
 

 

 

 

Institute of Biochemistry and Biology 

 

 

 

Characterization of metal-binding synthetic coiled coil peptides 

 

 

 

Master Thesis for the attainment of the academic degree  

Master of Science (M. Sc.) 

 

Submitted to the Mathematical/Natural Science Faculty 

at the University of Potsdam 

 

 

 

by 

Isabell Tunn 

 

  

Student Number: 759623 

E-mail: schelske@uni-potsdam.de 

Master degree course: Biochemistry and Molecular Biology 

 

Potsdam, 02 August 2016 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
First referee:   Dr. Matthew Harrington (Max-Planck-Institute of Colloids and 

Interfaces) 
 
Second referee: Prof. Dr. Robert Seckler (University of Potsdam) 
  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To my grandfather 

 

 

 



I 

 

Declaration of Originality/ Eigenständigkeitserklärung 

 

I hereby declare that this thesis work "Characterization of metal-binding synthetic coiled coil 

peptides" is my own work and that only the denoted resources were used. This thesis has not 

been published or submitted in this or a similar form for the award of any other degree. 

 

Ich versichere hiermit, dass ich die vorliegende Arbeit zum Thema "Characterization of 

metal-binding synthetic coiled coil peptides" selbständig und ausschließlich unter 

Verwendung der angegebenen Literatur sowie Hilfsmittel erstellt habe. Die Arbeit wurde 

bisher nicht veröffentlicht und nicht in gleicher oder ähnlicher Form einer anderen 

Prüfungsbehörde vorgelegt. 

 

Potsdam, 02. August 2016 

 

 

Isabell Tunn 

 







   Abstract 
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wichtige Informationen über den Entfaltungsmechanismus von Coiled Coils unter 

mechanischer Belastung. 

Zukünftige Studien werden sich mit der Untersuchung des Einflusses von verschiedenen 

Metallionen, vom Histidin-Metallionen Verhältnis und von der Position der Histidine, auf die 

Stabilität der modifizierten Coiled Coils beschäftigen. Diese Strategien können die Nutzung 

von Metallionen-koordinierenden Coiled Coils als potentielle gezielt veränderbare, 

mechanosensitive und selbstheilende Crosslinker in Hydrogelen ermöglichen. 
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whether transition metal ions, such as Ni2+, Cu2+ or Zn2+, are chelated by the peptides, Raman 

spectroscopy is used.  

As the ultimate proof of the design strategy, the effect of coordinated metal ions on the 

thermodynamic and mechanical stability of the coiled coils needs to be determined. Thermal 

unfolding of the coiled coils is monitored in the absence and presence of metal ions using CD 

spectroscopy. Single molecule force spectroscopy (SMFS) with an atomic force microscope 

(AFM) is used to investigate the effect of His-metal chelation on the mechanical stability. 

These measurements are expected to provide the molecular rupture forces of the coiled coil in 

the absence and presence of metal coordination. Thus, these experiments can yield the desired 

information about the mechanical stabilization of the loaded heptads and serve as the starting 

point for tuning the mechanical response of the coiled coil to shear forces. It is expected that 

metal-coordinating coiled coils will provide a new platform for the synthesis of tunable and 

mechanosensitive hydrogels. 
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2 Methods 
In order to characterize the secondary structure of His-modified peptides, spectroscopic 

techniques, such as ATR-FTIR, Raman and CD spectroscopy, were used. The thermodynamic 

stability of the coiled coil was studied using thermal unfolding monitored by CD 

spectroscopy. To determine the effect of metal ion coordination on the mechanical stability of 

the coiled coil, AFM based single molecule force spectroscopy was used. This section gives a 

short theoretical background about the techniques used in this thesis. 

2.1 FTIR and Raman spectroscopy 

Fourier-transformed (FT) IR and Raman spectroscopy are complementary vibrational 

spectroscopy techniques based on the interaction of light with matter. They are useful for 

studying the conformation and structure of protein molecules as well as more complex 

materials and biological tissues. Both techniques are non-destructive, require small amounts 

of sample and have a high reproducibility [55]. Moreover, the techniques are complementary 

to each other, since both use light to probe the vibrational modes of molecules in a given 

sample [56]. However, the two forms of spectroscopy are different in the manner in which 

light energy is transferred to the molecule, thus changing its vibrational state. While FTIR 

spectroscopy is used to observe transitions between molecular vibrational energy states, due 

to absorption of a broad range of IR radiation, Raman spectroscopy is based on an inelastic 

scattering process (Stokes Raman scattering), caused by the interaction of incident, 

monochromatic light with molecules and molecular groups (Figure 6). Here, the vibrational 

quantum energies of the discrete vibrational energy states of the molecule do not match the 

energy of the incident photon, which loses part of its energy distorting (polarizing) the 

electron cloud of the atoms. As a result the molecule gets into a virtual energy state and a 

photon with reduced energy is scattered by the molecule. 
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Figure 6: Infrared absorption and Raman scattering processes. The absorption of IR light elevates the molecule into a 
higher vibrational energy state. Rayleigh scattering is elastic. The initial energy (E0) to bring the molecule in a higher virtual 
energy state equals the scattering energy (Es). Stockes Raman scattering is inelastic and less probable than Rayleigh 
scattering. In anti-Stockes Raman scattering the initial energy is smaller than the energy of the scattering because the 
molecule possessed a higher ground vibrational state initially. The energy of the photons can be described by E= h*v, where 
h is the Planck´s constant and v is the wavenumber of the photon. 

In case of FTIR spectroscopy, the transition between the vibrational energy levels depends on 

the electric dipole of the molecules in the sample, while in Raman spectroscopy the 

interactions between the light and the sample involve the Raman polarizability of the 

molecules [56]. As a consequence of these differences, FTIR- spectroscopy is more suitable to 

detect asymmetric vibrations of polar groups, while Raman spectroscopy is more sensitive to 

symmetric vibrations of non-polar groups. However, there are also molecules, such as CO2, 

H2O or benzene, which are both Raman and IR active [56]. The resulting bands in the FTIR 

and Raman spectra are characterized by their frequency, intensity and the band shape, which 

depend on the environment of the molecular groups. The frequencies of the molecular 

vibrations change depending on the mass of the atoms, the bond strength and the geometric 

arrangement, thus, providing information on structure, environment and dynamics of 

molecules [56]. To obtain a clear picture of the molecular structure of a sample, it is advisable 

to combine FTIR and Raman spectroscopy, which are described in more detail below. 
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Figure 7: ATR-FTIR measurement setup. The incident IR-beam is total internal reflected by the Si-crystal if the incident 
angle is 45°. Distinct Energies of the resulting evanescent wave are absorbed by the IR active molecules. Attenuation of the 
evanescent wave causes changes in the IR-beam, which are recorded by a detector. Since the intensity of the evanescent wave 
decreases exponentially with the distance to the crystal-sample interface, molecules near the interface have a higher 
probability of being exited to a higher vibrational energy state. 
 
One major drawback of FTIR is that water is highly IR active and has a characteristic peak 

that overlaps with the amide I band of proteins, which raises clear challenges for measuring 

samples in solution [55]. Thus, care must be taken for properly removing the water 

background if useful data about protein structure is to be extracted. 

2.1.2 Raman spectroscopy 

When photons interact with matter they are either absorbed or scattered. As mentioned, FTIR 

measures the frequencies (energies) of the IR-light, which are absorbed by molecules, 

corresponding to discrete transitions of molecular vibrations in the sample. In contrast, Raman 

spectroscopy measures the energy of the photons scattered by a sample. In this case the 

incident photon has a higher energy than the distinct vibrational energy states of a molecule, 

which is therefore not excited to a higher vibrational energy level, but the electron clouds of 

the atoms are distorted [56], [62]. This distortion or polarization of the electron cloud brings 

the molecule into a virtual energy state (Figure 6). The most probable scattering that occurs, 

when a Raman active molecule goes back from a virtual energy state to the vibrational ground 

state, is the elastic or Rayleigh scattering. Here, there is no energy difference between the 

incident and the scattered photon. The inelastic or Stokes Raman scattering results from the 

transition of a molecule from a virtual energy level to the first excited vibrational energy level 

and is, thus, far less probable than Rayleigh scattering [56]. In case of inelastic scattering, the 

frequency of scattered photon is shifted towards higher wavenumbers or lower energy 

compared to the incident photon. An even less probable scattering process is Anti-Stokes 

Raman scattering, where the molecule is initially in an excited vibrational energy state and 
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3 Materials and experimental procedures 

3.1 Chemicals  

All chemicals had per analysis purity and were purchased from Roth (Karlsruhe, Germany) or 

Sigma Aldrich (Steinheim, Germany). The Piperazine-1,4-bis(propanesulfonic acid) (PIPPS) 

buffer was purchased from Merck Millipore (Darmstadt, Germany). All solutions were 

prepared with distilled water (Ultra clearTM Integra UV UF, Siemens, Germany) and filtered 

(pore size 0.2 µm). Additionally, solutions were degassed for thermal unfolding 

measurements in CD. For amino acid analysis, the standard solution was purchased from 

SYKAM GmbH (Eresing, Germany). The composition of the buffers used for the different 

measurements is summarized in Table 1.  

Table 1: Composition of the buffers used in this work.  All Buffer components had per analysis grade and were prepared 
with distilled water and filtered. The pH was adjusted with 1 M NaOH. 

Name Molarity 
(mM) 

Components pH Technique 

PIPPS 
5 PIPPS 8.1 

CD spectroscopy, 
Analytical 
Ultracentrifugation 

10 Raman spectroscopy 

NaP 10 Na2HPO4/NaH2PO4 8.1 CD spectroscopy, 
Raman spectroscopy 

1xPBS 

10 Na2HPO4 

7.4 AFM force 
spectroscopy 

2 KH2PO4 

137 NaCl 

2.7 KCl 
Sodium 
borate 
buffer 

50 H3BO3/Na2B4O7 8.5 Surface 
functionalization 

Coupling 
buffer 

50 Na2HPO4 

7.2 Surface 
functionalization 50 NaCl 

10 EDTA 

Sample 
dilution 
buffer 

(SYKAM, 
(Germany)) 

40 trisodium citrate dehydrate 

2.2 Amino acid analysis 
30 citric acid 

116 (12 ml) Thiodiglycol 

21 Phenol 
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presence of 2 M GdmCl. To study the stability change of the coiled coils in the presence 

metal ions, Ni2+ was added in a 2:1 His:Ni2+ ratio. All measurements were performed in 

triplicate as not stated otherwise. 

To validate the accuracy of the home-built temperature control system, the measurements for 

HA4HB4 were repeated with a Jasco Spectropolarimeter J-815-150S (Tokio, Japan) equipped 

with a Peltier element (JASCO PTC 423S/15) (University of Potsdam, Physical 

Biochemistry). The temperature ramp was set from 4 to 90°C with a heating rate of 1°C/ min. 

Before and after thermal unfolding single spectra were recorded at 20°C (5 accumulations, 4 s 

integration time). The temperature-wavelength scan measurements were performed at 222 nm 

in 1°C steps after at least 5 s with no temperature change bigger than 0.1°C. Additionally, 

single spectra with the same settings as described above were recorded at 4, 10, 25, 40, 55, 70 

and 85°C.  

3.6 Amino Acid Analysis 

To calculate a correct mean residue molar ellipticity for the CD measurements, the 

concentration of the peptides was determined using Amino Acid Analysis. For acid 

hydrolysis, 10 µl of the peptide stock solutions and 10 µl 6 N HCl were mixed and 

hydrolyzed two times for 15 min at 150 °C under anoxic conditions with the Microwave CEM 

Discover Protein Hydrolysis (CEM, USA). The hydrolyzed samples were washed with 50 µl 

water and dried two times. The amino acid standard was measured at the beginning of the 

measurements and again after the measurements of the samples to get the correct retention 

times of the amino acids. Dried standards were resolved in 200 µl and the samples in 150 µl 

Sample Dilution Buffer (SYKAM, Germany). Then 100 µl of the samples were analyzed with 

the SYKAM S433 amino acid analyzer. The Chromatograms were obtained and evaluated 

using the program Chromstar 7 (SCPA, Germany).  

3.7 Analytical Ultracentrifugation (AUC)  

The oligomerization state of the individual peptides (1mg/ml) in 5 mM PIPPS (pH 8.1) was 

investigated with analytical ultracentrifugation in the sedimentation velocity mode. The 

sedimentation experiments have been performed on an Optima XLI centrifuge (Beckman 

Coulter, Palo Alto CA) using titanium 12 mm double sector center pieces (Nanolytics, 

Potsdam, Germany) and Raileigh interference optics at 25°C and 60000 rpm. The 

sedimentation coefficient distributions have been evaluated with the evaluation software 

SEDFIT (version 13.0b beta P. Schuck 2012) [88]. 
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3.8 Surface functionalization for AFM force spectroscopy 

For single molecule force spectroscopy (SMFS) the cantilever tip as well as the surface need 

to be functionalized with the biomolecules of interest. In this work, one coiled coil peptide 

was coupled to the surface and the other coiled coil peptide was coupled to the tip using the 

protocol from Zimmermann et al. [89] (Figure 14). First, the pre-cleaned surface and tip were 

modified with monoalkoxy amino silane. In the second step a bifunctional, linear 10 kDa 

poly-ethylene glycol (PEG) spacer carrying a maleimide group and a N-hydroxy succinimide 

ester (NHS) [NHS-PEG-maleimide] was covalently coupled to the amino functionalized 

silane [89]. The maleimide group of the PEG linker is coupled to the TCEP-reduced thiol 

group of the Cys containing peptide by Michael addition.  

The peptides stock solutions were prepared as described in chapter 3.2, but dissolved in 

coupling buffer (pH 7.2). The 10 kDa NHS-PEG-maleimide was synthesized by Rapp 

Polymere (Tübingen, Germany).  

3.8.1 Preparation of cantilevers 

First, the cantilevers (MLCT, Bruker, USA) were placed into a glass petri dish and cleaned in 

an UV/Ozone Pro cleaner (BioForce Nanoscience, USA) for 20 min. For silanization, the 

cantilevers were submerged with 3-aminopropyl dimethyl ethoxysilane (abcr, Karlsruhe, 

Germany) for 10 min at RT. Afterwards, the cantilevers were washed with isopropanol and 

distilled water and dried under N2 flow. The cantilevers were cured for 30 min at 80°C and 

incubated for 1 h in a humidity chamber with 30 µl of 50 mM of NHS-PEG-maleimide solved 

in sodium borate buffer (pH 8.5). Then, the cantilevers were washed intensively with distilled 

water, dried under N2 flow and incubated for 1 h with 25 µl of 0.75 mM of peptide in the 

humidity chamber at 4°C. The functionalized cantilevers were washed intensively in PBS 

(pH 7.4) to remove unbound peptides. 
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Figure 14: Functionalization of surface and cantilever for AFM. A: Cleaned surfaces or cantilevers are incubated with 
monoalkoxy amino silanes and baked to remove water and form covalent bonds. B: Coupling of a heterobifunctional NHS-
PEG-maleimide spacer to the surface. C: TCEP reduced Cys-peptides are coupled through the reaction of the reduced thiol 
group with the maleimide. 
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partially different structure. The shoulder at 1712 cm-1 arises from the Glu in the A peptide, 

but was only visible in the A4 and not in the HA4 peptide [96]. The amide II of all the 

peptides was at 1547/49 cm-1 and the amide III band was at 1204 cm-1 for all peptides. Both 

bands are caused by C-N stretching and N-H in plane bending of the peptide backbone and 

are relatively similar in the different peptides [55].  

 
Figure 15: ATR-FTIR spectra of the single peptides and the coiled coils in water. A: Control peptides A4 (black), B4 
(red) and A4B4 (green). B: His-modified peptides HA4 (black), HB4 (red) and HA4HB4 (green). The peptides were 
measured in the ATR-mode on a Si-crystal. The concentration was 1.5 mM, 32 scans were accumulated. The spectra were 
smoothed (5 point) and baseline corrected (rubberband method, linear, 1 iteration) with OPUS 7.0. 

1000 1100 1200 1300 1400 1500 1600 1700 1800

0.000

0.002

0.004

0.006

0.008

0.010

0.012

0.014

0.016

1000 1100 1200 1300 1400 1500 1600 1700 1800

0.000

0.002

0.004

0.006

0.008

0.010

 A4 
 B4 
 A4B4 

B

A
T

R
-I

nt
en

si
ty

 [a
.u

.]

1712
1674

165112041147 1549
1649

A

 HA4 
 HB4 
 HA4HB4 

His-modified peptides

A
T

R
-I

nt
en

si
ty

 [a
.u

.]

Wavenumber [cm-1]

16751650154712041149

control peptides

1085





Results 

36 

 

 

 

Figure 16: CD Spectra of the coiled coil peptides in water pH 8.5 (A), 10 mM NaP, pH 8.1 (B) and 5 mM PI PPS, 
pH 8.1 (C). Control peptides: solid line, His-modified peptides: dashed line, A4, HA4: black; B4, HB4: red; A4B4, 
HA4HB4: green. The spectra were taken at 20°C with a step resolution of 1 nm, a bandwidth of 1 nm, a scanning speed of 
50 nm/min, an integration time of 2 s and 10 scans were accumulated. The mean residue molar ellipticity (MRE) was 
calculated using equation 1. 

Table 4: Positions of the minima in the CD spectra and r222/208 of the His-modified peptides and the control peptides in 
water, PIPPS and NaP buffer . 

Peptide water (pH 8.5) 5 mM PIPPS (pH 8.1) 10 mM NaP (pH 8.1) 

 
Minima  

[nm] 
r222/208 

Minima 

[nm] 
r222/208 

Minima 

[nm] 
r222/208 

HA4 208 222 1.00 208 222 0.95 208 222 0.97 

HB4 202 224 0.59 202 224 0.58 208 222 0.95 

HA4HB4 206 222 0.89 207 222 0.90 208 222 1.08 

A4 202 224 0.53 202 224 0.46 202 224 0.62 

B4 202 224 0.67 202 224 0.61 206 222 1.05 

A4B4 208 222 0.97 208 222 0.97 208 222 0.98 
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Figure 17: Raman spectra for HA4 (A) HB4 (B) and HA4HB4 (C) in 10mM NaP pH 8.1. Metal ions were added in 2:1 
His:Me2+ ratio. No metal ions (black), Ni2+ (green), Cu2+ (blue) and Zn2+ (red). A 20x objective (Nikon, NA 0.4) was used 
with 0° polarization and no analyzer in the light path. Spectra from at least three points of the sample were measured 
(integration of 1 s and 30 accumulations) and averaged. The spectra are baseline corrected (rubberband method, linear,1 pt) 
and smoothed (5 pt) with OPUS 7.0. 

1200 1300 1400 1500 1600 1700 1800

0

20

40

60

80

100

1200 1300 1400 1500 1600 1700 1800

0

20

40

60

80

100

1200 1300 1400 1500 1600 1700 1800

0

20

40

60

80

100

 no metal

 Ni2+

 Cu2+

 Zn2+

HA4HB4

HB4

HA4

B

C

In
te

ns
ity

 [a
.u

.]

Raman shift [cm-1]

1657145614411341
1314

1604
A

1276

NaP buffer

In
te

ns
ity

 [a
.u

.]

Raman shift [cm-1]

16041438 14501344
1323

1314 1655
1282

In
te

ns
ity

 [a
.u

.]

Raman shift [cm-1]

165614521339
1316

16081274 1440





Results 

40 

 

 

Figure 18: Raman spectra for HA4 (A) HB4 (B) and HA4HB4 (C) in 10mM PIPPS pH 8.1. Metal ions were added in 
2:1 His:Me2+ ratio. No metal ions (black), Ni2+ (green), Cu2+ (blue) and Zn2+ (red). A 20x objective (Nikon, NA 0.4) was used 
with 0° polarization and no analyzer in the light path. Spectra from at least three points of the sample were measured 
(integration of 1 s and 30 accumulations) and averaged. The spectra are baseline corrected (1 pt) and smoothed (5 pt) with 
OPUS 7.0. 
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showed no conformational change in the presence of Ni2+, Cu2+ and Zn2+ for all peptides 

(Figure A 1, Figure A 2). 

 

 
Figure 19: Influence of Ni2+ on the secondary structure of the individual  peptides and the coiled coils studied with CD 
spectroscopy. The His:Ni2+ ratios used are: without Ni2+ (black), 5:1 (red), 3:1 (green), 2:1 ( dark blue), 1:1 (light blue) and 
1:2 (magenta). The spectra were taken at 20°C with a step resolution of 1 nm, a bandwidth of 1 nm, a scanning speed of 
50 nm/min, an integration time of 2 s and 10 scans were accumulated.  The mean residue molar ellipticity (MRE) was 
calculated using equation 1. 
 
In summary, the His-modified peptides are able to coordinate transition metal ions, such as 

Ni2+ Cu2+ and Zn2+ (chapter 4.3); however, with exception of HA4, changes in the secondary 

structure in the presence of metal ions could not be detected with CD spectroscopy. 

Nevertheless, there might be a change in the thermodynamic stability of the His-modified 

peptides.  
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melting temperature of HA4HB4, HA4 and A4B4 into a temperature range that can be 

accessed by the experimental setup. This approach was also used by Fletcher et al. [105] to 

destabilize trimeric coiled coils.  

 

 
 

Figure 21: CD spectra of A4B4 (A), HA4HB4 (B) and HA4 (C) at different temperatures during the unfolding 
experiment. The spectra were taken in 5 mM PIPPS (pH 8.1) with a step resolution of 1 nm, a bandwidth of 1 nm, a 
scanning speed of 50 nm/min, an integration time of 2 s and 1 scans was accumulated.  The mean residue molar ellipticity 
(MRE) was calculated using equation 1. 
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sum of squared residuals (SSR) of the fits was still high. A reason for this could be the 

constrained measurement setup, which did not allow starting the measurement at lower 

temperatures. Hence, it was not possible to obtain a more defined baseline.  

 
Figure 23: Thermal unfolding curves of HA4 (A) in 2 M GdmCl and HB4 (B) without GdmCl at 222 nm in the 
presence or absence of Ni2+. The His:Ni2+ ratio was 2:1.The temperature range was 8-90°C with a heating rate of 1°C/min. 
Measurements were performed in 5 mM PIPPS pH 8.1 in the interval scan mode (interval: 2 min, 1 accumulation, 2 s 
response). The mean residue molar ellipticity (MRE) was calculated using equation 1 and the equation 5 was fitted to the 
HA4 curves to obtain the melting temperature. 
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38.6 ± 0.9°C in the absence of Ni2+. Moreover, the unfolding curves of A4B4 with and 

without Ni2+ showed a very similar intensity and shape (Figure 24 B; Figure A 7; D, E).  

 

 

Figure 24: Thermal unfolding curves of HA4HB4 (A) and A4B4 (B) at 222 nm in 2 M GdmCl in  the presence or 
absence of Ni2+. The His:Ni2+ ratio was 2:1.The temperature range was 8-90°C with a heating rate of 1°C/min. 
Measurements were performed in 5 mM PIPPS pH 8.1 in the interval scan mode (interval: 2 min, 1 accumulation, 2 s 
response).  The mean residue molar ellipticity (MRE) was calculated using equation 1 and the equation 5 was fitted to the 
curves to obtain the melting temperature. 
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Table 6: Melting t emperatures Tm of the peptides in different buffers and conditions determined with CD 
spectroscopy. The melting temperatures were obtained by fitting the equation 5 to the unfolding curves. Detailed fitting 
results can be found in Table A 2. A dash means not determined.SD is the standard deviation. 

Peptide(s) 
10 mM NaP, 

pH 8.1 
5 mM PIPPS, 

pH 8.1 

5 mM PIPPS pH 8.1, 

2 M GdmCl 

5 mM PIPPS pH 8.1, 

2 M GdmCl, 

2:1 His:Ni2+ 

 Tm [°C] Tm [°C] Tm [°C] 
Mean ± 

SD 
Tm [°C] 

Mean ± 
SD 

HA4 > 90 > 90.0 

33.1 

30.4 

31.4 

31.6 ±1.2 

32.8 

32.4 

33.6 

32.9 ±0.5 

HB4 33.9 < 8.0 - - - - 

HA4HB4 > 90.0 > 90.0 

27.6 

30.6 

30.8 

29.7 ±1.5 

34.3 

36.7 

36.4 

35.8 ±1.1 

A4 < 8.0 < 8.0 - - - - 

B4 38.4 < 8.0 - - - - 

A4B4 > 90.0 > 90.0 

39.8 

38.4 

37.7 

38.6 ±0.9 

39.4 

38.4 

35.8 

37.9 ±1.5 

 

The results of the thermal unfolding experiments show that the stability of HA4 is similarly 

high as the stability of the coiled coil HA4HB4 in the absence of Ni2+. This could be the result 

of a stabilizing effect of the acetylated N-terminus interacting with a His residue [108] or 

homo-oligomer formation of HA4. To test the last hypothesis, analytical ultracentrifugation in 

the sedimentation velocity mode was performed with the individual peptides. The apparent 

sedimentation coefficient distribution is visualized in Figure A 9. The obtained sedimentation 

coefficient distribution c(s) is presented in Figure 25. B4 and HB4 just have one peak at 

0.54 S and 0.56 S, which hints at a monodisperse distribution, while A4 and HA4 behave 

differently. Both of them have a big peak at low sedimentation coefficients of 0.12 S and 

0.02 S, respectively. This indicates that there are impurities or peptide fragments in these 

samples. Nevertheless, A4 shows one peak at 0.47 S, which is broader than the peaks for B4 

and HB4. In contrast, HA4 has two peaks of very low intensity at 0.47 S and 1.2 S 

(Figure 25 B). Thus, HA4 could also be forming oligomers, such as dimers. Experiments in 
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the sedimentation equilibrium mode with purified HA4 and A4 will be required to determine 

the exact oligomerization state of HA4. 

 
Figure 25: Sedimentation coefficient distribution of A4 (black), B4 (red), HA4 (green) and HB4 (blue). A: 
sedimentation coefficients of all peptides. B: Zoom-in to the dashed rectangle, distribution of HA4.The values were obtained 
with the interference detection at 60000 rpm and diffusion corrected.  
 

4.6 Mechanical stability of the coiled coil is tuned by metal ion coordination 

To create tunable hydrogels with metal coordinating coiled coils as mechano-sensitive 

crosslinkers, the mechanical response mechanism of the HA4HB4 system has to be well 

characterized. Figure 26 shows the His-modified coiled coil HA4HB4. The arrows indicate 

the point-of-origin of the shear force applied in single molecule force spectroscopy. The 

unfolding or dissociation process induced by the shear force should start at the terminus 
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