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La vida no es fácil, para ninguno de nosotros. Pero... ¡qué importa! Hay que perseverar 

y sobre todo, tener confianza en uno mismo. Hay que sentirse dotado para realizar 

alguna cosa y que esa cosa hay que alcanzarla, cueste lo que cueste. 

-  Marie Curie
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1. Abstract 

This dissertation presents results that contribute to the understanding of the atomic 

and molecular characterization of biomolecules like polypeptides and proteins by 

NMR. The NMR results are complemented with other biophysical techniques such as 

circular dichroism spectroscopy (CD), thioflavin T (ThT) assays or electron 

microscopy (EM). The work shows a complete characterization of the aggregation 

properties of the human hormone Islet Amyloid polypeptide hIAPP with respect to its 

oxidation state and for the first time its monomeric structure in solution. The 

aggregation of this hormone plays a fundamental role in the formation of Diabetes 

Mellitus type II. Furthermore, the interaction of the FKBP12-rapamycin binding (FRB) 

domain of TOR protein with different membrane systems is analyzed using NMR, 

enabling a better understanding of the localization of this protein and its function within 

the cell. This document contains an introductory part presenting a brief review of the 

most important aspects of NMR spectroscopy, an overview of the disease Diabetes 

Mellitus, followed by a description of the biological relevance of hIAPP and the protein 

TOR. The methodological part describes NMR sample preparation, circular dichroism, 

ThT assay and Electron Microscopy. The integrated analysis of the results obtained 

from these biophysical experiments enables the understanding of the mechanistic 

details of protein aggregation. 

In the first publication, the development of a comprehensive protocol for the 

production of recombinant human IAPP hormone in Escherichia coli is presented. This 

process allows the production of the peptide as a C-terminally amidated monomer 

including a cystein disulphide bridge between residues 2 and 7 and no extra residues 

at the cleavage sites. All these characteristics are of fundamental importance for the 

biological relevance of any in vitro experiment. The system presented here is an 

appropriate tool to produce labeled protein for NMR and large amounts of unlabeled 

protein for any biophysical study. The relevance of this work is reflected in the many 

requests for the DNA-sequence of our clone from groups in different countries, 

establishing project collaborations and giving the possibility for complementary 

studies. 
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The second manuscript presents for the first time a structural analysis of the full-length 

hormone human IAPP by solution-state-NMR without addition of any denaturant, 

detergent, organic solvent or lipid. It is shown that the peptide has a α-helical structural 

propensity at the N-terminus stabilized by the disulfide bridge between cysteine 

residues 2 and 7. Furthermore, we demonstrate that disruption of the disulfide bridge 

results in reduced stability and induces aggregation of the peptide. We therefore 

propose that changes in the redox potential within pancreatic β-cells during diabetes 

type II development accelerate the aggregation of the peptide and result in apoptosis. 

This hypothesis is supported by published in-vivo studies, showing that diabetes 

mellitus alters the redox state in the cell, especially in the endoplasmic reticulum. 

These results are of fundamental importance as they establish a basis for the 

understanding of T2D pathogenesis and might enable the design of specific inhibitors 

that interfere with aggregation.  

In the third publication, the FRB membrane domain of TOR the Ser/Thr kinase Target 

of Rapamycin is characterized with respect to its interaction with membranes. This 

protein plays an important role in controlling cellular growth and metabolism. 

Therefore, misregulation of TOR is correlated with the development of tumors, 

diabetes, obesity, depression and certain types of cancer. In this work, the analysis of 

the interaction between TOR and various mimetic membrane systems is presented. 

We found that the isolated domain preferentially binds to negatively charged lipids 

and has no preference for phosphatidic acid (PA)-containing membranes as it was 

proposed in some previous studies. The domain preserves the α-helical secondary 

structure content but the membrane environment induces a strong conformational 

change presumably by dispersion of the helices in the lipids. We have as well shown 

that the FRB domain binding surface responsible for interaction with lipids and the 

interface in the complex FKBP12-rapamycin are overlapping. Rapamycin is an 

inhibitor of TOR and its binding site is the FRB domain. Upon formation of this complex 

the FRB is prevented from interaction with some membrane mimetic systems at lower 

lipid concentrations resulting in important consequences for the localizations of TOR 

in the cell. 
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2. Introduction 

2.1 Nuclear Magnetic Resonance  

Nuclear Magnetic Resonance (NMR) is a powerful analytical spectroscopy method 

allowing the experimentalist to obtain information on the structure at atomic resolution. 

NMR experiments yield information on the chemical environment of specific nuclei in 

NMR. The simplest nuclei to work with have a half-integer spin, i.e. ½, such as 15N, 

13C and 1H. The quantum mechanics suggests that a nucleus of spin I will have 2I + 1 

possible orientations. A nucleus with spin of ½, for example 15N, will have 2 possible 

orientations. If a magnetic field is applied to this nucleus, the energy levels split. The 

energy difference E between the two states is called the nuclear Zeeman splitting 

(Figure 1).1-4 

 

Figure 1: Zeeman splitting of nuclear-energy levels in a magnetic field. Where I is the spin of 

the nucleus, E is the energy, ħ is the Planck constant divided by 2π;  is the gyromagnetic 

ratio and B0 is the external magnetic field. 

 

Each energy level is given a magnetic quantum number m. When this nucleus is in a 

magnetic field, the energy levels are populated according to the Boltzmann 

distribution. Lower energy levels will contain slightly more nuclei than higher levels. 

Application of a radiofrequency field excites these nuclei into the higher level. The 

frequency of the radiation necessary for this change is determined by E. The 

handling of pulses of different shapes, frequencies and durations, specifically 

designed patterns or pulse sequences allows the spectroscopist to extract many 

different types of information from the molecule.1-4 
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The transition between these two energy levels results in a single line at the Lamor 

frequency of the spin, which is observed as a resonance in the spectrum. The 

oscillation of the signal is transformed by Fourier Transformation (FT) into a signal in 

the frequency domain. The signal is expressed as chemical shift  in parts per 

million (ppm) (Figure 2). The ppm value is calculated as the ratio of the detected 

frequency from the sample and the absolute resonance frequency of a standard 

reference compound. 1-4 

Figure 2: NMR signal. For analysis, the free induction decay ( FID) (I) is Fourier transformed 

to yield a signal in the frecuency domain. The resonance frequency is given in ppm with 

respect to a reference. 

The recovery of this spin into its lower energy state is called relaxation. The relaxation 

time is analyzed in terms of two isolated processes, each with its own time constant. 

The longitudinal (or spin-lattice) relaxation time T1 is the decay constant for the 

readjustment of the z component of the nuclear spin magnetization and it is 

responsible for the loss of signal intensity. The other process, associated with the 

decay constant for the component of the total magnetization M perpendicular to B0, 

designated Mxy, is called the transverse (or spin-spin) relaxation time T2. It is 

responsible for the broadening of the signal. Both T1 and T2 depend on the rate of 

molecular motions as well as the gyromagnetic ratios of both, the resonating and their 

strongly interacting, next-neighbor nuclei not at resonance. 1-4 

In NMR of biomolecules typically more than one spin is coupled in the system. This 

spin combination produces also a spectrum of the two coupled spins consisting of two 

doublets. The splitting of the doublets is the scalar coupling J12 expressed in Hz. The 

shifts of the two spins are called 1 and 2, and give corresponding Lamor 

frequencies. The spin system can be specified as homonuclear or heteronuclear 

incidental to the type of the nuclei. This variety of systems together with sample 
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labeling allows the NMR spectroscopist to produce a substantial variation of NMR 

experiments. Although the fundamental concept of 2D-FT NMR was initially 

suggested by Jean Jeener, this idea was largely developed by Richard Ernst, 

including multi-dimensional FT NMR, who matured this technique into a powerful 

methodology for studying structure of biomolecules.5-7 A typical example of a 2D 

experiment is a COSY spectrum, where the magnetization is transferred by scalar 

J-coupling between the HN to the Hα and vice versa which is part of the same scalar 

coupled spin system.1-4 

In proteins, experiments are classified into two sets of interactions, characterized by 

the magnetization transfer between the nuclei. The first one is the through-bond 

interaction, forwarding the perfect strategy for the back bone resonance assignment 

in a biomolecule. This involves the use of 15N and 13C labelled nuclei and the 

measurement of a major number of NMR experiments like CBCANH8 and 

CBCA(CO)NH8 spectra for small proteins. In addition, complementary experiments 

like HNCA9, NH(CO)CA10, HNCO9,11, and HN(CA)CO12 spectra might be necessary. 

If the biomolecule is very large, containing more than 250 residues, a deuteration of 

the sample may be required. In this case experiments like CBCA(CO)NH spectra need 

to be used.8 The through-space interaction can be probed employing the Nuclear 

Overhauser Effect to yield distances between atoms. Combination of these different 

types of experiments and various isotope-labeling techniques have recently opened 

the possibility to study biomolecules and obtain valuable information about the 

structure, interaction and dynamics of proteins, nuclei acids, and their complexes. 

However, the application of traditional NMR spectroscopy in solution, which currently 

is limited to a size of 50 kDa. Introduction of transverse relaxation-optimized 

spectroscopy (TROSY)13, which  reduces the effective relaxation of the measured 

signal during the pulse sequence and during data acquisition, can help. To apply the 

TROSY13 technique, at least two different interfering relaxation mechanisms must 

contribute to relaxation. If the interference is additive, the effective relaxation is 

reduced. Consecutively, the line widths and sensitivity can be improved in NMR 

experiments to successfully study molecules up to 110 kDa14. A practical application 

of TROSY13 is the determination of structures of membrane proteins15, intermolecular 
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interaction and drug design16, scalar couplings across hydrogen bonds17 and 

measurement of residual dipolar couplings (RDCs)18. In solution-state NMR, the 

orientation dependence is averaged to zero. If a molecule in solution is deliberately 

aligned, residual dipolar couplings (RDCs) can be reintroduced with a size of a few 

Hz. If high-resolution spectra are obtained, the distance and orientation dependence 

of D is reintroduced and provides valuable structural information. For example, from 

the H-N dipolar couplings the projection angles θ and φ can be obtained. This 

alignment can be performed by dilution of the biomolecule into a liquid crystalline 

media, e.g. bicelles, stretched polystyrene (PS) gels, rod-shaped viruses including 

filamentous bacteriophage, DNA nanotubes, Otting media etc.18,19  In solid state, this 

leads to large dipolar splitting and broad linewidths since dipolar couplings, e.g. H-N, 

are in the kHz range. This characteristic is the major difference between solid- and 

solution-state NMR. For this reason is in solid-state NMR spectroscopy the sample is 

rotated under a specific angle in the magnetic field, called the “magic angle”  𝛽𝑅𝐿 =

arctan √2 ≈ 54.74°. Raymond Andrew pioneered the development of high-resolution 

solid-state nuclear magnetic resonance and introduced MAS (magic angle 

spinning).20-22 This technique allows to improve the spectral resolution by emulating a 

tumbling molecule, which removes the anisotropic broadening from the spectra. The 

extent, to which the anisotropic interaction are averaged, depends on the frequency 

of the rotation ωr (Figure 3). 

 

 

 

 

 

Figure 3: Representation of the principle of MAS solid-state NMR. The sample is rotate in the 

magnetic field (B0) under an angle of 54.7° which is referred to as the magic angle, ωr refers 

spinning frequency and βRL is the angle between the static magnetic field (B0) and the axis of 

rotation. 

B
βRL = 54.7° 

ωr 

Solid 
Sample 
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To increase sensitivity Pines et al. introduce cross-polarization23. After this, the cross 

polarization and magic angle spinning was combined (commonly named CP-MAS), 

which now is a standard tool in solid-state NMR. Other improvements for sensitivity 

and resolution in 13C or 15N detecting experiments are obtained by heteronuclear 

decoupling.24 The simplest method implies the application of a strong unmodulated rf-

field close to the Larmor frequency of the proton, leaving 13C or 15N spin unchanged. 

This method is called continuous wave or CW decoupling. More advanced methods 

include the two-pulse phase-modulation (TPPM) method25, SPINAL-6426 and similar 

schemes, frequently producing better decoupling than the CW method.27-29 

In the last years solid-state NMR spectroscopy is applied extensively for studying 

biological systems30. It has become an important method which allows to better 

understand now the misfolding of peptides and protein amyloids, which is a common 

motif in many diseases like hIAPP (Diabetes mellitus type II)31, β-Amyloid (Alzheimer’s 

Disease)32, α-synuclein (Parkinson’ Disease)33.34 Furthermore, it is applied to 

membrane proteins35, cytosceleton associated proteins36, microtubules37 and large 

soluble protein complexes38. These systems are difficult to access by X-ray 

crystallography or standard solution-state NMR methods. Elucidation of protein 

structure by solid-state NMR39 is relies on secondary chemical shifts and spatial 

contacts between heteronuclei. In addition, paramagnetic contact shifts40, specific 

proton-proton distances can be included in any structure calculation39. Solid-state 

NMR is a valuable tool to study local dynamics41, kinetics42, and thermodynamics43.  

  

2.2 Diabetes Mellitus 

Diabetes mellitus is a chronic metabolic disorder with a variety of causes  affecting 

the amount of insulin and thus the glucose uptake in the body, generating 

hyperglycemia in the body44. Diabetes increasingly affects millions of people  

worldwide45. The causes for the development of this disease are currently unclear. 

However, many studies propose a correlation between genetic predisposition and 

environmental factors. These two conditions trigger a complex network of biological 
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reactions affecting the cell and generating β-cell dysfunction that finally results in cell 

apoptosis46-48. Diabetes is divided into Type 1 and Type 2 diabetes. T1D is also 

referred as IDDM (Insulin-dependent diabetes), an autoimmune disease, in which the 

immune system of the body degrades the β-cells. Patients, which suffer from T1D, 

need to inject insulin on a daily base to overcome insulin insufficiency and restore 

glucose metabolism. 

T2D is referred to as NIDDM (Non-insulin-dependent diabetes). The development of 

T2D is correlated with genetic and environmental factors. Risk factors are excess 

intake of food rich in sugar and fat, constant stress and little exercise. These increase 

the probability of developing diabetes44. The increase in obesity and as a 

consequence the risk to develop T2D is almost epidemic44. The probability to develop 

T2D is proportional to the BMI49-51 (Figure 4). In addition to environmental factors, 

genetic susceptibility plays a significant role for the pathogenesis of the disease. 

Certain genes or combinations of genes increase the risk. For example, studies have 

demonstrated that modifications of the two non-coding single-nucleotide 

polymorphisms in transcription factor 7-like 2 (TCF7L2) gene increase susceptibility 

to develop T2D up to 80% compared to people not carrying this gen variant52.  Further 

ethnicity plays an important role: The disease occurs more frequently in Africa, Asia, 

South- and Northamerica53-56. Risk genes for obesity are melanocortin-4 receptor, 

leptin, leptin receptor, prohormone convertase 1 (PC1) and pro-opiomelanocortin 

(POMC)57. The gene variations associated with insulin sensitivity are the P12A 

polymorphism in PPAR58,59, genes associated with β-cell dysfunction include 

hepatocyte nuclear factor-4α and 1α, E23K polymorphism in the islet ATP-sensitive 

potassium channel Kir6.2 (encoded by KCNJ11), mutations in the mitochondrial 

genome and the glucose transporter GLUT2 among others 53,57-61. 
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Five principal mechanisms contribute to the genesis of T2D (Figure 5). First, 

environmental factors like obesity yield an excess of free long-chain fatty acids in the 

blood generating lipotoxicity that can contribute to insulin resistance and β-cell 

dysfunction62-68. The second factor, glucotoxicity, changes insulin secretion and 

induces β-cell dysfunction. Over time, high blood glucose levels damage nerves and 

blood vessels and consecutively increase the susceptibility for secondary diseases 

like heart or kidney problems, resulting in blindness or amputation.31,68-72 The third 

factor is oxidative stress, which is governed by a series of cell stressors, of which one 

is glucose. Metabolism of glucose induces the production of reactive oxygen species. 

As β-cells have very low levels of anti-oxidants, this factor is important for the 

development of insulin resistance and the damage of β-cells73-76. The fourth factor is 

stress of the endoplasmic reticulum (ER). As a consequence of insulin resistance, 

β-cells increase dramatically the insulin and IAPP production. The high production 

and flux of proteins through the ER results in an ER imbalance and malfunctioning of 

the ER.77-81 

Figure 4: Correlation between the body weight and the prevalence of diabetes. Figure is taken 

from Willet et Al, (1999). 
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The fifth factor is amyloid deposition, commonly observed in T2D patients. For many 

years, these deposits were very difficult to identify and to characterize due to their 

insolubility. In 1987, Cooper et al. were able to identify the so called diabetes-

associate-peptide (DAP), also known as human Islet PolyPeptide (hIAPP)82. 

Immunohistopathological studies clearly showed amyloidogenic deposits (Figure 6). 

Aggregates are found in the whole islets83-87. However. it remains unclear whether 

aggregation of human IAPP is a cause or a consequence of β-cells failure88. 

 

 

Figure 6: EM of a typical hIAPP fibril sample A). Immunohistochemical comparison between 

islet cells in T2D patient B) and healthy individual C). Aggregates of hIAPP are labeled in 

green and the insulin present in the islet cells in red. Figure adapted from Westermark et  Al, 

(2008). 

Pancreatic islets contain β-cells 

T2D patient  Healthy patient 

Figure 5: Flow chart summarizing the factors resulting in the development of the pathogenesis of 

type II Diabetes. 

A 
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2.3 Islet Amyloid polypeptide (IAPP) 

The Islet Amyloid polypeptide, also called amylin, is a hormone co-secreted with 

insulin. This peptide has a length of 37 residues and the following primary sequence: 

KCNTATCATQRLANFLVHSSNNFGAILSSTNVGSNTY. It was found in Type 2 

diabetic patients as the principal component of deposits in the pancreas82,83. 

IAPP is a member of the calcitonin-like peptide family including calcitonin, calcitonin 

gene-related peptide (CGRP) and adrenomedulin. Human IAPP has 43-46% identity 

with the gene-related peptide (CGRP). Human IAPP activates prohormones, 

hormones and neurotransmitters in the cell83,89,90. 

IAPP is expressed as an 89 amino acid residue pre-protein containing two flanking 

peptides that are cleaved off by two endoproteases, the prohormone convertases PC2 

and PC1/3. This process is pH-dependent and occurs in the late golgi and the 

secretory granules. This process yields the fully active, C-terminally amidated 

hormone containing a N-terminal disulphide bridge. These two features are of 

fundamental importance for the full biological function of the hIAPP91-97. IAPP is 

preferentially expressed in the ß-cells but also in δ-cells in rats and mice; furthermore 

in the gastrointestinal tract of different mammals and in the sensory neurons of the 

mice98-101. The expressed peptide is stored in the insulin secretory granules. These 

granules are a complex system, including many components such as insulin and 

pro-insulin, which control and inhibits the aggregation of IAPP by an unknown 

mechanism. In these granules, hIAPP remains soluble up to concentrations of 

1-4 mM.92 It is unclear, why hIAPP does not aggregate under these conditions, given 

the fact that the peptide precipitates rapidly in vitro at concentrations which is a 1000 

times lower. One plausible reason might be the pH between 5 and 6 within the insulin 

secretory granules. This pH value is favorable for the dissolution of basic molecules 

like IAPP (PI: 8.9). 46,85,92,102-105 
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2.4 Ser/Thr kinase target of rapamycin (TOR) protein 

In all eukaryotes, the TOR protein or Ser/Thr Kinase target of rapamycin controls cell 

growth and survival as well as cytoskeletal reorganization processes106. Misregulation 

of the TOR pathway results in development of diseases such as diabetes, obesity, 

depression and certain types of cancer, because this protein integrates the input from 

pathways, including insulin, growth factors, cellular nutrients, oxygen, energy levels  

and amino acids106,107. 

TOR is a 2500 residue protein consisting five domains. TOR is divided into two distinct 

complexes: TORC1 and TORC2. TORC1 controls the accumulation of cell mass in 

response to nutrients and energy. Some metabolic processes controlled by TORC1 

are protein and lipid synthesis, ribosome and mitochondrial biogenisis and  

autophagy108. TORC1 is highly sensitive to the specific inhibitor complex composed 

of the macrolide rapamycin and the cellular protein FKBP12-rapamycin which bind to 

its FRB domain109. The FRB domain is 100 amino acid long and mediates TORC1 

interaction with the cellular membrane. TORC2 is insensitive to rapamycin and was 

reported to be an important regulator of the cytoskeleton by mediating 

phosphorylations via its serine/threonine protein kinase108,110. 
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3. Methods 

3.1 NMR sample preparation 

Samples were prepared using solvents that contain at least 5% of deuterium instead 

of hydrogen. The deuterium signal is used for the NMR lock which yields a stabilization 

of the spectrometer. The sample must be soluble and the volume has to cover the 

complete coil. The resolution in the spectra depends on the solubility and size of the 

molecule in the sample, as big species in solution or high viscosity decrease the 

molecular tumbling and increase the spectral linewidth.  

Isotopic enrichment is achieved by addition of isotopically labeled nutrients to the 

minimal bacterial medium. This process has been an integrated and powerful tool for 

the advancement of NMR applied to biological molecules. There are numerous 

labeling strategies in NMR, such as uniform isotopic labeling of one or more isotope 

types, and selective isotopic labeling in which different precursors or nutrients with 

specific labeling are added. This results in the incorporation of isotopes at specific 

sites in the sequence111. 

 

3.2 Circular Dichroism (CD) 

Determination of the secondary structure and folding properties of proteins and 

peptides are complemented by physical tools examining the folding state and integrity 

of the samples containing the biomolecules. This technique uses only low amounts of 

the sample and can be performed within minutes. The circular dichroism CD can be 

defined as the unequal absorption of left and right distributed circularly polarized light. 

Every structure has a characteristic spectrum with a minimum visual detectable: 

alpha-helical conformation present a minimum negative at 222 nm and 208 nm and a 

positive band at 193 nm. Antiparallel beta sheets show a negative band a 218 nm and 

a positive band at 195 nm. Random coil conformations feature a very low ellipticity 

above 210 nm and negative bands near to 195 nm112. Normalization of measured data 
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is obtained by calculating the molar ellipticity. This normalization allows to compare 

the structures of different sample concentrations and different constructs. 

3.3 Thioflavin T fluorescence assay  

The thioflavin T fluorescence assay for amyloid fibrils is a useful method that helps to 

monitor the formation or aggregations and fibril formations. Thioflavin T is a compound 

obtained by the methylation of dehydrothiotoluidine with methanol in the presence of 

hydrochloric acid. This reaction results in the production of a benzothiazole salt. This 

works like a dye used to envisage and quantify the presence of misfolded proteins, 

oligomers and fibrils. The molecule binds to the structures with a high amount of 

beta-sheet, such as aggregates and amyloids proteins. The dye emit a higher 

fluorescence and a characteristic red shift of its emission spectrum. With the 

monitoring of the change in absorption per time is the fluorescence spectroscopy a 

powerful tool to determine the kinetic of the fibril formation. In general the ThT 

presents fluorescence in the spectral region with a maximum at 478-484 nm.113
 

 

3.4 Transmission Electron Microscopy (TEM) 

This type of microscopy uses electrostatic and electromagnetic lenses to control the 

electron beam and focuses it to form an image. The electron beam is accelerated by 

an anode, typically at +100 keV (40 to 400 keV) with respect to the cathode. In EM it 

is necessary to stain the sample with a suspension of an electron-opaque solution 

such as uranyl acetate. This preparation is made on a suitably coated EM grid, on 

which the sample is blotted and dried. The corrected focus image can finally be 

recorded photographically at a high-resolution with help of a fiber optic light-guide to 

the sensor of a CCD (charge-coupled device) camera. The image detected by the 

CCD can be displayed on a monitor or a computer. In older models or microscopes 

the same result can be achieved by exposing a photographic film or plate directly to 

the electron beam.114 
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4. Description of the first hIAPP publication 

 

Cloning, expression and purification of the human Islet Amyloid Polypeptide 

(hIAPP) from Escherichia coli 

 

Protein Expr Purif 2015 Feb 6;106:49-56. Epub 2014 Nov 6. 

Diana C Rodriguez Camargo, Konstantinos Tripsianes, Tobias G Kapp, Joaquim 

Mendes, Jasmin Schubert, Burghard Cordes, Bernd Reif. 

 

The Production of recombinant human IAPP is complicated as it has a high tendency 

to aggregate even at low concentrations or temperatures. The limit of solubility at 4 °C 

is about 150 uM. The whole peptide is aggregated after three days. For its production 

in E. Coli, a long construct with different tags at the N and C-termini was necessary to 

avoid aggregation of the peptide during purification. The Intein-Chitin-Binding-Domain 

tag at the C–terminus effectuates intrinsic amidation at the last amino acid of the 

peptide. This amidation is fundamental for the biological activity of every hormone. In 

contrast to previously published systems, amidation is quantitative in the final product 

after purification. Additionally, the system allows the production of peptide without any 

methionine or other overhanging residues at the N-terminus. This was achieved by 

designing the solubility leader sequence with a terminal glutamic acid. Enzymatic 

processing is achieved with V8 Protease (GluC), which cleaves after a glutamic acid 

residue without introducing any extra residue. Finally, oxidized hIAPP was obtained 

by adding catalytic amounts of H2O2 to the peptide in aqueous buffer.  

 

The purification is based on affinity and reverse phase chromatography. The protocol 

yields monomeric hIAPP in either unlabeled or isotopically labeled form. The final 

product contains all biologically relevant features for biophysical studies to investigate 

its structure and aggregation kinetics. The quality of the final product was confirmed 

by mass spectrometry, gel electrophoresis and solution-state NMR. The complete 

assignment was obtained by solution-state NMR. 

http://www.pubfacts.com/author/Diana+C+Rodriguez%20Camargo
http://www.pubfacts.com/author/Konstantinos+Tripsianes
http://www.pubfacts.com/author/Tobias+G+Kapp
http://www.pubfacts.com/author/Joaquim+Mendes
http://www.pubfacts.com/author/Joaquim+Mendes
http://www.pubfacts.com/author/Jasmin+Schubert
http://www.pubfacts.com/author/Burghard+Cordes
http://www.pubfacts.com/author/Bernd+Reif
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5. Description of the second hIAPP manuscript 

Change of the redox environment in a -cell triggers conformational changes 

at the N-terminus of hIAPP and influences its aggregation in Type II Diabetes 

 

Rodriguez Camargo, Diana C.1,2; Tripsianes, Konstantinos3; Hartlmueller, Christoph2; 

Goebl, Christoph2; Sarkar, Riddhiman2; Aichler, Michaela1; Mettenleiter, Gabriele1;  

Madl, Tobias2; Reif, Bernd1,2. 

 

Diabetes mellitus is a disease that affects a large amount of people in the world. 

Diabetes mellitus can be classified into two subtypes: T1D is characterized by a lack 

of insulin production and an autoimmune destruction of the β-cells. T2D is a non-

insulin-dependent disease and is characterized by the development of insulin 

resistance in the body. The second characteristic of T2D diabetes is a β-cells failure. 

The loss of β-cells mass is attributed to the presence of an aggregate that consists of 

the hormone hIAPP that is normally co-secreted with insulin. In this paper we present 

the structural analysis of monomeric full-length hIAPP in aqueous buffer. The 

production of the isotopically labeled peptide was performed following our protocol 

published in 2014. 3D and 2D solution-state NMR experiments were performed to 

obtain assignments and distance restrains for structure calculations. We show that 

the peptide has a 50 % propensity for α-helical secondary structure at the N-terminus. 

This α-helix is stabilized by the disulphide bridge between residues 2 and 7. This 

disulphide bridge plays an important role in the stabilization of the structure of hIAPP 

and affects its aggregation properties. We show by NMR and fluorescence 

spectroscopy that the aggregation kinetics of the reduced and oxidized peptides are 

different. The reduced form of hIAPP is aggregating faster in comparison to the 

oxidized form of hIAPP. This behavior correlates with the hypothesis that changes in 

the redox environment in the cell are responsible for the acceleration of aggregation. 

Changes in the electro-chemical environment of the cell is produced by the 

disequilibrium of the concentration in the oxidizing and reducing agents, high 

concentration of metals, over production of reactive nitrogen species RNS, reactive 

oxygen species ROS in the cell and over expression and misfolding of proteins. 
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Yielding a shift of equilibrium from the oxidized to the reduced state of the molecule. 

These results indicate that a small concentration of reduced hIAPP has a dramatic 

impact on the aggregation properties of the (mostly) oxidized peptide and for this 

reason on the aggregation pathway of hIAPP. We used NMR to determine the redox 

potential of hIAPP. The hIAPP has a redox potential that is close to the redox value 

for an apoptotic cell, which observation also supports our hypothesis. In this paper we 

suggest a correlation between the redox state of a cell and the aggregation properties 

of hIAPP. Furthermore, we propose that the interference with the protein disulphide 

isomerase machinery in the ER due to redox change in the cell can have a 

fundamental impact on the progression of T2D. 
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6. Description of the third publication of FRB domain from 

TOR protein 

 

The FKBP-rapamycin binding domain of human TOR undergoes strong 

conformational changes in the presence of membrane mimetics with and 

without the regulator phosphatidic acid 

 

Biochemistry. 2012 Jun 19;51(24):4909-21. doi: 10.1021/bi3002133. Epub 2012 Jun  

Diana C. Rodriguez Camargo; Nina M. Link; Sonja A. Dames 

 

The TOR protein, also called Ser/Thr target rapamycin, plays a fundamental role in 

the control of the metabolism and cellular growth. For this reason when this protein 

presents a wrong function, the cell presents several problems in different pathways. 

This dysregulation is a contributing factor in human diseases, such Diabetes, obesity, 

depression and certain cancers. The TOR protein is a 2500 amino acid log protein, 

divided in two big units TORC1 and TORC2 with different function. The first one 

contains the domain that controls the nutrient energy redox and protein synthesis. The 

second one is responsible for the regulation of the cytoskeleton. The protein can be 

subdivided in five domains. The domain that is responsible for the interaction with the 

complex FKBP12-rapamycin and the membrane is the FRB domain. For this paper 

the FRB domain is produced in E.coli with isotopically enrichment media for the NMR 

experiment. This paper shows the interaction of this domain with different models of 

membrane mimetic systems such micelles, bicelles and liposomes. This work also 

shows the affinity and preference of this molecule for a spectrum of different lipids 

with neutral and negative charge. The results presented here show that the FRB 

domain has no preference for phosphatidic acid (PA) as was proposed before. This 

characteristic was attributed to the FRB because the PA is an important messenger 

in the membranes. The combination of NMR and CD shows that the domain presents 

specific interaction regions and affinity preference for different negative membrane 

mimetic systems. We also show that there are no changes in the alpha-helix content 
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in the structure of the domain in presence of membranes. However, we propose that 

the big changes observed in the NMR spectra are due to the dispersion of the α-helix 

in the lipidic environment. This paper also shows that in low concentration of these 

lipids the FRB domain has preference for the inhibitor complex FKBP12-rapamycin 

more than for the lipids. 
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