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Alzheimer’s disease is a common and very costly disease in today’s society. The hallmarks of the 

disease are the formation of two protein aggregates, amyloid plaques containing Aβ-peptides and 

neurofibrillary tangles containing hyperphosphorylated tau protein. The formation of neurofibrillary 

tangles is thought to be promoted by amyloid formation and is why the cellular events surrounding 

the formation and interactions of the Aβ-peptide is a prime target for Alzheimer’s research. In this 

thesis, the gene of the highly aggregation prone form of Aβ-peptide, the Aβ1-42, has been inserted in 

a Drosophila melanogaster to promote expression in the central nervous system through the use of 

the Gal4-UAS system. 

Gene expression analysis was done using a RNA purification kit, translating the RNA into cDNA using 

RT-PCR and the levels were analyzed using quantitative real-time PCR. For protein expression analysis 

the immunological techniques of dot blot and western blot were used combined with an 

immunoprecipitation step using magnetic beads. A fibrillation experiment was also performed to 

look into the potential seeding effect on amyloid formation from the Aβ1-42 expressing Drosophila 

using fluorescence spectroscopy. 

The aim for this thesis was to look into expression of the Aβ1-42 gene and the impact of ageing on 

expression levels. Another aim was to try and separate and detect soluble Aβ-peptide species from 

tissue homogenates of Drosophila. 

No amplification could be detected in the quantitative real-time PCR, most likely due to 

concentration issues of the reaction components. For this reason gene expression could never be 

quantified nor could the effect of ageing and gene expression be looked into. Insoluble aggregates 

but no soluble Aβ-peptide species could be detected or separated from the tissue of the Drosophila. 

No seeding effect on the amyloid formation could be statistically determined by the fibrillation 

experiment, but interesting quenching effects on the total quantum yield of Aβ fibrils in the presence 

of brain homogenates were noted. 
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1. Introduction 

Proteins in the living cell have a very dynamic structure enabling them to fold and unfold under 

physiological conditions. Some proteins have difficulty to reach or to stay in the folded state in a 

correct manner promoting them to misfold. When misfolded, the protein will expose hydrophobic 

parts that are normally buried within the protein structure. These may interact with other proteins 

and form protein aggregates. To prevent protein misfolding the cell has molecular chaperones that 

bind to unfolded or partially folded proteins, preventing misfolding and interactions with other 

proteins, enabling them to fold in a correct manner. 

Amyloid fibrils is a specific form of aggregate found in many misfolding related diseases such as 

Alzheimer’s, Parkinson’s and Huntington’s disease. The structure of amyloid is highly ordered and 

rigid and is composed of cross β-sheets and its formation will cause neurological death having lethal 

impact on the patient affected. 

Alzheimer’s disease, AD, is a neurodegenerative condition where amyloid fibrils and neurofibrillary 

tangles will form in the neocortex of the brain, leading to degradation of the soma in the temporal 

and frontal lobes, involved in memory and learning. Age is a major factor for developing AD and 15 % 

of the population of the age of 65 is affected. The amyloid fibrils formed in AD originate from 

peptides generated by the proteolytic cleavage of the amyloid precursor protein, APP, into the Aβ-

peptide. Depending on the site of the cleavage there will be different products varying from 39-45 

amino acids in lengths. The major products in this cleavage are Aβ1-40 and Aβ1-42 peptides 

corresponding to 40 and 42 amino acids respectively. It is the Aβ1-42 species that are most prone to 

aggregate and it is the level of Aβ1-42 that promotes formation the amyloid fibrils found in AD. 

In this thesis transgenic Drosophila melanogaster expressing the Aβ1-42 peptide will be used for 

studying the gene- and protein expression in different stages in the generation cycle. The genetic 

fragment corresponding to the Aβ1-42 protein sequence was introduced into the Drosophila genome 

together with the Gal4-UAS system. For tissue specificity the C155 driver was used to promote 

expression in the central nervous system. 

For gene analysis q-PCR was the used and for protein expression analysis Dot-blot and western blot 

was used together with immunoprecipitation. At the end of the project an experiment was 

performed to look into the seeding effect of Drosophila brains in the fibrillation kinetics of Aβ1-42. 
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2. Background 

2.1. Protein structure 

Proteins are translated copies of our genes, composed of amino acids and linked together through 

the peptide bond. Within the cell there are 20 naturally occurring amino acids with various chemical 

compositions. Although all amino acids are structurally different, some of them do share chemical 

properties with hydrophobic (Ala, Val, Phe, Pro, Met, Ile and Leu), charged (Asp, Glu, Lys and Arg) and 

polar (Ser, Thr, Tyr, His, Cys, Asn, Gln and Trp) attributes. Their diversity greatly impacts the structure 

and properties of the protein they form. Excluded from the three groups is Glycine (Gly) which can, 

due to its small size and chemical structure, be included in any of the above mentioned groups. 

Amino acids are linked by the peptide bond and when fully synthesized often referred to as a 

polypeptide. The sequential order of the amino acids is known as the primary sequence, or primary 

structure of the protein. 

To fold, a protein will need to arrange its primary structure in two major specific patterns or motifs 

known as α-helices and β-sheets. These motifs are referred to as the secondary structure of the 

protein. The α-helix is a twisted motif held together by hydrogen bonds between the C=O and NH of 

amino acid n and n+4, in the primary sequence. This will make the helix polar due to the unpaired 

C=O and NH at both end of the helix and is the major reason why helices are mostly found at the 

surface of a protein. The β-sheet is not, as the α-helix a continuous pattern, but instead made up by 

interactions separated in the primary sequence of the protein. It does however, utilize the same 

hydrogen bond interaction between C=O and NH as the α-helix does. The β-sheet is a linear structure 

made of β-strands and does not require the polypeptide to be locally twisted within the structure 

when formed. A β-sheet will have the side groups of the included amino acids arranged 

perpendicular to the inner plane of the sheet and the α-helix will have the side chains distributed 

around the entire helix, facing out from the axis of the helix. Apart from the α-helix and β-sheet, 

loops or turns are other major secondary structure motifs. Loops do not however use the same strict 

patterns as the other two and are composed of only a few amino acids connecting α-helices or β-

strands. Since there are only a few amino acids responsible for the turn within a loop it is mostly 

composed of the smaller, less sterically hindered amino acids. Usually globular proteins have a 

hydrophobic interior of β-sheets and a more polar surface of α-helices. 

To gain its three dimensional structure the secondary structure of a protein must interact 

intramoleculary to form the so called tertiary structure. When it is formed all α-helices, β-sheets and 

loops are entwined in a very specific and highly ordered manner. Even though the interior of a 

globular protein is mainly hydrophobic many of the amino acids polar or even charged can reside 
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inside the protein. To enable the hydrophilic amino acids to reside in the hydrophobic environment 

the protein will make hydrogen bond or salt bridges between the hydrophilic and polar amino acids. 

The tertiary structure is responsible for specificity since it will define the three dimensional structure 

of the given protein. In some cases there is a fourth type of structure known as quarternary 

structure. However, this only appears in multi-domain proteins and defines the interaction between 

the tertiary structures of two or more polypeptides. (Branden & Tooze, 1991) 

2.2. Protein folding 

As mentioned above, protein folding is a very specific and highly ordered occurrence. Folding is 

initiated to form an active structure of the protein with high specificity towards the task at hand. The 

information of how this is achieved is stored within its primary structure (Anfinsen, 1973). 

Considering all the interactions in both the secondary- and tertiary structure of a protein it might at 

first glance be thought of as a highly stable structure. This is however not the case due to the 

thermodynamics of the reaction. As folding is a spontaneous occurrence it follows Gibbs function of 

spontaneity, given by: 

∆� �  ∆� � �∆� 

It states that at constant temperature and pressure, chemical reactions are spontaneous in the 

direction of decrease in Gibbs free energy, ΔG. Enthalpy, ΔH, is measurement of the binding energy 

within a system. When forming for example hydrogen bonds, as within the protein, the enthalpy will 

decrease. Entropy or ΔS however, is the enthalpy counter-part and is a value of how ordered a 

system is in terms of freedom. In theory it means that for a protein with several hundred interactions 

and a highly ordered system the enthalpy will be negative and the entropy will be very low. (Atkins & 

De Paula, 2006) 

In the classical view of protein folding the loss of entropy must be compensated by the decrease in 

enthalpy from interactions formed do gain a negative ΔG-value and promote folding. Meaning 

enthalpy is the driving force for protein folding. This is however only true if the protein is looked 

upon as a system only interacting with itself. When considering the aqueous surrounding of the 

protein this statement is somewhat misleading. Water molecules will bind to one other and form so 

called ice-bergs around hydrophobic parts of the unfolded protein, giving both a low entropy and 

enthalpy. When a protein folds it will need to break the bonds between the water molecules within 

the ice-bergs and replace them with interactions of its own. Even though the protein may form many 

interactions when folding it can never compensate to the increase of enthalpy when these ice-bergs 

melts, meaning enthalpy cannot be the driving force of protein folding. It is instead the increase in 
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entropy when water molecules of the ice-bergs are released that promotes folding. Since the gain in 

entropy is compensated by the increase in enthalpy upon folding the three dimensional structure of 

a protein is not very stable and has typical values of ΔG in the range of 5-25 kcal/mol. (Fersht, 1999) 

Apart from the thermodynamics of protein folding, kinetics is also an important feature. In protein 

folding the kinetics, or rate of reaction, is defined by the energy barrier the protein must surpass to 

reach the thermodynamically favored native state. This barrier is passed by many proteins but some 

need help to overcome the transition. To assist these proteins the cell have proteins itself, 

chaperones which are capable of binding to the proteins, assisting them in clearing the transition 

state and fold properly. 

Since the average stability of a protein in its native and folded state is as low as 5-25 kcal/mol, 

proteins are very flexible structures. A protein is not a rigid structure and will use its flexibility when 

interacting with other proteins or molecules by altering its formation. Another advantage of the low 

stability is that a protein of no use can easily be degraded by the cellular control mechanisms, such as 

the proteasome. 

The thermodynamics and kinetics of protein folding is well known. Even so, the actual events and 

how folding is achieved it not entirely understood. The peptide bond between each of the amino acid 

within a protein can twist itself into many possible conformations. Considering the amount of 

peptide bonds in a single protein it would take a very long time for the protein to fold if every 

possible conformation were to be tested. To overcome this paradox in folding the protein is said to 

travel down a folding funnel. This funnel is an energy landscape in which the protein will test an 

ensemble of conformations to lower its potential energy as it travels down the funnel to reach the 

lowest native energy level (fig.1). When lowering its potential energy the protein will at the same 

time decrease the ensemble of possible conformations of the peptide bond until the native state 

reached (Brockwell, Smith, & Radford, 2000) (Onuchic, Luthey-Schulten, & Wolynes, 1997) (Dill & 

Chan, 1997). 



Figure 1 The folding funnel is an energy landscape the protein travels 

2.3. Protein misfolding and aggregation

During folding, the protein may at some stage in the

manner. The protein will then most likely expose a part which would 

buried inside structure of the protein. By do

within the cell, creating aggregates

its chaperones to shield the incorrectly 

proteins and to promote aggregation

occurs; it will only increase the turnover of fully folded proteins from the unfolded state

Protein folding and misfolding, 2003)

catalyze the isomerization of peptide bonds preceding a proline residue (PPI:ases) and that catalyze 

the formation of disulfide bonds, protein disulfide isomerases (PDI:s)

The folding state of the protein being most p

This state the protein will only partially be folded and the hydrophobic parts may not be completely 

shielded from the surrounding environment

an accumulation, preventing the protein from reaching 

this step may be of a disordered or order sort, the latter being called a prefibrillar state

amyloid fibrils, involved in e.g. Alzheimer’s 
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The folding funnel is an energy landscape the protein travels down to reach the native state (Dill & Chan, 1997)

and aggregation 

at some stage in the process fold in an incorrect or incomplete 

most likely expose a part which would in a normal folding scenario 

protein. By doing so, it may interact inappropriate with o

s of misfolded proteins. To prevent such occurrences

its chaperones to shield the incorrectly or partially folded protein from interaction

promote aggregation. Chaperones will never increase the rate of which folding 

occurs; it will only increase the turnover of fully folded proteins from the unfolded state

Protein folding and misfolding, 2003). There are also folding accelerator proteins called foldases that 

catalyze the isomerization of peptide bonds preceding a proline residue (PPI:ases) and that catalyze 

the formation of disulfide bonds, protein disulfide isomerases (PDI:s). 

The folding state of the protein being most prone to aggregate is the so called intermediate

his state the protein will only partially be folded and the hydrophobic parts may not be completely 

environment. Interactions with other protein at this level can induce 

an accumulation, preventing the protein from reaching its native state. The mechanism involved in 

this step may be of a disordered or order sort, the latter being called a prefibrillar state

Alzheimer’s disease (fig.2). (Dobson, 2003) 

(Dill & Chan, 1997). 

process fold in an incorrect or incomplete 

in a normal folding scenario be 

inappropriate with other protein 

occurrences the cell uses 

ion with other 

. Chaperones will never increase the rate of which folding 

occurs; it will only increase the turnover of fully folded proteins from the unfolded state (Dobson, 

lerator proteins called foldases that 

catalyze the isomerization of peptide bonds preceding a proline residue (PPI:ases) and that catalyze 

rone to aggregate is the so called intermediate state. 

his state the protein will only partially be folded and the hydrophobic parts may not be completely 

protein at this level can induce 

native state. The mechanism involved in 

this step may be of a disordered or order sort, the latter being called a prefibrillar state leading to 
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Figure 2 Protein may fold in a manner off the native folding pathway resulting in amyloid fibril formation (Dobson, 2003). 

 

The reason of aggregate formation is often caused by environmental changes within the cell. These 

changes alter the thermodynamics and kinetics of the folding/unfolding pathways promoting the 

misfolded species leading to increased misfolding since the transition state the protein must surpass 

to unfold from the misfolding state is increased (fig. 3) (Kelly & Cohen, 2003). 

 

Figure 3 When altering the physiological conditions to misfolding conditions in the cell misfolding will be promoted due to 

increased energy required to surpass the transition state to unfold (Kelly & Cohen, 2003). 
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2.4. Amyloid 

An amyloid is a highly organized and very stable assembly of misfolded protein. The structure of the 

amyloid is a cross β-sheet, meaning the β-strands are ordered perpendicular to the axis of the fibril. 

One interesting feature is that despite the ordered structure of amyloid there are many different 

proteins associated with amyloid formation. The proteins can vary in both primary sequence and 

length, making it obvious that aggregation is promoted from the unfolded or partially folded state of 

the protein. The different proteins found in amyloid often represent different diseases and are 

commonly referred to as amyloidoses (Stefani & Dobson, 2003). 

The process of amyloid formation is promoted by cellular environmental changes. When these 

changes are made the native protein will partially or fully unfold, exposing hydrophobic part of the 

interior of the protein. The single partially or fully unfolded protein is referred to as monomer and 

will interact in an amyloidgenic manner forming oligomers. These species are then further extended 

to a so called amyloid seed, furthermore capable to promote amyloid fibril formation. The 

prolongation of the seed will then form protofibrils made of a few cross β-sheet motifs eventually 

leading to the fully mature fibril. (Chiti & Dobson, 2006) 

 

Figure 4 The cross β-sheet formations in the amyloid fibril will twist themselves forming the mature fiber (Dobson, 2003). 

In the case of the amyloidosic disease of Alzheimer’s the amyloid structure predominantly includes 

the Aβ-peptide. 

2.5. Aβ-peptide 

The amyloid precursor protein or APP is a membrane protein with 695-770 amino acids widely 

expressed in the body. It resides as a single membrane spanning domain and with unknown function 

and the 695 amino acid version, APP695, is predominantly found in brain neurons. It is the 
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proteolytic cleavage of the extracellular part of this protein that, depending on which secretases are 

at work, may produce the amyloid-β peptide, Aβ, abundant in amyloid fibrils. Non-pathogenic 

cleavage of APP695 is done by the α-secretase producing a non-toxic peptide which is thought to 

correlate to neuronal activity. It has been shown that electric activity and activation of acetylcholine 

receptors seems to promote the α-secretase activity, although, the true identity of the α-secretase is 

not known. Apart from the α-secretase there are two other types of secretases prone to cleave the 

extracellular part of APP, namely β-secretase and γ-secretase. It is in the sequential proteolytic 

cleavage of APP695 by β-secretase and γ-secretase that produces the Aβ peptide. The length of the 

Aβ peptide varies depending on the γ-secretase cleavage and can be 39 to 45 amino acids long. γ-

secretase is a large proteolytic enzyme complex reigned on the extracellular side of the cell 

membrane. Except being capable of cleaving the APP and forming the Aβ peptide the γ-secretase is 

also responsible for the Notch signaling pathway. This pathway is used for cell-to-cell communication 

which is a main reason why pharmaceutical treatment of Aβ-formation by inhibition of the γ-

secretase complex is not an approach without complications. This is one major aspect on why 

theraputical treatment of Aβ-formation is focused on the β-secretase (Mattsson, 2004) (Simons, et 

al., 2008). 

Although the sequential cleavage of APP by β- and γ-secretase can produce many different lengths of 

the Aβ-peptide the 40 and 42 amino acids long species are the major ones. These two major 

proteolytic products are both found in amyloid fibrils in Alzheimer’s disease but the Aβ1-42 peptide 

has been found to more aggregate prone than the Aβ1-40 version. It has also been shown that the 

ratio of Aβ1-42 to Aβ1-40 can be a better diagnostic test for Alzheimer’s disease than the total Aβ 

concentration as increase in Aβ1-40 alone does not increase amyloid formation (Findeis, 2007). 

2.6. Misfolding diseases 

There are many diseases known today initiated by protein misfolding and they can be divided into 

three major categories; Loss-of-function, Gain-of-toxic-function and Infectious misfolding. 

Loss-of-function diseases are simply diseases where the given protein has lost its normal function due 

to misfolding or degradation by the cellular defense mechanisms. This is often cause by mutations in 

the genomic transcript and may cause the protein to malfunction or misfold and depending on the 

protein affected, may have a big impact on the cell. Commonly known diseases of this pathology are 

cystic fibrosis and cancer (Gregersen, 2006). 

Gain-of-toxic-function diseases differ from the loss-of-function in the sense that the protein itself 

forms a toxic species which affects the cell. The mechanism is not fully elucidated but recent studies 
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suggest that the oligomers formed in the initial stage of the diseases being the toxic species. In this 

category the amyloidoses, where amyloid fibrils are formed, dominates. Examples of gain-of-toxic 

function diseases are Alzheimer’s and Parkinson’s disease. 

Infectious misfolding diseases differ from the other two as it is caused by a misfolded protein from 

another organism. When infecting the cell this misfolded protein will initiate misfolding of the native 

proteins of the cell. Today only one protein is known to initiate this kind of behavior, namely the 

Prion protein, and the disease has different names depending on in what organism it has infected. 

The human form is known as Creutzfeldt – Jakob disease. 

2.7. Alzheimer’s disease 

On November 3rd 1906 Alois Alzheimer, a German physician, presented a case of presenile dementia 

later commonly known as Alzheimer’s disease, AD. In a patient with severe memory loss and 

delusions he found neuritic plaques and neurofibrillary tangles, now being the key features of the 

disease (Goedert & Spillantini, 2006). AD is a neurodegenerative disorder leading to degradation of 

the temporal and frontal lobes of the brain involved in memory and learning, and is thought to affect 

nearly 2 % of the population in the industrialized countries (Mattsson, 2004). The risk of developing 

AD increases with age and affects up to 15 % of people over the age of 65. Even though the amyloid 

fibrils and tangles found in AD patients are well characterized the pathogenesis of the disease is not 

yet fully understood (Smith, et al., 2005). 

In the sporadic form of AD the Aβ and tau will form amyloid fibrils and neurofibrillar tangles. Fibrils 

containing mostly Aβ species are formed in the neocortex, or outer layer of the brain. Neurofibrillar 

tangles, containing predominantly hyperphosphorylated tau, seems to form within the brain, around 

the hippocampus before spreading to the neocortical areas. It seems as if the two different amyloid 

and neurofibrillar deposits forms independently but they are thought to be the extensive Aβ deposits 

promoting tangle formation of hyperphosphorylated tau (Goedert & Spillantini, 2006). 

2.8. Drosophila as a model organism 

The simple fruit fly, Drosophila, is a very interesting choice as model organism. It has great benefits in 

that; the genetics are well studied, it has a fairly fast generation time and it breeds well in the normal 

laboratory environment (Tamarin, 2002). However, the most positive aspects of using Drosophila in 

scientific experiments are most likely the lack of ethical considerations and other guidelines common 

when using other model systems such as mice, dogs or primates. Of course the resemblance 

between Drosophila and humans are not as good as for vertebrates but they do however share a 

high degree of genomic conservation in many biological pathways (Bonini & Bilen, 2005). 



One big drawback when using Drosophila

complexity often accompanied with human pathology. This is very obvious when considering the 

study of Alzheimer’s disease in Drosophila

Aβ peptide. Simply expressing APP in the 

Drosophila as in humans. To overcome the lack of certain protein complexes in 

product, in the Alzheimer’s case Aβ, can be introduced and expressed. This allows otherwise very 

complex mechanisms to be monitored even in 

Drosophila. 

2.8.1. Gal4-UAS system 

The major advantage of using the Drosophila as a model system 

Gal4 is transcription factor from yeast and its specific promoter sequence called upstream activation 

sequence, UAS. By introducing this system into 

introduced gene of interest by atta

accompanied with the Gal4 sequence to promote expression in specific tissues within the 

(Roman, 2004). 

To produce this system homozygote 

crossed with homozygotes with UAS and the gene of interest. The resulting offspring will then 

express the Gal4 in the specific tissue, promoting expression of the 

In this thesis the tissue specificity has been implemented in the central ner

element. 

Figure 5 The Mechanism behind the tissue specificity of the Gal4

will induce expression and activation of the inserted gene.
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Drosophila as a model system for human diseases is the lack of 

complexity often accompanied with human pathology. This is very obvious when considering the 

Drosophila since it lacks the γ-secretase needed for production of the 

Aβ peptide. Simply expressing APP in the Drosophila would not give the same cellular response in 

as in humans. To overcome the lack of certain protein complexes in Drosophila

case Aβ, can be introduced and expressed. This allows otherwise very 

complex mechanisms to be monitored even in organisms with lower cellular complexity

The major advantage of using the Drosophila as a model system is the use of the Gal4

transcription factor from yeast and its specific promoter sequence called upstream activation 
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3. Methodology 

3.1. RNA purification 

To be able to monitor and evaluate the molecular events taking place in an organism over time one 

must separate the RNA from other cellular components. Unlike DNA, which only is a sleeping 

blueprint, the RNA is the transcribed and activated part of the genome and is responsible for the 

translation of DNA into active protein. By looking into the mRNA levels in an organism, information 

about expression levels of a specific protein can be eluted. However, the correlation between mRNA 

levels and protein concentration is far from linear due to the many post translational modifications 

and gene splicing before a functional and mature protein is formed. When working with isolation of 

RNA in any form a great care must be taken due to the instable nature of the molecule. To isolate the 

RNA from the rest of the cellular components phase extraction is most commonly used however in 

recent years a new technique has emerged using column based purification. This technique is easier 

to use due to the lack of hazardous chemicals and uses a silica membrane to capture the RNA 

molecules for separation before they are eluted and used in downstream analysis. 

3.2. Polymerase chain reaction (PCR) 

The polymerase chain reaction, or PCR, is a technique for amplifying a specific DNA fragment or gene 

in order to use it in further analysis. It is based on the usage of a thermo stable polymerase from 

Thermus aquaticus, usually referred to as Taq polymerase. This polymerase makes it possible to 

perform the reaction under normally heat denaturing conditions. The most important step to sustain 

reliable results in a PCR is to design small specific complementary DNA fragments, primers. These are 

responsible for binding to the DNA sequence of choice with a high selectivity using its 

complementary binding. This binding is the same as the normal double-stranded DNA, dsDNA, uses 

and by heating, denaturing, the sample and separating the dsDNA the primers can access the single-

stranded DNA, ssDNA. To make primers specific to a certain gene in the human genome a length of 

12 base pair is needed. However, usually a length of 20 bases is used to ensure practical specificity. If 

the temperature after the initial denaturation is lowered the primer can hybridize on the ssDNA, 

anneal. The temperature at which this occurs is referred to as the Tm of the primer and should be 

well above that of the dsDNA. After annealing the temperature is raised to the optimum working 

temperature of the Taq polymerase, usually 72-74°C. Here the four known bases, dNTP´s are added 

and the extension or elongation of the primers along the ssDNA to mimic normal transcription 

occurs. This temperature cycle is then repeated numerous times to amplify the DNA-strand of 

interest (Brown, 2001). 



Figure 6 A typical temperature cycle used in the polymerase chain reaction. The cycle is repeated numerous times for fast 

amplification. 

3.3. Reverse transcription

The reverse transcription-PCR, or RT

complementary DNA copies of the RNA template. The formation of cDNA is a crucial step to enable 

further amplification in PCR and or q

transcriptase is used. This is an enzyme used by retro viruses, i.e. HIV and AMW, to enable them to 

incorporate their own genome into their hosts. The template for the reaction is the purified RNA 

molecule and primers are used, just like the normal PCR. However, the primers are usually unspecific 

and can bind to any kind of RNA unlike the specific primers used in normal PCR. Primers can either be 

of a random type, being just a few nucleotides long and able to bind all over the ss

of a oligo(T) type, binding specific to the polyA tail at the 3’ end of eukaryotic mRNA

3.4. Quantitative real-time PCR (q

The quantitative real-time PCR, q-

organism since the template of the reaction is the cDNA and hence are a direct link to the mRNA 

expressed in the cell. The quantitative approach to PCR is based

dye that binds to the amplified dsDNA molecule. 

non-specific dye that binds to all types of dsDNA. In both cases the difference in environment for the 

14 

A typical temperature cycle used in the polymerase chain reaction. The cycle is repeated numerous times for fast 

Reverse transcription-PCR (RT-PCR) 

PCR, or RT-PCR, is a reaction where RNA is transformed into cDNA, 

complementary DNA copies of the RNA template. The formation of cDNA is a crucial step to enable 

further amplification in PCR and or q-PCR. To convert the RNA into DNA an enzyme called Reverse 
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and can bind to any kind of RNA unlike the specific primers used in normal PCR. Primers can either be 
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of a oligo(T) type, binding specific to the polyA tail at the 3’ end of eukaryotic mRNA (Brown, 2001)
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dye is used to generate the signal. Unspecific dyes are relatively cheap and easy to use and do not 

require any design or labeling of sequence-specific probes. One commonly used non-specific dye is 

the SYBR Green dye. The chemistry of this cyanine dye makes it increase its fluorescence over 1000-

fold when bound the dsDNA, compared to when unbound. Hence, the increase in fluorescent signal 

is proportional to the increase in dsDNA concentration. By evaluating this signal of the dye one can 

look into the initial concentration of the template of choice. 

Within the field of quantitative PCR there are two types of detection methods, end-point and real-

time respectively. The former is based on detection of the fluorescent signal after the completion of 

the amplification. This however has some drawbacks. During a PCR run the efficiency of the 

amplification is usually decreased during the later cycles when concentration of reagents decreases 

and an accumulation of reaction inhibitors may occur and have an impact on reaction efficiency. All 

this will make the end-point type of detection somewhat uncertain and hence, this method is often 

referred to as endpoint semi-quantitative PCR. This issue is often solved by making fewer cycles and 

therefore still be in the in the amplification phase, however this will produce less product to analyze. 

 

Figure 7 End-point data collection can be somewhat misleading due the reaction inhibitors and depletion of reaction 

components. Real-time measurements make the data acquisition in the logarithmic phase of amplification, thus being more 

quantitative. 

The real-time detection method however, does not rely on endpoint measurement but instead does 

its data acquisition during the amplification phase, extension, of every cycle during the PCR. With 

each cycle the intensity of the signal will increase proportional to the initial template concentration. 
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The resulting cycle number is then plotted against the fluorescence to determine relative 

concentration of the initial template. A threshold is set above the limit of detection and the 

background fluorescence and a Ct-value is given to the respective samples when the cross this line. A 

low Ct-value correlates to a high initial template concentration, and vice versa. 

 

Figure 8 The resulting fluorescence is plotted against the cycle number to give a Ct-value, which will correlate to the initial 

concentration of the DNA sample. The initial concentration is highest in Sample 1. 

To be able to quantify the Ct-values a standard curve must be run. The curve is made by preparing 

dilutions of known sample concentrations and run these along with the unknown samples. Plotting 

the logarithmic values of the known sample concentrations against the respective Ct-values will be 

proportional and by reading the Ct-values of this plot the initial concentration of the unknown 

sample can be determined (Stratagene, 2007). 

3.5. Gel electrophoresis 

There are many types of gel electrophoresis, all specially designed for different templates e.g. RNA, 

DNA and protein. The basic of the procedure is to let the samples migrate through a gel made up of a 

network of polymers or sugars. The migration is initiated by an external power supply unit and since 

the samples will have or will be given a charge they will migrate towards the side of opposite charge. 

3.5.1. Agarose gel 

For analyzing DNA samples an agarose gel is used. The Agarose itself is a sugar which solidifies upon 

cooling after heating in TBE-buffer (appendix A). The negative net charge of the DNA molecule is then 

used to migrate the sample towards the positive pole. When sufficiently separated the gel needs to 
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be incubated in a staining solution, usually etidium bromide, and then placed on a UV-table for 

ocular detection. Depending on the purity of the sample analyzed the sample will either be visible as 

a band in the purified version or as a cloud in the unpurified. The DNA molecules will be separated 

according to size with the smallest fragments migrating furthest. 

3.5.2. SDS-PAGE 

When performing a gel electrophoresis on proteins another type of matrix is used. The most 

commonly known example of this is the polyacrylamide gel electrophoresis or PAGE. This method 

uses two types of polymers, acrylamide and bisacrylamide, to create a network within the gel. The 

proteins to be analyzed are then forced to travel through the network and will be separated 

according to size. To exclude the native charge and geometry of the proteins they are pretreated 

with sodiumdodecyl sulfate, SDS. SDS is a detergent that interacts with the proteins and makes all 

proteins carry the same negative net-charge per mass and the migration of the protein will be size 

dependent, with the smallest proteins migrating the longest. To visualize the results the gel must be 

stained, just like the agarose gel, but with other reagents. The most commonly used is coomassie and 

silver staining which bind unspecific to all kinds of protein and show as a blue or grey spot visible to 

the naked eye. Another approach of visualizing is to use antibodies in a western blot which will give a 

specific staining for the protein of interest. 

3.6. Western Blot (WB) 

Western blotting (WB) is an immunochemical technique, meaning it utilizes the in-built specificity of 

antibodies towards a protein to produce a reliable signal. By combining gel electrophoresis, blotting 

and immunostaining you only detect one protein of choice and can therefore detect very small 

amounts of protein. The principle of the technique is to first separate the proteins according to size 

through a gel electrophoresis in a bis-acrylamide gel. After the gel electrophoresis the proteins within 

the gel are transferred onto a protein binding membrane, usually nitrocellulose or polyvinylidene 

fluoride (PDVF). When the proteins have been transferred the membrane is blocked with a solution 

to ensure that no proteins bind unspecifically to the membrane in the latter stages. The blocking 

solution can be plain milk or a specific protein e.g. bovine serum albumin, BSA, at high 

concentrations. After blocking the membrane will be incubated with the first of two antibodies which 

is specific towards the protein of interest and thus is crucial in success of the technique. The 

secondary antibody is then introduced and should have specificity towards the constant parts of the 

primary antibody. The antibodies will have to be manufactured in animals or cell lines prior to use. 

One common approach is to serially inoculate an animal with the protein of interest to initiate 

antibody production. These antibodies are then extracted from the animal and will have a specific 

epitope for the protein of choice. Secondary antibodies will then be designed for binding towards the 



constant part of the primary antibody. If the first antibody is made in a

mouse derived hybridoma cell-line)

addition to binding specificity towards the primary antibody the secondary antibody will have an 

active fluorescent dye or an enzyme

Figure 9 Schematic of the components in a western blot, using primary and secondary antibodies.

Enzymes can be of numerous kinds but will 

Upon addition of the specific substrate of the enzyme of choice it will begin to perform its re

and give rise to an emitted signal. The most commonly used procedure is to develop the membrane 

and detect amount of protein by normal visible light. Another approach is to use chemiluminescence 

where the intensity of the chemiluminescence can be detected by a normal CCD camera and levels or 

presence of the protein of interest can be determined.

3.7. Dot blot 

Dot blot is technique similar to the western blot but does not utilize a gel separation of the sample 

before antibody incubation. The principle is to add the samples in wells onto a membrane where 

they will create a dot-like structure, hence the name. Cert

enabling larger volumes to be flown trough the membrane.

highly diluted or for some reason in a big volume. When analyzing highly concentrated

can simply be put on the membrane by hand.

western blot but since no separation is present the antibody is the only tool for determine presence 

of a given protein. This is a major drawback when analyzing tissue 
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constant part of the primary antibody. If the first antibody is made in a mouse model 
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unspecific binding. Dot blot is therefore fast and easy method to check for binding specificity in a 

sample towards a specific antibody. 

3.8. Immunoprecipitation 

In this technique very small amounts of protein can be separated from a mixture of different proteins 

in solution. Just like western blot it uses the specificity of the antibody to capture and separate the 

protein of interest from other proteins in a cell or tissue lysate. Most commonly used are agarose 

based versions were the antibodies are coupled onto agarosebeads. For separation the solution must 

then be spun down which may disrupt antigen/antibody interaction. The magnetic version however 

is based on covalently coupling antibodies onto magnetic beads. After incubation of the coupled 

beads the target protein can be separated from the solution by simple magnetism which is gentler 

and preserve the antibody/antigen interaction to a greater extent. Beads will regardless of technique 

be washed to remove unspecific bound protein and finally the protein of interest will be eluted from 

the beads and used in downstream analysis (Invitrogen, 2006). 

3.9. Lab-on-a-chip 

The lab-on-a-chip technique uses a micro fluid chromatography system etched onto glass or polymer 

to provide a highly potent replacement for traditional gel electrophoresis. The biggest advantages of 

the technique are mainly the small amounts of sample and reagent required the ability of 

quantification and the high reproducibility due to standardization and automation. There are chips 

for RNA, DNA, protein and even flow cell cytometry. The molecular versions use an electro kinetic 

force provided by strategically placed electrodes to pump the samples through the system whereas 

the whole cell chip uses a pressure induced flow mechanism. For the molecular versions the samples 

will be separated according to size, much like traditional electrophoresis, with the smallest samples 

traveling fastest. For detection fluorescent dyes are introduced into the samples and markers are 

used to give an internal standard of the run. Detection itself is done by laser-induced fluorescence. In 

the DNA and RNA version the oligonucleotides themselves are stained with the dye and can be 

detected whereas in the protein version the proteins in the sample will quench the continuous 

fluorescence from the mixture when passing the detection window. The fluorescence, or lack of, will 

then be shown in electropherograms where the components within the sample will displace specific 

migration times and intensity levels.  

In the flow cell cytometric analysis specific markers for certain cellular processes will be used and 

detected as mentioned above. The procedure within the chip itself resembles very much that of a 

high pressure liquid chromatography (HPLC) system with samples having different migration times. 

One advantage of the lab-on-a-chip technology over standard gel-based techniques is its quantativity 
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where the internal standard can be used to quantify the unknown samples by calculate the integral 

of the peaks in the electropherogram (Agilent, 2005) 

3.10. Fluorescence spectroscopy 

Fluorescence is a phenomenon occurring when an electron in a fluorescent molecule is excited from 

the ground state (S0) to an excited state (S1 or S2) by absorbance of a photon. When the electron 

returns to the ground state (relaxes) a photon with lower energy than the one absorbed will be 

released and can be detected by photomultiplier detector. The energy loss is due to the electron 

being excited into a higher level of vibrational level of S1 or S2 and relaxing to the lowest S1 state 

before relaxing down to the ground state. This phenomenon is known as the Stokes shift and is 

corresponding to the energy lost to the solvent by the fluorescent molecule (thermalization). The loss 

in energy will separate the maximum of the excitation- and emission spectra and is the main reason 

for this technique to be used on for example tissue sections and in solution (Jameson, Croney, & 

Moens, 2003). 

 

Figure 10 When fluorescence occur the compound will absorb energy and excite an electron form the ground state (S0) to 

the higher energy state of S1 or S2. The electron will then quickly relax down to the lowest energy level of S1 before final 

relaxation and down to the ground state (Jameson, Croney, & Moens, 2003). 

Fluorescence is a highly used method when analyzing folding and structure of a protein or presence 

of for example DNA. Within the protein there are native fluorescent molecules in the amino acids of 

Trp, Phe and Tyr. These can be used to analyze the structure of the protein since to the impact of 

solvent quenching of exposed fluorophores will lose energy to the surroundings and emit light of 

higher wavelength and lower energy than if they were to be buried inside the protein away from the 

solvent. Since Trp, Phe and Tyr usually reside within the core of a protein a change in wavelength can 

be an indication of change in structure of the protein. When a fluorophore is exposed and emits at a 
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Figure 11 Molecular structure of thioflavin T 
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is referred to as a blue-shift. 
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4. Exercise 

The exercise will be divided into two distinct part, gene

this is illustrated in fig. 12 

Figure 12 A Schematic overview of the exercise used during the thesis s

4.1. Drosophila crossing 

C155-Gal4, w1118 and UAS-Aβ1-42 homozygote strains were 

Crowther laboratories (Crowther, et al., 2005)

thesis in 50 ml plastic vials containing standard 

(virgins) were crossed with UAS-Aβ

C155-Gal4/UAS-Aβ1-42 and C155-Gal4/

plastic vials containing enriched green 

at 29 °C in 50 ml plastic vials containing 7 ml agar (a

dissolved in water). All vials were allowed to develop under a 12
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The exercise will be divided into two distinct part, gene- and protein expression. The flow scheme 

Schematic overview of the exercise used during the thesis split up in a gene- and protein expression part.

 

homozygote strains were obtained from Stefan Thor and Damian 

(Crowther, et al., 2005) and were kept at room temperature throughout the 

thesis in 50 ml plastic vials containing standard Drosophila food (appendix B). C155

Aβ1-42 male and w
1118 male to generate hetrozygote offspring of 

Gal4/w
1118 respectively. Crossings were kept at 26 °C in 50 ml 

plastic vials containing enriched green Drosophila food (appendix B), until eclosion and after eclosion 

at 29 °C in 50 ml plastic vials containing 7 ml agar (appendix B) and yeast paste (dry baker´s yeast 

dissolved in water). All vials were allowed to develop under a 12-hour light: 12-hour dark cycle.

and protein expression. The flow scheme of 
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4.2. RNA purification 

30 heads of flies were collected on the day of eclosion (D0) and stored at -80 °C until use. By using the 

Qiagen RNeasy mini kit (74124, Qiagen, Venlo, Netherlands) the samples were treated according to 

the Purification of Total RNA from animal tissue protocol (p.39), except for step 4 where the total 

spin time was set to 5 min. Following step 6 the Optional On-Column DNase Digestion with the 

RNase-Free DNase Set protocol (p.69) was performed. Samples were eluted in 50 µl dH2O, reloaded 

and spun according to protocol. 

4.3. RNA-chip 

Analysis was done on a 2100 Bioanalyzer (Agilent Technologies) according to Agilent RNA 6000 Nano 

Assay Protocol - Edition April 2007 in Agilent RNA 6000 Nano Kit Quick Start Guide without 

exceptions. Results were analyzed with the provided 2100 expert software, v. B.02.06.SI418. 

4.4. RT-PCR 

For RT-PCR two different kits were used, Promega (A3500, Promega, Madison, Wis., USA) and 

Fermentas (EP0379, Fermentas, Burlington, Ont., Canada). In both cases random primers and RNasin 

Ribonuclease inhibitor from the Promega kit was used, as they were not included in the Fermentas 

sample kit. Both kits used maximum amount of RNA template, 9.9 µl for Promega and 12.5 µl for 

Fermentas, respectively. No positive control of the RT-PCR kit was made during the runs. Apart from 

changes made above both kits were run according to their respective protocols. 

4.5. PCR 

A PCR cycle were designed with initial hot-start and denaturation at 95°C for 2 min followed by a 

denaturation step at 95 °C for 30s, annealing step at 58.9 °C for 30s and elongation step at 72 °C for 

120s. This was repeated for 30 cycles. Fermentas Dreamtaq DNA polymerase (EP0709, Fermentas, 

Burlington, Ont., Canada) was used. 5 µl of 10x Dreamtaq buffer, 2 mM dNTP mix, 0.5 µM forward 

and reverse primers (appendix C), 1.25 u Dreamtaq DNA polymerase and 2 µl of RT-PCR template 

was mixed and adjusted to 50 µl using nuclease-free water. Samples were gently mixed and quickly 

spun before running. 

4.6. q-PCR 

For q-PCR BioRad (170-8880 BioRad, Calif., USA) and Fermentas (K0229, Fermentas, Burlington, Ont., 

Canada) kit was used. Both kits were treated according to their respective protocols with a primer 

concentration of 200 nM and 300 nM respectively (appendix C). Thermo cycle was set to 

detaturation step at 95 °C for 15 s, annealing step at 58.9 °C for 30s and elongation step at 72 °C for 

30 s, for 40 cycles. Initial hot start was 3 min for BioRad and 10 min for Fermentas, respectively. Runs 
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were made on a Corbet Rotor-Gene 6000 (2-Plex HRM) with Rotor-Gene 6000 Series software v. 1.7. 

For a positive control in-house recombinant pAUST-Aβ1-42 plasmid was used as well as a non 

template control. 

4.7. Agarose gel 

2.5% agarose (800669, MP Biomedicals, Irvine, Calif., USA) was heated in TBE-buffer (appendix A) and 

solidified at room temperature. 20 µl of sample was mixed in 5 µl 6x loading buffer (R0619, 

Fermentas, Burlington, Ont., Canada), mixed and quickly spun before application. GeneRuler 50 bp 

DNA ladder (SM0373, Fermentas, Burlington, Ont., Canada) was used as a reference. Gel 

electrophoresis was conducted at 200 V for approximately 30 min. The gel was put in an etidium 

bromide bath for 30 min and analyzed on a UV-table. 

4.8. Dynabeads® preparation 

Two batches of 40 µl suspended Dynabeads® (142.03, Invitrogen, Paisley, UK) were coupled with 12 

µl monoclonal mouse anti-human beta amyloid (39300, Covance, Dedham, Maine, USA) or 

monoclonal mouse anti-human beta amyloid (3740-5, Mabtech, Nacka, Sweden) respectively, 

according to Dynabeads M-280 Tosylactivated protocol rev. no. 007 section 2.2. Buffer A was used 

for washing in step 4 and all wash steps were done in 500 µl. Coupled beads were resuspended in 50 

µl Buffer E and stored at 4 °C. 

4.9. Immunoprecipitation 

Homogenates were prepared by homogenizing 100 fly heads in 300 µl cold PBST/PMSF buffer 

(appendix A) in eppendorf tubes. Samples were spun at 14000 rpm for 5 min at 4 °C and supernatant 

was transferred to fresh tubes and spun at the same conditions. The new supernatant was 

transferred into new tubes into which 50 µl pre-coupled Dynabeads® were added. Samples were 

incubated for 2 h on a tilting table and put into the specialized rack where the magnet was 

introduced and the samples were left to migrate for 5 min. Supernatant was removed and 500 µl 

PBST/PMSF buffer (appendix A) was added and the beads were set on a tilting table for 10 min. After 

tilting samples were once again put into the rack and the magnet was introduced for 5 min. This 

procedure was repeated two times for a total of three washing steps. Elution of sample from the 

beads was done by addition of 100 µl Citric/Urea-buffer (appendix A), tilting for 10 min and migrate 

for 5 min after magnet introduction. Beads were discarded and the eluted samples were kept at 4 °C 

for further analysis. 

Samples were taken from before the centrifugation of the homogenates, after incubation on the 

magnetic beads and after the elution from the latter. 
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4.10. Western blot 

36 µl samples were mixed with 5 µl SDS loading buffer (appendix A), 2 µl β-mercaptoethanol, 2 µl 

concentrated sodium hydroxide and boiled at 95 °C for 5 min. SDS-PAGE was performed on a precast 

gradient peptide gel (345-0117, BioRad, Calif., USA) with a prestained protein ladder (161-0374, 

BioRad, Calif., USA) using premixed XT-MES running buffer (161-0789, BioRad, Calif., USA). 

Monomeric recombinant human Aβ1-42 wt was added for further evaluation of sample components. 

After SDS-PAGE the proteins were blotted onto Immobilon-P transfer membrane (Millipore, Billerica, 

Mass., USA) at 100 V for 30 min at room temperature using electrode buffer (appendix A). When 

transferred, membranes were blocked using 4 % BSA (199757, MP Biomedicals, Irvine, Calif., USA) in 

TBST 0.1 % (appendix A) for 2 h at room temperature. Blocked membranes were incubated with 

monoclonal mouse anti-human beta amyloid (39300, Covance, Dedham, Maine, USA) diluted 

1:10000 in TBST 0.1 %, 4 % BSA (appendix A) for 2 h in room temperature or overnight at 4 °C. After 

primary antibody incubation, membranes were washed three times for 5 min in TBST 0.1 %, 

incubated with alkaline phosphatase-conjugated polyclonal rabbit anti-mouse IgG (AB6729, AbCam, 

Cambridge, Mass., USA), diluted 1:1000 in TBST 0.1 %, 4 % BSA for 30 min at room temperature, and 

washed again three times for 5 min in TBST 0.1 %. Membranes were developed using 6 

ml/membrane Immun-Star AP substrate (170-5018, BioRad, Calif., USA), incubating for 5 min, 

removing abundant substrate solution and exposing within 5 min in Fujifilm LAS-4000 mini with 

Image Reader LAS-4000 software v. 2.0. Images were captured with a 30 s exposing interval for a 

total exposure time of up to 10 min. 

4.11. Dot-blot 

Blots were done using a vacuum based dot-blot unit (DHM-48, Scie-Plas, Southam, Warwickshire, UK) 

unto a cellulose acetate membrane (10404180, Whatman, Maidstone, Kent, UK). Sample volumes of 

50-500 µl was used depending on samples analyzed. Dilutions were made using PBS-buffer (appendix 

A) and up to 100 µl was applied each step. For negative control PBS buffer was used and a dilution 

series was made from in-house recombinant Aβ1-42 was used for positive control. After final 

addition vacuum were kept for 5 min to ensure throughput and membranes were treated as 

mentioned above in the western blot part. 

4.12. Fibrillation experiment 

Kinetic experiments were performed on a monochromatic microplate reader (Tecan Safire2) with a 

run cycle of 5 min shaking and continuous measurements for 100 cycles at 37 °C. Duplicate samples 

of 1 % pre-seeded recombinant Aβ1-42 and five dissected Drosophila brains of D0 or D10 were diluted 

in 90 µl phosphate buffer (appendix A). 1 µl 100 µM ThT stock and 5 µl Aβ1-42 was added to each 



sample. After completed run cycle additional ThT, 1

An overview of the different samples and their

Table 1 Overview of the sample components during the fibrillation experiment.
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After completed run cycle additional ThT, 1 µl and 3 µl, from a 1 mM ThT stock was added.

An overview of the different samples and their components are given in table 1. 

Overview of the sample components during the fibrillation experiment. 

stock was added. 

 



28 

 

  



5. Results 

5.1. Gene expression 

The gene expression part of the project consists of RNA

PCR control for detection of cDNA. 

5.1.1. RNA-purification analysis

RNA-chip was run on a sample of purified RNA (fig. 1

(C155-Gal4/UAS-Aβ1-42) and control flies (

ribosomal unit of 18S and 28S, respectively. However, no signal was detected in the range below the 

18S where at least the mRNA of the Aβ1

ribosomal units were not found. 

Figure 13 Separation of RNA on a RNA 6000 Nano chip. Both 

but no significant bands of other RNA species

template control (C) showed no bands corresponding to the

species an internal ladder was added to the run (D).

5.1.2. RT-PCR 

No cDNA template could be detected 

was performed on later samples. For detection of cDNA in later samples see section 5.1.4.

5.1.3. q-PCR 

No signal could be detected in any of

The positive control of pAUST-Aβ1-42 did not render any signal

A 

C 
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The gene expression part of the project consists of RNA-purification analysis, RT-PCR, 

 

analysis 

sample of purified RNA (fig. 13). As shown both the Aβ1-42 expressing 

) and control flies (C155-Gal4/w
1118) showed peaks corresponding 

ribosomal unit of 18S and 28S, respectively. However, no signal was detected in the range below the 

18S where at least the mRNA of the Aβ1-42 is expected. In the no template control the bands of the 

Separation of RNA on a RNA 6000 Nano chip. Both Aβ1-42- (A) and control (B) samples showed ribosomal units 

but no significant bands of other RNA species could be detected in the predicted area for Aβ1-42 mRNA (arrow)

bands corresponding to the ribosomal units. For determination of sizes of the purified RNA 

species an internal ladder was added to the run (D). 

No cDNA template could be detected with analysis on agarose gel (data not shown). No agarose gel 

For detection of cDNA in later samples see section 5.1.4.

any of the q-PCR runs. At no time could any amplification be detected.

42 did not render any signal (fig. 14).  

B 

D 

PCR, q-PCR and a 

expressing flies 

) showed peaks corresponding to the 

ribosomal unit of 18S and 28S, respectively. However, no signal was detected in the range below the 

control the bands of the 

 

showed ribosomal units 

42 mRNA (arrow). The no 

For determination of sizes of the purified RNA 

. No agarose gel 

For detection of cDNA in later samples see section 5.1.4. 

PCR runs. At no time could any amplification be detected. 



Figure 14 No amplification could be detected during the q

pAUST-Aβ1-42 plasmid or the pre-amplified Aβ1

5.1.4. PCR for cDNA verification

PCR was performed on the RT-PCR samples with Aβ

of the cDNA product and verification of primer design. Band was visible on all three 

expressing samples as well as the 

template and only primers could be detected (fig. 1

Figure 15 Agarose gel run on RT-PCR samples of a later run

control sample only have visible primer band

the primer design and a control of the amplified template.
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No amplification could be detected during the q-PCR experiments. Not even for the positive control of 

amplified Aβ1-42 sample from fig. 14. 

PCR for cDNA verification 

PCR samples with Aβ1-42 specific primers (appendix C) for evaluation 

of the cDNA product and verification of primer design. Band was visible on all three 

samples as well as the pAUST-Aβ1-42 plasmid. The control fly did not generate any 

imers could be detected (fig. 15). 

PCR samples of a later run. Aβ1-42 samples shows bands of amplified product whereas 

only have visible primer bands. Amplification of pAUST-Aβ1-42 plasmid was detected as a 

the primer design and a control of the amplified template. 

 

PCR experiments. Not even for the positive control of 

42 specific primers (appendix C) for evaluation 

of the cDNA product and verification of primer design. Band was visible on all three Aβ1-42 

did not generate any 

 

shows bands of amplified product whereas 

 positive control of 



5.2. Protein expression 

Analysis of protein expression was performed as a complement to the gene expression analysis. The 

protein expression analysis consists of Dot

Western blot of Immunoprecipitation as well as the kinetic studies of the fibrillation of

recombinant Aβ1-42. 

5.2.1. Dot-blot on tissue homogenate

Dot-blot analysis performed on tissue

of a dilution series of in-house made 

could be detected between the Aβ1

100 µl PBS-buffer shows no signal at all

Figure 16 Dot-blot of cell homogenates of Aβ

made with 100 µl (A), 10 µl (B) and 1 µl (C

negative control (D). The Aβ1-42 homogenate (E) could not be distinguished from the 
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Analysis of protein expression was performed as a complement to the gene expression analysis. The 

protein expression analysis consists of Dot-blot on tissue homogenate and fibrillation samples, 

Western blot of Immunoprecipitation as well as the kinetic studies of the fibrillation of

homogenate 

tissue homogenate of 100 fly heads (fig. 16). The positive reference 

house made recombinant Aβ1-42 is highly visible (A-C). No distinct difference 

1-42- (E) and control (F) fly homogenates. The negative control of 

ws no signal at all (D). 

 

blot of cell homogenates of Aβ1-42 and control flies. As reference a dilution series of recombinant Aβ1

C) respectively, diluted to 100 µl in PBS-buffer. 100 µl PBS-buffer was added as 

homogenate (E) could not be distinguished from the control homogenate (F).

Analysis of protein expression was performed as a complement to the gene expression analysis. The 

homogenate and fibrillation samples, 

Western blot of Immunoprecipitation as well as the kinetic studies of the fibrillation of in-house 

positive reference 

). No distinct difference 

The negative control of 

As reference a dilution series of recombinant Aβ1-42 was 

buffer was added as 

homogenate (F). 



5.2.2. Immunoprecipitation and Western blot

Immunoprecipitation was performed on Aβ

homogenate (1) from the Aβ1-42 flies

species in the well (arrowhead). This 

PAGE run times. The samples left after 2

high and similar unspecific staining from

elution fraction (3) of either Aβ1-42 

signals either (data not shown). As a 

applied, predominantly containing monomeric species

Figure 17 Western blot performed on immunoprecipitated Aβ

Aβ1-42 and control homogenate (1) was removed and applied on the gel.

or less the same staining in both samples (2).

5.2.3. Fibrillation experiment

The fibrillation of Aβ1-42 was followed by ThT fluorescence measurements using spontaneous 

fibrillation, seeding with preformed fibrils of Aβ1

C155-Gal4/UAS-Aβ1-42 at two different ages

with the seeded (filled square) it 
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Immunoprecipitation and Western blot 

Immunoprecipitation was performed on Aβ1-42 and control homogenates (fig.17)

42 flies does indicate some sort of protein aggregate or

. This artifact is too large to be able to enter the gel using 

left after 2 h incubation with the coupled Dynabeads® (2)

staining from the antibody of use. No product could be detected in the 

42 or control samples. Wash steps did not contain any positive 

signals either (data not shown). As a positive reference in-house made recombinant Aβ

, predominantly containing monomeric species (arrow). 

on immunoprecipitated Aβ1-42 and control homogenates. Prior to centrifugation 5 µl of 

) was removed and applied on the gel. The species not bound to the antibody show more 

both samples (2). In the elution fraction (3) no protein was detected in either sample.

Fibrillation experiment 

42 was followed by ThT fluorescence measurements using spontaneous 

fibrillation, seeding with preformed fibrils of Aβ1-42 and with dissected Drosophila brains of 

at two different ages. When comparing the spontaneous reaction 

) it showed a significantly shortened lag-phase and less spread of 

(fig.17). The Aβ1-42 

some sort of protein aggregate or fibrillar 

be able to enter the gel using normal SDS-

(2) show a very 

. No product could be detected in the 

in any positive 

recombinant Aβ1-42 was 

 

homogenates. Prior to centrifugation 5 µl of 

The species not bound to the antibody show more 

o protein was detected in either sample. 

42 was followed by ThT fluorescence measurements using spontaneous 

42 and with dissected Drosophila brains of 

reaction (square) 

phase and less spread of 



fibrillation onset, indicating that there 

Drosophila samples the Day 0 fly (triangle

triangle). The lag time was set from baseline to 5 % of standardized intensity

spontaneous and 1 % seed samples four different samples were ran and for the 

two samples were made of each fly 

Figure 18 Results from the fibrillation experiment. All fluorescence intensities were standardized and the lag 

to 5 % of maximum fluorescence and calculated.

and 1 % seed sample (filled square). The Drosophila samples showed a seeding effect from the Day 0 flies (

compared to the Day 10 fly (filled triangle). 

After completion of the fibrillation experiment an end

performed. The Drosophila samples showed signi
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that there was a clear seeding effect in the seeded sample. For the 

triangle) shows a seeding effect compared to the Day 10 fly (

set from baseline to 5 % of standardized intensity (appendix D)

samples four different samples were ran and for the Drosophila

 (fig. 18). 

Results from the fibrillation experiment. All fluorescence intensities were standardized and the lag 

to 5 % of maximum fluorescence and calculated. A small seeding effect could be detected between the spontaneous (

). The Drosophila samples showed a seeding effect from the Day 0 flies (

 

After completion of the fibrillation experiment an end-point fluorescence measurement was 

samples showed significantly lower ThT fluorescence intensity (fig. 19).

the seeded sample. For the 

) shows a seeding effect compared to the Day 10 fly (filled 

(appendix D). For the 

Drosophila samples 

 

Results from the fibrillation experiment. All fluorescence intensities were standardized and the lag phase was set 

A small seeding effect could be detected between the spontaneous (square) 

). The Drosophila samples showed a seeding effect from the Day 0 flies (triangle) 

point fluorescence measurement was 

ficantly lower ThT fluorescence intensity (fig. 19). 



Figure 19 An end-point measurement of the ThT fluorescence in the different samples was performed. The Drosophila 

samples (triangle and filled triangle) showed significant difference in fluorescence intensity, compared to the spontaneous 

(square) and 1 % seed (filled square) samples

To analyze the difference in fluorescence

blot was performed on the fibrillation products

Drosophila brain homogenates.. The respective sample components and 

can be seen in table 2. As a positive control on the dot

negative control PBS-buffer was used.

different samples. 

Table 2 Summary of the fibrillation experiment with the comp

signal from a dot blot analysis. 
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point measurement of the ThT fluorescence in the different samples was performed. The Drosophila 

) showed significant difference in fluorescence intensity, compared to the spontaneous 

) samples 

in fluorescence more ThT was added to the samples (appendix D) and 

blot was performed on the fibrillation products to analyze if amyloid fibrils had been degraded in the 

. The respective sample components and their calculated lag phases 

can be seen in table 2. As a positive control on the dot-blot recombinant Aβ1-42 was added and for 

buffer was used. No direct differences in Aβ1-42 levels could be detected in the 

Summary of the fibrillation experiment with the components of each sample, their respective lag phase and the 

point measurement of the ThT fluorescence in the different samples was performed. The Drosophila 

) showed significant difference in fluorescence intensity, compared to the spontaneous 

more ThT was added to the samples (appendix D) and a dot 

to analyze if amyloid fibrils had been degraded in the 

calculated lag phases 

42 was added and for 

levels could be detected in the 

nents of each sample, their respective lag phase and the 
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6. Discussion 

The initial aim for this thesis was to use transgenic Drosophila to elucidate the impact of ageing on 

the expression of the Aβ1-42 peptide, the major cause of formation of amyloid fibrils in Alzheimer’s 

disease. 

Initially the issue was to ensure safe purification of the mRNA of the transgenic Drosophila to analyze 

expression levels. Even though this step is performed using a step-by-step kit it turned out to be 

rather difficult. The reason for this can of course simple be the case of bad practical errors since 

speed is one of the most important attributes when dealing with the highly unstable mRNA molecule. 

This speed issue is most probably why templates were not found in the early samples of RNA using 

RNA-chip but were detected in the later ones using PCR. In the early samples protein synthesis and 

thus, occurrence of mRNA template could be detected thanks to the ribosomal units. However, these 

units are very stable compared to the single stranded mRNA molecule. In this analysis a bump can be 

visible above the mass of the 28S subunit. This could be an artifact of the mRNA molecules of the 

sample aggregating into one big RNA molecule. Unfortunately the later sample, which indeed 

showed mRNA presence by yielding a PCR product, could not be analyzed on a RNA-chip to evaluate 

mRNA templates. This would of course have been some very nice data to have included in this thesis. 

The purification of RNA was however not the only problematic event in the gene expression branch 

of this project. q-PCR turned out to be difficult and did not generate any positive results. The 

problem with evaluation of this issue was eventually limited by the timeframe of the thesis. That no 

signal was to be detected on the early samples was hardly a surprise do to the lack of cDNA. The later 

samples were only able to be analyzed a couple of times on the instrument and were therefore not 

fully evaluated. One issue looked into was the actual excitation and emission wavelengths of the 

preset channels. However, since the instrument had been used by others and generate results on the 

same fluorophore this idea was abandoned. When the preset channel issue is disregarded there 

could be two possible reasons for the lack of signal. Firstly it could be a matter of concentration 

issues. Even though cDNA was amplified and detected on a normal PCR the premixed q-PCR kits uses 

different concentrations, i.e. lower primer concentration. Another possible explanation could be 

bleaching of the actual fluorophore. This seems a bit unlikely though since the SYBR Green used in 

this thesis is rather stable and should withstand the exposure to light implemented during pipetting. 

After the initial issue of RNA-purification and different PCR’s another approach was taken, to try and 

separate soluble species of Aβ1-42 peptide from the homogenates of Drosophila heads. 
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The western blot of the immunoprecipitation did not show any signs of proteins in the elution of 

washing steps implementing the inability of finding soluble Aβ1-42 species. One reason for this can 

simply be the inefficiency of the Dynabeads® to bind to the Aβ1-42 species. This could be cause by 

insufficient coupling of antibody to the beads or insufficient amount of beads. In the provided 

manual it was suggested to couple a large amount of beads, sequentially leading to usage of large 

quantities of antibody. Due to the restricted supply of antibodies at hand these recommendations 

were not followed, as for volumes. The relative concentrations were always maintained however. 

The resulting low volumes did make incubation difficult in both the coupling as well as in the 

incubation step of the immunoprecipitation. This was because the small volume and the surface 

tension made agitation hard and the samples were needed to be checked every now and then to 

ensure that the beads were kept from precipitating. Another reason for not detecting any Aβ1-42 

species in the eluted fraction is probably due to low concentration of soluble species. Considering the 

extreme aggregation propencity of Aβ1-42 and the complex nature of living tissue the concentration 

of soluble species might be very low. The homogenated sample that was removed before 

centrifugation did however show what appears to be a protein aggregate and a possible fibrillar 

species which did not penetrate the gel. 

When running the dot-blot analysis on the whole head homogenates it was very hard to distinguish 

the Aβ1-42 sample from the control sample. The unspecific binding of the primary antibody used 

seemed to be very high. This is most likely caused by unspecific binding to other proteins in the 

homogenates. Similar trends can be seen when using the same primary antibody in 

immunohistochemistry where the antibody strongly binds to connective tissue (Ina Berg personal 

communication). Even when running the samples on a separation gel, as in the western blot, 

unspecific binding made it hard to distinguish the control from the Aβ1-42 sample. If the same 

primary antibody is to be used in Drosophila samples maybe the brains should be dissected to 

remove some of the possible unspecific binding to the connective tissue. Either that or another 

antibody could be tested and optimized. 

The fibrillation experiment did show an indication of a seeding effect when comparing the 

spontaneous and 1 % seed samples in pure buffer, indicating that this would be a sensitive way of 

detecting Aβ1-42 amyloid formation. In the case of the Drosophila samples the Day 0 brains seemed 

to indicate a seeding effect compared to the Day 10 flies, which were similar to the spontaneous 

fibrillation. The results must be taken with caution because the standard deviations of the 

experiment were very high. Even so if this results holds true, at first this might seem strange but it 

might be an indication of more pre-fibrillary species or accessible replication sites on the fibrils in the 

Day 0 fly since it has been expressing the Aβ1-42 peptide for a shorter time than the Day 10 fly. The 
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C155-Gal4 system used in this thesis will be activated during the later embryonic stages of the fly and 

Aβ1-42 will have been expressed for about 4 days until eclosion. Having said that, only two and four 

samples were used in the experiment and more samples need to be analyzed to be able to make a 

statistically valid approximation. 

One interesting feature was the low end-point ThT fluorescence from the sample containing 

Drosophila brains. At first this was thought to be caused by unspecific binding of the ThT to the brain 

tissue. However, by addition of more ThT the low fluorescence could not be raised to the level of the 

samples without brain tissue. To look into whether the quenched ThT fluorescence was simply due to 

less intact Aβ1-42 in the Drosophila samples the dot-blot was performed. A problem during this 

experiment was the use of a primary antibody binding to the N-terminal of the Aβ1-42 peptide 

instead of the amyloid fibril. Since all samples showed more or less the same intensity when using 

this antibody it would be interesting to run a western blot on these samples to look into the sample 

components. Another approach could be to use an amyloid specific antibody or an antibody against 

other Aβ1-42 epitopes for detection on a dot blot. 

Another big issue during these experiments was the use of pre-frozen Drosophila heads. The thawing 

of the heads did cause the brain and connective tissue to become very soft and hard to work with. 

Also, a run with dissected brains from control flies should also be introduced to look into possible 

unspecific seeding effects. 
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7. Conclusion 

Unfortunately few significant results could be drawn from this thesis. The primary target to monitor 

the gene expression of the Aβ1-42 gene and its effects through ageing was never able to be tested. 

The major problem for this to succeed was the lack of purified RNA from the transgenic Drosophila 

heads. At the end of the thesis the purification improved mostly because of less practical errors and 

greater handling speed, especially when considering the instability if the mRNA and degradation 

complexes within the cell. 

The purified mRNA could then be translated into cDNA by RT-PCR which was detected by PCR. It was 

however a bit surprising when this cDNA product did not contribute to any signal in the q-PCR runs. 

Here further runs will most likely be needed to fully evaluate the reason for the absent signal. 

Unfortunately this evaluation was not able to be included within the timeframe of this thesis but 

most likely it concentration related. 

If the gene expression analysis were to be functional it would be very interesting to look into 

expression of other genes in correlation to the over expression of Aβ1-42, by using for instance 

microarray technology. 

In the case of evaluation of the protein expression of Aβ1-42 it was hard to find any evidence of 

presence of the Aβ-peptide. This may be due to difficulties in separation of the Aβ1-42 species from 

the tissue or simple due to the detection limit of western blot and the antibodies used. 

As for the fibrillation experiments there were some interesting results but to look further into this 

and to be statistically safe, more test must be made. 

However, if the gene expression and protein expression analysis were to be optimized and able to be 

use for quantitative analysis, then the use of this transgenic Drosophila expressing Aβ1-42 could shed 

some light on the mechanisms of amyloid fibril formation and give us more information about the 

mechanisms behind Alzheimer’s disease. 
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Appendix 

A - Buffers 

TBST 0.1 % pH 7.5 

20 mM Tris 

500 mM NaCl 

0.1 % Tween-20 

pH adjusted with HCl 

 

TBST 0.1 %, 4 % BSA pH 7.5 

TBST 0.1 % 

4 % v/w BSA 

 

Electrode buffer pH 8.3 

200 mM Glycin 

25 mM Tris 

20 % v/w MeOH 

 

PBS buffer pH 7.3 

7.5 mM Na2HPO4 

2.5 mM NaH2PO4 

150 mM NaCl 

 

 

 

 

 

 

 

 

PBST/PMSF buffer 

PBS 

0.1 % Tween-20 

1 mM PMSF 

 

Citric/Urea buffer pH 3.0 

100 mM Citric acid 

9.3 M Urea 

pH adjusted with HCl 

 

TBE-buffer 

450 mM Tris 

450 mM Boric acid 

15 mM EDTA 

 

Phosphate buffer 

5 mM NaH2PO4 

5 mM Na2HPO4 

 

SDS loading buffer 

600 mM DTT 

333 mM Tris-HCl pH 6.1 

400 mM SDS 

15 mM Bromophenol blue 

3 volumes 87 % glycerol 

 

  



 

B - Drosophila food 

Standard Drosophila food 

7 l water 

400 g Corn flour 

75 g Agar 

350 g yeast 

322 g malt 

5.5 dl syrup 

34 ml proponic acid 

 

Enriched green Drosophila food 

7 l water 

200 g potato powder 

200 g corn flour 

75 g agar 

350 g yeast 

5.5 dl syrup 

34 ml proponic acid 

Green caramel color 

 

Agar food 

10 g agar 

10 g sugar 

500 ml water 

 

  



C - Aβ1-42 gene fragment and p

Aβ1-42 gene fragment (189 bp) 

ATGGCGAGCAAAGTCTCGATCCTTCTCCTGCTAACC

GGAATTTCGCCATGACAGCGGCTACGAAGTGCATCATCAAAAATTGGTGTTTTTTGCGGAAGACGTGGGCTCG

AACAAAGGCGCGATTATTGGCTTGATGGTG

Forward primer (20 bp) 

CGATCCTTCTCCTGCTAACC 

 

Reverse primer (20 bp) 

CACCATCAAGCCAATAATCG 

D - End-point fibrillation data

Addition of ThT in 10 and 30 µl respectively. Day 0 

  

42 gene fragment and primers for PCR 

CGATCCTTCTCCTGCTAACCGTCCATCTTCTGGCTGCTCAGACCTTCGCCCAGGATGC

GGAATTTCGCCATGACAGCGGCTACGAAGTGCATCATCAAAAATTGGTGTTTTTTGCGGAAGACGTGGGCTCG

CGATTATTGGCTTGATGGTGGGCGGCGTGGTG 

fibrillation data 

Addition of ThT in 10 and 30 µl respectively. Day 0 (triangle) and Day 10 (filled triangle)

GTCCATCTTCTGGCTGCTCAGACCTTCGCCCAGGATGC

GGAATTTCGCCATGACAGCGGCTACGAAGTGCATCATCAAAAATTGGTGTTTTTTGCGGAAGACGTGGGCTCG

). 

 



 

Lag phases were calculated on 5 % maximum fluorescence intensity in spontaneous (square), 1 % 

seed (filled square), Day 0 (triangle) and Day 10 (filled triangle). 
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