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Abstract 
In this thesis we look for potential chronic inflammation biomarkers because 

studies have shown that farmers with musculoskeletal disorders might be 

affected by the environment to develop musculoskeletal disorders. Animal 

farmers are highly exposed to dust, aerosols, molds and other toxins in the air 

and environment leading to musculoskeletal disorders, respiratory disorders, 

airway symptoms and febrile reactions. There is reason to believe that the 

farmers have a constant or chronic inflammation that develops into 

musculoskeletal disorders. 

By using a proteomic approach with Two-dimensional Gel Electrophoresis and 

silver staining our goal was to find biomarkers by quantifying protein spots that 

differ significantly from farmers with musculoskeletal disorders compared to rural 

controls.  

In our study we found 8 significant proteins, two from Alpha-2-HS-glycoprotein, 

one from Apolipoprotein A1, three from Haptoglobin, one from Hemopexin and 1 

from Antithrombin.  

All 5 proteins are involved in inflammation response in some way and some 

proteins are linked to chronic inflammation. Out of the 5 proteins Alpha-2-HS-

glycoprotein, Apolipoprotein A1 and Hemopexin seem like the most likely 

proteins to investigate further as potential inflammation biomarkers.
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Abstract 

In this thesis we look for potential chronic inflammation biomarkers because studies have shown that 
farmers with musculoskeletal disorders might be affected by the environment to develop 
musculoskeletal disorders. Animal farmers are highly exposed to dust, aerosols, molds and other toxins 
in the air and environment leading to musculoskeletal disorders, respiratory disorders, airway symptoms 

and febrile reactions. There is reason to believe that the farmers have a constant or chronic 

inflammation that develops into musculoskeletal disorders. By using a proteomic approach with Two-
dimensional Gel Electrophoresis and silver staining our goal was to find biomarkers by quantifying 
protein spots that differ significantly from farmers with musculoskeletal disorders compared to rural 
controls. In our study we found 8 significant proteins, two from Alpha-2-HS-glycoprotein, one from 
Apolipoprotein A1, three from Haptoglobin, one from Hemopexin and 1 from Antithrombin. 
All 5 proteins are involved in inflammation response in some way and some proteins are linked to 

chronic inflammation. Out of the 5 proteins Alpha-2-HS-glycoprotein, Apolipoprotein A1 
and Hemopexin seem like the most likely proteins to investigate further as potential 
inflammation biomarkers. 
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Terms and definitions 
Salutogenic 

Looking at factors that cause and obtain health. 

Acute-phase response 

An acute inflammatory response that involves non-antibody proteins whose 

concentrations in the plasma increase in response to infection or injury of homeothermic 

animals. 

 

Acute-phase protein 

A protein that starts its synthesis when an inflammation has occurred. 

 

Zwitterionic 

A neutral molecule with a positive and negative electric charge. 

 

Biomarker 

A biochemical, genetic, or unique molecule or substance that is an indicator of a 

biological condition/disease or process. We are looking for a molecular biomarker. 

 

Median cubital vein 

It´s a superficial vein in the upper limbs 
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Abbreviations 

FAJ = (Frisk av jobbet) Healthy through work 

IEF = Isoelectric focusing 

 
SBU = Statens beredning för medicinsk utvärdering 

Swedish Council on Health Technology Assessment 

MSD´s = Musculoskeletal disorders 

APS = Ammonium Persulfate 

TEMED = Tetramethylethylenediamine 

SEC = Size Exclusion chromatography 

2DGE = Two Dimensional Gel Electrophoresis 

IPG = Immobilized pH Gradient 

MW = Molecular Weight 

CHAPS = 3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate 

DTT = Dithiothreitol 

AC= Affinity Chromatography 

HSA= Human Serum Albumin 

HAP= High Abundant Proteins 

MAP = Medium Abundant Proteins 

LAP= Low Abundant Proteins 

PTM = Post translational modifications 

RA = Rheumatoid Arthritis  

AHSG = Alpha-2-HS-glycoprotein 

APOA1 = Apolipoprotein A1 

HP = Haptoglobin 

HPX = Hemopexin 

AIII = Antithrombin (III) 

VitD = Vitamin D binding protein
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Chapter 1 

Introduction 

1.1 Background 

It has been known for some time (Thelin A et al, 1991) that farmers are healthier, in 

general, then urbanites. They have a lower risk for cardiovascular disease, mental illness, 

cancer and generally have low morbidity and mortality. But at the same time they have 

increased risk for respiratory and musculoskeletal disorders (MSD´s). (Holmberg S et al, 

2003) 

MSD´s are a huge problem in today’s society. About half of the reported work injuries in 

Sweden today are from diseases in MSD´s (SBU, 2012). MSD´s affects both the 

individual and the society in a negative way. The individual often has pain, reduced work 

ability, long term sick leave, which often leads to early retirement. This in turn leads to 

large societal costs. 

In SBU´s research report (SBU, 2012) they showed proof that work related factors do 

cause diseases in muscles and joints in certain areas that lead to pain and discomfort. 

Several factors are related to workplaces with heavy lifting or high physical workload. 

Farmers have one of the most labor intensive workplaces in Sweden and MSD´s are 

more common with farmers compared to other workplaces in Sweden. (Thelin N et al, 

2009). But there is still a lot of research pointing towards different factors effecting 

muscle and joint pains, the three largest ones (SBU, 2012) being psychological, 

psychosocial factors and environmental factors. 

These factors have become more investigated during the last few years, including this 

project with focus on the environmental. But all areas need to be researched deeper 

because it is most probable that all factors contribute in causing MSD´s.  

Most undeveloped countries still have, for the most part, labor intensive jobs with poor 

work environments. A better understanding on how the environmental factors cause 

MSD´s to arise might help undeveloped countries to work against the 

inflammation/diseases and giving them options to recover so they can be able to work. 

Studies from the FAJ project group (Holmberg S, diss. 2004), a prospective study of 

health risks and health promoting factors among Swedish farmers and control subjects, 

presented results of Swedish male farmers having more MSD´s in several parts of their 

body then the rural males. Physical work exposure was correlated to some areas of pain 

but hip and low back pain could not be fully explained with physical work exposure and 

psychosocial factors. Leaving them to think environmental factors could be a possible 

reason. Building on that fact, farmers are highly exposed to dust, aerosols, molds and 

other toxins in the air leading to respiratory disorders, airway symptoms and febrile 

reactions.  

  



2 
 

This knowledge supports the idea of the immune system being involved in MSD´s though 

the mechanism behind inflammatory pain is not yet fully understood. According to 

Holmberg et al (Holmberg S et al, 2005) the covariance between complaint from back 

pain and disorders from airways and digestive tract indicate the presence of more 

systemic inflammation and point to the possibility that farmers inflammatory signs can be 

traced in blood plasma. 

Farmers working with animal husbandry are exposed to a higher degree of toxins than 

other types of farmers which makes the farmers working with animals to suitable 

subjects in finding inflammatory signals in the body. 

One article showed that farmers with animals had significantly increased risk for hip 

osteoarthritis (Thelin A et al, 2004). In my master thesis we build on the facts from 

Thelin´s work and a pilot study that has been done at Occupational and environmental 

medicine by looking to find inflammatory biomarkers in the blood plasma from farmers 

working with animals. 

 

1.2 FAJ-project 

Frisk Av Jobbet (FAJ) or Health through work project (FAJ project) was a cohort study on 

farmers and rural inhabitants. It was initiated because farmers seemed to be healthier 

then urbanites with lower morbidity and mortality. So to study their salutogenic 

properties they started the FAJ project in 1989. 

Only males were in their published study because they couldn’t prove any differences in 

health between rural women and urban women. The males showed a difference between 

rural and urban men, but had difficulties to prove what the salutogenic properties were. 

So they started examining farmers in 1990/91. The males were born around 1930-49 

and were situated in 9 different rural municipalities in Sweden. The urban males were 

matched with the male farmers in several categories. Important was to find urbanities so 

they could match the farmers within close range to each other. They wanted the 

environment to be as similar as possible to minimize other environment effects. For 

example southern Sweden and northern Sweden have different sun hours and weather 

conditions etc. Several factors went into determining the farmers and urban references. 

A lot of information was collected on the farmers and urbanities daily lives. For example 

what they worked with, food habits, diseases, social properties, physical properties, 

pulmonary properties, MSD´s, psychosocial properties and more. They did a follow up 

examination 02/03 increasing the database and a total of 1405 people participated at 

both times. 

The cross-sectional population study showed that farmers had high consumption of 

healthcare for MSD´s. The results Fig 1 were interesting because it clearly illustrated 

what areas that needed to be investigated for the health benefit of farmers. But also 

gave a strong indication that farmers were healthier than urbanites. More research went 

into both trying to figure out why MSD´s were so prevalent in farmers and why they 

were healthier than urbanities.  

A great deal of research has been published on why farmers are healthier then urbanites 

but the question why they are more prevalent to MSD´s is not yet fully understood. 
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FAJ project found some evidence in the study they associated with osteoarthritis. The 

relative risk for osteoarthritis was higher with famers working with animals and 

agricultural workers (Thelin A et al, 1997) compared to other occupations with high 

physical workload. The risk increased with number of years farming and especially 

coxarthrosis. Hinting towards both exposure over time to environment and heavy 

workload over time. 

They also found that farmers who worked with animals had significantly higher risk of 

developing hip joint osteoarthritis. In this study they also saw that work that wasn´t 

heavy work load or demanding physical work, points towards osteoarthritis. They believe 

it has to do with long term contact with animals and that cause immunological 

stimulation. (Thelin A et al, 2004) 

In the study on Lower back pain (Holmberg S et al, 2005), a cross-sectional population 

based study, they investigated what the factors might be other than physical workload, 

lifestyle and psychosocial. They found that work-related fever attacks were significant in 

farmers with lower back pain. Again they discuss they fact that farmers are frequently 

exposed to toxins and it has already been established that respiratory problems are 

common amongst farmers. But no research had been done to link work-related fever 

attacks with MSD´s.  

 

 

Fig 1. Register study from the FAJ-project 1991, showing healthcare consumption from male 

farmers and urban males in several categories. The relative risk is illustrated between the farmers 

and urbanities. 
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1.3 Bio bank 

The Bio bank was created from the FAJ project that was mentioned earlier. It contains 

blood plasma from male farmers and rural referents born around 1930-49. Not all but 

most of them gave blood, around 1700 people. It has data from every patient with 

several factors from their cross-sectional population based survey. 

The samples used in our project were farmers who had been highly exposed 02/03. That 

means that the farmers have one of the following conditions: 

 Farmer with 250 or more pigs (for slaughter) 

 Farmer with 20 sows or more 

 Farmer with 40 dairy cows or more 

They are considered highly exposed because they have been exposed to an environment 

that is filled with aerosols, toxins, dust and mold in the air around them. Depots with 

animals has the highest level of toxins compared to other farmers like crop farmers, this 

is confirmed. (Holmgberg S, et al 2005) (Thelin A et al, 2004) 

Furthermore to be classified as having a MSD in this bio bank the farmers answered a 

survey part about MSDs. In that survey they must have answered yes in minimum of 2 

questions related to MSD´s out of a total of 8. We do not take into consideration the 

level or amount of questions answered yes to MSD´s. Only that they have MSD (a 

minimum of 2 questions answered yes). (Appendix A) 

The control group was a rural population that was area matched against the farmers. We 

later learned that information about the controls health status is not in the database but 

can be collected.  

The Blood was taken from the farmers by experienced nurses with an EDTA tube and 

centrifuged. The supernatant or blood plasma was transferred to another tube and then 

stored in -20 and later on -70 freezer.  

The bio bank database was searched for samples with the criteria above and 28 samples 

were found that matched these criteria. 5 had already been analyzed in the pilot study. 

Some samples had already been prepared by organizing and portioning them. So we 

used those samples that were prepared first to minimize work with sample. 
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1.4 Pilot Project 

A pilot project investigated 25 rural referents and 25 farmer’s plasma with different 

health issues but with focus on respiratory problems and MSD´s. All samples were 

supplied from the FAJ-projects bio bank. They were looking for a systemic inflammation 

in the body that could be traced through blood plasma by using gel based proteomics. 

They found 54 protein isoforms that were significantly altered compared to the rural 

referents. Some of these were known for taking part in the inflammatory process. 

Especially interesting were the farmers with only MSD´s compared to the other health 

issues. 7 different protein biomarkers were found related to this disease process. But the 

patient sampling was a little low, 5 patients and 5 referents.  So they wanted to expand 

their patient sampling. My project builds on expanding the patient samples. 

Musculoskeletal disorders 

MSDs refer to a condition regarding the skeleton, nerves, muscles, tendons, ligaments, 

joint capsules, cartilage and spinal discs. MSDs include sprains, strains, tears, tendonitis, 

carpal tunnel syndrome (CTS), and hernia and many more. It does not include acute 

conditions like accidents and events that are very short termed. 
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2DGE Optimization 

2DGE as a technique has its limitations. Firstly the SDS-PAGE can only handle molecular 

weight at certain range. You can modify the pore size and get a max range of 100-

400kDa and the lowest is 5-50kDa in a homogenous gel. To get a larger spectrum a 

gradient gel can be used. The maximum resolution is a 4-20% gradient gel that gives 5-

300kDa range. An 11-18% gradient gel have been optimized and used in previous test so 

this gradient will also be used in our project for comparison. It has a range of around 10-

250kDa. Proteins larger then 250kDa doesn´t get separated in the gel and we miss the 

smallest proteins that are less than 5kDa.  

Higher resolution can be achieved by increasing the size of the gel. The largest 

commercial gel to date is around 26*24cm. Our optimized gel was 24*18cm. This is 

limited to the machines we have. First dimension with IPG strips have also been 

optimized in the lab to 18cm strips so this was also used but 24cm IPG strips can be 

bought for the largest gels. 

You can increase resolution by choosing a first dimension pH interval that is small. But 

that has to be optimized depending on sample so you don’t miss any proteins of interest. 

We tried 2 different pI intervals pH 3-10 and pH 4-7. One wider to see all the proteins 

and one more focused. This was a qualified guess from earlier tries. 

In gels staining the proteins is another restriction and the most common staining 

methods have sensitivity of 1 nanogram. The best staining methods can reach 0.1 

nanogram sensitivity. So further then that can´t be reached as of now. 

Hydrophobic proteins are also something 2DGE is struggling to analyze in the gels. But 

through the years, several sample solutions with different compositions have been tried 

and optimized. CHAPS detergent is one that helps with some of the hydrophobic proteins 

to be solubilized but it does not solubilize them all. 

So we know that several hydrophobic proteins can´t be seen. But that is not the largest 

problem. In plasma there are theoretically millions of proteins with all PTMs. Sample 

complexity is another issue as plasma has 9 orders of magnitude in protein concentration 

(Schiess, R et al, 2009) That´s like having the largest protein to be 1000 ton stone and 

the smallest to be 1g diamond on a ring. So to access most of the HAP and MAP we need 

to reduce complexity. There are some ways to do this and we tried the 3 most common 

ones Fig 2. Narrow IPG, depletion and reducing the dynamic range. But they all come 

with advantages and disadvantages. 
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Narrow IPG Depletion 

Dynamic range 
reduction 

Resolution 
Improvement Yes No No 

Detection Novel 

species Yes Yes Yes 

Losses of species Precipitation Co-depletion LAP 

Incomplete Capture 

HAP 

Losses overall Yes Yes Yes 

Labor Intensity Large Small Small 

Sample Volume Small Small Large 

Applicability General 

Limited to same 

species General 

Sample pretreatment Yes No No 

Enhancement of LAP Yes little Yes little Yes 

Decrease HAP No Depletion Yes 

Fractionation 
possibility No 

Depletion and 
sample Yes 

 
Fig 2. Illustrates the 3 most common methods for reducing complexity in plasma. Narrow IPG 

which is 1D gel strip over a very small pH area pH 4-7 or even 4-5 for example. Depletion is 

removing specific proteins from a sample and dynamic range reduction is removing proteins by 

saturating protein binding sites in a peptide library and then eluting the excess proteins. The table 

shows advantages and disadvantages by comparing the techniques.  
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1.5 Aim 

My master thesis is divided in two parts. Firstly we aim to optimize our plasma 
samples for 2DGE by analyzing pH intervals and protein purification kits with the 

goal to increase the amount of proteins visible in our gel with a good resolution. 
Thus increasing our chances of finding biomarkers related to musculoskeletal 

disorders. 

 

The second part of my master thesis is to investigate for potential chronic 

inflammatory biomarkers in blood plasma by comparing farmers with 

musculoskeletal disorders and non-farmers from rural area with two-dimensional 

gel electrophoresis.  

 

General Approach 

We tried 2 different pH interval and a few protein purification kits to optimize 

blood plasma for 2DGE. The best suited interval and kits were chosen and used 

for the plasma samples. The samples were analyzed with 2DGE technique and 

stained with silver. The protein patterns from the 2D-gels were quantified using a 

CCD camera and software. Mann-Whitney equation was used to find significant 

spots from the quantification data. Significant up or down regulated proteins 

were identified by MALDI.  
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Chapter 2 

Theory 

2.1 Human Blood plasma 

Blood is the most commonly used body fluid for indication of a patient’s health. Blood 

plasma is around 55% of blood volume and circulates throughout the entire body and 

gives a good picture of the health or disease status of a patient. (Julia E Bandow et al, 

2009) Blood is easily accessible, fairly noninvasive and the most widely collected sample 

worldwide.  

 

Plasma is mostly water (~90%) and proteins (~8%) but also contains electrolytes, 

sugar, fats, vitamins, and carbon dioxide. These are all nourishments that plasma 

transports to the cells throughout the body. Plasma can also contain a lot of by-products 

from cellular damage and proteins diffused from different organs. Even foreign proteins 

can be present, for example bacteria and virus (Liumbruno G et al, 2010). Transporting 

is the main function of plasma but is also involved with the immune-system, coagulation, 

cell-signaling and more. 

 

Plasma has a lot of promise in disease diagnosis and therapeutic monitoring because 

plasma represents the largest and deepest human proteome present in any sample. 

(Anderson N.L et al, 2002) Discovering biomarkers in plasma would help to diagnose 

diseases early on and to check disease progression and healing process more accurately.  

Plasma process 

Human blood plasma is most often gained from median cubital vein in the arm. It’s 

tapped to a tube. The most common is EDTA tube that contains a powder that binds 

calcium ions irreversibly which inhibits coagulation. It is the best and strongest 

alternative to inhibit coagulation. An alternative is to use tubes with Heparin but it´s not 

as specific. 

The tube is left to cool for 15 min while shaking it lightly and then centrifuged for 10-15 

min at 2000-3000 x g.  This separates blood into 3 parts Fig 3. The supernatant is 

plasma that is portioned and stored at -20C or lower to preserve the proteins from 

degradation. 
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Plasma Protein Groups 

A few examples of plasma proteins (Anderson N.L et al, 2002) 

Proteins are mainly secreted by solid tissues like the liver and intestines. As the proteins 

circulate the body they all have different lifespan. The kidney has a cutoff filter of 

~45kDa. Proteins that are larger than 45kDa live longer generally.  

Immunoglobins or antibodies are a large family of proteins that circulates in the blood 

protecting from foreign objects or other agents in the body. 

Receptor ligands (long distance) are peptides and hormones controlling both fast and 

slow actions in the body.  

Receptor ligands (local) are cytokines and other mediators, are most often smaller 

then 45kDa and therefore short lifespan. 

Temporary passengers are often non-hormones with a receptor as an end destination. 

Tissue leakage products are proteins in cells that leak out from death or damage. 

These could be the Holy Grail for patients together with Aberrant Secretions that are 

proteins released from tumors and diseased tissues. The proteins would as diagnostic 

markers for cancer  

Foreign Proteins come from infectious organisms or parasites that are released into the 

circulation. 

 

Fig 3. The picture shows a blood sample that has 

been taken from the cubital vein with an EDTA 

tube and then centrifuged to separate blood 

components. 3 parts were visible. The dark red 

was erythrocytes, the thin white layer on top of 

the erythrocytes was the leukocytes and the 

yellow part is plasma.  
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2.2 Protein purification techniques 

Why blood plasma should be purified? 

 

There are several reasons why you want to prepare plasma. The most important reasons 

are firstly that plasma has very complex proteome and a very dynamic protein 

concentration range that varies from [mg/ml] to [pg/ml] or less. Blood plasma can 

contain around 10500 unique proteins (plasma proteome database 20130801) and 

millions with glycosylation’s and PTM´s. But plasma contains mostly of high-abundant 

proteins (HAP). Albumin and Immunoglobins (IgG) make up 60-80% of the total amount 

of protein in blood plasma. In a normal individual it varies from 60 to 80mg/ml. The 20 

most abundant proteins in plasma make up an overwhelming 98-99%. (Liumbruno G et 

al, 2010) Appendix B gives an overview of dynamic range of protein biomarkers.  

By removing these highly abundant proteins we decrease the protein concentration of a 

sample but gain more low abundant proteins (LAP) and a higher load of protein can be 

applied. The restrictions on how much protein you can load on 2DGE change because 

when you stain the gels Albumin and IgG will just take over and cover the too much of 

the gel. When Albumin and IgG is removed there will be less background noise. In 2D-

Gels Albumin and IgG cover big parts of the gel in both size and pH fig 4. When 

removed, proteins that are at their size and pH will be visible gaining more proteins. 

Protein identification is a problem that is made easier when removing high-abundant 

proteins. Background noise is reduced making it easier to get a confidant results.  

Several strategies have been developed over the years to overcome the dynamic range 

and finding the low-abundant proteins. Chromatography, immunoaffinty Subtraction, 

ultracentrifuge, precipitation and combinatorial peptide ligand library are the most 

common (Hoffman, S et al, 2007). They help gain in order of magnitude 102-103.  

A problem that arises when removing Albumin and IgG is that they are transporter 

proteins and bind many different proteins. So some proteins get lost in the purification as 

we wash the Albumin and IgG out. But the advantages of removing Albumin and IgG 

overcome the disadvantages. Also a control can be made by eluting the Albumin and IgG 

and running it on a 2D-gel to see what proteins are bound to Albumin and IgG.  
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Fig 4 illustrates a 2DGE separation where an IPG strip that has a pH range of 4-7 has been used. 
The sample that were separated was blood plasma  from a healthy human and in the picture we 

have highlighted Albumin and IgG  protein bands which covers a big part of the gel thus hiding 
other interesting proteins.  

 

2.3 Protein purification kits 

A large amount of protein purification kits exist and they vary in properties, price and 

who made them. Sadly almost no articles have compared kits against each other in a 

thorough study and I found none that compared kits on blood plasma. Only a few articles 

compared different strategies. We tried 3 common kits and one that had gotten great 

reviews. 

Size exclusion chromatography (SEC) 

SEC also known as gel filtration is used for size based separation of macromolecules. A 

column is used packed with gel filtration medium fig 5. The medium is a porous matrix 

of spherical particles that is inert and physically and chemically stable. 

Size separation is to remove small molecules like salt and free labels from a group of 

larger molecules. Molecules will try to access the pore volume depending on size. Big 

molecules won’t be able to enter the porous gel and will be eluted first. Intermediate and 

small molecules will enter the pores and be eluted with descending molecular weight fig 

6. But really small impurities like salt will permeate the porous gel and elute with one 

column volume (Vc) (GE, Gel filtration, Principles and Methods) 
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Fig 5. The picture illustrates the gel filtration medium in in common SEC column. The porous 

matrix with spherical particles is used to separate different size molecules. [Taken from GE 
HealthCare’s Handbook Gel filtration, Principles and Methods] 

 
Fig 6. The figure illustrates SEC elution scheme of different size molecules.  First to elute are the 

bigger molecules then ranging down to the smallest. [Taken from GE HealthCare’s Handbook Gel 

filtration, Principles and Methods] 

PD-10 Desalting Columns 

Because the first dimension in 2DGE is very sensitive to high salt concentrations in buffer 

and sample. The proteins might not migrate correctly to their respective isoelectric point. 

This can lead to faulty positioning in the gel. Desalting the sample can improve 

performance tremendously.  

PD-10 columns contains Sephadex G-25 medium and uses SEC. PD-10 has a nominal 

exclusion limit of 5000 Da which is great because gradient 2D-gels cannot generally see 

proteins below 5kDa. Buffer exchange is also possible to improve environment for the 

proteins or for future analysis. In our case we change to a volatile buffer to help our 

lyophilization. 
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Affinity Chromatography 

Affinity Chromatography in general separates proteins with a ligand attached to a 

chromatography matrix by a spacer arm, the interaction with the ligand is reversible. 

When the sample enters the column the target protein binds the ligand reversibly. While 

unbound protein(s) is washed out from the column and analyzed for further 

experimentation. The bound proteins can be eluted with, for example pH change, ionic 

strength or polarity (GE, Affinity Chromatography). 

Affinity-based protein depletion or immunosubtraction is when ligands are bound to a 

medium and the ligands have a high specificity against certain protein(s) in a complex 

protein solution.  Methods to remove Albumin and IgG, at this time, are antibodies or dye 

based molecules as ligands. Two kits will be evaluated here. 

Immunoglobins 

Antibodies or Immunoglobins are well known and I will give a brief explanation about 

them. As mentioned before they are a large family of proteins that circulates in the blood 

protecting from foreign objects or other agents in the body. Immunoglubins are 

glycoproteins and take up around 20% of the human plasma in mass. There are 5 major 

groups of Immunoglobins: IgG, IgM, IgA, IgD, and IgE, table 1. IgG is the most 

common one and account for about 75% of the total immunoglobins in plasma and IgG is 

divided in 4 subclasses 1 to 4 and around 50% is IgG1 (GE, Antibody purification). 

Albumin  

Albumin is the most abundant protein in human blood plasma. Around 60% of the total 

protein mass with approximately 35-50mg/ml present (Anderson N.L et al, 2002) 

Albumin is a monomeric multi-domain macromolecule with a molecular weight of 

66.5kDa and controls most of the colloid osmotic pressure which pulls water into the 

circulatory system. Albumin is also excellent at binding and transporting other molecules 

like metabolites, fatty acids, hormones, and drugs (Fanali, G et al, 2012). 

 

Table 1, the table shows human IgG properties.  [Taken from GE Healthcare Handbook Antibody 

purification] 
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Aurum™ Serum Protein Mini Kit 

Aurum kit is an Albumin and IgG Depletion technique that has been around for some 

time. It’s contains Affi-Gel® Blue and Affi-Gel protein A. Affi-Gel Blue is an affinity based 

gel that is beaded with cross linked agaraose with covalently attached Cibacron Blue 

F3GA dye fig 7. It binds approximately 11mg/ml albumin. It has been used for several 

separations and depletions of different plasma proteins (Gianazza, E et al, 1982). But this 

kit has been optimized to bind Albumin and IgG. 

Affi Gel protein A is also crosslinked to the agarose beads and comes from 

Staphylococcus Aureus with high specificity to the Fc region of IgG molecules.  

 

Fig 7. The figure shows Cibacron Blue F3GA dye that binds to Albumin. [Taken from Biorad bulletin 
1107] 

 

Albumin and IgG Depletion SpinTrap™ 
The spintrap contains a mixed chromatography medium that consists of highly cross-

linked agarose beads, 34um in size, with covalently immobilized affinity ligands. The first 

ligand is a single domain antibody fragment with specificity against HSA. The second 

ligand is from the IgG binding regions of Protein G, a cell surface protein of 

Streptococcus bacteria. It has specificity against human IgG1, IgG2, IgG3 and IgG4 (GE, 

Antibody purification). 
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Combinatorial Ligand Enrichment 

A new technique that has gained more attention during the last few years is based on 

solid phase combinatorial ligand libraries. The technique uses solid phase affinity 

adsorption and the libraries are created by using a modified Merrifield approach that 

gives millions of unique peptide copies on a single bead. (Boschetti, E et al, 2008) 

They are researching the length of the peptides but at this moment hexapeptide libraries 

are used for capturing and concentrating proteins. This is done by having a finite amount 

of binding spots. Each variant of hexapeptide can bind to a protein. When all of those 

binding spots are saturated with its protein they are then washed away fig 8.  

Therefore high abundant proteins (HAP) rapidly saturates their spot leaving numerous 

unbound and LAP completely binds leading to concentration of LAP. So after washing the 

unbound proteins we are left with a sample that is defined whether how many proteins 

have an affinity ligand. The ultimate goal of this technique is a sample with unchanged 

diversity and similar concentration of all proteins. Any complex biological sample can use 

this, but optimization is needed. 

Proteominer 

Proteominer have been designed and optimized for plasma and serum samples. The 

hexapeptides are covalently attached by the C-terminus to porous polymethacrylate 

beads. They use 16 amino acids for the library creating 16.7 million different peptide 

combinations (Righetti, P. G et al, 2010) The “split-couple-recombine” synthesis is used 

to create the library on the beads. In the picture below fig 8 you can see the workflow 

for proteominer.  

 

 
Fig 8. Illustrating the Proteominer workflow. Sample is applied and proteins bind to their respective 

target which is the Proteominer beads. Proteins that are more than the others saturate their 

binding target leaving several proteins unbound. Proteins with low amount find their target leaving 

few unbound. Unbound proteins are washed away. Eluting bound proteins gives an end result with 

a more even number of proteins of every kind (Taken from Biorad Bulletin_5635B). 
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2.5 Protein Quantification 

Bradford assay 

Used for determining the concentration of solubilized proteins. Developed by Bradford in 

1976 (Bradford, M. M, 1976) using dye that binds to protein. Coomassie Brilliant Blue G-

250 an acidic dye that shifts from dark red in its original form (465nm) to blue when it 

binds to proteins (595nm). The mechanisms aren’t fully understood but it binds primarily 

to basic and aromatic amino acids. Because the protein-dye complex is stable over a 10-

fold concentration range, Beer´s law can be used to quantitate protein with a protein to 

dye ratio (Biorad protein assay manual) 

2D-Quant kit (GE Healthcare) 

This kit is used to measure protein concentration in a sample with detergents, 

reductants, chaotropes and carrier ampholytes. The end product of before IEF is often 

proteins in a sample solution with all these chemicals. Standard quantification assays 

can´t measure protein concentration because the chemicals above will disrupt the 

quantification. The kit quantitatively precipitates the proteins while leaving the interfering 

substances in solution. Then the proteins are treated with a copper solution that binds to 

the backbone of the proteins. The kit then uses a colorimetric agent which reacts with 

the unbound cupric ions. The protein concentration is inversely related to the color 

density. Optical absorbance is measured at 480nm (From GE Healthcare 2D Quant-kit) 

Lyophilization of proteins 

Freeze-drying is when a sample has been frozen to a temperature where fluid and solid 

phases coexist. So when under a vacuum it causes sublimation of the solvents. The 

protein sample gets concentrated and is easily stored as a protein powder. Also it makes 

it possible to change the buffer when reconstituting the proteins. 

Important for freezing proteins is that you freeze fast so no crystallization is created in 

sample because that will cause proteins to denaturize. Liquid nitrogen, dry ice with EtOH 

or in a -80C freezer is needed. A neutral pH 7 volatile buffer that is suited for the protein 

sample helps the freeze-drying.  

2.6 2D Gel Electrophoresis 

2DGE technique  

When Klose (Klose, J, 1975) and O´Farrell (O'Farrell, P. H, 1975) developed the high 

resolution 2 dimensional gel electrophoresis (2DGE) it revolutionized protein discovery 

and continued from 80s to the mid twentieth century. It still is one of the best techniques 

for studies on the high abundance and mid abundance protein range. One advantage is 

the visual aspect you get to see the proteins and to see all the PTM of the proteins. To be 

able to access to the deeper proteome a lot of different prefractionation techniques have 

been developed as we talked about above. 
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Some of the disadvantages of 2DGE that hasn´t been resolved is the gel only take in a 

minimum and maximum size of proteins. Often the range is 250kDa to 5kDa. But the gel 

can be modified to get the proteins of interest. Most proteins in the body is between 

5kDa-250kDa (Anderson N.L et al, 2002) (Schiess, R et al, 2009) Also hydrophobic 

proteins are rarely solubilized so most are lost in 2DE. There are certain ways to increase 

the hydrophobic proteins. This is mostly done in sample preparation, for example using a 

zwitterionic detergent to solubilize hydrophobic proteins easier. 

Sample preparation for 1-D 

Sample preparation is very important to the overall reproducibility and accuracy of 

protein expression analysis. (Rabilloud T, 1999) Without proper sample preparation, 

proteins may not separate from one another or may not be represented in the 2-DE 

pattern. 

We talked above about reducing complexity, interfering proteins and abundant proteins. 

As well as removing contaminants. A challenge is also to keep the proteins stable in 

solution during storage, IEF and SDS-PAGE. This is done by keeping the proteins 

solubilized in a sample solution containing Urea, CHAPS, and SDS, thus preventing 

protein aggregation, proteolysis, and protein modifications.  

First Dimension IEF 

Isoelectric focusing is the first dimension in 2-D Gel electrophoresis that separates 

proteins according to their isoelectric point (pI).  

Proteins are amphoteric molecules, meaning they can carry positive and/or negative side 

chains depending on the pH of their environment fig 9. For every protein, there is a 

specific pH at which its net charge is zero or its pI. 

 
Fig 9. The relationship between pH and pI in IEF, the proteins move towards their zero 

charge state, so if the pH is lower or higher the net charge of the entire proteins 

sidechains will be positive or negative thus moving towards its zero state (taken from 

Biorad bulletin 2651). 
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When a protein is placed in a medium with a pH gradient and subjected to an electric 

field, it will initially move toward the electrode with the opposite charge. During 

migration through the pH gradient, the protein will either pick up or lose protons. As it 

migrates, its net charge and mobility will decrease and the protein will slow down until 

finally reaching net charge zero as it takes a stop fig 10. 

 

 

Fig 10. IEF showing that from the start (above) proteins with the same pI is all over the IPG strip, 

but when an electric field is applied the proteins migrate towards their common pI where the stop. 

[Taken from Biorad bulletin 2651] 

 

Immobilized pH gradient (IPG) strips is most commonly used for IEF it contains buffering 

groups covalently bound to a polyacrylamide gel strip to generate an immobilized pH 

gradient. 

You choose IPG strip on length and pH value. This affects the resolution on the 2D-gel. 

The most common range I pH 3-10 because that’s where normally all the proteins are. 

Most proteins can´t exists in the extreme pI areas like pH 1-3 and 11-14. They will 

become unstable and denaturate. 
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2D Gels 

The gels are made of polyacrylamide. Why it’s so widely used is because polyacrylamide 

is chemically inert, electrically neutral, hydrophilic, and transparent for optical detection 

at wavelengths greater than 250 nm. 

Polyacrylamide gels are made by free radical polymerization (vinyl addition). Acrylamide 

and bis-acrylamide (which works as a cross-linker) creates the pores in the gel with the 

help of APS (ammonium persulfate) that initiates the polymerization and TEMED 

(tetramethylethylenediamine) how catalyzes the reaction fig 11. 

The pore size in the gels can be designed by varying the amount of acrylamide and bis-

acrylamide. Giving a parameter on what Molecular Weight range it will separate and 

distribution over the gel. Example 10kDa - 200kDa and the 50-30kDa area with higher 

resolution. 

There are two kinds of gels homogenous and gradient gels. Homogeneous gels have the 

same pore size throughout the whole gel while gradient gels have pore size that change 

over the distance of the gel. This is used to optimize for the size of proteins you are 

after.  

 

 

Fig 11. The mechanism for making polyacrylamide gels. Using two acrylamide monomers that 

creates a crosslink between them thus creating a network of pores. (Taken from Biorad bulletin 

1156). 
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Second Dimension SDS-PAGE 

The second dimension separates proteins according to their size. This is mostly done by 

using an SDS-PAGE gel. The IPG strip is applied to the gel and an electric field is applied 

over the gels. The proteins migrate from IPG strip over to the SDS-PAGE fig 12. To be 

able to get the proteins moving through the gel with a consistent charge to mass ratio. 

The proteins are complexed with SDS, reduced with DTT and alkylated with 

Iodoacetamide. The SDS-protein complexes migrate through the gel in pores. 

 

Fig 12. The second dimension showing proteins migrating from the first dimension into the SDS-

PAGE, separating the proteins into their individual pH and molecular weight (Taken from Biorad 

bulletin 2651). 

Staining method 

There are several staining methods available. It is known that no staining method detects 

every single protein. We choose silver staining because it is very sensitive, in the 

nanogram range, and makes it possible to see low-abundant proteins. It is also very cost 

efficient. Problems with silver staining can be a lot of background noise and 

reproducibility issues. Silver staining has also been optimized in the lab for the gradient 

gels and the workflow makes it possible to cut out the spots and identify them later on. 

The Silver staining technique uses silver ions from silver nitrate to bind with certain 

functional groups on the proteins. The mechanism isn´t fully understood but it binds 

strongest to acidic and basic groups. Aspargine, Glutamine, Histidine and Lysine. Also 

cysteine is binds strongly to silver ions. These silver ions are then developed creating 

metallic silver like photographs (Rabilloud, T et al 1994) (Steinberg, T et al 2004). 
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Image analysis and quantification 

After 2-D gels were stained, the protein patterns were digitized and analyzed with an 

image evaluation system comprising an imaging device and analysis software. Our 2D-

Gels were digitized by a cooled CCD (Charged-Coupled Device) camera. The program 

Quantity one was used to optimize the picture.  

2.7 Protein Identification 

The technique used for protein identification was Matrix assisted laser desorption 

ionization (MALDI). First the proteins are digested in the gel and extracted from the gel.  

Then the proteins are mixed with a weak inorganic acid “matrix” that co-crystallize to 

form crystals that can be shot with a laser so the matrix absorbs the laser light and then 

vaporizes to carry the proteins with it. The proteins gets ionized and then given energy to 

make them go forward. Depending on size they will transport at different speeds giving 

the detector a time that it uses to measure size. It translates all these protein analytes to 

a spectrum where the amount of every analyte is presented. These spectrums can then 

be used to search in a database to identify the protein (Lewis, J et al 2000) 
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Chapter 3 

Materials and Methods 

3.1 Samples 
For the trial test we used blood plasma from the author. The blood was drawn by 

certified personnel using EDTA-tube mixed and cooled and then centrifuged and stored in 

a -70˚C freezer. Samples used in this study are from a bio bank supplied by FAJ project. 

3.2 Protein Purification 

We used 4 protein purification kits in our method development for blood plasma in 2D-

gels. 

Albumin & IgG Depletion SpinTrap (GE healthcare) 

This affinity based Albumin and IgG protein purification kit was used according to 

protocol. We made the recommended buffers, Binding buffer: 20mM H2NaPO4, 150mM 

NaCl pH 7.4 and Elution buffer: 0.1 M Glycin-HCl pH 2.7 

 

Aurum™ Serum Protein Mini Kit (Biorad) 

Affinity based kit for Albumin and IgG that was used according to manufacturer’s protocol 

and all the buffers were supplied.  

ProteoMiner™ Protein Enrichment Kit 

The enrichment kit was used according to protocol on the first tests. But an error in the 

protocol from Biorad made us change the amount of washes to 3 instead of 2. The first 

Binding buffer (10mM H2NaPO4, 150mM NaCl pH 7.4) we used had too much salt and 

disturbed the binding to the hexapeptides in our 3 gels, so a second buffer (20mM 

H2NaPO4, 15mM NaCl pH 7.4) with 10 times less salt content was used for 3 more gels. 

The supplied elution buffer wasn´t used because our own (9M Urea, 4% CHAPS, 65mM 

DTT, 0,1% Bromphenolblue, 0,2% Pharmalyte 3-10) would work just as well and it would 

also be easier to compare with the other kits. 

 

PD-10 Desalting Columns 

Gravity protocol was used for higher recovery rate. Desalting was performed according 

manufacturers protocol and we exchanged buffer to 12mM ammoniumbikarbonat pH 7.1 

pH set with HCl that was beneficial for lyophilisation. The column makes it possible to 

exchange buffer. 
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Lyophilisation  

After the samples had been desalted and frozen for at least 4 hours in -70˚C they were 

put in the lyophilisation machine overnight. After they are freeze-dried, a sample solution 

(9M Urea, 4% CHAPS, 65mM DTT, 0,1% Bromphenolblue, 0,2% Pharmalyte 3-10) is 

added to reconstitute the proteins. Then the proteins are stored at -80˚C until used for 

first dimension IEF.  

3.3 Protein Quantitation 

Bradford assay 

We followed the method used by Bradford in his original article. We used Biorad protein 

assay Dye reagent concentrate and did 1:5 dilution with MilliQ water. Filtered the dye 

with Whatman filters in a vacuum bottle and Buchner funnel and stored it in a dark 

bottle. Purified Human Albumin powder and 0.9% NaCl solution was used to make a 

dilution series. We used a Beckman Coultier DU 800 Spectrophotometer with quarts 

cuvette for measuring. We used EtOH and MilliQ for cleaning cuvette.  

No interfering chemicals were noted. 

2D Quant kit 

Quantification using 2D quant kit was performed according to manufacturer’s protocol. 

3.4 2-D Gel electrophoresis 

IEF 

Samples were thawed and centrifuged at 20000xg to remove excess urea. Then the 

samples were prepared for IEF by adding sample solution with 50ug of protein and 

rehydration solution(Urea 8M, CHAPS 2%, DTT 0.3%, IPG buffer 0.5%, MilliQ, Orange G) 

to a volume of 350ul. IEF focusing machine was Ettan IPGphor 3 GE Healthcare with 

ceramic holder. GE Healthcare IPG strips pH 4-7, 3-10 18cm was used for the samples in 

this project.  Paraffin oil was used to protect IPG strip. Gel rehydration was done during 

voltage schedule overnight. 

Voltage schedule:

 

After the run the IPG strips were put in -70˚C freezer until the second dimension was 

run.  

30 V for 12h 
200 V for 

1h 
500 V for 

1h 
1000 V to 
1000 Vhr 

8000 V to 
3975 Vhr 

8000 V to 
32000 Vhr 
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Gel casting 

The gels were made with a gel casting cassette from GE healthcare and a Gradient 

Former from BIORAD. The gels created were gradient gels with stacking gel T%=5% and 

C%=5% and a resolution gel T=11%-18% C=1.5% 

2DGE 

The second dimension was made on a flatbed GE Healthcare Multiphor II. First the IPG 

strips where prepared by keeping the strip in 1%(w/v) DTT solution (SDS eq buffer and 

DTT) for 15 min and 4.5%(w/v) Iodoacetamide Solution (SDS eq buffer, 

Iodoacetamide,and Bromphenolblue 0.4%) for 15 min 

SDS Equilibration buffer: Urea 6M, SDS 4%(w/v), 30.5% Glycerol(w/v), 0,5M Trizma-

HCl, MilliQ 

 

SDS-PAGE gel were placed on the flatbed with paraffin oil and 2 buffer strips working as 

a anode and cathode. The IPG strip is placed on the gel close to cathode side. The gel is 

run with 100V and 35mA for 1 hour to let the proteins migrate into the gel from the IPG 

strip. The IPG strip is the removed and the gel is run with 1000V and 35mA until 

bromphenolblue has reached the anode buffer strip. After the run the gels are put in a 

fixing solution, 50% MeOH/ 5% Acetic Acid. 

Gel staining 

The Gels were stained with silver and we used the Shevchenko protocol.  

 

3.5 Image analysis and quantification 

 

In order to visualize 2DE-gels a cooled CCD (Charged-Coupled Device) camera digitizing 

at 1766x1376 pixels resolution, 254 dpi, 16 bits (VersaDoc 4000 MP, Bio-Rad 

Laboratories, CA, USA) was used.  

The gels were further analyzed by Quantity One Version 4.6.9 and grayscale images from 

2-DE gels were processed in PDQuest Version 8.0.1 (Bio-Rad Laboratories, CA, USA). The 

proteins were quantified according to optical densities, presented as percentage of total 

density in gel image. A filter with a minimum intensity was applied to remove spots that 

was to faint to be able to identify.  

50% MeOH  

5min 

MilliQ  

10min 

Sodiumtiosulfate 
0,02%  

1min 

MilliQ  

1min x2 

SIlvernitrate 0,1% 
20min 

MilliQ  

1 min x2 

Sodiumkarbonate 2%, 
Formaldehyde 0,04% 

 6min 

Glycine 0,5%  

5min 
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3.6 Statistical determinations 

Statistical method Mann-Whitney U test was used, which is a non-parametric test with 

the null hypothesis. A p-value <0.05 was considered statistical significant but a p-value 

<0.01 was used in some cases to see proteins that were close in significance. Data are 

presented as mean ± standard deviation if not stated otherwise. IBM SPSS Statistics 20 

was used as statistical program. Correlation was calculated with non-parametric 

Spearman’s rho. 

Mann-Whitney is used for two populations that are alike, towards an alternative 

hypothesis. With the focus on one population having higher values then the other. 

3.7 Protein Identification 

 

From the gels we cut out the gel spots and used a schedule for digesting the proteins. 

 

Proteins were then prepared for MALDI by resolving the proteins in 0,1% Trifluoroacetic 

acid (TFA). Mixed with DHB in 70% CH3CN/TFA 0,3% in a 50:50 ratio onto the MALDI 

plate. 

MALDI was the performed on an MADLI - TOF Applied Biosystems Voyager DE. Data was 

searched on MS-Fit, University of California, San Francisco.  

Wash with 30mM 
K3Fe(CN)6 and 

100mM Na2O3S2 

3 min 

Wash with MilliQ 
x6 

5min 

Wash with 
200mM NH4HCO3 

20 min 

Wash with MilliQ 
x3 

5 min 

Wash with 100% 
CH3CN 
5 min 

SpeedVac until 
dry 

Trypsinate over 
night in 37˚C 

Collect digested 
proteins and 

speedvac 

Pool extracted 
proteins and 

speedvac 
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Chapter 4 

Results and discussion 

4.1 Protein purification project 

 

Before we started with the kits we wanted to make it clear if the difference in pH interval 

would give a better resolution because it had been tested briefly before in the pilot 

project. 2 kits were tested with different pH interval. We decided to make 3 gels from 

each kit so we could get a good picture of how well the kits performed.  

Our results gave us the most appropriate Albumin and IgG removal kit to use on our 

plasma samples, Spintrap from Ge Healthcare. We confirmed that desalting our samples 

was an essential part of preparing the samples as it improved the gels significantly. Also 

the pH interval that was best for our purpose was a pH interval of 4-7.  

Because of the pilot project we had to do some parts exactly the same to be able to 

compare the results. That created some limitations on what we could optimize. In a way 

this was good so the amount of choice weren’t unlimited. The gradient gel had done with 

the same protocol so the separation of the proteins in the gel would act in a very similar 

manner. So no change to the gradient or the size of the gel was possible. This also 

restricts the IPG strip length, but still remaining is pH interval.  

Trial run 

To test the workflow for 2DGE we used the author’s blood plasma to see how the 

desalted plasma pattern fig 13 would look and use the spot amount and distribution to 

compare against the other kits later on. Sadly we forgot to make a gel without any 

change at all to the blood plasma so we could compare the differences with the problems 

in unpurified plasma. The test was used eliminate the human errors as much as possible. 

The result was unexpectedly good with only desalted blood plasma sample. We expected 

more smears of protein bands over entire gel. In the figure below you can see the 3 

areas that we want to remove, the Albumin and IgG areas. They dominate the areas they 

occupy because of their extreme amounts of isoforms covering interesting proteins that 

we can’t see. 

PD-10 

PD-10 Desalting columns purified blood plasma very well by removing the salts and 

impurities below 5kDa. Because we didn´t make an untreated plasma gel as reference 

we can´t show a comparison of what the difference look like, but past experience in the 

group confirmed the results to be very good. It proves that salt and other impurities 

interferes in both IEF and SDS-PAGE is a huge problem with any sample and always 

needs to be considered as it leads to streaking, smear and proteins migrating 

inaccurately. But the problem with albumin and IgG is that they cover a big part of the 

gel. To test the column itself so it doesn’t bring impurities to the sample. We ran only 

buffer through it. The results showed that a few spots did arise. 

A downfall with the PD-10 column is that we lose a small amount of protein in the 

process. But it´s worth it for the end result. 
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Fig 13 Illustrates a 2D-Gel with pH going from left to right and downwards with increasing 

molecular weight. The sample that was analyzed was the author’s blood plasma that had been 

desalted. The pH range was 4-7. Albumin and IgG areas are marked to show that they occupy a 

large area of the gel.  

Blood plasma pH range 

In the second test we ran Biorad´s Proteominer and GE Healthcare Spintrap of the kits 

with pH interval of 3-10 and 4-7 to learn the kits workflow and to see how the proteins 

spread out in their respective interval. The point was to choose one interval for our 

project. 3 replicate gels of each kit were made. As we see below fig 14, fig 15 in the pH 

3-10 interval the proteins at the basic side don’t go all the way out to the side which 

represents pH 10. We estimated that 90% of the proteins are in the pH 4-8 interval. But 

there was no such IPG strip interval to buy from GE healthcare so the closest they had 

was a pH 4-7 IPG strip and that was the pilot project had tested. This works in our favor 

as we can compare some results.  
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 A 

 B 

Fig 14 Illustrates a 2D-Gel with pH going from left to right and downwards with increasing 

molecular weight. The separated sample was 50ug purified plasma from patient 14004 with GE 

Spintrap kit. The top picture shows a pH interval of 3-10 (A) and the bottom picture shows a pH 

interval of 4-7(B). The difference in resolution between the gels can be observed. 
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 A 

 B 

Fig 15 Illustrates a 2D-Gel with pH going from left to right and downwards with increasing 

molecular weight. The separated samples were 50ug of purified plasma by Proteominer from 

patient 11056. The top picture shows a pH interval of 3-10 (A) and the bottom picture shows a pH 

interval of 4-7 (B). The difference in resolution between the gels is clear. 

  



32 
 

We validated the higher resolution by a comparison below of an area from pH 3-10 (A) 

and pH 4-7 (B) on the gel gives us more information on a protein. The result was 

conclusive; pH 4-7 gave us higher resolution and made it possible to see more protein 

spots. In this case we can see more closely how many isoforms there really are. This 

makes it easier to quantify and know if it is a certain protein isoform that might be more 

involved in the hypothesis. We lost some proteins at the acidic part around pH 3. But the 

amount we lost against the amount we gained was still in our favor. The same was 

applied to pH 7-10. We desided to use the IPG strips with pH 4-7 interval.  

 A  B 

Fig 16 illustrates a part of the acidic side of a 2D-gel from two different pH intervals. Picture A is 

from a pH interval of 3-10 and B is from pH 4-7. They display a difference in resolution which 

means the separation is greater with greater resolution.  The pH 4-7 gel has higher resolution thus 

giving them a better separation which is a huge advantage when trying to find biomarkers.   

Proteominer 

The pH interval test gave us an understanding of Proteominer and it´s workflow, but the 

result wasn´t as expected.  There were excessive amounts of albumin and IgG left fig 17 

and fewer protein spots overall. We compared with the desalted gel were the amount of 

proteins spot were similar. But we could see the enrichment of many proteins and some 

proteins seem to be favored by the hexapeptides. Apolipoprotein and clusterin bands 

were in excess which covered their areas. That in itself wasn´t a favored result because 

fewer proteins can be seen and identified. Some proteins were enriched for the better but 

the overall result was negative. Biorad was consulted about the workflow and they 

realized it was an error in the manual in the amount of washing steps. We also got a tip 

to decrease the salt content of the buffer. 

All the washing steps from Proteominer were analyzed to see all excess proteins. The 

idea was to visualize the proteins that dominate in the plasma because of how the 

hexapeptide technique works. It´s supposed to remove all proteins that are in excess in 

every washing step. It was also to see if some proteins would disappear from the end 

result gel. Albumin and IgG were visible in all 3 washes. Almost all proteins in the washes 

could be seen in the purified plasma. But there were some that seemed to be disfavored 

in binding the hexapeptides which is a negative result as we want as many proteins as 

possible from the plasma. 
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Fig 17 Illustrates a 2D-gel with pH going from left to right and downwards with increasing 

molecular weight. The sample analyzed were plasma proteins from the author’s blood that was 

purified with Proteominer and the pH range is 4-7. IgG and Albumin areas are marked. They posed 

a problem together with excess of Clusterin and Apolipoproteins. But the kit enriched the 

Apolipoproteins in the left corner. 

4.2 Purification evaluation 

Aurum™ Serum Protein kit 

Already in trial run we noticed that the gravity protocol with the column did not always 

work properly which would mean that the column had a large variability. We knew before 

testing this kit that it had lower specificity towards Albumin and IgG compared to our 

other depletion kit. But it was cheaper and seemed time efficient. It has also been on the 

market for a long time and has been well tested. It could be used on all sorts of samples 

containing Albumin and IgG. 

The result showed that specificity against Albumin and IgG were low. Around 140 spots 

could be identified with the Aurum™ vs. 170 spots with the desalted plasma fig 18. It 

did vary a lot between gels and this made it hard to trust the results. The binding to the 

antibodies in the column seemed to be very sensitive to salt because we could see 

smearing and protein distortions in the gel. A way to bypass this problem could have 

been to desalt sample before using the kit or change the buffers used. But that would 

have made it more expensive and more work had to be done to optimize which we didn´t 

have. Furthermore we decided not to continue with this product. 
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 A

 B 

Fig 18 Illustrates a 2D-gel with pH going from left to right and downwards with increasing 

molecular weight. The sample analyzed were Plasma from patient 21056 with a pH interval of 4-7 

that was purified with Aurum™ the gel above (A) The gel on the bottom (B) is desalted plasma on 

a 2D-gel with the author’s blood with a pH interval of 4-7 Marked in the gels are the Albumin and 

IgG areas.  
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Proteominer 

With the new correction in the protocol from Biorad we got much better results from 

Proteominer. Proteins that got lost in the wash before appeared again so fewer losses of 

proteins could be seen. More spots appeared compared to before but the basic side 

around pH 6-7 had too much protein fig 19 so several spots would be hard to identify 

around that area and some are probably hidden.  

This technique did produce a lot of spots compared to the desalted gel and Aurum™. 

Albumin and IgG were decreased but not as much as we assumed, so the question is how 

many spots could really be identified. Some of the low molecular weight proteins were 

lost in the process which we saw in pH 3-10 gels. But many proteins had better 

separation compared to the other kits and desalted gel. In addition to more spots they 

were clearer and more focused compared to other kits. We had no time for more 

optimization so we had to see what the last kit performed to decide which to use. But 

this kit had a lot of potential. 

 

 

Fig 19 Illustrates a 2D-gel with pH going from left to right and downwards with increasing 

molecular weight. The sample analyzed was Plasma from patient 11056 with a pH interval of 4-7. 

The Plasma was purified with Biorad Proteominer kit with the new protocol which generated more 

spots but still had much Albumin and IgG as illustrated in the picture.   
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Albumin and IgG Depletion Spintrap 

The Spintrap showed great performance depleting both albumin and IgG. The gel below 

fig 20 illustrates the areas were almost free from IgG. Some albumin was still present 

but it did not hide the proteins we want to see and because of that we could identify 

them as well. Not all purifications were this good, but overall we were happy with the 

reproducibility of the kit. Both in amount of spots we gained and also how distinct and 

focused to spots were. The spot count was not as good as with Proteominer but we could 

see all proteins well over the entire gel. Protein identification would be a lot better with 

this gel compared to any other kit. With this result we decided to choose this kit. Because 

of the importance of identifying the proteins the Spintrap would make it easiest.  

 

 

Fig 20 Illustrates a 2D-gel with pH going from left to right and downwards with increasing 

molecular weight. The sample analyzed was Plasma from patient 22090 with a pH interval of 4-7. 

The Plasma was purified with GE Spintrap kit. Indicated in the picture were the Albumin and IgG 

areas which are almost free from any Albumin and IgG.  
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Conclusion optimization 

We choose to use GE Healthcare Spintrap mostly because it was good right out the box. 

It was very easy to use and the process was time efficient. It gave us 100 more spots, at 

least, than the desalted gel. Compared to all other kits it gave us the most amount of 

spots possible to identify which is important when we don´t know what spots might be 

significant. We also realized that the Proteominer kit changes the patient’s protein 

composition picture too much. An article (Righetti, P. G 2008) stated that it was unwise 

to use for quantification and rather it is better to use for protein exploration. All the 

proteins that get saturated in the hexapeptides gets washed away, which means all the 

proteins we can see in the washing steps cannot be quantified as they are now wrongly 

represented.  

4.3 Quantification  

From our 15 patients, 7 were healthy and 8 had MSD, we got an average on 263 spots 

on the gels that were matched against each other. A lot more spots were present but we 

had a minimum intensity filter, which means that spots that were too low in intensity 

could probably not be identified thus they were excluded from the quantification. The 

disadvantage of this is that some biomarkers that might be significant are missed. But 

this is easily fixed by working extra with the software later. Another criterion we used 

was if a spot was present on 50% of its group, it was accepted as a spot. This ensures 

that the quantified spots are valid as a biomarker.  

263 spots had enough data from every gel to be used for the Mann-Whitney U test. 

Every spot was given an id number with optical density value by the software PDquest. 

The values were normalized against all gels to remove background noise. The statistics 

from PDquest presented the optical density values in a percentage value and was 

transferred to excel and changed to a format that was acceptable for SPSS. (Appendix 

not in assay) 

Mann-Whitney 

With SPSS 20 a Mann-Whitney U test was performed. Statistical significant spots were 

set with p value <0.05. This gave us 8 significant proteins table 2. We also looked at 

those that were close to 0,05 significance to see if some were more of the same protein 

type and to compare earlier significant proteins from the pilot project. 

Below is a picture fig 21 with spots that were significant with a p-value of <0,1. These 

protein spots were interesting targets for protein identification and comparison of earlier 

results. From Mann-Whitney we could also extract the averaged intensity levels from 

every spot in the two different groups Healthy and MSD. This information can be used to 

see if our significant proteins are up regulated or down regulated table 2, the regulation 

shows how the protein is regulated in MSD patients compared to the rural healthy 

patients. In the table below table 2 we can see that most of the significant proteins are 

down regulated. But there were some proteins with isoforms that were both up regulated 

and down regulated; these 2 were Haptoglobin and Hemopexin.  
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Fig 21, Illustrates a 2D-gel with pH going from left to right and downwards with increasing 

molecular weight. Displaying all significant spots with a p-value <0,1 in the red circles. 
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Spot ID Protein p-value Accession Number MW/pI (mapped) Regulation 

311* Alpha-2-HS-Glycoprotein 0,037* P02765 55600/4.58 ↓ 

314 Alpha-2-HS-Glycoprotein 0,055 P02765 55403/4.61 ↓ 

403* Alpha-2-HS-Glycoprotein 0,048* P02765 53336/4.68 ↓ 

601 Kiniogen 0,08 P01042 65028/4.57 ↓ 

1206 Haptoglobin related protein 0,096 P00738 44468/4.81 ↓ 

1316 Leucine-rich alpha 2 glyco 0,078 P02750 44104/4.6 ↓ 

3205* Haptoglobin 0,046* P00738 42114/4.97 ↓ 

4806 Alpha-1B-Glycoprotein 0,072 P04217 75122/5.04 ↓ 

5101* Haptoglobin 0,049* P00738 39114/5.21 ↓ 

5507 Vitamin D binding protein 0,063 P02774 53772/5.16 ↓ 

6007* Apolipoprotein A1 0,011* P02647 23200/5.3 ↓ 

6502* Antithrombin III 0,048* P01008 53918/5.24 ↓ 

6603 Hemopexin 0,055 P02790 77551/5.43 ↑ 

7101* Haptoglobin 0,006* P00738 38516/5.56 ↑ 

7110 Unknown 0,082   34200/5.69 ↑ 

7602* Hemopexin 0,004* P02790 73703/5.53 ↑ 

7606 Hemopexin 0,063 P02790 72036/5.59 ↓ 

7608 Hemopexin 0,1 P02790 70037/5.72 ↓ 
 

Table 2 displays all significant proteins with a p-value of <0,1 and contains spot ID generated by 

PDquest, protein name, the p-value, accession number from swissprot, the generated theoretical 

molecular weight and pI of the protein isoform from PDquest, and the regulation of the protein. 

The regulation shows how the protein is regulated in MSD patients compared to the rural healthy 

patients. 
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4.4 Protein Identification 

MALDI 

In the Pilot project some proteins have been identified. This could be used as protein 

identification for some of the proteins we got in our results. It doesn’t necessarily mean 

that it´s the same spot on the gel even if the method and workflow was done mostly the 

same. So we decided to try verifying some proteins again and to identify some new 

unknown proteins. 

We didn´t get access to LC-MS/MS for high quality identification so we used MALDI 

instead, to identify the significant proteins and some unknown proteins. In the first try of 

picking silver spots went ok but something was wrong because we had a lot of 

background noise in the spectra’s. It could have been the low amount of protein in the 

spots or it could have been some workflow error.  

Second and third time with MALDI did not work either so it seemed that the proteins had 

been contaminated somehow with both plastic and keratin. We realized too late that the 

problem was me using the wrong pipette tips. For MALDI low binding pipette tips need to 

be used in order to lower the amount of contaminations. So in a last attempt we created 

protein identification gels that were loaded with more protein. But we didn´t have time to 

use them before the project was over. 

Protein Accession Number Mw/pI Score Seq coverage % Unique Peptide 

Haptoglobin (alpha chain) P00738 45206/6.1 344 14.8 10 

Transthyretin P02766 15887/5.5 72900 72.8 7 

Apolipoprotein A1 P02647 30778/5.6 2.1e12 73.0 20 

Serum amyloid P-component P02743 25387/6.1 9143 35.9 7 

Haptoglobin (7101*) P00738 45206/6.1 2.2e6 33.0 11 

Haptoglobin-related protein P00739 39030/6.6 158 12.1  5 

Hemopexin P02790 51677/6.5 303291 26 9 

 

Table 3 Results from the first MALDI run with the identified proteins. The table was constructed 

from searches on Proteinprospector MS-fit. One of the spots identified was significant, Haptoglobin 

7101. 

Several spots have already been identified in our lab so we did spot matching. As a 

control we used Swissprot 2D-PAGE viewer for some of the more common proteins. 

Fortunately we could identify most of our significant proteins except one as seen in table 

2.  
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Interesting significant proteins 

Alpha-2-HS-glycoprotein (AHSG) 

AHSG is synthesized by hepatocytes in the liver. It is involved in several functions, such 

as endocytosis, brain development and the formation of bone tissue. In plasma it´s 

thought to be a part of the acute phase response where it promotes endocytosis and 

phagocytosis. 

This makes a very interesting protein as it is involved in the mechanism of foreign 

proteins. This could be a response to the toxins in the air and in the environment. It´s 

said to be a negative acute phase protein which means it decreases when there is an 

inflammation. Our results showed (table 2) lowered amounts of AHSG on both occasions 

on our significant biomarkers. AHSG is linked to chronic inflammation (Sato, H et al 

2007). Which is in line with what we think might be going on in the farmers. 

Apolipoprotein A1 (APOA1) 

APOA1 is an apolipoprotein that is produced in the liver and intestines. APOA1 transports 

cholesterol out from the cells and tissue to the liver where excretion will take place. 

There is a lot of research been done on APOA1 and apart from its main function which is 

lipid interaction, APOA1 has been thought to be involved in chronic inflammation (Burger, 

D et al 2002) and especially in rheumatoid arthritis patients (RA). 

APOA1 is a negative acute phase protein that lowers more than 25% during acute 

phase. Our isoform was down regulated (table 2) and this is in line with our hypothesis 

and result with farmers having a reaction towards toxins creating an inflammation. 

Haptoglobin (HP) 

HP is a glycoprotein that is produced in the liver and binds free hemoglobin (HB). It 

cleans up after hemolysis in red blood cells in various parts in the body. (Nielsen, M. J. et 

al 2009) HP protects against the toxic effects of HB. It’s a protein that has been linked to 

many diseases (Zuwała-Jagiełło, J. 2006) and among them inflammatory diseases with 

the Hp-Hb complex and the macrophage scavenger receptor CD163. So this protein has 

some interesting abilities concerning farmer’s exposure to toxins. 

HP works as a positive acute phase protein (Quaye, I. K. 2008) which means that HP 

should increase with inflammation. Our significant proteins had one isoform that was up 

regulated and 2 that were down regulated (table 2). The specific function of these 

isoforms have in the system is unknown and what impact they have in the link to toxins 

and inflammatory response is also unknown. If you would only look at acute phase 

protein with inflammation the up regulated isoform was very significant and should be 

considered the most reliable protein. That still leaves a question towards the other 2 

isoforms. Why they are down regulated and what function do they have? 

Hemopexin (HPX) 

HPX is a plasma glycoprotein that is produced mainly in the liver and binds to heme with 

high affinity and transports it to the liver for catabolism. Heme comes mostly from 

hemolysis in and outside the blood vessels from Hemoglobin and myoglobin, but can also 

come from skeletal muscle trauma. HPX has diverse functions (Mauk, M. R et al 2011) 
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but many have not been proven. In addition to creating the HPX-Heme complex for 

catabolism, it´s function is to take care of the iron and to prevent oxidative damage from 

the heme catabolism.   

HPX is a positive acute-phase protein (Tolosano, E et al 2002) just like HP. Our 

significant protein was up regulated (table 2) leading to believe again that an 

inflammation might be going on in the farmers. 

Antithrombin (AIII) 

AIII is a serine protease inhibitor glycoprotein known for inhibiting coagulation 

proteinases like thrombin and is produced in the liver by hepatocytes (Wiedermann, C. J. 

2006). Because AIII inhibits several serine proteases it has a key role in regulating the 

coagulations system. AIII inhibits thrombin by binding to heparin creating a complex. 

When this occurs it gets a 1000 fold more inhibition to thrombin. After the complex binds 

to thrombin it is inactivated. 

AIII has also shown to have anti-inflammatory properties (Wiedermann, C. J. 2006). It 

was first seen in monkeys where they figured out that AIII promotes the release of 

prostacyclin from endothelium. The intercellular mechanisms are still being researched 

on what creates the anti-inflammatory properties.  

AIII is used primarily as anticoagulants in medicine. But it has promising effects on 

Hepatitis C virus (HCV) (Asmal, M et al 2012) where it´s anti-inflammatory properties 

inhibit HCV replication. AIII seems to have a big part in fighting inflammation. But in our 

results (table 2) we show that AIII is down regulated in the farmers. What this means is 

unclear.  
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Chapter 5 

Concluding remarks/future study 

5.1 Method Development 

Plasma 

In the future I think it would be best to change the gels gradient. Because most of the 

proteins in plasma are very focused around a molecular weight around 50 to a 100. By 

changing the gradient a little bit we can make use of the gel to separate them better in 

the weight range getting access to more proteins. 

It has already been established that almost all proteins in plasma are around pH 3-8. I 

think the pH 4-7 interval choice was good. But testing pH 3-8 interval could be a good 

option even though the separation and resolution will be reduced slightly. If it exist as a 

commercial product it would be great but otherwise making the IPG strips from scratch 

could be an alternative but would also add more labor. 

Make use of the DALT system with 24cm gels and with 24cm IPG strips. This would give 

more resolution and possibility to make 6 gels at a time making it more time efficient and 

gives a better reproducibility. This could also make up for any broadening of pH interval 

and change in gel gradient. 

Desalting and depletion of Albumin and IgG should be a part of the workflow to get good 

spot counts and clearer gels. One thing that should be tested is the amount of protein 

that is run on the gels because when you deplete you can add more proteins without 

making the gel cloudy with proteins. As an example we used 50ug of protein, testing 

100ug, 150ug and 200ug to optimize the amount that is best.  

Our analysis of the desalting column revealed a few spots. . But none of them were in 

the areas of the significant proteins so it didn´t impact our result negatively in any way. 

But we didn´t identify these proteins which could be something to do in the future. We 

did not have time to check the elution that was discarded or check if there were proteins 

left in the column which would be good to test to get the whole picture of the process.  

As mentioned before when you change a sample composition there is always pro´s and 

con´s. When you remove Albumin and IgG which are transport proteins you might also 

remove other proteins bound to them. A precaution for this is that we also check the 

Albuminome. Albuminome is extracted by eluting the Albumin and IgG proteins from the 

column and run it on a 2D-gel. But this will increase time and money on the project so a 

decision has to be made if it is worth it. Personally I would always elute at least two as a 

control. 

We decided in our project to elute the Albumin and IgG from the column and ran it on a 

2D-gel as a control to see what proteins were bound to Albumin and IgG. We could not 

see any proteins that wasn´t on the gels we quantified. The best way would have been to 

elute every single spintrap run and control every gel. But that also doubles the amount of 

work just to control the gels so we assumed that all purifications went without losing any 

important protein. 
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Proteominer compared to depletion kits had more spots overall but because of the 

transport proteins they are still covering a lot of the gel. The enriching worked; more of 

the low abundance proteins were present and much more intense. But the kit seemed to 

favor certain proteins when binding to the hexapeptides which is not good for 

quantification.  

For success on a gel I believe you need to enrich in several steps to get the protein levels 

more even so no protein really dominates. But then quantification is impossible. So it 

could only be used for protein identification gels where you might want more of a protein 

of interest. 

Proteominer could be used with LC-MS/MS for protein discovery in plasma where you 

won´t need to worry about the problems that you have on a gel. 

5.2 Biomarkers 

The reason we’re searching for inflammation biomarkers is because we believe that the 

animal farmers are constantly exposed to toxins creating a constant inflammation in their 

bodies that in turn creates the musculoskeletal disorders. We do know that farmers do 

have a lot of pulmonary problems because of the toxins in the air and in the 

environment. This could also be a factor that helps develop MSD´s in the animal farmers. 

It was a hard goal searching for inflammation biomarkers on farmers with MSD. But the 

significant proteins we obtained had some relationship with inflammation. There is a lot 

of information on the significant proteins so my focus went on finding articles that related 

the proteins to inflammation or described them as a protein. It was fairly easy to find as 

most of the significant proteins are acute phase proteins and are all involved when 

inflammation occurs. This is a very promising result as we are looking for an 

inflammation that is present in the farmers. But not all biomarkers were regulated the 

way we thought would be correct. 

AHSG 

The first two significant proteins were AHSG which is involved in the mechanism of 

foreign proteins. We think this could be a sign of the toxins in the environment. It was 

down regulated and that is reasonable when you have an inflammation because it is a 

negative acute phase protein that is supposed to be lowered in amount when there is an 

inflammation. I found an article linking AHSG to Rheumatoid arthritis (RA) with lowered 

levels (Sato, H et al 2007). RA is a chronic systemic inflammatory disease and it´s this 

kind of biomarker we might be looking for. They used ELISA as a technique which means 

they analyzed all the AHSG proteins. Our results show the isoforms of all AHSG proteins 

fig 22. So even we can establish what AHSG isoform protein that might be responsible. 

But more research is needed to confirm this biomarker. 

 

Fig 22. The picture shows a protein chain of AHSG in 2DGE and the isoforms we know thus far. 

Significant isoforms are circled and to the left is 311 and 403 to the right. 
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APOA1 

The second significant protein APOA1 is also a negative acute phase protein that is a 

common protein in plasma with the function of transporting cholesterol and interacting 

with lipids. Our isoform that was significant was down regulated which would also 

indicate an inflammation being present. Burger, D et al 2002 suggest that in normal 

acute phase, viral or bacterial infection, there is a 25% drop in levels of APOA1 to help 

production of TNF-a and IL1B. They showed that RA and MS patients have lower APOA1 

levels then the controls. This leads them to believe that APOA1 might be an indicator for 

chronic inflammation diseases.  

Again they measure all of APOA1 proteins, our research points to one isoform that might 

be the one of the more important anti-inflammatory APOA1 se fig 23.  

 

Fig 23. The picture shows a protein chain of APOA1 in 2DGE and all the isoforms we know. Our 

significant isoform is circled 6007. 

Haptoglobin 

HP is a positive acute phase protein and Quaye, I. K. 2008 showed that HP increases a 

great deal when inflammation has occurred. I our case only one of the significant 

proteins was up regulated out of 3. The one that was up regulated was the most 

significant of all the proteins but that only confirms that it´s more reliable than the 

others, it doesn´t explain why 2 are down regulated. None of these isoforms have been 

studied so there is no good answer yet.  

When they measure HP levels they measure all of the isoforms. So a control should be 

made to see that the total HP is still increasing. The HP phenotypes have been studied 

and investigating the isoforms related to the phenotypes is also an option (Quaye, I. K. 

2008). 

 

 

Fig 24. The picture shows a protein chain of HP in 2DGE and isoforms that we know thus far. The 

boxed in proteins are known isoforms of HP. The red circled are our significant proteins from left 

3205, 5101 and 7101 to the right. 7101 was the most significant of the isoforms. 
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Hemopexin 

HPX is a positive acute-phase protein and is also involved with hemoglobin like HP. Unlike 

HP the significant protein was up-regulated with HPX indicating an inflammation taking 

place in the farmers. Hemopexin isolates heme that is released in the plasma which can 

come from skeletal muscle trauma or neuromuscular disease (Mauk, M. R et al 2011). 

This is a promising indication for MSD´s. 

 

Fig 25. The picture shows a protein chain of HPX in 2DGE and isoforms that we know thus far. The 

boxed in proteins are known isoforms of HPX. The red circled are our significant protein 7602. 

Antithrombin 

AIII has shown anti-inflammatory properties (Asmal, M et al 2012) when increased in 

level. Our result shows a down-regulation (table 2). So this goes against what we think is 

happening with the farmers.  

The mapping of AIII and Vitamin D binding protein (VitD) is not fully understood. The 

most outer protein spot which is significant is AIII that much we know. The isoforms goes 

into vitamin D binding protein chain and then antitrypsin chain. This creates an 

uncertainty of the AIII and VitD proteins.  Even though the best represented protein is 

the significant AIII spot. So the result is not as reliable as the other significant proteins. 

 

Fig 26. The picture illustrates a protein chain of AIII with vitamin D binding protein and antitrypsin. 

The blue box is a confirmed AIII protein and the red circle that is our significant protein is also AIII.  

All our significant proteins have some relation to inflammation so this points toward our 

hypothesis that the farmers might have a chronic inflammation that might be causing 

them MSD. Most interesting are AHSG and APOA1 and Hemopexin that agrees with the 

literature on the changing levels that happens in inflammation. If not one of these 

proteins is a biomarker maybe the pattern of them all could be a biomarker.  

5.3 Future 

To make the significant proteins more valid more patients should be added to the study. 

Because of the bio bank our project can be expanded and compared to rule out some 

questions. We could test our significant proteins in Western blot to confirm the levels of 

the proteins in farmers and controls by quantifying all of them. The advantage to use 2D 

western blot to control our specific isoform is also a possibility.  

Another way to confirm the potential biomarkers is to go back to our bio bank and see if 

these biomarkers act the same way in less exposed farmers. We have crop farmers 
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which are less exposed compared to animal farmers to compare our data with. Also we 

need to go back and investigate that our controls that live in the rural areas don´t have 

any MSD´s or pulmonary problems. 

Comparing farmers with pulmonary diseases against controls will determine which 

biomarkers are related to pulmonary diseases which we then can compare with MSD 

farmers and rule out the ones that come from pulmonary disease. Because the goal is to 

find biomarkers that are involved only in MSD´s. 

Another technique that could be used is LC-MS/MS to see if similar results are achieved 

to give more power to our results. 

Lastly, if our biomarkers have solid indications they are connected to MSD´s. The next 

step would be to characterize the isoforms. What PTM´s do they have on the isoforms 

and maybe in the future investigate the function of the proteins. 
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Appendix A Survey part on MSDs 
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Appendix B  Overview of dynamic range in plasma  
 

 

Illustrated is the plasma protein concentration as described by Anderson et al. (Anderson and 

Anderson, 2002). The proteins are grouped in three main categories shown with colored boxes 

(classical plasma proteins, tissue leakage products, and interleukins/cytokines). Red dots are 

proteins identified by the HUPO plasma proteome initiative (States et al., 2006) and yellow dots 

are biomarkers used in clinics (Polanski and Anderson, 2006). 

 

 


