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Abstract 

Background. The extracellular matrix surrounds all cells within our 

bodies. The glycosaminoglycan hyaluronan is a major component in the 

extracellular matrix. Despite its structural simplicity it has been shown to be 

involved in several important functions. It is a lubricant and shock absorber, 

as well as an important player in inflammation and tumor invasion. Many of 

its functions are closely related to its size and concentration in tissues. 

Therefore methods for measuring these properties are of great importance to 

properly understand the role that hyaluronan play in different events. 

Proteins are found both inside and outside cells, and they have a wide 

variety of functions. The protein structure and function is determined by the 

properties of their building blocks, the amino acids. Several diseases have 

been linked to changes in the amino acid sequence of certain proteins by 

mutations, causing the proteins to form extracellular deposits of structures 

called amyloid aggregates. 

The aim of this thesis is to investigate the function of hyaluronan in cell 

cultures, develop new methods for size determination hyaluronan and to use 

multivariate methods to provide prediction and better understanding of 

factors driving protein amyloid aggregation. 

Methods. Cardiomyocytes and fibroblast were cultured and stimulated by 

different growth factors. Hyaluronan was purified and its size and 

concentration were measured. Crosstalk between cardiomyocytes and 

fibroblast were investigated and gene expression of hyaluronan synthases 

was determined. A new method for size measurement of hyaluronan was 

developed. The amyloid aggregation rate of different mutants of 

acylphosphatase was predicted by multivariate analysis. 

Results. Cardiomyocytes stimulated by PDGF-BB produced hyaluronan. 

Cardiomyocytes could induce fibroblast to increase its hyaluronan 

production, through an unknown soluble factor. The cardiomyocyte gene 

expression changed when stimulated by hyaluronan. GEMMA was presented 

as a new method for size determination of hyaluronan. Amyloid aggregation 

of different acylphosphatase mutants could be predicted using a multivariate 

regression model of the physicochemical and structural properties of the 

amino acid sequence. 

Conclusion. It was shown that cardiomyocytes are not only able to produce 

hyaluronan, but also induce an increased hyaluronan production in other 

cells. GEMMA was proven suitable for size determination of hyaluronan at 

very low concentrations. Multivariate analysis showed that hydrophobic 

patterns and charge where the most important factors for amyloid 

aggregation of acylphosphatase. 
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Sammanfattning på svenska 

Den första delen av denna avhandling handlar om hyaluronan och hur 

denna kolhydrat syntetiseras av olika celltyper. Vidare presenteras en ny 

metod för storleksmätning av hyaluronan. I den andra delen av 

avhandlingen presenteras en multivariat studie med avseende på att utröna 

vilka faktorer som påverkar den sjukdomsframkallande amyloida 

aggregering av proteiner. 

Cellerna i vår kropp omgivs av en extracellulära matrix, som består av en 

stor mängd olika kolhydrater, proteiner och andra biomolekyler. Hyaluronan 

är en glykosaminoglykan som är en viktig beståndsdel i den extracellulära 

matrixen. Trots sin strukturella enkelhet har hyaluronan en stor mängd olika 

funktioner. Den ger stadga och skydd åt vävnaden, men är även inblandad i 

cellulära processer såsom bland annat inflammation, sårläkning och 

tumörtillväxt. Många av dessa egenskaper beror på storleken och mängden 

hyaluronan i vävnaden. Det är därför viktigt att bestämma både storlek och 

koncentration av hyaluronan för att i detalj förstå dess funktion i friska och 

sjuka system.  

Med hjälp av cellodlingar av muskardiomyocyter och fibroblaster 

undersöktes hur olika tillväxtfaktorer påverkade produktion och storlek av 

hyaluronan. Hyaluronan renades fram och dess koncentration och storlek 

mättes. Utryck av gener vilka kodar för de enzymer som tillverkar 

hyaluronan analyserades och signalering mellan kardiomyocyter och 

fibroblaster undersöktes. 

Tidigare var det inte känt om kardiomyocyter kan producera hyaluronan. 

Vi kunde dock visa att dessa celler producerar hyaluronan, men bara om de 

stimulerades med en viss typ av tillväxtfaktor. Vi kunde även påvisa att 

kardiomyocyter frigjorde en signalsubstans i cell mediet vilken inducerade 

en ökad hyaluronan produktion hos fibroblaster. Genuttrycket i 

kardiomyocyter förändrades när de stimulerades med hyaluronan, vilket 

visar att kardiomyocyterna har receptorer för hyaluronan på dess yta. I 

samma studie kunde vi också observera att olika tillväxtfaktorer påverkade 

storlek och koncentration av hyaluronan producerad av fibroblastceller. 

När vi arbetade med vår cellstudie uppstod ett behov av att kunna utföra 

storleksanalyser av hyaluronan utifrån en mycket liten mängd prov. Vi 

utvecklade därför in ny mätmetod för storleksbestämning av hyaluronan 

som kallas GEMMA. Med denna metod kunde vi från mycket små mängder 

prov storleksbestämma hyaluronan med mycket hög precision. Vi kunde 

även med denna metod uppskatta koncentrationen hyaluronan i proven. 
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Funktionen hos den andra viktiga beståndsdelen i den extracellulära 

matrisen, proteiner, beror på deras struktur. Denna bestäms i sin tur av 

egenskaperna av dess byggstenar, aminosyrorna, och i vilken ordning dessa 

är arrangerade i proteinet. Vissa sjukdomar är orsakade av nedärvda eller 

förvärvade fel i aminosyra sekvensen, vilket kallas för mutationer. Detta kan 

leda till en förändrad funktion av proteinet, och kan i vissa fall också 

innebära att proteinet helt förlorar sin form och bildar stora extracellulära 

aggregat. Dessa kallas för amyloida plack och kan förekomma i sjukdomar 

såsom Alzheimers sjukdom. Genom att ta hänsyn för de olika fysiska, 

kemiska och strukturella egenskaperna hos aminosyrorna som ändras av 

olika mutationer av proteinet acylphosphatase hoppas vi kunna förutspå och 

lära oss mer om den amyloida aggregeringsprocessen. 

En multivariat regressions metod användes för att ställa upp en 

beräkningsmodell utifrån ett dataset som innehåller amyloid aggregerings 

hastigheter av olika mutationer i proteinet acylphosphatase. Modellen kunde 

prediktera hur olika mutationer skulle förändra amyloid hastigheten genom 

att beräkna mönster av interaktioner mellan sidokedjornas kemiska och 

fysiska egenskaper, samt deras benägenhet att bilda olika 

sekundärstrukturselement. Min multivariata analys visade att de viktigaste 

faktorerna för förändringar i amyloid aggregeringen av acylphosphatase var 

hydrofoba mönster i aminosyra sekvensen, sidokedjornas laddning och 

benägenhet att bilda betaflak. 
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1. Background 

1.1 Extracellular Matrix 

Surrounding the cells in our bodies is the extracellular matrix (ECM). This 

matrix is a carefully controlled mixture of mainly polysaccharides and 

proteins, produced by the cells themselves. Glycosaminoglycans (GAGs) and 

proteins, such as collagen and elastins, are the major components of the 

ECM [2]. Different compositions of these molecules give rise to tissues with a 

great variety of properties, ranging from the hard and shock absorbing 

features of the cartilage, to the gelatinous vitreous humor.  

The studies included in this thesis are related to the components of, or 

processes taking place in the extracellular matrix. 

The first chapter covers the background to papers I and II, which are 

focused on one of the major components in the extracellular matrix, the 

glycosaminoglycan hyaluronan (HA). The second chapter gives the 

background to paper III, where we used a multivariate approach with the 

aim to understand and predict how mutations can change the rate of amyloid 

aggregation in a protein. These types of aggregates can be found as 

extracellular deposits in certain diseases. 
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1.2 Chapter I: 

1.2.1 Glycosaminoglycans 

Glycosaminoglycans (GAGs) are a family of polysaccharides which are 

essential components of the EMC, with a variety of important biological 

functions [3]. The GAG family includes; chondroitin sulfate, dermatan 

sulfate, heparin sulfate, keratin sulfate and hyaluronan. All GAGs are linear 

molecules composed of repeated disaccharide units with a high negative 

charge [4]. The high charge is important for molecular the function, making 

them able to attract and bind high amounts of water molecules, giving GAGs 

a high influence on the viscosity of the extracellular matrix. The sulfated 

GAGs all bind to proteins, forming complexes called proteoglycans that have 

several functions. Hyaluronan (HA) is the only non-sulfated member of the 

GAG family and do not form proteoglycans. HA was first isolated 1934 by 

Meyer and Palmer [5]. HA acts as a space-filler, shock absorber and 

lubrication in tissues, due to its high ability to retain water and its non-

newtonian properties in solution. Several signalling functions of HA has 

been found and HA is considered to be an important factor in angiogenesis, 

inflammatory, wound healing and cancer [6]. 

1.2.2 Hyaluronan Structure 

The HA molecule is composed of O-linked disaccharides building blocks -

β1-3 D-N-acetylglucosamine and β1-4 D-glucoronic acid (figure 1). At 

physiological pH HA is a negatively charged polyanion, due to the carboxyl 

groups on the glucoronic acid units [7]. Each disaccharide unit has a 

molecular weight of 400 daltons (Da) and a length of ~1.98 Å [8]. 

 

  
Figure 1. Hyaluronan molecule. HA is 

polymer of repeated disaccharides, D-glucoronic 

acid (GlcUA) and D-N-acetylglucosamine 

(GlcNAc). Native HA consists of up to 25.000 

disaccharide units. 
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Native HA found in tissues is a polydisperse mixture of different HA sizes, 

where the high molecular weight (HMW) HA is composed of 2.000 – 25.000 

disaccharide units. These polymers has a length of 0.04 – 5 µm and a 

molecular weight 1 – 10 MDa [9]. 

Early studies of HMW HA structure in dilute solutions, by light scattering, 

viscometry and sedimentation techniques, showed that the HA polymer 

could be described as a stiffened worm-like chain, with a loose random coil 

conformation [10]. Low molecular weight (LMW) HA (< 40 kDa) show a 

different behaviour in dilute solutions, acting more like a semi-rigid rod [11]. 

Studies of the secondary structure of HA oligomers (< 10 kDa) by NMR 

suggest that the configuration of HA in solution is maintained by 

intramolecular hydrogen bonds and polar repulsion between the carboxyl 

groups [12]. 

The hydrodynamic domain of HA starts to overlap at concentrations ~ 1 

mg/ml, resulting in a high increase in viscosity of the solution. However the 

critical concentration, where overlapping starts to influence the behaviour of 

HA and the properties of the solution, depends on temperature, pH and salt 

concentration of the solvent, as well as the actual size of HA [13]. 

1.2.3 Hyaluronan Function 

The function of HA is closely related to its size. HMW HA has several 

structural functions, acting as e.g. lubricant, space filler and shock absorber. 

HA has the ability to form large networks, which have a large impact on the 

viscosity and gives the extracellular matrix a high resistance to water flow. 

HMW HA also has a large effect on the osmotic pressure and is therefore 

important for water homeostasis [14]. HA in tissues are constantly moving, 

creating and closing pore-like structures within the HA network. This allows 

smaller molecules to quickly move through the net work, while movement of 

larger molecules are more restrained [15]. 

However, HA does not only have structural functions. HA has been shown 

to interact with several different receptors, where CD44 and RHAMM are the 

most known examples. CD44 has a wide array of biological functions, being 

important for HA cell binding, HA turnover, angiogenesis, tumor invasion 

and cell migration [16]. HA binding to RHAMM (receptor for HA-mediated 

motility) is involved in cell migration, proliferation and wound healing [17]. 
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The size of HA is important for its function. HMW HA inhibits 

inflammation, acts immuno- and angiosuppressiv, protects against 

phagocytosis and suppresses HA synthesis. 

On the other hand, LMW HA induces inflammation and stimulates PAI-1 

and urokinase [18]. Both LMW and oligo HA stimulate angiogenesis and 

endothelial-cell proliferation. Oligomers have been shown to act pro-

inflammatory and to be important for tumors, as they stimulate angiogenesis 

and motility [19]. 

1.2.4 Hyaluronan synthesis and turnover 

In mammalians HA is produced by three different synthases (HAS1-3). 

Synthesis of HA in tissues can increase as a response to injury, inflammation 

and cancer [20]. Regulation of HAS expression is controlled by growth 

factors and cytokines, e.g. PDGF-BB, TGF-β, FGF2 and IL-1b [21-27]. HAS2 

produce HA with a molecular weight > 2 MDa, while HAS1 and 3 produce 

HA in range of 0.2 – 2 MDa [28]. Although regulation of the activity of HAS 

enzymes are not fully understood, the amount of substrate available seem to 

be the most important limiting factor [29-31]. However, recent results 

suggest that also phosphorylation of HASs might play a role in the fine 

tuning of HA production [20]. 

HA has a rapid turnover within the body. Under normal conditions HA is 

degraded between 12 to 72 hours [14]. Degradation is usually performed by a 

group of enzymes called hyaluronidases (HYALs). Degradation of HA is 

mediated through three different pathways [18]. When degraded locally in 

cells HA binds to the membrane bound receptor CD44, making it possible 

for HAYL2 to degrade HA down to 20 kDa fragments. The fragments are 

transported via endosomes to lysosmes, where HYAL1 degrades these 

fragments into tetrasaccharides. In tissues, HA is delivery from the 

extracellular matrix to the vascular and lymphatic system. Degradation is 

then performed in the liver and kidney. HA can also be degraded locally in 

tissues by reactive oxygen species (ROS). Most likely this is done in 

combination with HYAL2 under pathological conditions [18]. 
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1.3 Chapter II: 

1.3.1 Proteins 

Proteins are both the machinery and workers of all organisms. Proteins 

are linear chains of covalently bound amino acids, which are folded into 

three-dimensional structures. Amino acids are composed by an amino group, 

a carboxyl group and a side chain. Amino acids is covalently bound together 

to form a polypeptide, with a peptide bond that is the backbone of the amino 

acid chain (figure 2). 

 

 

 

 

 

 

 

The blueprint for how the proteins should be built is found in our genes in 

the DNA of our cells. DNA is consists of four different nucleotides - A, T, C or 

G - that are combined in different ways. In the protein coding part of the 

genes nucleotides are sequenced in triplet set, called codons. There are 64 

different codons, which codes for the 20 naturally occurring amino acids 

found in mammals. 

1.3.2 Protein structure 

Most proteins need to adopt a specific structure, referred to as the native 

structure, to be able to perform their specific functions. The structure is 

formed by cooperative and sequential folding of the polypeptide into a 

compact, dynamic, three-dimensional structure [32, 33]. The major driving 

force behind protein folding is to bury hydrophobic residues in the interior of 

the structure and thereby protect them from the surrounding polar solvent 

[34]. Smaller proteins are usually spontaneously folded, while larger protein 

sometime need the aid of other proteins, so called chaperons, to fold 

properly. 

The chemical and physical properties of the amino acid in a protein, and 

the order that they are sorted along the amino acid polypeptide, are 

Figure 2: Amino acids. To the left a free amino acid residue is showing the ammonium 

group (NH3+), carboxylate group (COO-) and side chain (R). To the right two amino acids are 

shown that are forming a short amino acid polypeptide. The chemical and physical properties of 

the polypeptide will depend on the side chains (R1 and R2) of each residue. 
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important for both the protein structure and function. The sequence in 

which amino acids are located within the polypeptide is called the primary 

structure. 

When the polypeptide is folded the polar groups of the back bone (N-H 

and C=O) establish interactions with each other along the polypeptide, thus 

forming different local structures, referred to as secondary structures. There 

are three groups of secondary structures; α-helix, β-sheet and random coils 

(figure 3). 

In the α-helix the polypeptide is twisted along its own axis, forming a left-

handed spring-like coil. The helix is stabilized by hydrogen bond between the 

N-H and C=O groups in the back bone of the polypeptide, four amino acids 

apart, that are facing inwards to the centre of the helix.  

In a β-sheet, an almost full stretched part of the back bone interacts by 

hydrogen bonds with adjacent part of the polypeptide. The different 

stretches are lined up next to each other, either in a parallel or anti-parallel 

fashion, with the hydrogen bonds perpendicular to the sheet axis and the 

side chains facing up or down in an altering manner. A random coil is a short 

or longer stretch of the polypeptide that is more or less unstructured. The 

random coils connect different secondary structures with each other and 

vary in flexibility. Even though they usually do not have a well defined 

structure, they can often be of great importance for the function of the 

protein. 
  

Figure 3. Human Acylphosphatase structure. The tertiary structure of Human 

acylphosphatase common type (AcPh) is composed of two α-helices (red) and one β-sheet 

consisting of five β-strands (blue), connected by random coils (white). Modified from PDB 

ID: 2K7K [1]. 
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The secondary structure motifs are combined in different way to form the 

complete protein structure, called the tertiary structure (figure 3). The 

different secondary structure elements are mainly held together by 

interaction between the amino acid side chains. Hydrophobic side chains are 

most often found in the interior of the protein, where a large amount of weak 

van der Waals interactions gives the structure a stable interior. Charged and 

polar side chains are most often found on the protein surface, where they 

contribute to protein stability by polar interactions and large number of 

hydrogen bonds with the surrounding solvent and with other side chains. 

Some residues are also able to form salt and disulfide bridges between 

certain residues. 

While some proteins are fully functional by their own, some proteins form 

complexes in order to perform their specific task. Two or more proteins of 

the same type, or different types, are bound together forming a larger 

complex, referred to as quaternary structure. These structures are 

maintained by the same type of interactions as those that are used to 

stabilize the tertiary structures. 

1.3.3 Mutations 

As proteins are needed for most processes in our bodies, it is critical that 

they can fold and work properly. As described earlier, the fold and function 

depend on the amino acid sequence, determined by the DNA sequence of the 

gene that codes for that particular protein. 

However, the DNA sequence can be changed. This is known as mutations 

and can happen for several possible reasons; exposure to different types of 

radiations, chemicals, viruses or a result of errors during DNA replication. 

As the majority of the DNA sequence is not coding for any genes, this 

usually does not give any effects. However it if the mutations happen within 

a gene coding codon, it might result in changes of the amino acid sequence of 

a protein. Cells have several systems that protect against DNA damage and 

will also repair most changes that occur.  In some cases these systems do not 

stop the mutation to change the final amino acid sequence of the proteins 

that is produced. In most cases minor changes are not the end of the cell or 

organism, in fact, random mutations is an important driving force of the 

evolution of proteins and organisms. 

Usually when proteins fail to fold, regardless of the cause, they can be 

rescued by the help of chaperons, which aid the refolding of the unfolded 

protein by lowering the energy needed for transition from the unfolded to 

folded state. If chaperons cannot help and proteins cannot fold into their 

native state they are cleared from tissues and cellular compartments by 

different ways of degradation, either by the ubiquitin – protesomal system or 
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by autophagy [35]. Unfolded or partially folded proteins are usually digested 

by proteases. However, in some cases these proteins will start to accumulate, 

that might lead to protein aggregation. 

1.3.4 Amyloid aggregation 

A large number of diseases have been traced to proteins that are unable to 

fold properly and thereby perform their normal function. Several of these 

diseases are linked to the presence of structured aggregates, called amyloid 

structures. Therefore such diseases are referred to as amyloidosis diseases, 

where some classical examples are Alzheimer’s disease, familial amyloid 

polyneuropathy and Creutzfeldt-Jakob’s disease [36]. The proteins linked 

with these diseases share no obvious common sequential or structural 

features in their native state. In addition, it has also been showed that many 

proteins are able to form amyloid aggregates, given the right conditions [37, 

38]. Despite the lack of obvious similarities in the primary or tertiary 

structure of amyloid prone proteins, the amyloid aggregates formed by these 

proteins share several similarities. 

Amyloid aggregates are defined as extracellular aggregates with a core of 

cross-β structure, Congo-Red binding and specific X-ray fibre diffraction 

patterns. The amyloid aggregates are made of elongated fibrillar structures 

with stacked β-strands perpendicular to the fibrillar axis [39]. 

In vitro studies of amyloid formation suggest that initiation requires 

destabilization of the native state (either by changes in milieu, mutations or 

protein modification) leading to an increased population of party folded 

proteins with a propensity to form amyloid that is higher than their 

corresponding native states [38, 40, 41]. The initial step is followed be either 

a nucleus dependent or nucleus independent amyloid formation. The growth 

process is usually investigated by monitoring binding of fluorescent probes, 

such as Congo Red or Thioflavin-T (ThT). 
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In nucleus dependent amyloid aggregation a rate-limiting step is the 

formation of an amyloid fibrillar nucleus followed by a rapid growth of the 

amyloid fibrils. The amyloid fibril is elongated by the addition of partly 

folded proteins monomers or smaller oligomers (figure 4). Experimentally 

this is characterized by a lag-phase, followed by a rapid growth phase (figure 

4) [42]. 

Nucleus independent amyloid formation requires pre-fibrillar species or 

oligomers to be formed from which the amyloid aggregation proceeds 

directly without any rate limiting step [43] (figure 4). In experiments this 

manner of amyloid formation is recognized by an amyloid aggregation with 

an immediate growth phase (figure 4). 

 
  

Figure 4. Mechanisms of amyloid aggregation. The amyloid aggregation is initiated 

from either a partly folded or unfolded state of the protein. The amyloid formation proceeds 

in either a nucleus independent (yellow arrows) or nucleus dependent (red arrows) manner. 

This amyloid aggregation process can be monitored by fluorescence measurement of ThT - 

binding. 
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2 Methodology 

This chapter will provide a detailed description of the materials and 

methods used in the paper and manuscript included in this thesis. 

2.1 Paper I: 

2.1.1 Cell cultures 

In paper I, HA was purified from the media from three different types of 

cell cultures. Cardiomyocytes, HL-1, a cell line with the phenotypic features 

of cardiomyocytes of adult mouse heart [44], was cultivated in Claycomb 

medium in fibronectin coated flasks. Fibroblasts, NIH 3T3, were cultured in 

Dulbecco’s modified Eagle’s medium according to standard procedure [45]. 

A co-culture of cardiomyocytes and fibroblast were cultured with a 20/80 

cell concentration ratio. 

All cell cultures were preformed in 6–well plates. Cells were treated with 

the growth factors; FGF2, PDGF-BB and TGFB2, at two concentration each. 

One plate of each type of cell culture was left untreated and used as control. 

Cell media was collected and frozen. After cell harvest the cells were stored 

in RNAlater (Qiagen). 

2.1.2 Hyaluronan purification 

HA size measurement by dynamic light scattering was performed on HA 

samples purified from different cell cultures. Cell media was collected and 

concentrated from 4 ml to 50 µl by several steps of centrifugation with a 10 

kDa cut-off Ultra Cell filter-unit (Milipore). Contaminations from proteins 

was digested by addition of Pronase mixture (Boehringer Mannheim) to a 

final concentration of 2 mg/ml. Digested HA samples were purified using an 

1 ml DEAE-FF anion-exchange column (GE-Life Science). HA was eluted by 

0.4 M NaCl. The eluted fraction was concentrated and desalted by further 

steps of centrifugation using the same concentration units as described 

earlier. Finally sample volume was adjusted to 0.5 ml by addition of 100 mM 

NaCl in D2O. Purity of samples was controlled by SDS-PAGE and nuclear 

magnetic resonance (NMR). 
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2.1.3 Enzyme linked binding protein assay 

HA concentration was determined using an enzyme-linked binding 

protein assay (Corgenix), also referred to a HA ELISA-like assay (paper I-II). 

HA is immobilize by binding it to a hyaluronic acid binding protein (HABP) 

coated microwells, forming a HABP-HA complex. The immobilized HA is 

washed by phosphate buffered saline (PBS). After washing, a HABP 

conjugate horseradish peroxidase (HRP) is added to wells and allowed to 

bind the immobilized HA. After another step of washing by PBS and 

tetramethylbenzidine (TMB) and hydrogen peroxidase, is added. TMB is a 

substrate of HRP and digestion give rise to a colored reaction, used to 

determine the HA concentration by measuring the optical density at 450 nm 

using a spectrophotometer. The intensity of the signal of samples with 

unknown HA concentration is compared to a set of reference samples (0, 50, 

100, 200, 500 and 800 ng/ml HA). This method has been shown to have a 

high accuracy and reproducibility [46]. As several HABP-HRP conjugates are 

able to bind to the immobilized HA, the increase in signal should be 

proportional to the amount of available binding motifs. This will depend of 

both number of HA polymers and their size. 

2.1.4 Dynamic light scattering 

Dynamic light scattering (DLS), also called quasi-elastic light scattering 

(QELS), was used for measurement of the average HA size in samples 

purified from cell cultures (paper I). In light scattering measurements, a 

laser is applied to a sample of solvated molecules, from which a small 

amount of the applied light will hit the molecules and thereby scatter in 

every direction. The scattered light can be used to estimate molecular size 

and shape. Molecules in solution are constantly moving, as they collide with 

molecules in the solvent. This is known as Brownian motions and is observed 

as fluctuations of the intensity of scattered light. 
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The rate of fluctuation depends on how fast the molecules are moving in 

the solvent. The speed of movement depends on temperature, viscosity of the 

solvent and molecular size. In similar condition the fluctuation in signal 

intensity will be faster for a smaller molecule, compared to larger ones 

(figure 5). The molecular size is derived from the intensity fluctuation by 

calculation of the autocorrelation between the signal intensity at the initial 

time (t0) and a delayed time-point ( ). Fluctuations in intensity can be 

described by the autocorrelation function, given by equation 2.1: 

                                    Eq. 2.1 

I(t0) is the initial intensity, I(t0+τ) is the intensity after a given time point, 

B and A is the baseline and amplitude of the correlation function. Γ is 

defined by equation 2.2: 

         Eq. 2.2 

Stokes-Einstein equation defines D, the diffusion coefficient (equation 

2.3) and q is the scattering angle (equation 2.4): 

     
  

    
  Eq. 2.3 

     
   

  
    

 

 
   Eq. 2.4 

Figure 5. Dynamic light scattering. Light is applied to the sample and movement of the 

molecules creates fluctuation of the scattered light. As larger molecules moves slower 

compared to smaller molecules, the rate of fluctuation can be used to calculate the molecular 

size. 
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k is Boltzman’s constant, T is the temperature, η is the viscocity of the 

solvent. ñ is the refractive index and    is the wave length of the applied light 

and Ѳ is the scattering angle. 

The correlation function of smaller molecules will approach zero at a 

faster rate, compared with larger molecules (figure 6). 

 

The accuracy of the DLS instrument are limited when measuring 

polydisperse samples, such as the HA sample measured in paper I. Therefore 

the average molecular size of HA produced by fibroblast and cardiomyocyte 

cell cultures where estimated by comparing Z-average values between 

samples. This value reflects the mean hydrodynamic size of the particles 

weighted against the signal intensity and is calculated by equation 2.5: 

           
 

  

  

   
 
   

  
    

 

 
  

 

 Eq. 2.5 

  

Figure 6. DLS measurement of a protein and liposome. The correlation in the signal 

(right) will decay faster for the smaller albumin protein, compared to the larger liposome. 
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2.2 Paper II: 

2.2.1 Gas-phase electrophotetic molecular mobility analysis 

Gas-phase electrophoretic molecular mobility analyser (GEMMA) is an 

excellent tool for size measurements of large biological molecules and 

complexes [47]. We used this method to determine the electrophoretic 

mobility of different sized HA in air. 

 

 
 
  

Figure 7. GEMMA apparatus. The samples are turned into droplets by an electrospray. 

Droplets with a single positive charge are generated by α-radiation. The droplets are 

transported by an air flow in to the DMA where they are separated according to their 

electrophoretic mobility (ZP). Droplets with a narrow range of EMD will hit the slit at the 

bottom of the collector rod in the drift cell. These are transported to the particle detector unit 

where the droplets are mixed with heated butanol vapor. The mixture is cooled down at the 

condensator and the droplets will be enlarged and transported by the air flow to the detector. 

Particles are counted by light scattering. 
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Samples measured by GEMMA have to be soluble in violate buffer, 

commonly ammonium acetate or azetonitrile, in order for proper generation 

of aerosols. Gas phase droplets are produced by using a capillary 

electrospray working under pressure (~1.5-3.7 PSI). To be able to generate 

the spray a current (~1.5-2.5 kV) is applied to the sample by emerging a Pt 

wire into the sample. The pressure and voltage is carefully adjusted to 

produce a stable con-jet spray, a Taylor cone, to ensure an even spray of 

single molecule droplets (figure 7) [48]. 

Droplets with molecules are neutralized by α-ray radiation, generated by a 

polonium core (210Po). Ionization leaves only a fraction of aerosols still 

charged, which are transported into the GEMMA apparatus by a air and CO2 

flow of 1 l/min and 0.1 l/min, respectively [47]. 

The charged aerosols are separated according to their individual 

electrophoretic mobility in air (Zp) using a differential mobility analyzer 

(DMA). In the DMA aerosols with different Zp are separates as they travel 

through a magnetic field with a constant perpendicular orthogonal sheat air 

flow (qsh). The magnetic field is generated between the grounded wall of the 

outer electrode and the negatively charged centre electrode, also referred to 

as the collector rod (figure 7). 

The positively charged particles will be drawn towards the negatively 

charged collector rod through the sheat air flow. Particles will reach the 

collector rod at different heights, depending on particle Zp, qsh and DMA 

geometry [49]. Particles with high Zp will hit the collector rod at the upper 

part of the collector rod, while particles with a lower Zp will hit the collector 

rod lower down. Particles in a narrow Zp interval will hit the collector rod at 

small slit and be directed toward the particle count meter unit (figure 7). The 

size of a particle that hits the slit at the collector rod at a given voltage will 

have a narrow range of ZP which can be used to calculate the size of that 

particle. 
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The electrical mobility (Zp) of the aerosol is related to the electrophoretic 

mobility diameter (EMD) of the particle according to equation 2.6: 

 

     
   

      
  Eq. 2.6 

 

n is the number elementary charges of the molecule, e is the elementary 

charge 1.6 x 10-9 Coulomb. η the viscosity of the gas (for our instrument this 

was 1.820 x 10-5 kg × m-1× s-1). C is the Cunningham slip correction and is 

given by equation 2.7: 

 

              
 

  
   Eq. 2.7 

 
α, β and γ is 1.142, 0.558 and 0.999, respectively. Kn is the Knudsen 

number, given by equation 2.8: 

 

     
  

   
  Eq. 2.8 

 

λ is gas free path (for our instrument this was 66.5 nm). By combining 

equations 2.6-8 gives equation2.9: 

 

    
 

      
   

  

   
     

     

  
   Eq. 2.9 

Particles transported to the macro-ion detector unit aerosols are detected 

by a small light scattering unit. However, to avoid problems caused by the 

small size of most aerosols, particles are mixed with n-butanol gas at 39  C. 

This mixture is passed through a condensator, where the mixture is cooled 

down to 10  C. This triggers a nucleation process, coating the aerosols n-

butanol, forming enlarged droplets. The droplets are detected by a laser 

using a photo detector positioned at a 90  angle to the light source. 

A major advantage of this method is the low sample concentration needed 

for a measurement. Ideally sample concentration even lower than one 

molecule per generated aerosol is needed [47]. Practically about 50-500 

ng/ml of HA gives a reasonable signal to noise ratio. 
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2.3 Paper III: 

2.3.1 Multivariate analysis 

Multivariate analysis (MVA) is a useful approach for model calculations of 

large and complex datasets, otherwise difficult to over-view and analyze, 

with the aim to simplify interpretation and predict relationships in the data. 

In paper III, MVA was used to analyze a set of data from measurements of 

amyloid aggregation rate of several mutants of AcP. The correlation between 

the aggregation rate and variables that describes the properties of amino 

acids in these mutants was analyzed by principal component analysis (PCA) 

and orthogonal projection to latent structures (OPLS). 

2.3.2 Principal component analysis 

PCA is a unsupervised projection method used to detect trends between 

samples or characterize clusters of samples [50]. PCA accomplish this by 

modeling the maximum variance within the matrix X. 

For a matrix X, where observations (for example, apples of different sorts) 

are described by a number of variables (for example, color, size, taste and 

shape), the general variation can be described by a linear model with a low 

number orthogonal latent variables (LV), also called principal components. 

Variation in variables are described by the scores T and the importance of 

variables are reflected by the loadings P (e.i. the angle between original 

variable and principal component). Any variation not explained by the model 

is stored in the residual E, giving the equation 2.10: 

            Eq. 2.10 

Figure 8. PCA model with two components. Variation, trends and clusters of samples in 

the matrix X (left) can be analyzed by plotting the scores (t) in the first and second component 

(middle) of each sample. The differences are explained by the corresponding loadings plot (p) 

(right). 
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The first principal component will always describe the largest variation in 

the matrix. If there is a second component it will be orthogonal to the first 

and describe the second largest variation (figure 8). Additional components 

can be added, all being orthogonal to the one before. 

2.3.3 Orthogonal projection to latent structures 

Based on partial least squares (PLS) [51, 52], orthogonal projection to 

latent structures (OPLS) [52, 53] is a supervised multivariate regression 

method used to model and make predictions of complex data (figure 9). 

These methods are supervised as they use information of the response to 

find linear relationship between X and Y. This relationship can be described 

by equation 2.11: 

          Eq. 2.11 

where B is the regression coefficient and the non modeled variation is 

stored in the residual F. The aim the model is two find B. When B is know, 

predictions of new samples can be made by measure or calculate variables X. 

OPLS calculate the maximum covariance and correlation between variable 

X and response Y. OPLS maximize the covariance between Y and a linear 

combination of the original variables by equation 2.12: 

           Eq.2.12 

where ta is the score and wa is the weight loadings of component a. The 

variables are described by scores T, for both the X and Y matrix. How 

variables are related to the latent variables is explained by P loadings for the 

X matrix and C loadings for the Y matrix. 

The systematic variation that is correlated with the response is included in 

the first component (TPPP) of the OPLS model, referred to as the predictive 

component. Systematic variation not correlated with the response will be 

described by following components (ToPo), referred to as orthogonal 

components (figure 9). An OPLS model with one predictive and one 

orthogonal component would be summarized by equations 2.13 – 14: 

 

OPLS model of X:       
      

    Eq. 2.13 

OPLS model of Y:          Eq. 2.14 
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The predictive component includes all variation in the variables used to 

describe the samples in the X-matrix that is useful for understanding and 

prediction of the variation in Y (figure 9). However, the variation included in 

the orthogonal components is still of interest, as the non correlated 

systematic information, might contain information that could provide a 

better understanding of the system that is studied. 

2.3.4 Amyloid aggregation database 

The dataset analyzed in paper III originates from the collected studies of 

Professor Chiti, Florence, and co-workers, and has been published previously 

[54-58]. In these studies they have measured the amyloid aggregation rate of 

77 different mutants of human muscle acylphosphatase (AcP), and compared 

it with the wild-type aggregation rate. The amyloid aggregation rates were 

determined by ThT-binding assay and are described in great detail in these 

articles. 

In brief, they incubated AcP in a solution of 25% (v/v) Trifluoro-ethanol 

(TFE), 50 mM Acetate, pH 5.5 and 25oC. Under these conditions the native 

structure of AcP is destabilized and started to unfold. However, TFE has the 

ability to stabilize non-native secondary structures, such as α-helixes [59, 

60], a partly folded state of the AcP was populated in the solution, as was 

shown by circular dichroism (CD). This initiated a non-nucleus dependent 

amyloid aggregation. The rate of the aggregation was determined by a ThT 

binding assay. This method is based on the assumption that binding of ThT 

to the amyloid will induce an increase in fluorescence proportional to the 

amyloid concentration in the sample [61]. 

  

Figure 9. OPLS modeling. The variation (TPPP) in the X matrix correlated with the 

response Y is separated from the uncorrelated variation (ToPo) (left). The model is used to 

predict the response Y (right). 
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The amyloid aggregation rate of each mutant (ν’) was normalized against 

the amyloid aggregation rate of the wild type AcP (v) according to equation 

2.15: 

       
  

 
   Eq. 2.15 

The physicochemical properties and secondary structure propensities of 

the amino acid sequence of the AcP wild type and mutants was described by 

two sets of scales. The first set of scales, the Z-scales, was used to define the 

most important properties of the side chains. These are: 

hydrophobicity/hydrophilicity (Z1), size of the side chain (Z2) and 

polarization/charge (Z3) [62]. The Z-scales are originally the three most 

important principal components from a PCA of 29 physicochemical 

variables. This was calculated for the 20 naturally occurring amino acids in 

mammalians. These variables contain both experimentally determined 

parameters (e.g. NMR, pKa, LogP) and theoretically data (e.g. Mw, van der 

Waals volume). The second set of scale, the P-scales characterize each amino 

acid propensity to form different secondary structures; α-helix (Pα), β-sheet 

(Pβ) or random coil (PC) structures [63]. The P-scales are based on the 

frequency of occurrence of amino acids in different secondary structures in 

more than 2000 protein structures from the PDB database. 

The effect of the position of mutations were taken into account by 

calculations of patterns in the sequence by auto cross covariance (ACC) 

calculation [64]. ACC multiplies a variable (either Z-scale or P-scale) of the 

first residue with the next in the sequence and then next after that and so on, 

continuing for a distance specified by a lag (l). This is repeated for all 

variables of each separate scale and any combination of variables within the 

same scale and the products of the variables are subsequently added up to a 

numerical value. The ACC calculation will result in two variables; auto-

covariance (AC), calculated for variables of the same type and cross-

covariance (CC), calculated for different variables (figure 10). ACC was not 

calculated between the two different scales used in this study. ACC was 

calculated according to equations 2.16 - 17: 

         
           

   

   

 
  Eq.2.16 

           
           

   

   

 
  Eq. 2.17 
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where j and k are different variables from separate scales. i define position 

in the sequence, n the length of the sequence. l define the length of the 

sliding window, i.e. the number of amino acids between the two components 

used to calculate the covariance parameter. 

 

 

 

 

 

 

 

 

 

  

Figure 10. Auto-and cross-covariance of a 4 amino acid long peptide. The auto-

covariance (AC) (top) is calculated by multiply the first variable of the first amino acid with 

another on a specific distance away (l). This is repeated for the next and so on, moving forward 

like a sliding window. Cross-covariance (CC) (bottom) is calculated between different types of 

variables. 
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3 Results and discussion 

In this section the result and conclusions of paper I-III are shown and 

discussed. This will be focused on analysis of HA using various techniques 

(paper I - II) and the use of OPLS to analyse the amyloid aggregation of AcP 

and the effect of mutations on this protein (paper III). 

3.1 Paper I: 

In this study we wanted to investigate if cardiomyocytes could produce 

HA, and if there is a cross talk between fibroblasts and cardiomyocytes that 

changes HA production. We also wanted to know how this would be 

mediated and if the size of HA produced could give clues to the biological 

function of HA. 

3.1.1 Quantitative analysis of HA by ELISA-like assay 

HA was isolated from cell-cultures with cardiomyocytes, fibroblasts and 

co-cultured cells of cardiomyocytes and fibroblast, and the amount of 

produced HA size was determined by an ELISA-like binding assay. 

Cardiomyocytes stimulated with high concentration of PDGF-BB (100 

ng/ml) did produce detectable amounts of HA. No other condition was 

shown to induce HA production from cardiomyocytes. Fibroblast produced 

HA even without any stimulation of growth factors. 

When stimulated by the growth factors FGF2 and PDGF-BB, fibroblast 

showed a reverse dose response. The higher concentrations (10 and 100 

ng/ml, respectively) resulted in lower concentrations of HA, compared to the 

HA amounts induced by the low concentrations of the same growth factors. 

High levels of TGFB2 did not show any dose response, regardless of 

amount added (5 and 10 ng/ml). Both concentrations of TGFB2 resulted in a 

more than twofold increase in HA produced, compared to the fibroblast 

cultured without growth factor stimulation. 

3.1.2 Size analysis of HA by DLS 

HA was isolated from cell-cultures with cardiomyocytes, fibroblasts and 

co-cultured cardiomyocytes and fibroblast cells and the average HA size was 

analyzed by DLS. 

Without the addition of any growth factors cardiomyocytes did not 

produce any HA. Fibroblast grown in normal cell culture media produced 

HA with an estimated average hydrodynamic diameter of 175 ±25 nm. Co-



 

23 

cultures of cardiomyocytes and fibroblast (80/20 ratio) produced HA with 

an estimated average hydrodynamic diameter of the same size, 160 ±20 nm. 

High levels of PDGF-BB (100 ng/ml) added to cardiomyocytes produced 

HA with an estimated average hydrodynamic diameter similar to the 

fibroblast control. This is the only conditions that cardiomyocytes has been 

shown to produce HA. Fibroblast stimulated by the same amount of PDGF-

BB did not produce enough HA for accurate DLS measurements. Co-cultured 

cells stimulated by the same dose of PDGF-BB secreted HA with an 

estimated average hydrodynamic diameter of 220 ±80 nm, showing a great 

variation between the two replicates. 

Both low (5 ng/ml) and high (10 ng/ml) levels of TGFB2 stimulated 

fibroblast to produce HA with an average diameter lower than the control, 

110 ±15 nm and 100 ±15 nm, respectively. Co-cultured cells produced HA 

with an average diameter close to the size of the controls or smaller when 

low or high levels of TGFB2 was added, 170 ±15 nm and 85 ±15 nm 

respectively. 

Low doses of FGF2 (5 ng/ml) added to fibroblast induced HA with an 

estimated average size similar to the control. In co-cultured cells this was 115 

±45 nm, while high levels of FGF2 (10 ng/ml) added to fibroblast produced 

HA estimated to have an average diameter of 60 ±15 nm. 

3.1.3 Cross talk between fibroblasts and cardiomyocytes 

Addition of Claycomb media from cardiomyocytes or co-cultured cells to 

fibroblasts showed in increased HA synthesis, compared to when fibroblast 

cultured in DMEM or fresh Claycomb media. 

An increase in HA concentration was also seen in fibroblast cultures upon 

addition of supernatant from ultracentrifugation of cardiomyocyte cell 

culture media, while the pellet did not induce any changes in HA synthesis. 

Analysis of the gene expression of the fibroblasts incubated in the Claycomb 

media from cardiomyocytes showed that 333 genes were differently 

expressed compared to the fibroblasts grown in fresh Claycomb media. 

When incubated with the pellet added to the fibroblasts 96 genes were 

differentially expressed. 

3.1.4 Cardiomyocytes are stimulated by HA 

Addition of native HA to cardiomyocytes induced expression of 35 genes 

after 24 h. When oligomeric HA was added 63 genes were differentially 

expressed. 
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3.1.5 Discussion 

Real-time PCR showed that Has2 gene was expressed in cultured 

cardiomyocytes and fibroblasts in both controls and all the different growth 

factors tested in this study, while Has1 expression was not detected at all. As 

addition of growth factors at different concentrations effects the 

concentration and to some extent the size of HA produced, the expression of 

Has genes does not seem to be a determining factor of concentration or size 

of HA produced by fibroblasts. 

One of the aims of this study was to investigate any possible role of 

cardiomyocytes in synthesis of HA, as elevated HA levels has been seen to 

correlate with hypertrophic heart growth in rat model. 

The gene expression pattern of cardiomyocytes was affected by addition of 

HA, in a size depending manner, indicating that cardiomyocytes has HA 

receptors on the cell surface. It was also shown that high levels of PDGF-BB 

(100 ng/ml) induced both Has2 and Has3 transcription and HA synthesis in 

cardiomyocytes. Lower concentration of this growth factor did not induce 

HA production. These findings show that cardiomyocytes are able to 

produce, recognize and be affected by HA. They also imply that there might 

be a threshold level of PDGF-BB needed to be reached before 

cardiomyocytes starts their own HA production. 

Addition of TGFB2 to co-cultures displayed a two-fold increase of HA 

produced when, compared with the same amount of TGFB2 added to 

fibroblasts cultured alone. Strongly indicate a cross-talk between the two cell 

types. Which to some extent can be explained by the observation that 

cardiomyocyte cell media induces Tgfb2 gene expression in fibroblasts. 

Ultracentrifugation of the cardiomyocytes growth media showed that this 

was caused by a soluble molecule, as the supernatant gave a similar effect. 

These findings are very interesting and TGFB2 has been shown to effect 

Has2 expression and HA production in developing heart [65]. 
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3.2 Paper II: 

The aim of paper II was to develop a new method for size determination of 

HA by GEMMA. We wanted to test if GEMMA could be used to perform 

accurate size estimations using very small amount of sample for a wide range 

of HA sizes. 

3.2.1 EMD determination of HA by GEMMA 

In paper II we show that GEMMA could be used to estimate the molecular 

weight of HA at least in the range 31 – 2420 kDa. The elecrophoretic 

mobility diameters (EMD) of ten different HA samples with different 

molecular weights were determined by GEMMA. 

Plotting the peak maximum of the Gaussian fit to the EMD spectrum 

against the molecular weight of HA showed that there was a two-phase linear 

dependency, with a break point around 100 kDa (figure 1, paper II). 

Therefore, two equations were used to fit the EMD data. Equation 3.1 

describes the linear relationship for HA with a molecular weight between 31 

– 70 kDa and equation 3.2 between 128 – 2420 kDa. 

                           Eq. 3.1 

                         Eq. 3.2 

4.2.2 Quantitative analysis of HA by GEMMA 

GEMMA could be used for estimation of the molar concentration of HA. 

Comparison between an ELISA-like assay and GEMMA showed a HA size 

dependent linear relationship between the area under the EMD peak and 

corresponding molecular weight of HA in the sample measured (figure 11). 
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GEMMA measurements were performed on HA samples in the 

concentration range between 50 ng/ml to 10 µg/ml, needing only 20 µl 

sample to be loaded into the GEMMA instrument, which only used 300 nl 

per spectrum. Most samples gave reliable measurements between 100 – 

1250 ng/ml (figure 12), however as low concentrations as 50 ng/ml could be 

used for reliable measurements (figure 2A, paper II). Measurements could 

be performed on HA samples with defined molecular weight, as well as on 

mixtures of different molecular weights (figure 2C, paper II). 

  

Figure 11. Relation between peak area and HA concentration. A linear relation was 

observed between the area of the EMD peaks and HA concentration. For the 262 kDa HA, the 

concentration of only two samples was determined by ELISA-like assay. 

Figure 12. GEMMA spectrum of HA. The spectrum of 30 kDa (left) and 850 kDa (right) 

are displayed, showing a typical GEMMA measurement of HA and three concentrations for 

each sample. 
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3.1.3 Discussion 

We showed that GEMMA can be used to estimate the molecular weight of 

HA in a large range of molecular weights, covering almost its whole 

biological spectrum of sizes. Measurements could be performed on HA 

samples with a narrow range of molecular weight, as well as on mixtures of 

different sized HA. The GEMMA method was shown to have good peak 

separation in the range of, 30 – 2420 kDa, with excellent separation between 

30 - 128 kDa. 

Reliable measurements of HA could be performed in sample with low 

concentrations, consuming only a small fraction of the sample. This makes 

this method a good candidate for size determinations when only small 

amounts of material can be obtained. 

In addition we could also observe that the area under the curve can be 

used for estimation of the HA concentrations, as has been suggested for 

other molecules, such as proteins and DNA [49]. The molar concentration 

derived from GEMMA was correlated with the mass concentration 

determined by an ELISA-like assay from Corgenix. 

The behavior of HA with a molecular weight higher than 128 kDa did not 

follow the same linear relationship between EMD and molecular weight as 

HA with lower molecular weight. This could not be explained by increased 

flexibility of the HA polymer, nor by the increase in possible conformation of 

larger HA polymer [66]. If the unexpectedly low EMD of the larger HA was 

correct, it would suggest an unreasonable high density of the HA droplets 

traveling through the DMA. We therefore suggest that this is an effect of 

particle alignment to the electrical field and sheat air flow in the DMA. This 

effect causes the large HA to appear much smaller in the DMA compared to 

its true size. 
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3.3 Paper III: 

In this study we wanted to investigate which intrinsic properties of amino 

acid that is of importance for amyloid aggregation, and if it would be possible 

to use multivariate models to predicting amyloid aggregation rate of mutated 

proteins. 

3.3.1 Multivariate analysis of amyloid aggregation 

A dataset with 78 different AcP variants (wild type and 77 mutants) were 

analyzed by PCA and OPLS. The OPLS model could predict the aggregation 

rate of the mutants that induced both a large decrease, as well as a large 

increase in amyloid aggregation rate. 

The changes in physicochemical properties and secondary structure 

propensities were described by two scale Z- and P-scales, respectively. Both 

of these scales were shown to be important for describing the effect that the 

mutation had on the aggregation rate. 

The physicochemical properties of the amino acids, described by the Z-

scales, had the largest influence in the predictive component and only little 

orthogonal variation. This shows that these scales could be used to 

accurately describe the driving forces of the amyloid aggregation process of 

AcP. 

The most important variables for prediction of the response were AC of Z1 

and Z3. AC of Z3 was negatively correlated at all significant lags, indicating 

that all mutations that decrease Z3 likely to have an increased aggregation 

rate. AC of Z1 were negatively correlated for most lags, however a few were 

positively correlated with the response. This means that the OPLS model are 

able to predict the effect of changes in patterns of hydrophobic residues, 

which has been identified as highly important for the amyloid aggregation 

propensity of amino acid sequences [67]. 

The propensity of the amino acids to form different secondary structures, 

defined by the P-scales, was not as important for the amyloid aggregation as 

the Z-scales. However, Pβ which defines the propensity to form β-sheets, 

were correlated with an increased propensity to form amyloid aggregates. 

This is not surprising since the amyloid aggregates are by definition cross β-

sheets. Pα and Pc had a significant amount of orthogonal variation, showing 

that changes in the propensity to form random coils and α-helixes are not as 

important for prediction of amyloid aggregation. 

Several mutations were of similar type, but showed great variation in 

amyloid aggregation rate depending on the location in the amino acid 

sequence. The use of ACC allowed us to predict the differences in 

aggregation rate of such mutations. 
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3.3.2 Discussion 

We could show that multivariate methods could be used to predict the 

amyloid aggregation rate of AcP mutants. Using descriptors that define the 

physicochemical and secondary structure propensities provided relevant 

information about the behavior of the mutants studied. The hydrophobicity, 

charge and propensity to form β-sheets were shown to be the most important 

properties of the amino acids for predictions of changes in amyloid 

aggregation rate of AcP mutants. 

The observation that the Z-scales were more important and contained less 

orthogonal variation compared to the P-scales indicate that the major 

driving force in amyloid aggregation is not the ability to form secondary 

structures. Instead our data suggest that physicochemical properties of the 

amino acid side chains are more important. 
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4 Conclusions 

In fibroblast cell cultured HAS2 was the main expressed HAS gene, still 

both HA concentration and size produced by fibroblasts were affected by the 

addition of growth factors to cell cultures. This suggest that HAS expression 

is not related with HA size produced. 

HA production in cardiomyocytes could be triggered by the right amount 

of PDGF-BB. Cardiomyocytes was also shown to interact with fibroblast 

through a yet unidentified factor that was mediated through the cell media. 

This suggests that HA is of great importance for cardiomyocytes. 

GEMMA was shown to be a promising tool for size determination, as well 

as estimation of concentration of HA. Reliable measurements could be 

achieved with samples at nano-gram concentrations, requiring only a few 

pico-gram of HA for a good quality GEMMA spectrum. GEMMA gives 

reliable weight estimations in a range of molecular weights relevant for 

biological HA samples. 

Multivariate analysis of amyloid aggregation of acylphosphatase 

generated an OPLS model which could predict a wide range of amyloid 

aggregation behaviour of the mutations within the acylphosphatase 

database. The model showed that the most important factors for the amyloid 

aggregation rate were hydrophobic patterns, charge and β-sheet propensity 

of the amino acid side chain. 
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Hoppas att jag får er lite närmare till hands i framtiden! 

HA-gänget: Urban ”Hellman”, Anna ”Globetrottern”, Stellan ”Klippan”, 

Nina ”Leendet-från-Östergötland” och Anders ”Chefen”. Att få arbeta med 

er har inte bara varit intressant och stimulerande, det har även varit 

förbaskat roligt! 

Jonas och Nicole. Tack för hjälpen på labbet, den var ovärderlig! 

Galningarna: Hasse. Han som lärt mig allt jag kan, om du frågar honom 

dvs. Han har lärt mig multivariat analys, på rätt sätt. Hur man tränar, på rätt 

sätt. Hur man drar på sig skador, på rätt sätt. Hur man byter panel, på rätt 

sätt. Hur man lagar en bil, rätt sätt. Hur man ... ja ni förstå. Carlos. Han 

som lärde mig hur man tränar, egentligen, och framförallt vad man skall äta 

när man åker till Spanien och Frankrike. Om magen pallar dvs. Jonas. Hur 

beskriver man ett fenomen? Knatti. Hon jag fortfarande inte vet vad hon 

snackar om, men det är jäkligt gött när någon avbryter Hasse ibland! 

Klas. Mannen som visar vikten av att vara snäll när man är stark. Jag är 

skyldig dig några omgångar om jag inte missminner mig! 

Ingrid. Tack för att du alltid har tid att hjälpa till när man behöver hjälp, 

vilket alltså är mest hela tiden för min del. 
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Alla gamla kontorskollegor och partygänget på avdelningen. Hoppas ni 

har det bra, vart ni nu än är. 

To all the people at Medchem, thank you all, for your help and support! 

Therese, tack för tålamodet, speciellt den senaste tiden, det här kommer jag 

garanterat aldrig göra om! 

Till slut vill jag tacka min stora släkt och familj. Jag hoppas kunna bo 

närmare er alla i framtiden, jag saknar er mer och mer för varje dag som går. 

Jag avslutar med den hälsning som jag tror att min morfar skulle ha valt: 

Fridens! 
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