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ELISA analysis of peptides and proteins in 

stabilized plasma 

 

Beatrice Orback 

 

 

Populärvetenskaplig sammanfattning 

 

När ett prov avlägsnas från en levande organism sätts en lång rad av överlevnadsprocesser 

igång och provet försöker anpassa sig till de nya betingelserna. Dessa kaskader av 

enzymatiska responsreaktioner visar sig ofta som förändringar i protein- och 

peptiduppsättning, förändrade fosforyleringsnivåer, o.s.v. I och med dessa förändringar kan 

information om hur provet såg ut och betedde sig i utgångsläget gå förlorad. 

För att standardisera provtagningsprocesser och stabilisera vävnadsprover har Denator AB 

utvecklat en metod där man direkt efter provtagning stabiliserar sitt prov. Stabilisering sker 

med instrumentet Stabilizor T1™ där två block värmer provet till ca 90
0
C under 30-60 

sekunder. Under specificerade förhållanden inkluderat värme, tryck och vakuum inaktiveras 

enzymaktiviteten i provet permanent. 

Stabiliserad vävnad har visat sig enkelt att återlösa i denaturerande buffertar. Homogenisering 

och provberedning sker på liknande sätt som med obehandlade vävnadsprover. Återlösning av 

plasma efter stabilisering är dock något mer invecklad och har legat som fokus för detta 

arbete. För att studera stabilisering och optimera återlösning av plasma användes här 

kombinerade återlösningsmetoder samt enzymkopplad immunadsorberande analys (ELISA). 

Utmaningarna låg främst i att antikroppsbaserade analysmetoder som ELISA ofta är väldigt 

känsliga för starka denaturerande ämnen som i dagsläget är nödvändiga för fullständig 

återlösning av stabiliserad vävnad och plasma. 
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1. Introduction 
A growing area of interest is the changes that occur post sampling inside a 

biological sample, knowing that from the moment a sample leaves its original environment it 

starts to adjust to the new surroundings. Without sample stabilization directly after sample 

collection, these changes inside the biological sample might lead to major losses of 

information about the initial state of the organism.
1
 The consequences of this can be serious 

and ultimately lead to misinterpretations of the final results. This report focuses on 

establishing and standardizing a protocol for stabilizing and analysing blood plasma and its 

protein expression at a specific time. The stabilizing process is performed with Denator’s 

instrument Stabilizor T1, using heat for a permanent and uniform inactivation of the protein 

modifying enzyme activity in the biological sample. Downstream analysis of the stabilized 

plasma is performed using enzyme linked immunosorbent assay (ELISA) technique and a 

degradation marker named Glucagon-Like Peptide 1 (GLP-1). 

1.2 Background 

Removing a part of a living organism forces the removed sample to adjust to 

new conditions and exposes the sample to many different challenges, for example rapid loss 

of oxygen supply, nutrient infusion and neurological contact. The sample responds to this by 

changing its protein and/or gene expression, up- or down-regulating protein phosphorylations 

and by initiating other drastic reactions. As indirectly mentioned; the time passed between 

sample collection and stabilization or analysis, is a serious and crucial factor for modifications 

to the sample. The changes that occur after collecting a biological sample from a living 

organism have been studied and are becoming more and more accepted.
1,2,3,4,5

 Despite 

relatively standardized and stable protein analysis methods, sample preparation differs widely 

between research laboratories.
2,6,7,8 

The difference in sample collection and preparation 

becomes even greater in clinical operation rooms due to more human interference, irregular 

routines and varied timelines.
2,9

 All together this leads to incomparable results. The standard 

method today to keep a tissue sample stable is to freeze the sample in liquid nitrogen and then 

store it at -80°C until analysis. The use of inhibitors and/or stabilizing substrates is also 

common. Unfortunately these procedures have downsides. Keeping samples at -80°C 

stabilizes the samples as long as they stay frozen. During thawing the enzymatic activity 

inside the sample is re-activated, which leads to further proteomic change and difficulties 

when interpreting the results. Inhibitors and substances added to the sample expose the 

sample to substances it normally never would come in contact with and may interfere with 
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downstream analytical techniques. A new method to permanently inactivate the protein 

modifying enzyme activity inside a biological sample is to use thermal stabilization.
3
 This 

method is developed by Denator AB
10

 and involves the system Stabilizor T1. The system 

utilises heat, vacuum and pressure during a specific period of time in order to rapidly 

inactivate the entire enzymatic activity inside a sample. Heat stabilizing the sample prevents 

re-activation of the enzymes during thawing and/or the need for additional inhibitor 

contamination. 

This report focuses on establishing and standardizing a protocol for stabilizing 

and analysing blood plasma and the proteins in it. The main functionality of blood is to work 

as the body’s transportation system. Inside the body it transports oxygen, nutrients, hormones 

and other important substances to the cells and at the same time removes waste products. 

Removing all cells from a blood sample by centrifugation, without letting it coagulate, will 

generate plasma that still contains proteins, peptides, coagulation factors, immunoglobulins 

etc. Plasma is used for a wide range of clinical tests to access biological statuses and in a few 

cases important protein and peptide biomarkers in plasma are measured and analyzed to give 

indications of specific diseases and its processes.
7,11,12

 All this makes plasma a very 

interesting fluid for research and study. 

1.2.1 Proteomics 

Proteomics is the common name of a larger scale study of proteins, an 

investigation of the protein expression in a cell, a specific tissue, a body fluid or in a whole 

organism at a specific moment. This is comparable with the mapping of an organism genome, 

however the difference being that the proteome is constantly changing. The proteins differ 

from cell to cell, from tissue to tissue, from normal to sick and over time. Also great 

differences in concentrations can be seen between different proteins, making it difficult even 

to discover proteins expressed at a low level.
8,13

 In contrast to DNA studies all this makes 

protein investigations more complex. One interesting area in the field of proteomics right now 

is the search for biomarkers;
1,7,11

 specific proteins where a distinct difference can be seen 

between the normal and abnormal state. These proteins can also function as targets for new 

drugs. The Human Protein Atlas
4
 (HPA) is a current study of the complete protein expression 

in the human body. The study also includes protein expressions variation found in selected 

cancer tissue. There is also the Human Proteome Organization (HUPO) which aims to gather, 

encourage and implement projects involving human proteomic research all around the 

world.
14

 The most common techniques
8,13,15

 to analyze the proteome are two dimensional gel 
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electrophoresis (2D-GE) and/or liquid chromatography (LC) to separate proteins, mass 

spectroscopy (MS) to identify proteins, antibody based methods as ELISA to find specific 

proteins and protein micro arrays for protein quantification analyzes. 

Recent studies show that plasma could be used to localize and study specific 

biomarkers connected to different medical conditions.
7,11,15

 These studies need to be 

continued in order to understand plasma’s full potential as a health indicator, mainly by 

improving current analysis methods and sample handling. According to the HUPO Plasma 

Proteome Project
16

 (HPPP) today, the plasma proteome contains of about 9 500 different 

proteins which have been identified with one peptide and about 3 000 proteins which have 

been identified with two or more peptides.
15

 The most common protein in plasma is Serum 

albumin which accounts for roughly 60% of the total protein concentration. Having this in 

mind, it is not hard to understand that really low expressed proteins and peptides, usually 10-

orders of magnitude lower than Albumin, are very hard to find and quantify. These low 

expressed peptides and proteins are also often the biomarkers of interest in plasma studies. 

1.2.2 Stabilization of tissue and plasma by heating 

The sample stabilization in this report is done with the instrument Stabilizor T1 

(see figure 1), produced and developed by the biotechnology company Denator AB. When 

stabilizing tissue samples, two aluminium blocks are used to heat the sample above 90°C but 

not over the boiling point. If the sample starts boiling, morphological structures and locations 

of specific proteins can come to change due to air bubble formations. The heating is done 

under vacuum and pressure with a calculated time that is based on the sample size and 

condition, the process often lasts between 30-90 seconds. The sample is placed inside a plastic 

container card, Maintainer Tissue, during the stabilization which makes it possible to create a 

vacuum around the sample. The vacuum keeps air from getting in between the heating block 

and the sample, enabling faster inactivation. The card will also keep the sample from sticking 

to the surface of the aluminium blocks during stabilization. Due to the homogenous and 

specific heating, protein modifying enzyme activity responsibly for the most drastic changes 

after sample collection is permanently inactivated in the sample.
3
 This prohibits reactivation 

of the enzymes during thawing prior to analysis. The possibility to heat-stabilize frozen 

samples directly from a frozen state with the Stabilizor T1, primarily used for samples stored 

frozen, will avoid sample damage during thawing. Inactivating the protein modifying enzyme 

activity inside the sample still requires precaution when keeping the sample in room 

temperature for a longer time. Storage at room temperature can lead to oxidation of the 
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sample or hasten other non-protein modifying enzyme activity. Another post sampling impact 

the heat-stabilizing process will not be able to affect is the continued activity of RNA 

degradation by RNases.  

 

Figure 1: The heat stabilizing instrument Stabilizor T1. The instrument is developed by biotechnology 
company Denator AB. Photo: Provided and used with permission from Denator AB. 
  

The Stabilizor T1 was introduced to the market in 2008 and has a well 

developed practice for tissue use.
3,5,9,24,25,26,27

 Tissue homogenization and preparation prior to 

analysis, after stabilization is done similar as to untreated samples
7
, which makes the 

stabilization method easy to apply. Relatively high protein concentrations are often found in 

tissue, making the stabilized sample less vulnerable to post-processing and re-solubilization. 

In this context re-solubilization involves the process of getting the proteins and peptides in the 

stabilized tissue or plasma sample back into solution after being heat stabilized. Since plasma 

initially has a lower protein concentration then tissue it is much more sensitive for dilution, 

making re-solubilization more difficult. A few specific proteins can also be found in really 

high concentrations of plasma, making detection of lower abundant protein problematic.
8,13

 

After a large study initiated by the HUPO
15

, recommendations were announced on using 

plasma instead of serum for better and more stable results when analysing the proteome. 

Serum is the product that is left after the blood has coagulated and the red blood cells and 

coagulation proteins have been removed. Plasma, on the other hand, is generated by 

centrifugation of the blood directly after collection before it has had time to coagulate. After 

centrifugation the red blood cells will be removed and the yellow fluid left is referred to as 

plasma. The previously mentioned study show significant differences between analysing the 

plasma proteome and the serum proteome, i.e. less change, higher resolution, improved 

sensitiveness and more repeatable results was seen when studying plasma. This was the 

reasons why establishing a protocol for stabilizing and analysing the plasma proteome, instead 

of the serum proteome, was chosen for this project. 
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1.2.3 Glucagon-like Peptide 1 

 A suitable marker was needed to be found in order to measure and 

analyze the stabilization and re-solubilization of the plasma samples. In this case a suitable 

marker was a well studied protein or peptide that normally has a relatively fast degradation 

post sampling. The expected degradation could answer questions connected to the 

stabilization process. In this study the Glucagon-like Peptide 1 (GLP-1) was chosen as a 

marker because of its distinct post sampling characteristics. In response to meal intake the 30 

amino acid long peptide hormone, GLP-1, is secreted from the gut and can be detected
17

. The 

main task of this hormone is to trigger insulin secretion after which it is degraded. In the 

body’s circulatory system GLP-1 is exposed to rapid degradation and has a half life of only 1-

2 minutes in plasma
17,18,19

.  

GLP-1 is expressed as a part of the larger Proglucagon; a 160 amino acids 

protein expressed in the gut, brain and pancreas.
17

 Even though Proglucagon is found in the 

gut, brain and pancreas the GLP-1 peptide is only cleaved to its specific form in the gut and 

brain. From the same precursor, Glucagon-like Peptide 2 (GLP-2), Glicentin and Intervening 

Peptid-2 (IP-2) are also processed in the gut and the brain (see figure 2). Pancreas expressed 

Proglucagon, on the other hand, is processed into four different peptides: Glicentin-related 

pancreatic polypeptide (GRPP), Glucagon, Intervening Peptide-1 (IP-1) and Major 

Proglucagon Fragment. The different products found in the different tissue are alone due to 

tissue-specific post-translational processing of Proglucagon since all Proglucagon originates 

from the same gene.
17

 During Proglucagon processing, the native GLP-1 ends up in two 

different naturally occurring GLP-1 peptides; either GLP-1 7-36amide peptide with an amide-

formation at the C-terminal or GLP-1 7-37 with an additional Glycine at the C-terminal.  The 

one most mentioned and investigated in the literature is the GLP-1 7-36amide peptide form 

since that specific formation gives stimuli for insulin secretion and is also the most common 

and stable structure secreted from the human gut.
17

 The GLP-1 7-36amide was the form used 

for plasma studies in this report and henceforth will be referred to as GLP-1. 
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Figure 2: Schematic picture describing the different proteins and peptides 
fragments origin from the Proglucagon protein. Differential post-translational 
processing of Proglucagon in different tissue is leading to the formation of 
Glicentin-related pancreatic polypeptide (GRPP), Glucagon, Intervening 
Peptide-1 (IP-1) and Major Proglucagon Fragment in the Pancreas and  
Glicentin, Glucagon-like Peptide 1 (GLP-1), Intervening Peptid-2 (IP-2) and 
Glucagon-like Peptide 2 (GLP-2) in the gut and brain.  

 

As mentioned, GLP-1 has an exceptionally short half life, which mainly is a 

consequence of the actions of the dipeptidyl peptidase IV (DDP-IV) enzyme.
17,18,19

  The 

DDP-IV enzyme cleaves off the two N-terminal amino acids of the GLP-1 peptide, leaving 

non-active formations generally referred to as GLP-1 9-36amide or GLP-1 9-37. Studies made 

on porcine ileum indicate that degradation starts even before the active GLP-1 leaves the gut 

and that a very small part of all secreted GLP-1 reaches the circulatory system.
20

 It should be 

mentioned that in all mammals studied, the GLP-1 sequence has been proved to be totally 

preserved and also homologous to other classes of animals but that very little is known 

regarding the human regulatory mechanisms of the original tissue specific Proglucagon 

gene.
17

 Since GLP-1 levels are related to meal intake and the peptide affected insulin 

secretion, human GLP-1 is often being mentioned and studied in literature connected to 

obesity or/and Type-2 diabetes.
21,22

 In these studies the highest levels of GLP-1 have been 

found approximately 30 minutes after a larger meal intake in persons with normal glucose 

tolerance. Furthermore, in people with Type-2 diabetes or with impaired glucose tolerance, 

lower GLP-1 concentration is found. 
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1.3 Problem description 

1.3.1 Aim 

The aim with this study was to determine and set up a capable and reproducible 

technique to handle and analyze stabilized human plasma with primarily antibody based 

analysis methods.  

1.3.2 Method development 

As re-solublization of plasma after heating had never been done successfully 

before, a wide and open mind was needed. An iterative problem solving approach was used 

where new hypotheses and experiments were always depending on the results and 

interpretations from earlier experiments. A schematic figure over the main variables and 

different possibilities to approach the questions were drawn (see figure 3) and used as a guide 

to explore the experimental space. A suitable marker was used to measure degradation in 

untreated plasma versus stabilized plasma. This marker had to be examined and the method 

and procedure optimized according to present principles and standards.  

 

 

Figure 3: Problem approach outline. A primary schematic description over the main variables and 
different possibilities to approach the questions in the project. The overview was prepared during 
method development and followed throughout the project. Arrow indicates workflow progression. 

  

 

Time 
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1.3.3 Limitations 

Stabilized samples require denaturing buffers, e.g. urea, to be solubilised. This 

causes problems downstream as antibody based analysis techniques are sensitive to high 

levels of denaturants. The challenge lied in maintaining the protein concentration in the 

plasma samples during re-solubilization and at the same time lowering the necessary strong 

re-solubilization buffers to a level compatible for the analysis technique being used. Working 

with antibody based methods involves limitations for sample, buffer and substance 

concentrations. This made a lot of well known re-solubilization techniques impossible to use 

because they often included high denaturizing substances. The protocol developed for re-

solubilization of stabilized tissue also had to be changed. This due to that plasma and tissue 

behave differently because of their diversity in content, consistency and protein 

concentrations. The conclusion of all this is that a thorough investigation focusing on the 

overall best re-solubilization method or using other protein analyzing methods, as for 

example mass spectroscopy and 2D-GE have not been done in this study.  
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2. Materials and methods 

2.1 Sample Collection 

Human blood was drawn directly into specific vacutainers. All tubes were 

purchased from BD (BD, Stockholm, Sweden) if nothing else is mentioned. For GLP-1 

concentration studies, blood was collected in P800 vacutainers 30 minutes after meal intake. 

The P800 vacutainers contains K2EDTA (dipotassiumethylenediamin tetra-acetic acid) as an 

anti-coagulant and a pre-inserted inhibitor cocktail, including for example DDP-IV inhibitor, 

for preservation of intrinsic proteins and peptides such as GLP-1, Glucagon, Ghrelin and GIP. 

As comparison to these tests, blood was also collected in tubes only prepared with K2EDTA 

(OneMed, Hisingskärra, Sweden) or in K2EDTA prepared tubes with manual addition of 

DPP-IV inhibitor (10 µl DPP-IV inhibitor per 1 ml blood) direct after blood collection. 

Plasma, for each separate trial, was generated from blood drawn from the same individual and 

at the same time after meal intake. For plasma protein concentration analyzes, blood was 

collected in anti-coagulant NH (SodiumHeparin) vacutainer or in K2EDTA vacutanier. 

Plasma was generated by aliquoting the blood from the collection tubes into 2 ml eppendorf 

tubes (within 2 minutes) and then centrifuged for 10 minutes at 1 000 × g in room temperature 

(RT) directly after collection. The generated plasma was pooled in a 5 ml tube and taken for 

analysis as specified below or put in freezer (-20°C) until use. Only fresh plasma was used for 

GLP-1 analysis and the drawn blood was centrifuged as previously described but at +4°C 

instead of at RT. GLP-1 samples were constantly kept on ice throughout the experiments
 
if 

nothing else is mentioned.  

2.2 Stabilization 

For stabilizing plasma, Denator developed instrument Stabilizor T1 (Denator, 

Göteborg, Sweden) was used. Two blocks inside the instrument heated the whole sample to 

about 90 to 95°C without letting it reach boiling temperature. The heating time of the sample 

depends on the sample volume/size and was here set to 45 seconds with sample volumes 

between 100-400 µl. The sample was placed inside Maintainor Tissue (Denator, Göteborg, 

Sweden), plastic cards which form themselves around the sample inside the Stabilizor T1. 

More than one sample can be placed inside the Maintainor Tissue, as long as they are not in 

contact with each other. The vacuum application on the Stabilizor T1 was turned off during 

plasma stabilization to avoid sample fluid from being sucked into the instrument.  
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2.3 Enzyme Linked Immunosorbent Assay (ELISA) 

For determination and comparison of GLP-1 levels in untreated, inhibitor treated 

and stabilized fresh plasma, a sandwich enzyme linked immunosorbent assay (ELISA) 

approach was performed using a kit detecting only active GLP-1. ALPCO’s GLP-1 (Active 7-

36) ELISA kits (ALPCO Immunoassays, New Hampshire, USA) was used for the ELISA 

analysis of active GLP-1 levels in freshly drawn blood. The ELISA mentioned uses a two-site 

sandwich technique with two selected GLP-1 specific monoclonal antibodies. The kit includes 

a 96 wells plate, pre-coated with Streptavidin. As mentioned previously, increased GLP-1 

levels peaks about 30 minutes after meal intake.
21,22

 Therefore, when measuring GLP-1 levels, 

blood was drawn 30 minutes after meal intake (in this case a larger lunch). The experimental 

procedure was done as prescribed in the kit’s associative manual and here briefly described. 

After primary sample addition to the wells, a mixture of biotinylated GLP-1 (7-36) specific 

antibody and horseradish peroxidate (HRP) conjugated GLP-1 (7-36) specific antibody is 

added to the wells. Inside the well, the two antibodies and GLP-1 creates a complex of 

Streptavidin, Biotin Antibody, GLP-1 (7-36) and HRP conjugated antibody (see figure 4). 

Unbound HRP conjugated antibody is washed away after incubation over night in +4-8°C. 

For detection, a HRP substrate solution is added to the wells and incubated for 20 minutes at 

RT in the dark. After addition of ALPCO’s Stop solution, the GLP-1 levels is measured in a 

spectrophotometric plate reader at 450 nm and 620 nm, here Infinite M200 (Tecan, 

Männedorf, Switzerland) using software i-control 1.6 (Tecan, Männedorf, Switzerland). The 

calculated GLP-1 levels is based on the ratio from the detected absorbance values (values at 

450 nm divided with the values at 620 nm). Pre-measured and labelled Control 1 (4,8-7,5 

pmol/L GLP-1), Control 2 (10,3-16,1 pmol/L GLP-1) , Standard 1 (0 pmol/L GLP-1) and 

Standard 2 (0,64 pmol/L GLP-1) were used as positive controls and standards for the ELISA 

kit. Mean values of all trials were analysed and plotted using Microsoft Excel and validated 

using the T-test. 
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Figure 4: Schematic visualization of ALPCO’s GLP-1 (Active) ELISA technique. The picture shows a 
schematic visualization of a Streptavidin - Biotin Antibody - GLP-1 (7-36) - HRP conjugated antibody 
immunocomplex and the sandwich technique inside the plate well using ALPCO’s developed GLP-1 
(Active) ELISA kit. 

2.4 Re-solubilization 

Heat-stabilizing plasma and then re-solubilizing and analyzing it with an 

antibody based method have never been done before. Because of this, an entirely new method 

had to be devised, primarily based on previous work with tissue stabilized samples. However 

with some changes due to considerable differences in sample composition (See section “2.1 

Sample collection”). Heat stabilized plasma coagulate and need re-solubilization to be 

analyzed. This means that strong denaturizing substances have to be used in order to re-

solubilize the samples sufficiently. Unfortunately, using strong denaturizing substances will 

interfere and collapse the chosen ELISA analysis method. During sample preparation, 

additional steps which decrease the high denaturizing concentrations or exchange the re-

solubilization buffer to a more antibody compatibility buffer were needed and were done as 

follows.  

2.4.1 Homogenization and re-solubilization buffers 

Stabilized samples were re-solubilized and homogenized by ultra sonication 3x 

15 seconds at 40 W together with Symansis Sample dilution buffer (0,01% w/v Sodium 

Azide, 5 mM Sodium Fluoride, 0,5 % v/v Triton x-100) (Symansis, Auckland, New Zeeland) 

or Urea buffer (9 M urea, 10 mM DTT, 10 mM Tris, 150 mM NaCl, 1% Triton X-100) (all 

substances from Sigma-Aldrich, Stockholm, Sweden). Later trials were done using 

Guanidine-Hydrochloride (Gua-HCl) (Sigma-Aldrich, Stockholm, Sweden) in a concentration 

of 6 M for re-solubilization instead of urea based buffer.  The Gua-HCl was added to the 

sample eppendorf tube as powder and mixed together with the plasma before stabilization, 
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keeping the plasma in a more liquid state during stabilization. Carbamylation occurs when 

urea is heated, i.e. breakage of urea leaving rest products of ammonia and cyanate binding to 

proteins, this is why urea buffer is always added after the stabilization. 

2.4.2 One dimension gel electrophoresis (1D-GE) 

To analyze urea’s effect on the proteins and peptides inside the samples, a 1D-

Gel Electrophoresis was performed. This was done using Invitrogen’s (Invitrogen, Carlsbad, 

USA) recommendations and instructions for Denaturing NuPAGE Gel Electrophoreses in 

Xcell SureLock Mini-Cell (Invitrogen). The samples were collected from one of the re-

solubilization experiments, where stabilized plasma had been homogenized in urea buffer. 

Briefly, samples homogenized with 9 M urea buffer (sample volume 1:1, 1:3 or 1:5 to buffer 

volume) and diluted with Tris/NaCl-buffer including 50 mM Tris, 150 mM NaCl, 0,5% Triton 

X-100 (all substances from Sigma-Aldrich, Stockholm, Sweden) down to 1 M urea were used 

in the experiment. The protein concentrations in the samples had earlier been measured and 

10 µg proteins in a 10 µl volume of each sample were loaded onto a pre-cased NuPAGE 

Novex Bis-Tris Gel (4-12%, 1,0mm, 15 wells) (Invitrogen). NuPAGE LDS Sample Buffer 

(Invitrogen) was used as loading buffer. Two identical gels were run at the same time, each 

containing a duplicate of the previously mentioned samples. The gels were run in 1x 

NuPAGE SDS MES Running Buffer (Invitrogen) at 200 V for 35 minutes and the gels were 

developed using SimplyBlue SafeStain (Invitrogen).  

2.4.3 Protein precipitation methods 

After homogenization, one way to keep a high sample protein concentration and 

at the same time loose interfering substances such as detergents and denaturants is to 

precipitate the proteins in the solution. Three different well known and functional methods
8,12

 

for protein precipitation were tested in this study and performed as described below:  

For the first precipitation method the supernatant (after plasma stabilization, 

homogenization and centrifugation) was collected and mixed in equal volume with 30% of 

trichloroacetic acid (TCA) (Sigma-Aldrich, Stockholm, Sweden) in cold (-20°C) acetone 

(Sigma-Aldrich, Stockholm, Sweden). The solution was set to precipitate for at least 1 h in 

+4°C and then centrifuged at 12 000 × g for 30 min. Removing the supernatant, the resulting 

pellet was washed twice with cold (-20°C) acetone and left to air dry for about 5 minutes in 

RT. The precipitated protein pellet was resolved in either Sym. SDB or 1 M urea buffer (9x 

diluted 9 M urea buffer in a 10 mM Tris/150 mM NaCl solution). 
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Stabilized and re-solubilised plasma was also precipitated with cold (-20°C) 

acetone alone, four times the volume of the protein sample to be precipitated. The sample and 

the acetone were mixed by vortexing shortly and then left to incubate at -20°C for 1 h. After 

incubation, the precipitated sample was centrifuged for 10 minutes at 15 000 × g and the 

supernatant was disposed. The precipitated proteins, the pellet, were left to air dry for about 5 

minutes in RT and then resolved in either Sym. SDB or 1 M urea buffer (9x diluted 9 M urea 

buffer in a 10 mM Tris/150 mM NaCl solution). 

Third precipitation method used was the GE Healthcare 2-D Clean Up kit (GE 

Healthcare, Uppsala, Sweden) and the precipitation was done according to their manual 

together with the kit’s reagents. Variation from the protocol was the lack of recommended 

washing buffer and cold (-20°C) acetone was used instead. The remaining precipitated pellet 

was here also resolved in either Sym. SDB or 1 M urea buffer (9x diluted 9 M urea buffer in a 

10 mM Tris/150 mM NaCl solution). 

Each sample was centrifuged, to separate unresolved fractions, prior to protein 

concentration measurements. Protein concentration measurements are described in part 2.4.5 

Protein concentration measurements.  

2.4.4 Buffer exchange with gel filtration 

 As an alternative to the protein precipitation step during sample 

preparation, buffer changing columns were used. PD Spin Trap columns (GE Healthcare, 

Uppsala, Sweden), pre-packed with Sephadex G-25 (GE Healthcare, Uppsala, Sweden), were 

emptied and re-packed with 500 µl Sephadex G-10 gel (GE Healthcare, Uppsala, Sweden). 

The Sepadex G-10 gel has an exclusion limit, Mr, of 700 and is mostly used when handling 

peptide samples. A first trial was made with the pre-packed PD Spintrap G-25 columns, 

exclusion limit Mr of 5 000. This is better suited when studying larger proteins and is why 

Sephadex G-10 was used in the following peptides experiments. The experimental procedure 

was done as prescribed in the PD Spintrap G-25 manual, except the packing of the emptied 

columns, and is here briefly described. A volume of 500 µl suspended Sepadex G-10 gel was 

added to and packed in each Spin Trap column. After gel addition the columns were 

repeatedly washed 5 times with 300 µl of 50 mM Tris-buffer, consisting of 

Tris(hydroxymethyl)aminomethane hydrochloride Buffer Substance and ddH2O, and between 

washes centrifuged for 1 minute at 800 × g. Plasma samples, 70 µl, re-solubilized in urea or 

Gua-HCl were added to the columns after the last column wash and were sat to descend into 
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the column. Either 1 M Gua-HCl buffer, 1 M Urea-buffer or Symansis Sample dilution buffer 

(see “2.4 Re-solubilization”) in a volume of 70 µl were added as chase buffer. The columns 

with the sample and the chase buffer were centrifuged for 2 minutes at 800 × g during which 

the clean, buffer-changed product was collected as the flow through.  

2.4.5 Protein concentration measurement 

All re-solubilization techniques tested were analyzed by protein concentration 

measurements of the samples. The protein concentration analyses were done according to 

Pierce’s Coomassie Plus – The Better Bradford
TM

 Assay (Thermo Scientific, Rockford, 

USA). The samples were centrifuged for 10 minutes at 16 000 × g after which the supernatant 

was collected and diluted 1:19 in Phosphate buffered saline buffer (PBS). Bovine serum 

albumin (BSA) (Thermo Scientific, Rockford, USA) standard solutions (0-6 µg/µl BSA) were 

used to create a calibration curve. The samples were incubated with Coomassie Plus Protein 

Assay Reagent (Thermo Scientific, Rockford, USA) solution for 10 minutes at RT before 

being measured with spectrophotometric plate reader, Infinite M200 (Tecan, Männedorf, 

Switzerland) using software i-control 1.6 (Tecan, Männedorf, Switzerland), at 595 nm. The 

calibration curve was generated by plotting the measured absorbance values from the standard 

solutions versus the pre-decided BSA concentrations. Using linear regression on the 

calibration curve the protein concentrations of the samples were calculated from their 

measured absorbance value. Mean values of all re-solubilization trials and protein 

concentration measurements were analysed and plotted using Microsoft Excel and validated 

using the T-test. 
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3. Results 

This project included three different areas when handling stabilized human 

blood plasma; the sample stabilization, the re-solubilization process and the sample analysis. 

The main focus of the study was the possibility to develop a protocol for ELISA analysis of 

stabilized plasma. Making all this possible, a robust and reproducible technique for re-

solubilization of stabilized plasma had to be developed, that would at the same time be 

compatible with the ELISA technique. To standardize and optimize antibody based analysis 

of stabilized proteins and peptides, gentle and mild buffer solutions and a careful handling 

was necessary. This is necessary because antibody based techniques often are highly sensitive 

to tough external impact. Mean values of each separate trial were analysed and plotted using 

Microsoft Excel and validated using the T-test; values with a significance p<0,05 were 

considered statistical different. 

3.1 ELISA 

The stabilization process for plasma was studied using the Enzyme Linked 

Immunosorbent Assay (ELISA) method by determining active GLP-1 levels in the plasma 

samples after collection. The experimental process began with questions regarding the 

possibility to detect GLP-1 levels at all in the laboratory. Not knowing if the GLP-1’s short 

degradation time would make it impossible to detect without special knowledge and 

instruments. Using freshly drawn blood in P800 vacutainers (see “2.2 Sample collection), 

plasma was generated and kept on ice at all times if nothing else was mentioned. The results 

(see figure 5) gave an indication that it was possible to detect GLP-1 in untreated plasma and 

analyses could proceed with stabilized plasma samples. A primary evaluation between using 

the P800 blood collection tube, pre-inserted with an inhibitor cocktail including DPP-IV 

inhibitor, or a K2EDTA tube with a manual insertion of DPP-IV inhibitor post blood 

collection was done. This resulted in no significance difference (p=0,995) between GLP-1 

levels using the two different methods (see figure 5). However, the blood samples from the 

P800 vacutainer generated slightly higher levels of GLP-1 than the manual inserted inhibitor 

method in diluted samples (data not shown). Knowing that re-solubilized plasma would 

probably need some form of dilution in later experiments due to high re-solubilization buffer 

concentrations, the decision was made to use only P800 tubes for active GLP-1 measurements 

in the future. The decision was also influenced by the easier handling and time saving when 

using pre-inserted inhibitor. None significant differences (p=0,093) could be seen between 

P800 plasma samples and plasma samples generated from blood collected in K2EDTA 
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vacutainers without any DPP-IV inhibitor (see figure 6). However, decisions were made to 

continue to use DPP-IV inhibitor (P800 vacutainers) for GLP-1 peptide stabilization due to 

previous research indicating that DPP-IV inhibitor is important for GLP-1 peptide 

stabilization in current situation.
19,23

 To investigate the need for additional stabilization of a 

plasma sample, in addition to just using inhibitors, a “time dependent experiment” was 

performed on P800 plasma samples (see figure 7). Blood were drawn directly into a  

 

Figure 5: GLP-1 absorbance levels in plasma. GLP-1 levels reflecting differences between manual post-
blood collection addition of DDP-IV inhibitor (black left bar, n=3) and pre-added inhibitor in P800 (black 
right bar, n=3) vacutainer. The plasma samples were diluted 1:1 in Symansis Sample dilution buffer. 
Standard 1 & 2 (grey, n=1) and Control 1 (red, n=1) from ALPCO’s ELISA kit were used as assay 
controls during analysis. No differences can be seen between the two inhibitor addition methods 
(p=0,995).   
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Figure 6: GLP-1 absorbance values using GLP-1 (Active) ELISA kit. GLP-1 absorbance values in 
plasma samples with (left bar, n=3) or without (right bar, n=3) DDP-IV inhibitor. All samples where 
diluted 1:1 in Sym. Sample Dilution Buffer before ELISA analysis. Inhibitor-containing plasma samples 
give an impression of higher GLP-1 concentrations than plasma generated from blood collected in 
vacutainers lacking DPP-IV inhibitor but, comparing the data using T-test show no significance between 
the data sets (p=0,093).  
 

 

Figure 7: Time and temperature dependent degradation of GLP-1 in untreated plasma samples. 
Plasma was generated from DDP-IV inhibitor mixed blood (P800 vacutainers) and left on the lab bench 
(RT). At pre-decided times, as soon as possible (ASAP) (right bar, n=3) and 120 minutes after plasma 
generation (left bar, n=3), a sample was taken and analyzed with ELISA as previously described. The 
presented data showed significant difference between ASAP-samples and samples taken 120 minutes 
after plasma generation (p<0,05).  
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P800 tube, aliquoted and centrifuged as previously described (see “2.2 sample collection”). 

The plasma was then left at RT and samples were taken as soon as possible (ASAP) and 120 

minutes post-plasma generation for analysis with active GLP-1 ELISA as previously 

described. Significant degradation (p<0,05) could be seen after 120 minutes in room 

temperature despite inhibitor addition. 

3.1.1 ELISA analysis of stabilized plasma 

Previous research shows that peptides easily re-solubilize from stabilized tissue 

and do not create complex with other proteins in the same extent as larger proteins during 

denaturation.
24

 This was the origin to the attempt of re-solubilize the stabilized plasma in a 

very weak denaturizing buffer (Sym. SDB), expecting to easily re-solubilize the GLP-1 

peptide. The results showed almost no detectable levels of GLP-1 after re-solubilization 

compared to non-stabilized plasma (p<0,05). This consequently leads to the need of a 

complete re-solubilization of stabilized GLP-1 before measurements (see figure 8). 

 

Figure 8: Absorbance values of GLP-1. GLP-1 levels in stabilized plasma samples (orange, n=3) and 
untreated plasma (black, n=3). Plasma was generated from blood collected in P800 vacutainers 30 
min after larger meal intake. Stabilized plasma samples where diluted 1:1 with Sym. SDB and 
homogenized by sonication. The supernatant where collected and added to the ELISA plate for 
incubation. Untreated plasma samples where only diluted 1:1 with Sym. SDB, vortexed and added to 
the same ELISA plate for incubation. Red column (n=1) defines the positive control, containing pure 
and manufactured GLP-1 (10,3-16.1 pmol/L). The results show a significant difference between GLP-
1 levels found in stabilized plasma and in non-stabilized plasma. Almost no detectable active GLP-1 
levels could be seen in the stabilized plasma samples.  
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The results from re-solubilization with Sym. SDB (see figure 8) indicate that the 

peptide is not sufficiently re-solubilized after stabilization. Therefore we investigated pure 

GLP-1. This was done to localize in which step the peptide was lost or changed so that it was 

no longer detectable. Pure GLP-1 (ALPCO’s GLP-1 active (7-36) ELISA kit) were mixed in 

ddH2O to a final concentration of 17,25 pmol/L. The GLP-1 solution was stabilized and 

analyzed compared to non-stabilized GLP-1, showing that the heat affects GLP-1 negatively, 

making it less detectable with the ELISA kit. Measured values of stabilized and non-stabilized 

GLP-1 showed significantly lower values in the stabilized samples (p<0,05) (see figure 9). A 

minor precipitation could also be seen in GLP-1 samples directly after stabilization indicating 

a distinct denaturation and loss of solubility of the GLP-1 peptide. A functional re-

solubilization method for stabilized plasma had to be developed before further GLP-1 studies 

could be done. 

 

Figure 9: Pure GLP-1 absorbance values after stabilization. Pure GLP-1 with concentration 17,25 
pmol/L were analyzed with ALPCO’s GLP-1 (active 7-36) ELISA kit. Untreated GLP-1 (black, n=2) 
were placed on the ELISA plate together with Stabilizor T1 treated GLP-1 (orange, n=2). As the 
results show, just heating the GLP-1 affects the detection drastically (p<0,05). Less than half the 
absorbance ratio of untreated plasma is detected after heat stabilization. 

3.2 Re-solubilization 

Initial re-solubilization of stabilized plasma connected to the primary ELISA 

trials, the samples were homogenized in Sym. SDB (see section “2.4 Re-solubilization”). The 

results from these experiments were not satisfactory, indicating that almost no re-
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SDB was not suitable for this purpose; it was too weak to bring the peptide back into solution. 

The GLP-1 peptide requires stronger denaturizing substances to be fully re-solubilized after 

stabilization. This would require an additional step during sample preparation to lower the 

high buffer concentrations before analysis. Using 9 M urea as denaturant, the first re-

solubilization experiments were done by diluting the urea re-solubilized samples to lower the 

high denaturizing concentrations. This failed when the protein concentrations in the samples 

became too low compared to non-stabilized GLP-1 levels (p<0,05) (see figure 10). Taking 

dilution in consideration, a primary 1:3 addition of 9 M urea buffer to the volume of the 

stabilized sample generated the best results compared to non-stabilized plasma (p<0,01). 

Using 1:3 addition of 9 M urea buffer subsequently requires a larger dilution volume causing 

a decrease in protein concentration levels. Working around the dilution problem, attempts 

using protein precipitation and buffer exchanging gel filtration were done (see below section 

“3.2.1 Protein precipitation” and “3.2.2 Buffer exchange with gel filtration”). 

 

Figure 10: Protein concentration measurements in plasma. Plasma samples mixed with 
different volumes of 9 M urea buffer. Left columns describe samples mix 1:1 with 9 M urea 
buffer, resulting in a 4,5 M urea concentration in the sample. Right columns describes samples 
mix 1:3 with 9 M urea buffer to sample volume, resulting in a 6,7 M urea concentration in the 
sample. All samples were homogenized, centrifuged and diluted down to a concentration of 1 M 
urea before protein concentration measurements. Non-stabilized plasma samples (black, n=3), 
also mixed with urea-buffer and diluted, show higher protein concentrations than stabilized and 
re-solubilized plasma samples (orange, n=3), though the differences decrease when using a 
larger primary urea buffer concentration.  
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Two different primary homogenization buffers for re-solubilization, 9 M urea 

buffer and 6 M Gua-HCl, were used effectively but with slightly different outcome in the final 

analysis results (see figure 11). For example, 9 M urea buffer leads to superior primary re-

solubilization of the sample compared to 6 M Gua-HCl but required additional secondary 

dilution to lower the higher urea concentration. A 9 M urea re-solubilization buffer without 

DTT showed significantly (p<0,01) lower protein concentration levels compared to samples 

re-solubilized in the buffer including DTT (See figure 11.A). The same protocol was used on 

non-stabilized plasma but the result did not show any difference in protein levels whether 

including DTT or not (p=0,873). Gua-HCl re-solubilization including 10 mM DTT was also 

examined but showed reduced protein concentrations (data not shown). 

A) 

 

B) 

 

Figure 11: Protein concentration measurements in plasma after homogenization and dilution. All samples diluted 
before measurements down to 1 M denaturizing solutions. A) Protein concentration levels in re-solubilized plasma 
using 9 M urea buffer or a 9 M urea buffer without DTT. All plasma samples were primarily mix 1:3 with specified re-
solubilization buffer before homogenization. Stabilized plasma samples (orange, n=3) and non-stabilized plasma 
samples (black, n=3) were analyzed and the results showed on importance to use DTT when re-solubilize stabilized 
plasma (p<0,01). B) Protein concentrations in stabilized plasma (orange, n=3) after being re-solubilized in 6 M 
Guanidine-Hydrochloride (Gua-HCl) and diluted 1:2 with Sym. Sample dilution buffer compared to protein 
concentrations in untreated and undiluted control plasma (black, n=2). Protein concentration levels in the samples 
using two separate methods are significant different (p<0,01) 
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frozen. At the same time, studying stabilized plasma, a reduced capacity (p<0,01) for re-

solubilization of fresh plasma compared to frozen plasma was seen (see figure 12). During the 

same trial, no significant difference (p=0,364) in protein concentrations between stabilized 

and non-stabilized fresh plasma or between stabilized fresh and frozen plasma (p=0,241) 

could be seen.  

 

Figure 12: Protein concentration measurements of fresh and frozen plasma. Evaluation between 
fresh (light violet, n=3) and frozen (dark red, n=3) plasma after protein concentration measurements 
on stabilized and non-stabilized plasma samples. Both fresh and frozen plasma were analysed 
according to the same protocol. Prior to homogenization, three times the sample volume of 9 M urea 
buffer were added to the samples. Before protein concentration measurements the samples were 
diluted to reach a final urea concentration below 1 M. Significant difference (p<0,01) in protein 
concentrations could be seen between fresh and frozen non-stabilized plasma.  
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Figure 13: 1-D gel electrophoresis picture showing urea treated plasma samples. Urea´s effect on 
proteins and peptides visualized using electrophoresis and a 4-12% NuPAGE Novex Bis-Tris Gel. 
Well 1 to13 (well 14 and 15  were left empty) were loaded as follows: 1) Novex Sharp Protein Ladder 
(12 pre-stained protein band in the range of 3,5-260 kDa), 2) stabilized plasma with 1x vol. 9 M urea 
buffer to sample, 3) stabilized plasma with 3x vol. 9 M urea buffer to sample, 4) stabilized plasma with 
5x vol. 9 M urea buffer to sample, 5) stabilized plasma with 3x vol. 9 M urea buffer (without DTT) to 
sample, 6) stabilized plasma, first extraction of pre-decided volume, primary re-solubilized in 1x vol. 9 
M urea buffer to sample,  7) stabilized plasma, second extraction of pre-decided volume, primary re-
solubilized in 1x vol. 9 M urea buffer to sample, 8) stabilized plasma, total extraction, 9) non-stabilized 
plasma with 1x vol. 9 M urea buffer to sample, 10) non-stabilized plasma with 3x vol. 9 M urea buffer 
to sample, 11) non-stabilized plasma with 5x vol. 9 M urea buffer to sample, 12) stabilized plasma 
with 3x vol. 9 M urea buffer (without DTT) to sample, 13) untreated plasma. All samples containing 
urea was diluted to a concentration below 1 M before loaded to the gel. Much of the samples have 
not entered the gel why thick and intense blue color can be seen in the loading area.  

 

A parallel attempt was made using blood collecting tubes containing a plasma 

separation gel, LH PST II (lithium heparin and an inert polymer gel), to see if it could 

increase collection of re-solubilized plasma after stabilization and homogenization. The LH 

PST II vacutainers are originally made for a better plasma collection during plasma generation 

and did not accomplish to remove unresolved material during re-solubilization (data not 

shown). 

3.2.1 Protein precipitation 

Three different protein precipitation methods were used is an attempt to increase 

the protein concentrations in plasma samples after homogenization, re-solubilization and 

dilution steps (see figures 14). All three precipitation methods are well known and have been 

shown effective.
8,12

 However, it became obvious that the last re-solving step of the 

precipitated protein pellet required a strong denaturizing buffer to get the proteins back in 

solution. Protein concentration levels after precipitation compared to gel filtered samples 

showed on very low values (p<0,001).  This took the problem back to square one again, not 
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wanting high concentrations of denaturing buffers in the final sample. Repeated attempts to 

resolve the precipitated protein pellet were done using different weak buffers and incubation 

times which all showed the same disappointing results after protein concentration 

measurements (data not shown). 

 

Figure 14:  Protein concentration measurements performed on stabilized plasma after using different 
combined re-solubilization methods. All stabilized samples (orange, n=3) were homogenized in a 4x 
volume to sample of 9 M urea buffer, homogenized by sonication and either precipitated (acetone, 
30%TCA in acetone or GE Clean-Up kit) or filtered through Sepadex G-25 matrix (PD Spin Trap G25). 
The non-stabilized, diluted plasma (black, n=1) was used as assay control for the measurements. All 
precipitation methods generated significant lower (p<0,001) protein concentration levels compared to 
gel filtered samples. 

 

3.2.2 Buffer exchange with gel filtration 

Desalting and buffer exchanging spin columns, PD Spin Traps with either 

Sephadex G-10 or G-25 gel, were used in attempts to change the 9 M urea buffer or the 6 M 

Gua-HCl concentration to 1 M concentrations of previously mentioned or to Sym. SDB. 

Lower denaturing concentrations are needed to make analysis of samples compatible for the 

ELISA method previously described (see section “2.4 Enzyme Linked Immunosorbent 

Assay”). Because analyzing peptides is the main focus of this report the Sephadex G-10 

matrix, optimal for peptide filtration, was chosen when measuring active GLP-1. Measuring 

protein concentration levels after using buffer exchange columns, results showed that 

filtration could be achieved with both Sephadex G-25 and Sephadex G-10 (see figure 14 & 

15). In order to cover a larger analysis area in the same trial, almost no replicates were used 
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when comparing re-solubilization buffer and chasing buffer using the Sepadex G-10. 

However, using no replicates, this leads to none fully reliable results but gave an indication on 

how to use the filters (se figure 15).  

 

Figure 15: Protein concentration measurements on stabilized plasma after buffer exchange filtration during 
re-solubilization. The stabilized plasma samples were filtered through GE Healthcare’s PD Spin Trap 
columns using Sephadex-10 filtration gel after re-solubilization. Upper description of the different bars 
indicates in which buffer the plasma sample have been re-solubilized (Gua-HCl, Gua-HCl+DDT or urea) 
and below descriptions which buffer has worked as a chasing buffer (2M Gua-HCl, 2M urea or Sym. SDB) 
through the column. Replicates were only done with plasma sample re-solubilized in Gua-HCl+DTT why no 
actual conclusions could be drawn from the results. 

   

A final trial to measure active GLP-1 levels in stabilized plasma using the 

ELISA method and combining the most functional re-solubilzation method, using 6 M Gua-

HCl and gel filtration,  (see section “3.2 Re-solubilization”) was performed (see figure 16). 

Samples were stabilized together with 6 M Gua-HCl and then homogenized as previously 

described. Lowering the high Gua-HCl concentrations, PD Spin Traps with Sephadex-10 gel 

were used together with a 1 M Gua-HCl chase buffer. This showed comparable results 

(p=0,340) between stabilized and non-stabilized samples but the GLP-1 levels were too low 

compared to levels in pure, untreated and directly measured plasma (p<0,01). This indicates 

losses of GLP-1 as well as dilution effects caused by the steps necessary to re-solubilize 

stabilized plasma samples. 
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Figure 16: GLP-1 absorbance measurements in human plasma samples after filtration using PD Spin Trap 
columns with Sephadex-10 gel. Plasma was generated from blood collected in P800 vacutainers 30 min after 
larger meal intake. The samples, the two left bars, were homogenized in 6 M Gua-HCl and filtered through 
Sephadex-10 matrix. Low GLP-1 values compared to untreated plasma (black third bar from the left, n=2) 
was seen in both stabilized (orange, n=4) and non-stabilized (black second bar from the left, n=4) samples 
(p<0,01) which have both been treated in the exact same way except the heat stabilization step. Control (red) 
and untreated plasma samples showed resemble levels as seen before confirming that the analysis worked. 
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4. Discussion, conclusions and further analysis 

 Studying proteins and peptides in plasma in an attempt to increase the 

knowledge about degradation and modifications during sample preparation, handling and 

analysis has been the focus of this project. By using an antibody based analysis method, a 

specific and known peptide marker can be studied and its behaviour followed. Studying 

degradation and post sampling events in a biological sample such as plasma leads to a greater 

understanding of the continued activities inside the sample even after it has left the body.  

 Detecting the peptide marker, GLP-1, after blood collection in untreated plasma 

by the method described has proven effective. Many different experiments and re-

solubilization techniques were used in attempts to find the best method making GLP-1 

detectable in untreated as well as in stabilized and re-solubilized plasma. Even though GLP-1 

is a small peptide, in stabilized plasma it behaves different than other peptides previously 

studied
24,25

. Its behaviour is more similar to larger proteins demanding a more thorough re-

solubilization, as in proteomic studies of stabilized tissue.
25,26

 It has been proven impossible to 

find a sufficiently workable re-solubilization technique that also was compatible with 

satisfactory detection of GLP-1 concentrations levels in stabilized plasma using ELISA within 

the scope of this work. This is why a new method using stabilized plasma and the ELISA 

analysis technique cannot be presented here. Despite these disappointing results the work has 

resulted in increased knowledge regarding plasma stabilization and re-solubilization and 

addressing the problem that today’s stabilizing methods are not sufficient for total enzymatic 

inactivation in a plasma sample after blood collection. An experimental overview is presented 

in figure 17 summarized with successfully and less successfully explored ways during the 

study. The figure, with the attached mapping, relates to the approach overview (see figure 1) 

on page 9 in this report.  
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Figure 17: Description of the project approach. A figure with mapping of the different techniques and 
approaches that have been investigated during this project. Continuous arrows indicate a succeeded 
moment and a crosshatched arrow indicates a not yet practicable process. The figure clarifies that the 
difficulties and challenges lie in the later sample preparation steps, including refinement and analysis. 

 

Throughout method development new interesting facts and information were 

found generating a wider understanding of stabilized plasma behaviour. During re-

solubilization exploration, clear results show among other things that including DTT in urea 

buffer is most important for an improved re-solubilization of plasma. In some of the 

previously published articles, DTT is not included in tissue re-solubilization urea buffer.
3,26,27

 

Also seeing substantial difference in behavior and expression between fresh and frozen 

plasma opens for considerations regarding handling and analysis of this information rich fluid. 

Both urea and Gua-HCl worked well as denaturizing substance in the re-solubilization buffer. 

The choice to use Gua-HCl instead of urea in the later experiments was made due to the easier 

handling during sample preparation steps. Gua-HCl can be added to the plasma sample as 

powder before stabilization and in lower concentrations than urea. Urea creates carbamylation 

when heated above 37
°
C and must therefore be added to the samples after the heat 

stabilization process. Using Gua-HCl gives a more effective and quicker re-solubilization 

because of a more non-viscous consistency, easier handling and a less subsequent dilution. 

The experiment conducted using pure GLP-1 in different concentrations gave indications that 

something drastic is happening to the peptide during heating. Possibly this involves changes 

to the specific site for detecting active GLP-1, making it unable to bind to the assay. Even just 

being 30 amino acids long, the GLP-1’s secondary and tertiary structure may be more 

complex than predicted and is crucially changing during stabilization and denaturation. 

Alternatively, the GLP-1 peptide is still precipitated in a non-resoluble way and is discarded 

Time 
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when centrifuged before analysis. More studies, both literature and experimental are needed 

to know exactly what happens with the GLP-1 peptide during heating, and could be 

advantageous since GLP-1 is an important biological indicator
18,21,22

 with a rapid ex-vivo 

turnover despite inhibitors. 

 In order to understand plasma’s behavior when stabilized and utilize its full 

potential an extended study has to be performed. Addressing problems with a broader analysis 

repertoire where denaturizing substances are already required, since successful re-

solubilization already has been achieved. Examples of such analysis methods are 2D-GE and 

mass spectrometry.
6,8

 Further study of the re-solubilization methods mentioned in this report, 

in particular buffer exchange filtration for antibody based methods, would also be necessary 

for a deeper knowledge about this specific area. 
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