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THE VERSATILITY AND UNIVERSALITY OF

CALCIUM SIGNALLING

Berridge, M., Lipp, P. & Bootman, M., 2000
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Modified from Clapham D., Cell 131, December 14, 2007 ©2007 Elsevier Inc.
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STORE OPERATED Ca2+ ENTRY (SOCE)

SOCE is the extracellular Ca2+ entry following the emptying of ER

1. activation of IP3R/RyR receptors

2. blocking SERCA activity

3. pharmacology application (Ionomycin) 

Modified from Clapham D., Cell 131, December 14, 2007 ©2007 Elsevier Inc.

Ca2+ levels in ER decrease as a result of three main events



1. activation of IP3R/RyR receptors

2. blocking SERCA activity

3. pharmacology application (Ionomycin) 

Ca2+ leak 
channel

STORE OPERATED Ca2+ ENTRY (SOCE)

Modified from Clapham D., Cell 131, December 14, 2007 ©2007 Elsevier Inc.

SOCE is the extracellular Ca2+ entry following the emptying of ER

Ca2+ levels in ER decrease as a result of three main events



ICRAC

ISOC
 
store operated current

STIM

STORE OPERATED Ca2+ ENTRY (SOCE)

Ca2+ release activated current

STIM1-ORAI1

STIM1- TRPC1/3/6

Prakriyan e Lewis, 2015

STIM1-ORAI1 complexes organize in 
‘’puncta’’ 

(stromal interaction molecule)

is the calcium sensor in ER

[Ca2+]ER decrease causes extracellular Ca2+ 

entry through SOCE mechanism in order to 
restablish intracellular Ca2+ homeostasis 

STIM2STIM1



Ca2+ signals: examples of SOCE

blocking SERCA

Ca2+ free
Ca2+ 2mM

CPA 30 μM /TG 2μM

TG 2μM
CPA 30μM

Ca2+ free
Ca2+ 2mM

ATP 100μM

TG: thapsigargin

CPA: ciclo piazonic acid

STORE OPERATED Ca2+ ENTRY (SOCE)

  
  

   

   
               

  

   

activating IP3R  



Ca2+ signals: examples of SOCE

STORE OPERATED Ca2+ ENTRY (SOCE)

activating IP3R  



Michael J. Berridge – www.cellsignallingbiology.org - 2012

many functions

Ca2+: ONE MESSENGER, MULTIPLE EFFECTS

http://www.cellsignallingbiology.org/


1. AMPLITUDE

time

[Ca2+]

4. TIME

DECODIFICATION OF Ca2+ SIGNALS

3. LOCALIZATION

time

[Ca2+]

2. FREQUENCY

Martin D. Bootman, Peter Lipp, Michael J. Berridge

space-time control of Ca2+ signals



NO production requires increased [Ca2+] 

close to the membrane

extracellular ATP induces wide 

intracellular [Ca2+] increase  

SPATIAL CONTROL

Tomatis C, Fiorio Pla A, Munaron L., Cell Calcium, 2007

compartmentalization of Ca2+ signals allows the activation of 
different processes 



TEMPORAL CONTROL

PERIODIC STIMULATION CONTINUOUS STIMULATION

time

[Ca2+]

time

high frequency

[Ca2+]

skeletal and cardiac cell contraction, 

synaptic transmission

low frequency

fertilization, fluid secretion, smooth 

muscle contraction, cell proliferation 

long lasting intracellular Ca2+ increment → Ca2+ oscillations



SPATIO-TEMPORAL Ca2+ DYNAMICS OF 

FERTILIZATION

Michael J. Berridge – www.cellsignallingbiology.org - 2012

http://www.cellsignallingbiology.org/


INTRA- and INTER CELLULAR Ca2+  SIGNALS 

single channel

cluster

BLIP (IP3R) 

QUARK (RyR) 

PUFF (IP3R)

SPARK (RyR)

IP3R and RyR are activated by Ca2+

Modified from Berridge, M., Lipp, P. & Bootman, M., 2000



… to CELL RESPONSE 

Modified from Alex J. Laude, Alec W. M. Simpson, 2009

from ELEMENTARY Ca2+ EVENTS… 



ACTIVATION

IP3R

RyR

IP3 and Ca2+

Ca2+  and cADP-ribose
 

(excitable cells)

Biphasic relationship between IP3R and [Ca2+]

cADP-rCD38NADP

NAADPCD38NADP



physical Ca2+ compartments: 
MITOCHONDRIA

[Ca2+]m ROS apoptosis 

Modified from Alex J. Laude, Alec W. M. Simpson, 2009

Mitochondrial Ca2+ uniporter 



physical Ca2+ compartments:
LISOSOMES

Ca2+ = ~ 0.5 mM

TPC

NAADP

Ca2+

vATPasi

H+

H+

Ca2+

Ca2+

CAX

NAADP: nicotinic acid adenine dinucleotide phosphate

TPC: two pore channel

CAX:  Ca2+/H+ exchanger 

Modified from Xi Zoë Zhong, Yiming Yang, Xue Sun, Xian-ping Dong, Cell Calcium 2017

NAADPCD38NADP



FUNCTIONAL ANALYSES OF ION CHANNELS

Ca2+ signals by means of fluorescent dyes: how it works

the use of fluorescent dyes sensitive to intracellular ions allows 

functional analysis of the membrane channels

Most studied are molecular probes that specifically binds  Ca2+ and H+

4. [Ca2+ ] can be monitored

1. fluorescent probe binds intracellular Ca2+

2. it changes its molecular structure

3. and its fluorescence property



FLUORESCENT Ca2+ PROBES

SYNTHETIC

PROTEIC
Genetically Encoded (GECI)

Fluorescent molecules



Structurally based on molecular Ca2+ chelators: BAPTA or EGTA

SYNTHETIC fluorescent Ca2+ probes

These molecules need to be further implemented in order to express 

fluorescence properties: every Ca2+ indicator consists in a fluorescent 

dye that changes its fluorescent (ʎ and intensity, emission or excitation) 

spectrum depending on “Ca2+-bound” or “not bound” state



The dissociation constant (Kd) 

➢ molar units (M)

➢ corresponds to the concentration of Ca2+ at which half the indicator 

molecules are bound with Ca2+ at equilibrium

➢ possibly, the indicators should be utilized to measure Ca2+ 

concentrations between 0.1 and 10 times their Kd. This is the range 

over which Ca2+ dependent changes in fluorescence are the 

largest.

Kd Ca2+ affinity 

SYNTHETIC fluorescent Ca2+ probes





probe incorporation into the cell

AM ESTER

1) Microinjection of dextran

conjugates or salt form

2) Loading Acetoxymethyl (AM)

esters: carboxylic groups of

Ca2+ indicators are derivatized

as acetoxymethyl rendering

them permeant to membranes

and insensitive to ions.

SYNTHETIC fluorescent Ca2+ probes

two ways:



Once inside the cell, these derivatized

indicators are hydrolyzed by ubiquitous

intracellular esterases and the ion-

sensitive indicator is released

AM ESTER

SYNTHETIC fluorescent Ca2+ probes

probe incorporation into the cell
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SYNTHETIC fluorescent Ca2+ probes

Ratiometric Ca2+ indicators

Non ratiometric Ca2+ indicators

Indicator Kd (nM) λexcitation (nm) λemission (nm)

Fluo-3 390 506 526

Fluo-4 345 494 516

Calcium Green-2 550 503 536

Calcium Orange 185 549 575

Fluo-4FF 9700 494 516

Indicator Kd (nM)
λexcitation (nm) λemission (nm)

Free Bond Free Bond

Fura Red 140 472 436 657 657

Fura-2 145 363 335 512 512

Mag-fura-2 25000 369 329 511 511

Indo-1 230 338 338 475 401



Fluo-3

• Excitation at 488 nm (visible 

light) → Argon laser can be used

• Emission at 525 nm

• Kd (Ca2+) = 0.39 µM

• qualitative detection

• quantitative detection 

SYNTHETIC fluorescent Ca2+ probes



• fixed emission ratiometric dye

• excitation at 340 and 380 nm

• emission at 510 nm

• molecular structure derived from

BAPTA

Fura-2
340

380

•qualitative detection

•quantitative detection 

Fura-2

SYNTHETIC fluorescent Ca2+ probes



Fura-2

340

380

quantitative detection is more

precise than single ʎ indicators

because ratio (R) considerably

reduces the effects of:

- uneven dye loading

- leakage of dye

- Photobleaching

- cells thickness

SYNTHETIC fluorescent Ca2+ probes



Limits:

- limited sensitivity to [Ca2+] > 1 μM

- low Kd damped rapid Ca2+ transient

measurements

Fura-2 (fixed emission ratiometric dye)

Molecular Probes offer several Fura-2 derivatives with lower Ca2+ binding affinity

SYNTHETIC fluorescent Ca2+ probes



Measurements and Calibration for Fura Indicators

The absorption (or fluorescence excitation) maximum of Fura indicators

shifts from 363nm for the Ca2+- free chelator (Zero Calcium) to about 335nm

for the Ca2+-bound (High Calcium). The wavelength of maximum
fluorescence emission is relatively independent of Ca2+ concentration.

SYNTHETIC fluorescent Ca2+ probes



The largest dynamic range for Ca2+-dependent fluorescence signals is

obtained by using excitation at 340 nm and 380 nm and ratioing the

fluorescence intensities detected at 510 nm.

Intracellular [Ca2+] can be estimated using dissociation constants (Kd) that are 
derived from calibration curves

Calibrating Fura indicators:

1) to determine Kd: measurements for the completely ion-free and ion-
saturated indicator (to determine the values for Fmin, Fmax, Rmin, and
Rmax) and for the indicator in the presence of known Ca2+ concentrations

2) Once the indicator has been calibrated with solutions of known [Ca2+], the
following equation can be used to relate the intensity ratios to Ca2+ levels

Measurements and Calibration for Fura Indicators

SYNTHETIC fluorescent Ca2+ probes



Kd is the dissociation constant

Q is the ratio of Fmin to Fmax at λ2 (~380 nm)

R represents the fluorescence intensity ratio Fλ1/Fλ2

λ1 (~340 nm) fluorescence detection for the ion-bound indicator

λ2 (~380 nm) fluorescence for the ion-free indicator

Measurements and Calibration for Fura Indicators

SYNTHETIC fluorescent Ca2+ probes

Ratios corresponding to the titration end points are denoted 

by the subscripts indicating the minimum and maximum 

Ca2+ concentration (from the calibration curve)



Indo-1

• fixed excitation ratiometric dye

• excitation at 335 nm

• emission at 400 and 480 nm

480

400

SYNTHETIC fluorescent Ca2+ probes



Free Ca2+ Concentration in a Purkinje 

Neuron from Embryonic Mouse Cerebellum

• Neurons were loaded with 

Fura-2.

• Neurons were stimulated with 

glutamate receptor agonist.

• The composite image 

represents the ratio of images 

obtained with excitation at 

340 nm and 380 nm.



Dual Blu Ca2+ INDICATORS: 

Fluo-3 and Fura Red

• Use of two dyes solves the

problem:

e.g. Fluo-3 (increase at 525 with

increasing [Ca2+]) and Fura Red

(decrease at 650 upon increasing

[Ca2+]).

• Both excited by 488 nm

• Indipendent from [dye]

SYNTHETIC fluorescent Ca2+ probes

(525 nm)

(650 nm)



GCaMP

The sensor comprises a circularly permuted eGFP

(cqGFP) flanked by CaM and a CaM-binding peptide

(M13) from myosin light chain kinase.

Increases in Ca2+ promote Ca2+-CaM-M13 interaction

and a conformational change within the sensor →
thus results in increased eGFP fluorescence

Willoughby, D. et al. J Cell Sci 2010;123:107-117

PROTEIC fluorescent Ca2+ probes





Modified from Alex J. Laude, Alec W. M. Simpson, 2009

Both ER and mitochondrial membranes display 

Ca2+-transporting molecules whose function is to 

import Ca2+ into the lumen against the 

concentration gradient. This uphill Ca2+ transport is 

mediated in the ER membrane by 

sarco(endo)plasmic reticulum Ca2+ ATPase 

(SERCA) and in the inner mitochondrial membrane 

by the mitochondrial Ca2+ uniporter (MCU).

The organellar membranes also 

feature molecules that allow Ca2+ to 

exit from the organelles to the cytosol: 

inositol 1,4,5-trisphosphate receptors 

and ryanodine receptors in the ER, 

and the Na+/Ca2+ and H+/Ca2+ 

exchangers in mitochondria.



Backbone of cfGCaMP2
Kd = 0.67 uM
- Since ER Ca2+ concentration ([Ca2+]ER) is assumed to reach the sub-millimolar range, 
cfGCaMP2 was engineered to reduce its Ca2+ binding affinity by a factor of ~ 1,000.
variants that were generated in our search we selected one with 
E31D/F92W/E104D/D133E substitutions that had a low Ca2+ affinity (Kd = 368 uM) and a 
large dynamic range (Fmax/Fmin = 4.2)
- ER localization and retention signal sequences

Calcium-measuring organelle-Entrapped Protein IndicAtor 1 in the ER 

(CEPIA1er).



Different colour variants:

R-CEPIA1er (Kd = 565 uM, Fmax/Fmin = 

8.8),

G-CEPIA1er (Kd = 672 uM, Fmax/Fmin = 

4.7)
GEM-CEPIA1er (Kd = 558 uM, Rmax/Rmin 

= 21.7) ratiometric dual color



FUNCTIONAL VALIDATION



Simultaneous imaging of Ca2+ dynamics in the ER 
and cytosol

Ca2+ Oscillations induced by Histamine



Simultaneous imaging of Ca2+ dynamics in the ER 
and cytosol

SOCE



Mitochondrial Ca2+ probe = CEPIA mt



Simultaneous Ca2+ measurements Cytosol – ER- 
Mt

GEM-GECO1
G-CEPIA er
R-GECO mt



None of these protein-based indicators have yet surpassed the sensitivity 

and speed of commonly used synthetic Ca2+ indicators (for example, 

Oregon Green Bapta-1-AM, OGB1-AM). 

Therefore, depending on the experimental goals, investigators choose 

between sensitive synthetic indicators delivered by invasive chemical or 

physical methods, or less sensitive protein sensors delivered by genetic 

methods.

This is of particular interest mainly in neurons.

Because neurons have unusually fast Ca2+ dynamics and low peak Ca2+ 

accumulations, sensors designed to probe neuronal function are best tested 

in neurons rather than in non-neuronal systems, most of which show much 

slower and larger calcium changes.

SYNTHETIC or PROTEIC fluorescent Ca2+ probes

Pros and Cons



… despite extensive structure-guided optimization GCaMP and 

other protein sensors still suffer from low sensitivity and slow 

kinetics

Make sense therefore to screen GCaMP variants, produced by 

mutagenesis in neurons and subsequently validated lead sensors, in 

several in vivo systems



We produced numerous additional GCaMP variants and tested them in 

automated neuronal assays (Fig. 1). With the aim of improving sensitivity, we 

focused mutagenesis on the interface between cpGFP and CaM at 16 amino 

acid positions, some mutagenized to near completion (Fig. 1a). 

Mutations were made at 18 additional sites, notably at the M13–CaM interface 

which can affect calcium affinity (A317) and in CaM (R392) (Fig. 1a).



Dissociated rat hippocampal neurons in 24-well plates were transduced 

with GCaMP variants (one per well), together with nuclear mCherry, using 

lentivirus-mediated gene transfer. Electrodes triggered trains of action 

potentials in all neurons within each well.

Time-lapse images (35Hz) of 800 mm fields of view containing 10–100 

neurons were acquired, while delivering a series of action potential trains 

(Fig. 1b).



Fluorescence changes extracted from 

single neurons were used to compare 

the sensitivity, dynamic range and 

kinetics of individual GCaMP variants 

and OGB1-AM (Fig. 1b–g). We 

monitored the resting brightness of the 

sensor by measuring green fluorescence 

relative to red mCherry fluorescence.

In total, we screened 447 GCaMP 

variants (Supplementary Table 5).

Based on screening in cultured neurons 

(Fig. 1), we chose three

ultrasensitive GCaMP6 sensors 

(GCaMP6s, 6m, 6f; for slow, medium 

and fast kinetics, respectively) for 

characterization in vivo.



For small numbers of action 

potentials the most sensitive 

sensor, GCaMP6s, produced 

sevenfold larger signals (10-fold 

larger than GCaMP3, Fig. 1b–e). 

The fastest sensor, GCaMP6f, had 

two fold faster rise time and 1.7-

fold faster decay time than 

GCaMP5G (Fig. 1f, g). GCaMP6f 

is the fastest genetically-

encoded calcium indicator for 

cytoplasmic free calcium in 

neurons, with sensitivity 

comparable to OGB1-AM(Fig. 

1d–g).



GCaMP6 performance in the mouse

visual cortex.

We next tested GCaMP6 in layer (L) 2/3 pyramidal neurons in the mouse visual 

cortex V1 in vivo. V1 was infected with adeno-associated virus (AAV) expressing 

GCaMP variants (AAV-hsyn1-GCaMP variant). Three weeks afterAAV infection, the 

vast majority of L2/3 neurons showed fluorescence mainly in the neuronal 

cytoplasm



GCaMP6 performance in the mouse

visual cortex.

Sensory stimuli consisted of moving gratings presented in eight directions to the 

contralateral eye. Two-photon imaging revealed visual stimulus-evoked 

fluorescence transients in subsets of neurons (Fig. 2a–c). Fluorescence transients

were faster with GCaMP6f compared to other sensors and faithfully tracked dynamic 

sensory stimuli (Fig. 2d).



GCaMP6 performance in the mouse

visual cortex.

GCaMP6 performance was compared to other sensors in several ways. 

The fraction of responding neurons detected with GCaMP6s was threefold higher 

than for GCaMP5G (fivefold higher than GCaMP3) (Fig. 2e). Notably, the fractions 

of active neurons detected with GCaMP6s and GCaMP6m were also significantly 

higher than for OGB1-AM (Fig. 2e, f, P,0.01, Wilcoxon rank sum test). 



Combined imaging and

electrophysiology in the visual cortex.

GCaMP6 sensors thus reveal neuronal dynamics that were 

previously undetectable with protein sensors.



Combined imaging and

electrophysiology in the visual cortex.

We directly compared cellular fluorescence changes and spiking using 

loose-seal, cell-attached recordings. GCaMP6s produced large 

fluorescence transients even in response to single action potentials (.6 

times larger than for GCaMP5K, Fig. 3 and Supplementary Video 1), 

yielding high detection rates for single spikes. 



Combined imaging and

electrophysiology in the visual cortex.

GCaMP6f and GCaMP6m showed slightly lower spike detection efficiencies, but 

with faster kinetics (Fig. 3). Individual spikes within a burst resulted in stepwise 

fluorescence increases (Fig. 3b), which were resolvable if they were separated by 

an interval on the order of the rise time of the sensor or more (100–150ms, 

GCaMP6s; 75–100 ms, GCaMP6m; 50–75ms, GCaMP6f).





GCaMP6 indicators cross important performance 

thresholds. They have higher sensitivity than 

commonly used synthetic calcium dyes (for example, 

OGB1-AM) and detect individual action potentials 

with high reliability at reasonable microscope 

magnifications. These indicators can be used to 

image large groups of neurons as well as tiny 

synaptic compartments over multiple imaging 

sessions separated by months. It is likely that these 

sensors will find widespread applications for diverse 

problems in brain research and calcium signalling. 





or Genetically Encoded Ca2+ Indicators (GECI)

Bonora M. et al., 2013 Nature Proocols

PROTEIC fluorescent Ca2+ probes

AEQUORIN

Aequorea victoria (Jellyfish)



AEQUORIN

• In the active form: the protein includes a prosthetic group

(coelenterazine) that is oxidezed and released in the Ca2+-triggered

reaction.

• Binds Ca2+ to three high-affinity sites

• Irreversible reaction with a photon emission (ʎem: 470nm)

PROTEIC fluorescent Ca2+ probes



AEQUORIN

Binding His 169 
on Apo



PROBE RECONSTITUTION

The expression of aequorin cDNA yields the polypeptide, to which the 

prosthetic group must be added. 

Coelenterazine is highly hydrophobic and, when added to the culture 

medium of aequorin-expressing cells, will freely permeate through the cell 

membrane. Once inside the cell, coelenterazine, generating the active 

probe. 

AEQUORIN

PROTEIC fluorescent Ca2+ probes



how to measure [Ca2+]

There is a relationship between 

the fractional rate of consumption 

(L/Lmax) and [Ca2+]

Lmax is the maximal rate of 

discharge at saturating [Ca2+]
*

*

AEQUORIN

PROTEIC fluorescent Ca2+ probes



Owing to cooperation between the three binding sites, light emission is 

proportional to the second to third power of [Ca2+] 

→ on the one hand accounts for the excellent S/N ratio of aequorin 

→ on the other hand may subtantially affect the measurements

Given that the probe (differently from fluorescent indicators) is gradually 

consumed throughout the experiment, the signal tends to decrease, and 

the conversion into [Ca2+] concentration can be obtained only at the end 

of the experiment, when, after cell lysis, the total aequorin content is 

estimated and L/Lmax can be back calculated for each data point.

AEQUORIN

PROTEIC fluorescent Ca2+ probes



1) high signal-to-noise (S/N) ratio

background of aequorin measurement is very low because mammalian 

cells doesn’t express chemiluminescent proteins

i.e. upon stimulation of cells a 1,000–10,000-fold over background signals 

can be detected, respectively with cytosolic and mitochondrial aequorin.

Because of the excellent S/N ratio, reliable aequorin measurements can 

be obtained with moderate levels of expression of the probe.

Major advantages of using aequorin

AEQUORIN

PROTEIC fluorescent Ca2+ probes



2) selective intracellular distribution

The main reason for the renewed interest in using aequorin is that, being a 

protein, it can be engineered to induce its specific localization to a cell region of 

interest. 

the addition of specific targeting sequences permits selective localization of the 

photoprotein, resulting in recombinant aequorin chimeras for different intracellular 

compartments:

nuAEQ → nucleus 

mtAEQ and mimsAEQ → mitochondria

pmAEQ → subplasma-membrane cytosol

erAEQ/srAEQ → endoplasmic/sarcoplasmic reticulum

goAEQ → golgi apparatus

vampAEQ → secretory vesicles

peroxAEQ → peroxisomes

cytAEQ → wild-type cytosolic aequorin 

Major advantages of using aequorin

AEQUORIN

PROTEIC fluorescent Ca2+ probes



Bonora M. et al., 2013 Nature Protocols



3) low buffering effect on intracellular Ca2+

Aequorin displays an extremely low buffering effect on intracellular Ca2+ if 

compared with fluorescent Ca2+ indicators.

Example:

Fura-2 measurements in the presence or absence of aequorin display the 

same cytoplasmic Ca2+ levels; on the contrary, aequorin measurements 

show a strong reduction in cytoplasmic [Ca2+] if Fura-2 is added. 

PROTEIC fluorescent Ca2+ probes

Major advantages of using aequorin



4) wide dynamic range

Native aequorin and its mutants are well suited for measuring:
0.1 μM < [Ca2+] < mM range

Numerous chemical modifications of the prosthetic group modify, in different
ways, the Ca2+-triggered reaction of the photoprotein. Among these:

▪ Those resulting in lower light emission at high [Ca2+] and lower Ca2+ affinity
→ allow measurements at higher [Ca2+] (i.e. Golgi, ER, peroxisomes or
mitochondria in certain cell types)

▪ Those resulting in higher light emission and higher Ca2+ affinity → allowing
measurements in compartments with low [Ca2+] (i.e. cytoplasm or
mithocondria in other cells)

Major advantages of using aequorin

AEQUORIN

PROTEIC fluorescent Ca2+ probes



1) low light emission by the photoprotein

Only one photon can be emitted by an aequorin molecule and only a small 

fraction of the total aequorin pool emits its photon every second. This 

means that out of the 104–105 molecules per cell of a typical aequorin 

transfection, light emission will vary from 0 to 1,000 photons at most

The experiments should be conducted NOT on single cell but on entire 

cell populations → measurments of [Ca2+] represent the average of the

signals in that populations

Major disadvantages of using aequorin

AEQUORIN

PROTEIC fluorescent Ca2+ probes



2) overestimation of the average rise in cells (or compartments) with 

non-homogeneous behavior

 
if the probe is distributed between an high-Ca2+ and a low-Ca2+ domain,  

the total signal will be calibrated as ‘average’ [Ca2+] increase, which will 

be severely biased by the region with high Ca2+ !!! → overestimation

3) cells must be amenable to transfection

The obvious requirement of this approach is that the cell type being 

studied must be amenable to transfection.

Major disadvantages of using aequorin

AEQUORIN

PROTEIC fluorescent Ca2+ probes



Bonora M. et al., 2013 Nature Protocols

AEQUORIN

PROTEIC fluorescent Ca2+ probes

Set up



Bonora M. et al., 2013 Nature Protocols

Possibility to perform the 

experiment on:

automated 96-well plate 

reader luminometers plate

(reduced sensitivity)

AEQUORIN

PROTEIC fluorescent Ca2+ probes

Set up for high 

throughput assays

 





✓ A positive control for probe expression is provided by cell lysis, 

which is done as the final phase of each procedure. Light emission 

induced upon cell lysis is directly proportional to the whole amount of 

aequorin expression. 

✓ A useful negative control is to perform the preferred reconstitution 

and recording procedure in non transfected cells

appropriate CONTROLS

AEQUORIN

PROTEIC fluorescent Ca2+ probes



Bonora M. et al., 2013 Nature Proocols

FRET-tandem probes 

modified to measure Ca2+

PROTEIC fluorescent Ca2+ probes

or Genetically Encoded Ca2+ Indicators (GECI)

CAMELEON



Cameleons are chimeric proteins consisting of:

- blue or cyan mutant of green fluorescent protein (GFP), 

- calmodulin (CaM), 

- a glycylglycine linker, 

- the CaM-binding domain of myosin light chain kinase (M13), 
- and a green or yellow version of GFP. 

Ca2+ binding to the CaM → intramolecular CaM binding to M13 → more compact 

conformation → increased efficency of fluoresce resonance energy transfer 

(FRET)

PROTEIC fluorescent Ca2+ probes

CAMELEON



http://zeiss.magnet.fsu.edu/tutorials/spectralimaging/spectralfret/indexflash.html
http://zeiss.magnet.fsu.edu/tutorials/spectralimaging/spectralfret/indexflash.html

PROTEIC fluorescent Ca2+ probes

CAMELEON

http://zeiss.magnet.fsu.edu/tutorials/spectralimaging/spectralfret/indexflash.html


http://zeiss.magnet.fsu.edu/tutorials/spectralimaging/spectralfret/indexflash.html
http://zeiss.magnet.fsu.edu/tutorials/spectralimaging/spectralfret/indexflash.html

PROTEIC fluorescent Ca2+ probes

CAMELEON

http://zeiss.magnet.fsu.edu/tutorials/spectralimaging/spectralfret/indexflash.html


Thank you
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