalyzed reaction is to 
maintain the ATP/ADP proportion (Daouk et. al., 1988). A small study has shown decreased 
levels of both ATP and phosphocreatine in TM patients, and also suggested that low energy 
levels in the cells can be responsible for the muscle pain (Lindman et. al., 1991). 

5.3 Serum albumin 

Serum albumin is the most abundant soluble protein in plasma and has many known 
functions, both to regulate the colloid osmotic blood pressure and to transport a variety of 
molecules, for example calcium, zinc, copper, fatty acids, amino acids, steroids and a number 
of pharmaceuticals (He and Carter, 1992). That serum albumin derives from the muscle cells 
is improbable, as serum albumin is a plasma protein. However, it is possible that minor 
quantities of plasma have accompanied the cell lysates through the purification and two-
dimensional gel electrophoresis. 

5.4 Heat shock protein beta-1 

Heat shock protein beta-1 (HSPB1) has several known functions, firstly, to give the cells 
resistance to apoptosis and necrosis during stressful conditions for the cell, such as chemical 
and physical stimuli, reduction of growth factor levels and activation of death receptors. 
Secondly, HSPB1 regulates the cytoskeleton by being able to block actin polymerization 
when phosphorylated. Finally, HSPB1 is known to be a chaperone, preventing denatured 
proteins from becoming aggregated. (Charette et. al., 2000) 

5.5 Troponin T, slow skeletal muscle 

Troponin T is a muscle specific protein that interacts with two other troponins to regulate 
striated muscle contraction, depending on intracellular Ca2+ concentrations. Troponin T is the 
tropomyosin binding subunit in the troponin complex (Barton et. al., 1999). Amish nemaline 
myopathy is a heritable disease that causes muscle weakness and stiffness, which results in a 
very early death from respiratory failure. A mutation in the gene encoding for slow skeletal 
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muscle troponin T that inhibits the binding to tropomyosin is responsible for the disease 
(Wang et. al., 2005). 
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5 Discussion 
Even though silver staining was used to be able to analyze a large number of samples, the 
standard deviation for the optical density ppm for the significant spots is high, almost as high 
as the mean values itself for most proteins and more than the mean value for Troponin T and 
Creatine Kinase B-type in TM patients. Other studies are of interest, this study is not very 
extensive in number of subjects, and therefore a Western blot study is suggested to further 
analyze if the identified proteins are of interest as biomarkers for CWP. Western blot is 
suiting because it is a second tool to identify the proteins, as it uses antibodies against the 
proteins of interest. Also, western blot can quantify protein levels, making it a good tool to 
validate the results of this work (Galustian, 2013). The high standard deviations indicate high 
differences in expression between subjects in each group, which strongly suggests that these 
proteins would not be suitable for diagnosing CWP, at least not without a combination of 
them. However, they can still be involved in the pain of CWP. 
 
If other studies can confirm that one or more of desmin, CKB, HSPB1 and slow skeletal 
muscle troponin T is expressed in lower levels in subjects with CWP and pain in the trapezius 
muscle than in healthy controls, it is possible that one, or more, of them is responsible for the 
pain or indirectly responsible for the pain by affecting intracellular mechanisms. In the earlier 
mentioned study by Olausson et. al., 2012, they found that another creatine kinase, the M-type 
had higher levels in trapezius myalgia than in healthy controls. Hadrevi et. al., 2013, found in 
their study that another heat shock protein, heat shock protein 70 kDa was upregulated in 
trapezius myalgia. Also, desmin was found to be upregulated, which is the contradictory to 
the results in this study. However, CWP and TM are not the same condition, and the result 
from this comparison even suggests that CWP and TM differ on a proteomic level. 
 
To determine if and how the identified proteins are responsible for the pain is difficult. A few 
proposals of methods to discover new parts of the puzzle are the use of knockout mice and 
transgenic mice to study if the level of expression of any of the proteins with lower expression 
in CWP than in healthy controls correlates with the pain severity, which was not taken into 
account in this study. 
 
Knockout mice have been used to study pain perception (Mobarakeh et. al., 2000) and 
possibly this approach could also be used to study the four biomarker candidate proteins 
identified in this study, given that they are not vital for the mouse to survive. As the CWP 
group has less of the identified proteins, a knock-out approach would be preferable to see how 
a zero level of each of the identified proteins would affect pain development. The gene for 
each of the identified proteins could also be inserted in transgenic mice to analyze if there is 
less pain. There is an ethical issue with the use of the knock-out approach as it could be 
painful for the mice. However, similar studies are often performed to investigate oncogenic 
properties of proteins (Hu et. al., 2013), which also unfortunately can be painful. 
 
It could be investigated if the expression levels of these proteins correlate with the pain of 
CWP by dividing CWP patients into groups depending on pain severity. However there is an 
uncertainty with grading pain without being able to measure it objectively. 
 
If one of the proteins turns out to be responsible for the pain, there is a lot of research needed 
to find the pathway responsible for the pain and to hopefully thereafter find inhibitors or 
activators of the reaction. 
 
In conclusion, five proteins have been identified, of which four are muscle proteins that 
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possibly are involved in, or even responsible for, the pain in the trapezius muscle in CWP 
patients. However, a confirmation of the identified proteins with a western blot is suggested, 
along with larger complementary studies. 
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Appendix 

A. Solutions 
Sample solution: 25 ml sample solution was made by mixing 13.5 g urea, 0.25 g DL-
Dithiothreitol, 0.5 mL Pharmalyte 3-10, 1 g CHAPS, 250 μl bromophenol blue and the 
remaining volume with Milli-Q H2O. 
Rehydration solution: The rehydration stock solution was made by mixing 9.6 g urea, 0.8 g 
CHAPS, a few grains of acid orange  and adding Milli-Q H2O to an end volume of 20 ml. The 
stock solution was then divided into 2 ml partitions and frozen in -20 C°. In each partition, 
right before use, 5.6 mg DL-Dithiothreitol and 10 μl IPG buffer, pH 3-10 NL was added. 
Equilibrium buffer: The equilibration buffer was made by mixing 175 g urea, 20 g Sodium 
Dodecyl Sulphate, 180 ml 85% glycerol, 50 ml 0.5 M Trizma-HCl pH 8.8 and filling the rest 
with Milli-Q H2O up to 500 ml. 
Electrophoresis buffer (10xSDS): The electrophoresis buffer made by solving 30.25 g Tris, 
141.1 g glycine and 10 g Sodium Dodecyl Sulphate in Milli-Q H2O, with an end volume of 
1000 ml. 
Agarose solution: The agarose solution was made by solving 0,125 g agarose in 25 ml 
electrophoresis buffer, ten-fold diluted with Milli-Q H2O.right before use, the solution was 
heated so that the agarose was solved, thereafter 350 μl bromophenol blue was added. 
Silver fix: The silver fix solution was composed of 50 % Methanol, 45 % Milli-Q H2O and 5 
% Acetic acid. 
Development solution: The development solution was made by solving 90 g of Sodium 
carbonate decahydrate in Milli-Q H2O with an end volume of 4.5 l. 
Stop solution: The stop solution was made by solving 10.5 g Glycine in Milli-Q H2O with an 
end volume of 2.1 l. 
Ammonium bicarbonate: 50 mM ammonium bicarbonate was made by solving 395 mg 
ammonium bicarbonate in 100 ml Milli-Q H2O. 
Acetonitrile and TFA solutions: Acetonitrile  (ACN), and trifluoroacetic acid (TFA), was 
used to make 50 % ACN/ 5 % TFA, 50 % ACN/ 0.1 % TFA, 70 % ACN/ 0.3 % TFA and 0.1 
% TFA solutions. 
Matrix solution: 30 mg matrix, dihydroxybenzoic acid (DHB), was solved in 300 μl of 70 % 
acetonitrile/ 0.3 % TFA. 
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B. Search results from mass spectra 

Desmin 

Protein 
Hit 

Number 

MOWSE 
Score 

# pep 
# mat 

% mat 
66 pks 

% 
Cov 

% 
TIC 

Mean 
Err 
ppm 

Data 
Tol 

ppm 

# Hom 
Prot 

MS-
Digest 

Index # 

Protein 
MW 

(Da)/pI 

Accession 
# 

Species Protein Name 

1 5.55e+14 28/28/42 53.8 42.4 -8.31 46.9 1 93824 53536/5.2 P17661 HUMAN Desmin 

2 29310 8/8/12 13.6 12.1 20.8 41.4 No 201310 83873/5.9 Q9UK32 
HUMAN Ribosomal protein S6 kinase alpha-6 

3 22974 12/11/17 12.6 16.7 -3.09 56.8 No 155326 102400/8.3 Q7Z2K8 HUMAN 
G protein-regulated inducer of neurite 
outgrowth 1 

4 4452 7/6/9 8.2 10.6 -2.16 72.7 No 283349 103299/5.2 Q9Y5I1 HUMAN Protocadherin alpha-11 

5 2196 7/7/11 4.8 10.6 -2.67 69.7 No 423429 121906/8.3 O60264 
HUMAN 

SWI/SNF-related matrix-associated actin-
dependent regulator of chromatin subfamily 
A member 5 

6 1721 6/6/9 9.0 9.1 -1.53 54.9 No 444285 87799/6.7 P47897 HUMAN Glutamine--tRNA ligase 

7 1529 8/8/12 8.0 12.1 0.182 56.9 No 425580 84026/6.2 P35711 HUMAN Transcription factor SOX-5 

8 1285 10/9/14 9.5 13.6 -18.5 52.4 No 52292 102012/6.3 Q5BJE1 
HUMAN Coiled-coil domain-containing protein 178 

10 1189 8/8/12 8.8 12.1 -5.23 63.4 No 539221 92034/9.1 Q86WZ6 
HUMAN Zinc finger protein 227 

Creatine Kinase B-type 

Protein 
Hit 

Number 

MOWSE 
Score 

# pep 
# mat 

% mat 
55 pks 

% 
Cov 

% 
TIC 

Mean 
Err 
ppm 

Data 
Tol 

ppm 

# Hom 
Prot 

MS-Digest 
Index # 

Protein MW 
(Da)/pI 

Accession 
# 

Species Protein Name 

1 145576 11/10/18 33.9 20.0 -2.30 47.5 No 196399 42645/5.3 P12277 HUMAN Creatine kinase B-type 

2 14776 7/7/13 10.3 12.7 -1.14 45.8 No 540479 88830/5.9 O43264 HUMAN Centromere/kinetochore protein zw10 homolog 

3 13943 10/8/15 10.4 18.2 0.918 42.2 No 274586 116672/5.8 O75665 
HUMAN Oral-facial-digital syndrome 1 protein 

4 4694 8/7/13 16.6 12.7 -20.4 41.9 No 56534 81345/5.8 Q96MT8 
HUMAN Centrosomal protein of 63 kDa 

5 2436 9/8/15 10.6 14.5 -5.92 61.4 No 19359 94223/6.9 O15033 HUMAN Apoptosis-resistant E3 ubiquitin protein ligase 1 

6 2246 8/7/13 15.6 14.5 7.35 70.6 No 199961 68935/6.7 Q9H0B6 HUMAN Kinesin light chain 2 

7 1927 7/6/11 17.7 10.9 19.4 61.0 No 76144 41214/8.6 P19784 
HUMAN Casein kinase II subunit alpha' 

8 1772 4/4/7 7.8 7.3 -1.37 65.5 No 124722 103586/6.5 Q86XK2 
HUMAN F-box only protein 11 

9 1415 9/8/15 8.3 14.5 -2.79 66.7 No 52292 102012/6.3 Q5BJE1 
HUMAN Coiled-coil domain-containing protein 178 

10 1178 6/6/11 12.4 10.9 23.9 44.9 No 419858 58849/5.3 Q12874 HUMAN Splicing factor 3A subunit 3 

Serum Albumin 

Protein 
Hit 

Number 

MOWSE 
Score 

# pep 
# mat 

% mat 
75 pks 

% 
Cov 

% 
TIC 

Mean 
Err 
ppm 

Data 
Tol 

ppm 

# Hom 
Prot 

MS-Digest 
Index # 

Protein MW 
(Da)/pI 

Accession 
# 

Species Protein Name 

1 1.57e+16 32/30/40 49.3 40.0 -2.62 36.0 No 12318 69367/5.9 P02768 
HUMAN Serum albumin 

2 42558 10/10/13 11.4 13.3 12.2 61.7 No 429205 100667/5.7 Q9BXP5 
HUMAN Serrate RNA effector molecule homolog 

3 18494 7/6/8 21.2 8.0 -9.05 49.0 No 144316 24464/8.2 P0DJR0 
HUMAN GTPase IMAP family member GIMD1 

4 6301 9/9/12 7.0 12.0 -9.64 69.8 No 253552 115731/8.5 Q9H0A0 HUMAN N-acetyltransferase 10 

5 5624 11/10/13 11.8 13.3 -5.01 65.9 No 199338 102282/9.1 Q8NI77 HUMAN Kinesin-like protein KIF18A 

6 5411 9/9/12 15.4 12.0 7.03 50.0 No 40353 78847/8.3 P41182 
HUMAN B-cell lymphoma 6 protein 

7 4953 6/6/8 10.5 8.0 8.73 73.8 No 59132 82389/9.2 Q6NUI6 
HUMAN Chondroadherin-like protein 

8 4781 6/6/8 17.9 8.0 -11.5 63.8 No 299701 49904/7.5 Q03181 
HUMAN Peroxisome proliferator-activated receptor delta 

9 4327 9/9/12 9.1 12.0 7.36 62.5 No 459968 122843/4.9 P82094 HUMAN TATA element modulatory factor 

10 3995 8/8/11 7.9 10.7 -1.56 60.9 No 102544 107963/5.8 Q13474 HUMAN Dystrophin-related protein 2 
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Heat Shock Protein beta-1 

Protein 
Hit 

Number 

MOWSE 
Score 

# pep 
# mat 
% mat 
57 pks 

% 
Cov 

% 
TIC 

Mean 
Err 
ppm 

Data 
Tol 

ppm 

# Hom 
Prot 

MS-Digest 
Index # 

Protein MW 
(Da)/pI 

Accession 
# 

Species Protein Name 

1 341346 8/8/14 37.6 14.0 -10.3 44.0 No 176731 22783/6.0 P04792 HUMAN Heat shock protein beta-1 

2 7138 6/5/9 8.0 8.8 -2.32 32.0 No 475234 123099/8.5 Q7Z3V4 HUMAN Ubiquitin-protein ligase E3B 

3 2562 7/7/12 7.5 12.3 -22.8 42.3 No 70123 115222/8.6 Q14993 
HUMAN Collagen alpha-1(XIX) chain 

4 2495 7/7/12 8.9 12.3 1.72 58.2 No 51765 104195/9.1 Q5U5Z8 
HUMAN Cytosolic carboxypeptidase 2 

5 1771 5/5/9 8.4 8.8 19.5 65.5 No 155388 85401/5.8 Q3KR37 
HUMAN GRAM domain-containing protein 1B 

6 1515 9/8/14 11.7 14.0 1.85 60.1 No 335990 121287/7.3 Q9C0H5 HUMAN Rho GTPase-activating protein 39 

7 1412 5/5/9 30.6 8.8 1.17 60.0 No 120485 19733/8.6 Q6UWF9 HUMAN Protein FAM180A 

8 1223 5/5/9 9.6 8.8 12.9 61.4 No 418653 83122/9.2 Q13214 
HUMAN Semaphorin-3B 

9 1067 5/5/9 11.0 8.8 27.6 40.0 No 278913 95083/5.3 Q68DD2 
HUMAN Cytosolic phospholipase A2 zeta 

10 907 6/5/9 9.0 10.5 -11.4 54.9 No 274586 116672/5.8 O75665 
HUMAN Oral-facial-digital syndrome 1 protein 

Troponin T, slow skeletal muscle 

Protein 
Hit 

Number 

MOWSE 
Score 

# pep 
# mat 

% mat 
67 pks 

% 
Cov 

% 
TIC 

Mean 
Err 
ppm 

Data 
Tol 

ppm 

# Hom 
Prot 

MS-Digest 
Index # 

Protein MW 
(Da)/pI 

Accession 
# 

Species Protein Name 

1 1.94e+8 13/13/19 38.1 19.4 2.16 46.7 No 460543 32948/5.9 P13805 HUMAN Troponin T, slow skeletal muscle 

2 85816 6/6/9 6.9 9.0 -29.3 22.0 No 53839 48338/7.1 P14635 
HUMAN G2/mitotic-specific cyclin-B1 

3 80428 8/8/12 16.0 11.9 5.31 30.8 No 121036 71006/5.4 Q8NAN2 
HUMAN Protein FAM73A 

4 29510 6/6/9 9.3 9.0 -3.07 25.8 No 444285 87799/6.7 P47897 
HUMAN Glutamine--tRNA ligase 

5 14224 7/7/10 12.9 10.4 -0.437 65.3 No 106938 79496/9.2 Q08426 HUMAN Peroxisomal bifunctional enzyme 

6 14170 9/9/13 12.6 13.4 -14.5 30.7 No 21465 87500/5.8 Q15052 HUMAN Rho guanine nucleotide exchange factor 6 

7 12799 12/10/15 15.8 16.4 2.87 54.1 No 274586 116672/5.8 O75665 
HUMAN Oral-facial-digital syndrome 1 protein 

8 10830 7/7/10 8.7 10.4 11.7 69.3 No 10359 86432/6.4 Q8TED9 
HUMAN Actin filament-associated protein 1-like 1 

9 9686 10/9/13 16.6 14.9 -12.5 58.2 No 222207 96559/6.3 P33991 HUMAN DNA replication licensing factor MCM4 

10 6242 12/12/18 13.0 17.9 14.6 48.3 No 78659 87681/8.3 Q13619 HUMAN Cullin-4A 

Spot 6 

Protein 
Hit 

Number 

MOWSE 
Score 

# pep 
# mat 
% mat 
66 pks 

% 
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% 
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Err 
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Data 
Tol 
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# 
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MS-
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Protein 
MW 

(Da)/pI 

Accession 
# 

Species Protein Name 

1 7935 6/6/9 11.9 9.1 -3.66 65.3 No 463387 74610/6.8 Q6Q0C0 
HUMAN E3 ubiquitin-protein ligase TRAF7 

2 6769 6/6/9 11.3 9.1 23.1 37.7 No 491329 91626/7.9 Q86VR7 
HUMAN 

V-set and immunoglobulin domain-containing 
protein 10-like 

3 2117 8/6/9 9.2 12.1 9.06 50.1 No 274586 116672/5.8 O75665 
HUMAN Oral-facial-digital syndrome 1 protein 

4 1738 7/7/11 13.1 10.6 -6.13 74.4 No 413422 77151/4.4 Q9P1V8 HUMAN Sterile alpha motif domain-containing protein 15 

5 1718 7/6/9 19.2 9.1 -3.10 42.9 No 131946 33310/9.3 Q6PIV2 HUMAN Forkhead box protein R1 

6 1621 8/7/11 10.0 10.6 6.19 47.8 No 324939 79372/6.4 Q9UJ41 
HUMAN Rab5 GDP/GTP exchange factor 

7 1513 6/6/9 5.4 9.1 -12.9 64.4 No 296362 105831/6.2 P54277 
HUMAN PMS1 protein homolog 1 

8 1345 5/4/6 5.9 6.1 -6.92 23.4 No 475234 123099/8.5 Q7Z3V4 HUMAN Ubiquitin-protein ligase E3B 

9 1320 5/5/8 11.3 7.6 9.94 36.6 No 54936 71656/5.5 Q13042 
HUMAN Cell division cycle protein 16 homolog 

 
  



28 
 

Spot 7 

Protein 
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MOWSE 
Score 
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% mat 
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% 
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# 
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Index # 
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MW 

(Da)/pI 
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# 

Species Protein Name 

1 2388 6/6/11 12.4 11.1 -17.3 49.8 No 111669 61176/6.3 Q9H223 
HUMAN EH domain-containing protein 4 

2 2001 7/5/9 11.9 9.3 -12.1 45.5 No 324573 102968/8.4 Q9Y620 HUMAN DNA repair and recombination protein RAD54B 

3 1741 6/6/11 11.2 11.1 0.514 53.0 No 126296 94639/6.7 P16591 HUMAN Tyrosine-protein kinase Fer 

4 1414 6/6/11 8.2 11.1 10.3 56.3 No 293582 122763/6.7 P42338 
HUMAN 

Phosphatidylinositol 4,5-bisphosphate 3-kinase 
catalytic subunit beta isoform 

5 1129 7/6/11 10.2 11.1 14.4 48.7 No 55901 104449/7.5 O60308 HUMAN Centrosomal protein of 104 kDa 

6 946 8/8/15 10.8 14.8 16.9 57.5 No 51765 104195/9.1 Q5U5Z8 HUMAN Cytosolic carboxypeptidase 2 

7 695 8/6/11 17.7 11.1 -4.10 67.2 No 327706 48565/10.1 P42696 
HUMAN RNA-binding protein 34 

8 646 5/5/9 8.2 9.3 -13.5 43.9 No 261016 73604/9.5 Q14978 
HUMAN Nucleolar and coiled-body phosphoprotein 1 

9 514 5/5/9 7.7 9.3 -19.6 46.8 No 293701 117444/6.1 Q9Y4G2 HUMAN 
Pleckstrin homology domain-containing family M 
member 1 

10 483 4/4/7 16.8 7.4 2.72 81.0 No 224928 34190/6.1 Q5VYS4 HUMAN Mesenteric estrogen-dependent adipogenesis protein 

Spot 7 – silver gel 

Protein 
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MOWSE 
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MW 
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# 

Species Protein Name 

1 10730 4/4/7 5.6 7.3 2.48 65.8 No 119246 86846/5.8 O60645 
HUMAN Exocyst complex component 3 

2 3855 7/5/9 7.4 12.7 6.96 42.5 No 274586 116672/5.8 O75665 
HUMAN Oral-facial-digital syndrome 1 protein 

3 2349 5/5/9 6.5 9.1 -8.78 65.2 No 460242 98847/9.0 Q8IUR5 HUMAN 
Transmembrane and TPR repeat-containing 
protein 1 

4 1369 5/5/9 16.5 9.1 -0.544 58.7 No 428999 55705/8.9 P61011 
HUMAN Signal recognition particle 54 kDa protein 

5 1111 6/4/7 9.8 7.3 -13.7 47.2 No 324573 102968/8.4 Q9Y620 
HUMAN DNA repair and recombination protein RAD54B 

6 900 6/5/9 9.1 9.1 0.273 49.7 No 66440 112884/5.9 Q9P232 HUMAN Contactin-3 

7 584 4/4/7 7.6 7.3 -1.57 64.0 No 72778 109564/6.8 Q7Z3J2 HUMAN UPF0505 protein C16orf62 

8 551 4/4/7 9.4 7.3 -5.27 41.6 No 463387 74610/6.8 Q6Q0C0 HUMAN E3 ubiquitin-protein ligase TRAF7 

9 523 4/4/7 10.8 7.3 22.7 28.9 No 377771 60671/8.3 P10155 
HUMAN 60 kDa SS-A/Ro ribonucleoprotein 

10 519 4/4/7 9.1 7.3 -5.22 41.8 No 111669 61176/6.3 Q9H223 
HUMAN EH domain-containing protein 4 

 


