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Introduction 
 
Cell signalling in response to stimulation lie on a highly plastic interconnected network that 
control functional reaction of the cell. The cellular signalling network is built not only to 
respond, but also to fine tune signalling pathways depending of signal strength, frequency and 
duration of the stimulus. Hence, a given signal is not processed in a linear fashion but involve 
coordinated and differential activation of various intertwined protein modules. Moreover, cell 
signalling is a highly dynamic process involving spatio-temporal regulation of proteins that 
directly determine the amplitude and the nature of the cell response. However, although 
numerous approaches have been developed to study the cellular signalling networks, none of 
them reached the appropriate spatial and temporal resolutions. Thus, there was an urgent need 
in developing new powerful tools to study cell signalling machineries at high spatio-temporal 
resolutions1, 2.  
During the last decade, optogenetic emerge as a revolutionary method in cell biology by 
allowing cell signalling manipulation using light at a spatio-temporal resolution never achieved 
before. Development of optogenetics actuators has exploded and the optogenetic toolbox now 
contains photosensitive proteins covering almost all the spectrum from UV to far red. It has 
been applied to wide variety of biological processes and signalling pathways. Indeed, 
optogenetic approaches has several advantages. First, optogenetic tools are genetically encoded 
which confers high versatily to these approaches. Second, they are triggered by light giving the 
ability to perform these experiments at the single cell level or at subcellular locations. Finally, 
most of the optogenetic modules are fast and reversible, meaning that signalling pathways could 
be interrogated with fast kinetics. Thus, the spatiotemporal resolution of optogenetics allows 
manipulation of cell signalling with an unprecedented accuracy3. 
Among the optogenetics probes currently available, the CRY2/CIBN module is probably the 
mostly used4. Indeed, it has a low dark activity and its dimerization is strongly induced by light 
without the need for a cofactor. Here, we propose a simple optogenetic workflow that allows 
recruitment of proteins to the plasma membrane using the CRY2/CIBN module (Figure 1). 
 
 



 

Schematic representation of the optogenetic system. In the dark, the mCherry-CRY2 fusion 
protein is diffused in the cytoplasm. Thanks to a CAAX motif, the CIBN-GFP complex is 
anchored to the plasma membrane. Blue light illumination induces a conformational change of 
CRY2, inducing a dramatic increase of CRY2 affinity for CIBN, promoting the recruitment of 
mCherry-CRY2 complex at the plasma membrane. This interaction was reversible, after the 
extinction of blue light. 
 
Experimental procedure 
 
Cell culture 
All experiments were performed on HEK 293 cells (CRL-1573, ATCC), cultured in DMEM 
supplemented with 10% Foetal Bovine Serum (FBS) (A31608, Gibco) (vol/vol) and 50 µg/ml 
penicillin/streptomycin at 37°C in 5% CO2. Cells are seed in µ-Slide 2 Well (80286, Ibidi), 
75K cells per well. The next day cells were transfected with 1,6 µg of DNA with plasmids 
construction (Table 1), using Lipofectamin 2000 (11668019, Thermofisher Scientific) 
according to the manufacturer's recommendations. After 24 hours of plasmids expression, cells 
were washed with Dulbecco′s Phosphate Buffered Saline (PBS) (D8537, Merk) then transferred 
to a starvation buffer, DMEM supplemented with 1% Albumax (11020-021, Gibco) during 6 
hours before imaging. 
 

 

Characteristics of plasmids used in this study, with excitation wavelength and window of 
detection. Plasmids were form 5. 
 
 
 

Plasmid Excitation 
(nm)

Detection 
(nm)

Descritption Source Ref

CIBN-CAAX-GFP 488 497-543

CIBN is the N-terminal portion of 
CIB1, Cry2 binding domain, with a C-
terminal CAAX box from KRras for 

plasma membrane anchoring. GFP tag.

Pietro De Camilli, 
Olof Idevall-Hagren

Idevall-Hagren et al. (2012) 
Optogenetic control of 

phosphoinositide metabolism. 
PNAS 

10.1073/pnas.1211305109

mCherry-CRY2 561 577-614

Cryptochrome 2 of A. thaliana, binds 
CIBN under blue light illumination due 
to a conformational change. mCherry 

tag.

Laboratory's 
construction from 

mCherry-CR2-iSH2 
(Pietro De Camilli)

Not published



Image acquisition  
Cells were imaged on a ZEISS LSM 780 confocal microscope equipped with a thermostatic 
chamber and with a 405 nm diode, 458, 488, and 514 nm Argon, 561 nm DPSS and 633 nm 
Helium Neon lasers. The Quasar detector was used for GFP and mCherry acquisition. Cells 
were imaged with Plan-Apochromat 63 X/1.4 oil DIC M27 objective. 
The 488 nm laser was used to induce heterodimerization between mCherry-CRY2 and CIBN-
CAAX-GFP and to image GFP-fusion proteins (Figure 2). For photoactivation, we performed 
the experiment with 1% of the total 488 laser output, with a scan speed of 5, averaging of 8, 
and a pixel dwell time around 12.5 µsec. The detection range is between 497 and 543 nm, 
Referred later to GFP channel.  
The 561 nm LASER was used to image mCherry-CRY2 construction (Figure 1). We performed 
the experiment with 7% of the total laser output, with a speed of 8 or higher, averaging of 4, 
and a pixel dwell time around 2.5 µsec. The range of detection is between 577 and 614 nm. The 
total scanning time depend of the Z-stack used. Referred later to mCherry channel. 
 

 

Dashed lines correspond to the excitation spectra and filled curves to the emission spectra. 
Vertical lines correspond to laser 488 nm and 561 nm used to excite GFP and mCherry 
respectively. Filled rectangles correspond to the windows of detection used for GFP and 
mCherry respectively. 
 
For the experiment we performed a time series acquisition of the mcherry channel to see the 
repartition of mCherry-CRY2 in the cell, during 5 minutes. Then, blue light illumination (488 
laser) is applied to cells, leading to the heterodimerization of CRY2 and CIBN. After a waiting 
time interval (to be defined according to the experiment) we performed a novel acquisition of 
mCherry-CRY2 to visualize CIBN-Cry2 dimerization (Figure 3). 



 

(A) Live imaging, every 30 sec, of mCherry-CRY2 before photoactivation, and after 
photoactivation. Before photoactivation, the mCherry-CRY2 was diffused in the cytoplasm. The 
blue light illumination induced the binding of mCherry-CRY2 complex to CIBN-GFP, lead to 
the recruitment of mCherry-CRY2 at the membrane (T1). (B) Image before photoactivation of 
mCherry-CRY2, image of the photoactivation, and acquisition of CIBN-GFP complex at the 
plasma membrane. This interaction was reversible in the dark (T6). 
 
Experiment designer 
For automatization of the different acquisition with each channel, we used the Experiment 
Designer module of Zen Black. With Experiment Manager, we selected Z-stack, before the 
preview. First, cell was chosen using the mCherry channel in Live mode. We made the Z-stack 
around 10 slices with 0.8µm of interval, then we stopped the preview on the center of the stack. 
On the Experiment Manager interface, we selected the module Experiment Designer, to create 
the Multi Block Experiment (Figure 4). The blocks were created on the following manner: Block 
1: Live acquisition for mCherry-CRY2 construction. Selection on Experiment Manager of Z-
stack and Time series. In the Channels module, selection of mCherry channel. For this 
experiment, in Time Series module, we chose 6 cycles with 30 seconds of interval. For these 
channels, apply all the parameters of the Image acquisition paragraph, mCherry and iRFP 
channel. Block 2: Photoactivation of CIBN-GFP construction. Deselection on Experiment 
Manager of Z-stack and Time series. In the Channels module deselection of mCherry, and 
selection of GFP channel. For this channel, apply all the parameters of the Image acquisition 
paragraph, section GFP channel. The illumination is applied to the overall scan area, but the 
image acquired was only on the last slice previewed, here on the center of the cell. Block 3: 
Waiting time. Creation on Experiment Designer of Delay block, 30 seconds in our case. This 
time can be adapted to the CRY2 construction ie. heavy construct, slow feedback etc… Or for 



reduce the illumination time and cell mortality. Block 4: Live acquisition for mCherry-CRY2 
construction. Duplication of Block 1. 
This Multi Bock Experiment can be done in loops, available in the Create module of Experiment 
Designer or each block can be duplicated. All blocks lead to a different file in the Images and 
Documents module. 
All of this acquisition’s parameters can be saved on the Experiment Manager module for the 
next experiment. 
 

 
Figure 4: Building complex experiment with the Experiment Designer.  
(A) Experiment Designer configuration for a simple optogenetic experiment build with a block 
1 for live acquisition for mCherry-CRY2 construction, block 2 for photoactivation of CIBN-
GFP construction, a block 3 for Waiting time and a block 4 duplicated from block 1. (B) 
Experiment Designer configuration for a double optogenetic experiment, double 
photoactivation and live acquisition of mCherry-CRY2 construction. Building from the 
configuration (A) by adding the block 5, 6 and 7 duplicated from the block 2, 3 and 4 
respectively. 
 
Discussion and troubleshooting 
 
Overexpression 
One of the main drawbacks of this optogenetic approach is that it requires ectopic expression 
of the protein of interest coupled to the CRY2 protein. This could induce artefact due to 
overexpression (aggregates, mislocalization, etc..). Thus, it is of major importance to properly 
choose cells that do not express high amount of optogenetic probes. Alternatively, the 
optogenetic system could be cloned in an inducible vector allowing better control of expression 
level. It is also possible to imagine to use CRISPR to endogenously tag the protein of interest 
with the CRY2 actuator.  
 
Reporter system 
Development of far red-shifted fluorescent proteins (such as iRFP) open the possibility to use 
these proteins as reporters in optogenetic experiments. Indeed, it is now possible to image in a 
650nm-700nm spectral window a reporter system fused to iRFP proteins on top of the two 
channels already used by the optogenetic tandem. 
 
Cell manipulation and finding cells on the microscope 
Most of the optogenetic modules are very sensitive to light. Thus, it is of crucial importance to 
manipulate cells in the dark when bringing them to the microscope using an opaque transport 
device. Moreover, it is also impossible to focus on cells using white light without activating the 



optogenetic system. Transmitted light acquisition with a near infra-red bandpass filter at 700 
nm or epifluorescence acquisition with the use of the “red” wavelength to find cells according 
to mCherry expression could be used to circumvent this issue 
 
Automation 
Zeiss, with the Zen Open Application Development (OAD) module, offers the possibility to uses 
IronPython scripts to drive experiments in Zen blue. Thus, it is possible to use home-made 
acquisition protocols allowing simplification and automation of the acquisition sequence. 
Moreover, with this module, it is now possible to exchange data with external open applications 
like Fiji, CellProfiler, Python scripts etc… Finally, a feedback microscopy protocol could be 
built using this module, which could be particularly suitable for highly dynamic optogenetic 
experiments where cell morphology is rapidly changing. 
 
Data rendering 
When using Experimental Designer, Zen provide as many images files as the number of blocks 
that have been seted up. In our case, a file corresponding to the pre-activation period, a file of 
photoactivation, and a file for the post-photoactivation period. These files are in the CZI format. 
 
Regions 
In the method presented here, we photoactivate the overall scan area of the microscope. The 
use of a confocal microscope allows to reach a subcellular resolution for the photomanipulation. 
Thus, it is also possible to use the Regions function of Zen to photoactivate using either the 
acquisition or the bleach functions. When using the bleach function, one may pay attention to 
number of iterations done by system. 
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