
Effects of point  mutations on the structure and 
stability of calcium sensor proteins

(UNIT 3)

Kick-off Meeting
Bologna, September 5, 2019

Daniele Dell’Orco Mariapina D’Onofrio

Vallone et al. Calcium and Magnesium Sensing of CIB2

FIGURE 1 | Cartoon representation of monomeric WT CIB2 in its Ca2+-bound form. The homology model is based on the X-RAY structure of Ca2+-bound CIB1 (see

section Materials and Methods). The N-terminal region is colored gray, while the C-terminal region (helix 10) is colored yellow. EF1, EF2, EF3, and EF4 are colored

green, blue, orange, and magenta, respectively. Asn 121 and Glu 64, found to be involved in an allosteric connection, are represented by sticks, as well as Arg 33,

electrostatically interacting with Glu 64. The sequence alignment of CIB2 with CIB1, CIB3, and CIB4 is also shown, restricted to the metal-coordinating EF-hands,

namely EF3 and EF4. Amino acids contributing to the coordination of Ca2+ according to the canonical pentagonal bipyramid geometry are marked by their respective

position and labeled in the zoomed-in protein cartoon on the right.

primer (5′-ATCATTCAAATGCCGGACCTGCGTGAGAAC
CCGTT-3′) and a reverse primer (5′-AACGGGTTCTCA
CGCAGGTCCGGCATTTGAATGAT-3′). Protein expression
was performed as for the WT but the mutant protein was
found to concentrate in the insoluble fraction, thus requiring
purification from the inclusion bodies. After cell lysis, the
insoluble pellets were suspended in the unfolding buffer
(20mM TRIS pH 7.5, 0.5M NaCl, 6M guanidine hydrochloride,
20mM imidazole, 1mM DTT) and incubated overnight at 4◦C.
Unfolded CIB2 was loaded into a His-trap column and then
renatured by a gradient from 0 to 100% of refolding buffer
(unfolding buffer guanidine hydrochloride-free) setting the
flow rate to 1 mL/min (100mL total volume). After elution
with 500mM imidazole E64D CIB2 was treated as the WT
protein.

Peptides
The peptide corresponding to the membrane proximal
segment of the cytoplasmic domain of α7B integrin
(Uniprot entry: Q13683) comprised between residues
1101–1116 (α7B_M, Ac-LLLWKMGFFKRAKHPE-NH2)
and a scrambled peptide obtained by shuffling the α7B_M
sequence (Scrb, Ac-KEFWGLHAKPRLKLMF-NH2) were

synthesized by GenScript USA Inc. (New Jersey, 144 USA).
The purity of peptides, estimated by HPLC, was ≥95%
and concentration was determined using the predicted
molar extinction coefficient (ε280 = 5,690 M−1cm−1,
http://protcalc.sourceforge.net/).

Circular Dichroism Spectroscopy and
Thermal Denaturation Profiles
Secondary and tertiary structures of WT and E64D CIB2 and
thermal denaturation profiles were investigated by using a Jasco
J-710 spectropolarimeter equipped with a Peltier type cell holder,
using protocols previously described (Astegno et al., 2014;
Marino et al., 2014, 2015a,b; Vocke et al., 2017). Briefly, near UV
(320–250 nm) and far UV (250–200 nm) spectra of ∼30µM and
12µMCIB2 respectively were collected at 37◦C after consecutive
additions of 0.5mMEDTA, 1mMMg2+ and 1mMCa2+. Quartz
cuvettes were used both for near UV (1 cm) and far UV (0.1 cm).
Solvent spectra were recorded and considered as a blank.

Thermal denaturation profiles were collected in the same
conditions as for far UV spectra by monitoring ellipticity signal
at 222 nm in a temperature range between 4 and 70◦C (scan rate
90◦C/h).
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FIGURE 4 | Thermal denaturation of WT and E64D CIB2. Thermal denaturation profiles were recorded between 4 and 70◦C with 12µM WT CIB2 (A) and E64D CIB2

(B) in the presence of 0.5mM EDTA (gray circles), 1mM Ca2+ (red squares), 1mM Mg2+ (light blue diamonds) and 1mM Ca2+ + 1mM Mg2+ (green triangles). Data

fitting was performed using a Hill 4 parameter function, results are shown by solid lines and parameters are reported in Table S2.

FIGURE 5 | 1H-15N HSQC NMR spectra of WT CIB2 in its apo form and in the presence of Mg2+ and Ca2+ highlight an allosteric communication between E64 and

N121. (A) Superimposition of the two-dimensional 1H-15N HSQC NMR spectra of the apo- (black), and Ca2+-bound (green) 15N-WT CIB2. (B) Superimposition of

the HSQC spectra of apo (black), and Mg2+-bound (blue) 15N-WT CIB2. In the insets, zoom of the HSQC spectra of the downfield peaks of the metal-bound forms of
15N-WT CIB2. Metal ions were present at a protein:metal ratio of 1:15. (C) Superimposition of downfield region of the 1H-15N HSQC NMR spectra recorded on
15N-WT CIB2 containing 15 equivalents of Mg2+ (blue), 15 eq Mg2+ + 15 eq Ca2+ (red), and 15 eq Ca2+ (green). (D–F) Variation of 1H-15N HSQC peak intensities

of WT CIB2 as a function of Ca2+ concentration. The peak intensities were normalized with respect to the maximum value. The continuous lines represent the data

fitted against equations as indicated in section Materials and Methods. The plots refer to the amide peaks of residues E64 (D), G162 (E), and N121 (F). All the spectra

were recorded at 600 MHz and 25◦C. All samples were at protein concentration of 320µM in 20mM Hepes, 100mM KCl, 1mM DTT, pH 7.5.

222 nm, where a minimum was observed in the far UV CD
spectrum (Figure 3). Thermal denaturation profiles are reported
in Figure 4. Apo WT CIB2 was found to be rather unstable,
having a melting temperature of 35.1◦C (Table S2). Addition of

Mg2+ increased the thermal stability of ∼11◦C, and a similar
effect was observed for addition of 1mM Ca2+, although the
stabilization was lower (∼8◦C). In the presence of both cations
the thermal stability resembled that of Mg2+ (Tm = 45.9◦C,
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The groups
1 - BMB@UniVR – Biochemistry and Molecular Biophysics

Ø Characterization of protein-protein and protein-ion interactions of 
biomedical relevance

Ø Structure-function properties of Neuronal Calcium Sensors (NCS) and 
target regulation in normal conditions and in genetic diseases

Ø Multidisciplinary approach that integrates in house experimental and 
computational techniques to understand complex cell behaviours

Specific research topics: 

• photoreceptor biochemistry & biophysics in health and disease;
• nanodevices as carriers of proteins (nanoparticles and liposomes)
• system-level description using a bottom-up startegy (from sub-protein level to the cell)
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The groups
2 - Chimica delle biomacromolecole

Ø Structural characterization of proteins

Ø Characterization of protein-ligand and protein-nanoparticles
interactions using biophysical techniques, mainly NMR

Ø Influence of post traslational modifications on protein aggregation
propensities

Specific research topics: 

• Ubiquitination machinery and its influence in Alzheimer’s disease;
• Modulation of aggregation properties of Intrinsically disordered proteins invloved in 

neurodegenerative disorders;
• Characterizazion of protein-nanoparticles interaction and modulation of protein function
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What shall we do in the project:
WP3: Generation of new experimental data: structural, functional and stability

WP4: Generation of new experimental data: binding affinity variations

Ø Express and purify selected proteins and their variants (disease-associated  SAVs 
deriving from SNV) (“min 11 + 7 variants in CaM”+ variants from Unit 4)

Ø Determine relative affinities (binding) DDGb° = DGb°mut- DGb°wt in binding experiments 
with selected targets  by Surface plasmon resonance, ITC and NMR

Ø Determine relative stabilities (folding) DDGf° = DGf°mut- DGf°wt relative to the standard 
state for selected cases by thermal (CD, DSC) or chemical denaturation (CD, Flu)

Ø Characterize protein structure/folding  properties by CD spectroscopy (near & far UV), 
fluorescence spectroscopy  and NMR (1H and 1H-15N HSQC experiments)
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Examples of previous work

1 – Involvement of GCAP1 in autosomal dominant cone-
rod dystrophies



light
Ca2+

GC-activating state GC-inhibiting state

Mg2+ / Ca2+ structural effects - GCAP1
Mg2+

Ca2+ Ca2+
Ca2+

EF2 EF3
EF4

EF2 EF3
EF4

Biochim Biophys Acta. 2015;1853(9):2055-65



Hum Mol Genet. 26(1):133-144. (2017)

Why GCAP1?
20 missense mutations in GUCA1A associated to 

retinal dystrophies 

Central 
vision loss

https://webeye.ophth.uiowa.edu/eyeforum/atlas/pages/cone-rod-dystrophy.htm



Biochemical and biophysical investigations 
p.E111V vs. WT

Hum Mol Genet. 2018;27(24):4204-4217

Tm
WT=49 ºC Tm

E111V=55 ºC 

GCAP1E111V 

has similar
3D structure
compared to 
WT

GCAP1E111V is
more stable
than WT in the 
GC activating
form (Mg2+)



Different Ca2+ affinity: WT vs. E111V 

Protein variant Kd
app (µM)*

WT 0.49
E111V 40↑

Br2BAPTA

Hum Mol Genet. 2018;27(24):4204-4217

* In the presence of 1 mM Mg2+

The bidentate Ca2+-
coordinator of EF3 is lost in 

GCAP1E111V



L84 and I107 are located in remote
structural regions

I107

L84

EF1EF2
EF3EF4



Thermal denaturation profiles following θ208 (T)
I107T

L84F

In the presence of Ca2+ 

L84F is extremely stable!

What is the origin of
such stability?

Hum Mol Genet. 2015; 24(23):6653-66.
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Examples of previous work

2 – Calcium and Integrin Binding Protein 2 (CIB2) 



CIB2: an EF-hand protein involved in hearing physiology & disease

Front Mol Neurosci. 2018;11:274

The conservative mutation E64D is associated
with Usher Syndrome 1J



Ø Apo- WT CIB2: flexible molten-globule state.

Ø Mg2+ and Ca2+ -bound WT CIB2: high helical content and rigid tertiary structure.

Ø p.E64D variant: flexible molten-globule state.

Front Mol Neurosci. 2018;11:274

CIB2 folding properties (CD spectroscopy)



Binding of Mg2+ to EF3 motif creates a long range allosteric communication between EF3 and the residue E64

Front Mol Neurosci. 2018;11:274

(EF4)

(EF3)

Kd = 0.48 ± 0.13 mM

CIB2 conformational changes (NMR spectroscopy)

Kd = 0.55 ± 0.13 mM Kd = 2.22 ± 0.25 mM
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Examples of previous work

3 – CIB2-target interaction probed by surface plasmon 
resonance
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Surface Plasmon Resonance: 
The typical experiment and response



AFFINITY CAPTURE SURFACE (His-tagged proteins)
• His imidazole group coordinates with surface-attached nitrilotriacetic acid (NTA) -

nickel complexes
• biosensor activation: injecting nickel chloride: the nickel ions coordinate with the 

surface NTA residues
• Biosensor regeneration: inject imidazole, SDS, or EDTA and reuse the chip
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Submitted for publication

CIB2- a7M integrin interaction
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4 – Calmodulin-target interaction probed by NMR
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Sovrapposizione di spettri HSQC 
della proteina calmodulina in 
assenza e presenza di peptide

1H (ppm)
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H/D exchange by NMR
Per meccanismo EX2 Kop=kop/Kcl DGop = -RTln(Kop)
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I(t) = I(0)exp(-kobs t) 


