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[Abstract] Proteins involved in neurodegeneration can be coupled with optogenetic reagents to create 

rapid and sensitive reporters to provide insight into the biochemical processes that mediate the 

progression of neurodegenerative disorders, including Alzheimer’s Disease (AD). We have recently 
developed a novel optically-responsive tool (the ‘CofActor’ system) that couples cofilin and actin (key 

players in early stage cytoskeletal abnormalities associated with neurodegenerative disorders) with 
light-gated optogenetic proteins to provide spatial and temporal resolution of oxidative and energetic 

stress-dependent biochemical events. In contrast to currently available small-molecule based 
biosensors for monitoring changes in the redox environment of the cell, CofActor is a light-activated, 

genetically encoded redox sensor that can be activated with precise spatial and temporal control. Here 

we describe a protocol for the expression and activation of the CofActor system in dissociated 

hippocampal neuron cultures prepared from newborn mice. Cultures were transfected with 
Lipofectamine on the fifth day in vitro (DIV5), then exposed to cellular stress inducing stimuli, leading to 

the formation of actin-cofilin rods that can be observed using live cell imaging techniques. The protocol 
described here allows for studies of stress-related cytoskeletal dysregulation in live neurons exposed to 

neurodegenerative stimuli, such as toxic Aβ42 oligomers. Moreover, expression of the sensor in neurons 
isolated from transgenic mouse models of AD and/or mice KO for proteins involved in AD can advance 

our understanding of the molecular basis of early cytoskeletal dysfunctions associated with 
neurodegeneration. 
Keywords: Cofilin-actin rods, Cytoskeletal dysregulation, Optogenetics, Hippocampal neurons, Cellular 

stress, Neurodegeneration 
 
[Background] The biochemical hallmarks of neurodegenerative disorders (neural fibrils, clumps and 

tangles, heightened reactive oxygen species (ROS)), have presented numerous obstacles to clinicians 
as potential diagnostic tools (Kanazawa, 2001; Lee et al., 2001; Polidori et al., 2007; McKhann et al., 

2011; López-Otín et al., 2013; Laske et al., 2015; Sweeney et al., 2017). These markers, which include 

Aβ fibrils and tau tangles in Alzheimer’s Disease (AD), are only accessible via an invasive cerebrospinal 

fluid assay for peptide mass fingerprinting or post mortem diagnosis (Blennow and Zetterberg, 2009; 
Anoop et al., 2010; Johansson et al., 2011; Kitamura et al., 2017), ROS can be fleeting and thus 

challenging to monitor in vivo (Halliwell and Whiteman, 2004; Owusu-Ansah et al., 2008; Kalyanaraman 
et al., 2012; Wang et al., 2013). An alternative approach, however, is to incorporate these disease-
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related biochemical elements into pathology-sensitive genetically encoded switches. Such switches 

enable rapid characterization of critical, early stage events in neurodegeneration using cellular and 
animal models of disease (Ganesh et al., 2016). Researchers are currently faced with limited options 

for studying the formation of cofilin-actin rods (a form of cytoskeletal dysregulation that occurs in 
oxidatively and energetically stressed neurons during the progression of neurodegenerative disease) in 

living cells. Endogenous populations of cofilin and actin can be coaxed into forming rods through various 
chemical treatments of cells (azide, glutamate, etc.), but these methods require cell fixation and 

immunostaining for later characterization (Minamide et al., 2010). Furthermore, isolation and 

extracellular characterization of cofilin-actin rods is challenging, as they are not stable in the presence 

of detergents (Bamburg and Bernstein, 2016). Overexpression of cofilin, in particular cofilin-GFP, 
provides a more reliable means of monitoring rod formation, but is hampered by the tendency of 

overexpressed cofilin to spontaneously form cofilin-actin rods in the absence of cellular stress (Kim    
et al., 2009). Most recently, a mutant of cofilin, cofilin R21Q, was combined with red fluorescent protein 

(CofR21Q-mRFP), and used to monitor the induction of cofilin-actin rods in real time (Mi et al., 2013). 

This reagent represents an important advance in the study of rod formation and longevity. However, 

there are drawbacks to its implementation, including irreversibility in the presence of energetic stress 
and a long half-life (30-60 min) once the cell culture medium is restored to homeostasis. We recently 

reported the CofActor system, which capitalizes on the formation of cofilin-actin rods, by coupling cofilin 
and actin to the light-responsive Cry2/Cib protein pair (Salem et al., 2020). The CofActor optogenetic 

system enables the induction of cofilin-actin rods rapidly and reversibly in response to light and stress. 
We have also created gain-of-function CofActor mutants (actin S14V) that induce rods in the absence 

of harsh manipulation of the glycolytic pathway and oxidative environment of the cell. We have 
previously demonstrated that the CofActor system responds to elevated stress levels in immortalized 

cell lines and in cultured hippocampal neurons from mice. Rodent neuron cultures originating from 
different brain areas (cortex, hippocampus, striatum, dorsal root ganglia and retina) have been 

established and used extensively in studies of protein-protein interactions and localization (Kaech and 
Banker, 2006). In this protocol, we describe in detail the procedures required to transfect and manipulate 

an optogenetic tool we recently developed (CofActor system) in dissociated hippocampal neuron 
cultures, prepared from newborn mice. The procedures described here can also be used for preparation 

of postnatal rodent neuron cultures from other brain areas, such as the somatosensory cortex and can 
be applied for expression of other optogenetic tools with low toxicity for neurons. Dissociated 

hippocampal neuron cultures from C57BL/6 newborn mice were prepared according to a modified 
standard protocol (Szatmari et al., 2005; Yang et al., 2017). The number of mice from a litter that is used 

for culture preparation depends on the number of planned experimental conditions and replicates. Using 
the described method, the CofActor system and other optogenetic tools can be applied to studies of 

neuronal processes associated with synaptic plasticity and intracellular transport. 
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Materials and Reagents 
 

1. Tissue culture dishes-35 mm (VWR, catalog number: 10861-656) 

2. Tissue culture dishes-60 mm (VWR, catalog number: 10861-658) 
3. #1.5 thickness round cover glass (VWR, catalog number: 72230-01) 

4. Serological Pipet, Sterile 2 ml (Fisher Scientific, catalog number: 13-675-17) 
5. Serological Pipet, Sterile 5 ml (Fisher Scientific, catalog number: 13-675-22) 

6. Serological Pipet, Sterile 10 ml (Fisher Scientific, catalog number: 13-675-17) 
7. Serological Pipet, Sterile 25 ml (Fisher Scientific, catalog number: 13-675-30) 

8. Conical centrifuge tube, 15 ml (Fisher Scientific, catalog number: 12-565-269) 
9. Conical centrifuge tube, 50 ml (Fisher Scientific, catalog number: 12-565-270) 

10. Sterile syringe filters with 0.45 µm pore size (VWR, catalog number: 28145-505) 
11. Sterile bottle filters with 0.8 μm pore size (Fisher Scientific, catalog number: 09-740-1C) 

12. 10 ml sterile syringes (Fisher Scientific, catalog number: 14-817-54) 
13. C57BL/6 newborn mice (postnatal day 0-1; P0-P1) 

14. Na2SO4 (Fisher, catalog number: S421), stored at room temperature (RT) 
15. K2SO4 (Avantor, catalog number: 3282), stored at RT  

16. MgCl2 (Fisher, catalog number: AM9530G), stored at RT 
17. HEPES (Gibco, catalog number: 15630080), stored at 4 °C 

18. Glucose (Gibco, catalog number: 15023-021), stored at RT 
19. 0.5% Phenol Red (Sigma, catalog number: P0290-100ml), stored at RT  

20. NaOH (Fisher, catalog number: SS266-1), stored at RT 
21. Kynurenic acid (Sigma, catalog number: K3375), stored at RT  

22. Laminin from mouse (Corning, catalog number: 354232), stored at -80 °C 
23. Poly-D-Lysine (Gibco, catalog number: A3890401), stored at 4 °C 

24. Pen/Strep (Thermo Fisher, catalog number: 15140122), stored at -20 °C 
25. GlutaMAX (Gibco, catalog number: 35050-061), stored at RT 

26. Bovine Calf Serum (BCS), heat inactivated (Gibco, catalog number: 16030074), stored at -20 °C 
27. L-(+)-Cysteine Hydrochloride (Thermo Fisher, catalog number: C562-25), stored at RT 

28. Papain latex (Worthington Biochemical Corporation, catalog number: LS003126), stored at 4 °C 
29. Trypsin Inhibitor from chicken egg white (Millipore Sigma, catalog number: T2011), stored at 

4 °C 
30. Basal Medium Eagle (BME; Gibco, catalog number: 21-010-046), stored at 4 °C 

31. Neurobasal A (Gibco, catalog number: 10888022), stored at 4 °C 
32. B27 plus (Gibco, catalog number: 17504044), stored at -20 °C 

33. 70% Ethanol (VWR, catalog number: 97064-768) 
34. ActinS14V.CIB.GFP plasmid construct (Addgene, Plasmid #133620), stored at 4 °C 

35. Cry2PHR-mCh-Cof plasmid construct (Addgene, Plasmid #133619), stored at 4 °C 
36. Lipofectamine 2000 (Thermo Fisher, catalog number: 12566014), stored at 4 °C 
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37. Sodium Azide (Fisher Scientific, catalog number: 26628-22-8), stored at RT 

38. 2-Deoxy-D-glucose (DDG) (Fisher Scientific, catalog number: 154-17-6) stored at RT  
39. Opti-MEM (Thermo Fisher, catalog number: 31985062), stored at 4 °C  

40. Tissue Culture water (TC water; autoclaved Milli-Q water), stored at RT 
41. Ice (for keeping working solutions at 4 °C) 
 
Stock Solutions (see Recipes) 

1. Stock Dissociation medium, stored at 4 °C  
2. 10× Ky.Mg stock, stored at -20 °C 

3. Stock coating solutions (PDL stock, stored at -20 °C and laminin stock stored at -80 °C) 
4. 1½ solution, stored at -20 °C 

5. Cysteine.HCl stock solution, stored at -20 °C  
6. 2.5 M Glucose solution, stored at 4 °C 
 
Working Solutions (see Recipes) 

1. Working dissociation medium (DM/Ky.Mg) – prepare 100 ml/culture 
2. Growth medium with serum (sGM) – for washing (prepare 50 ml/culture) and plating (needs 2 

ml/35 mm culture dish) 
3. Serum-free Neurobasal A-B27 growth medium (GM) – needs 2 ml/35 mm culture dish 

4. Optimem/Glucose – needs 50 ml/culture 
5. Enzyme (Papain) Solution – needs 10 ml/culture 

6. Trypsin Inhibitor solution – needs 10 ml/culture 
7. Transfection medium (TM) – needs 200 µl/35 mm culture dish 

8. Working PDL solution 
9. Laminin-PDL coating solution 

 
Equipment 
 

1. Large metal scissors (Fine Science Tools, catalog number: 14001-18) 

2. Small (Bonn) scissors (Fine Science Tools, catalog number: 14184-09) 
3. Vannas Spring Scissors (Fine Science Tools, catalog number: 15000-00) 

4. Forceps (Roboz, catalog number: RS-5050) 
5. Curved Forceps (Fine Scientific, catalog number: 91197-00) 

6. Spatula (Fine Science Tools, catalog number: 10090-13) 
7. P20 PIPETMAN (Fisher Scientific, catalog number: F123600G) 

8. P200 PIPETMAN (Fisher Scientific, catalog number: F123601G) 
9. P1000 PIPETMAN (Fisher Scientific, catalog number: F123602G) 

10. Drummond Pipet-Aid (Fisher Scientific, catalog number: 13-681-08) 
11. 4 °C refrigerator 
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12. Laxco Zoom Stereo Zoom Microscope, 0.67 × 4.5 × zoom (Fisher Scientific, catalog number: 

Z220PLS200L) 
13. Laxco iLED Series LED Light Source (Fisher Scientific, catalog number: AMPSILED22) 

14. Water bath, 37 °C (VWR, catalog number: WB02) 
15. Metallic beads for water bath (VWR, catalog number: 10158-552) 

16. Biological safety cabinet (Fisher Scientific, catalog number: 13-261-334) 
17. Water jacketed CO2 tissue culture incubator set to 5% CO2 and 37 °C (Fisher Scientific, catalog 

number: 11-676-600) 
18. Tissue culture microscope, such as EVOS Floid Cell imaging station (Fisher Scientific, catalog 

number: 4471136) 
19. Swing bucket centrifuge and rotor (Fisher Scientific, catalog number: 75-410-885) 

20. pH meter (Fisher Scientific, catalog number: 13-636-AE153) 
21. Keyence (BZ-X800) digital microscope for live cell imaging 

22. Theraband (red, Superior Medical Equipment, catalog number: H20130) 
23. Sterilization pouches (Santa Cruz Biotechnology, catalog number: SC-363641) 

 
Software 
 

1. Fiji (Schindelin et al., 2012) equipped with the Bio-Formats package (Linkert et al., 2010) 

2. GraphPad Prism (Version 8.0 for Windows, GraphPad Software, San Diego, California USA, 
www.graphpad.com) 

 
Procedure 
 
A. Prepare 5-6 days in advance 

1. Cover glass cleaning and sterilizing procedure: wash the cover glass for 2 days in 100% ethanol, 
then repeat the wash for 2 days in Milli-Q water; dry cover glasses individually on filter paper, 

then place in a small glass beaker, cover with aluminum foil, then autoclave; store at RT.  
2. Check the sharpness of scissors used for decapitation by making a cut on red Theraband band. 

3. Autoclave dissection tools individually in sterilization pouches. 
 

B. Prepare 24 h prior culture preparation 
1. Place 4 micro cover glasses in each tissue culture plate and coat plates with laminin-PDL 

coating solution (use 1 ml/35 mm dish) for at least 24 h (48 h is better) before use and place 
them in the water jacketed CO2 incubator.  

2. Remove the coating solution and wash the plates on the day of the culture twice with TC water 
(autoclaved Milli-Q water); then let them dry under the hood (if more plates are made than are 

needed for the culture; wrap them in parafilm and store in a 4 °C refrigerator for up to one month 
after coating). If using previously-coated plates stored in the 4 °C refrigerator, bring plates to RT 

http://www.bio-protocol.org/e3990
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by placing them in the biological safety cabinet; to further minimize the possibility of 

contamination, UV sterilize opened plates in biological safety cabinet for 15 min. 
 

C. Prepare on the day of culture 
1. Prepare working Dissociation Medium (DM/Ky.Mg). You will need a minimum of 60 ml per 

culture (store at 4°C). 
2. Prepare fresh Growth Medium with serum (sGM) before starting the neuron culture procedure. 

3. Prepare fresh Growth Medium (GM) right before starting the neuron culture procedure. 
4. Prepare Enzyme (Papain) solution right before beginning culture procedure. 

5. Prepare Trypsin Inhibitor solution right before beginning culture procedure. 
 

D. Macro-dissection (Figures 1 and 2) 
1. Run UV in the biological safety cabinet for 15 min. 

2. Wipe the dissection table and dissection microscopes with 70% ethanol, then place a small 
biohazard bag and tissue paper on the dissection table. 

3. Place autoclaved dissection tools in the biological safety cabinet. 
4. Pipette 5 ml of DM/Ky.Mg in a 60 mm Petri dish and place dish on ice. 

5. Pipette 2 ml of DM/Ky.Mg in a 35 mm Petri dish and keep this dish on ice as well. 
6. Bring newborn mice (postnatal day 0-1; P0-P1) to tissue culture room in approved containers. 

Note: The number of mice used for culture depends on the size of litter and the planned number 

of experimental conditions and the number of repeats. 

7. Spray the mouse with ethanol, then rapidly euthanize by decapitation. 
8. Using a scalpel, expose the skull by making an incision from the nasal bone to the occipital 

surface. 
9. Once the skull is exposed, use scissors or scalpel to make a T-shaped cut along the nasal bone 

and midline. 
10. Cut the skull from the starting between the eyes on the nasal bone to the occipital bone along 

the sagittal suture. 
11. Gently remove the parietal and interparietal bones with forceps from both sides. 

12. The brain should then become visible; use extreme caution to avoid damaging the brain tissue 
when removing the bone. 

13. Use the curved spatula to isolate the brain and place it immediately into the 60 mm Petri dish 
with ice cold DM/Ky.Mg. 
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Figure 1. Schematic representation of the steps to isolate the brain (macro-dissection). 

After decapitation of the newborn mouse, remove the skin to expose the skull (step 1). Cut the 
skull along the midline using a scalpel (step 2A) and partially remove the skull using a pair of 

fine tipped tweezers (step 2B). Lift out the intact brain with a scalpel or spatula (step 3A) and 
place it into a 60 mm Petri dish containing ice-cold dissection medium (DM/Ky.Mg) (step 3B). 

Schematic representation was created with BioRender.com. 
 

 
Figure 2. Representative images taken during macro-dissection. A. Exposed skull following 

skin removal (step 1 from Figure 1). B. Lines showing the direction of cuts along the midline to 
expose the brain (step 2 from Figure 1). C. Exposed intact brain (step 3A from Figure 1); a’-
cerebellum; b’-cerebral hemisphere; c’-eye; d’-olfactory bulb. Images were recorded using an 

AmScope SM-4TZ-144A Trinocular Stereo Microscope, equipped with an 18MP color CMOS 

microscope camera. 
 

E. Micro-dissection (Figures 3 and 4) 
1. Remove the cerebellum and separate the two hemispheres. 

http://www.bio-protocol.org/e3990
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2. Place the 60 mm dish with the brain in ice cold DM/Ky.Mg under the stereo microscope for the 

following steps. 
3. Carefully expose and remove the hippocampi; then place them into the 35 mm dish containing 

ice cold DM/Ky.Mg; repeat these steps for every brain used for culture.  
4. If the microscope doesn’t have a cooling function, you can perform the micro-dissection on the 

top of a clean 10 cm dish with ice; change the ice frequently when performing this procedure on 
multiple brains. 

5. Begin warming up the Papain (Enzyme) solution on the water bath with beads set to 37 °C. 
 

  
Figure 3. Schematic representation of the steps to isolate the hippocampus (micro-
dissection). Use a scalpel to make a coronal incision to remove the cerebellum (step 1A), then 

separate the two hemispheres by a sagittal cut along the midline (step 1B). Under a stereo 

microscope turn the hemispheres with the medial surface facing up; then expose the 
hippocampus by removing subcortical structures (striatum, thalamus, and brainstem) using fine 

tweezers (step 2). The hippocampus appears as a crescent shaped structure located below the 
in-folded cortex (step 3). With one tweezer clamped tight, pin down the brain by the olfactory 

bulb, while with another tweezer gently peel of the meninges above the hippocampus. Use fine 
tweezer snip along to dissect out the hippocampus (step 3). Collect the isolated hippocampi into 

a 35 mm Petri dish with ice-cold DM/Ky.Mg or directly into a 50 ml sterile centrifuge tube 
containing 10 ml of DM/Ky.Mg (step 4). Schematic representation was created with 

BioRender.com. 
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Figure 4. Representative images taken during isolation of the hippocampi. A. Separated 

cerebral hemispheres (step 1 from Figure 3). Upper image: a'- cerebral hemisphere; b’- 
olfactory bulb. Lower image shows a hemisphere turned with medial surface facing up (step 2 
from Figure 3) and subcortical structures (c’). B. Hemisphere with the medial surface facing up 

and the exposed hippocampus (HPP) after removal of subcortical structures (striatum, thalamus, 
and brainstem). C. Isolated hippocampi (step 3 from Figure 3). Images were recorded using an 

AmScope SM-4TZ-144A Trinocular Stereo Microscope, equipped with an 18MP color CMOS 

microscope camera. 
 
F. Digestion with Papain 

1. Transfer the isolated hippocampi into a 50 ml sterile centrifuge tube containing 10 ml of 
DM/Ky.Mg. 

2. Wash the hippocampi 3 times with 10 ml of ice-cold DM/Ky.Mg using the Pipette-Aid; avoid 
touching the hippocampi with the pipette. 

3. After the 3rd wash, the DM/Ky.Mg should be kept in the biological safety cabinet at RT. 
4. Add 5 ml of warmed Enzyme solution to the 50 ml sterile tube with hippocampi and incubate for 

15 min in the water bath at 37 °C. 
5. Remove the Enzyme solution, avoiding touching the hippocampi and add another 5 ml of 

Enzyme solution to the tube and perform another 15 min of incubation. 
6. Wash the hippocampi 3 times with 5 ml of DM/Ky.Mg. 

 
G. Enzyme inhibition 

1. Begin warming up the Trypsin inhibitor solution and Optimem/Glucose solution in a 37 °C water 
bath. 

2. Add 3 ml of the warm Trypsin inhibitor solution to the hippocampi and incubate for 3 min in the 
37 °C water bath. 

3. Repeat this step 2 more times with 3 ml of fresh Trypsin inhibitor solution. 
4. Remove Trypsin inhibitor solution and wash hippocampi 3 times with 5 ml of sGM. 

 
H. Trituration 

1. Remove the sGM used for washing and add 5 ml of fresh sGM. 

http://www.bio-protocol.org/e3990
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2. With a 5 ml pipette, pipette the hippocampi up and down about 15-30 times or until large chunks 

disappear and the medium becomes cloudy.  
3. Do not seal the pipette tip opening against the bottom of the tube to avoid bubbling, this leads 

to changes in pH; let the undissociated tissue settle (about 1 min). 
4. Transfer cell suspension into a 50 ml tube with 25 ml of warm Optimem/Glucose solution. 

5. Add 1 ml of fresh sGM to the pellet and dissociate further by pipetting up and down 10-15 times 
using a 1 ml pipette.  

6. Let the undissociated tissue settle (for about 1 min), then transfer the cell suspension into the 
50 ml tube with 25 ml of Optimem/Glucose solution. 

7. Discard undissociated tissue, as it contains mostly tissue debris. 
8. Centrifuge the cell suspension in Optimem/Glucose for 10 min at 1,000 × g at RT in a swinging-

bucket centrifuge. 
9. Carefully remove supernatant and resuspend cells in warmed up sGM. 

 
I. Plating 

1. Resuspend pelleted cells in warmed up sGM at 1 million cells/ml density. 
2. The yield from one newborn mouse or 2 hippocampi is 5 million cells; therefore use 5 ml of 

sGM/mouse to achieve a suspension at 1 million cells/ml density. 
3. Plate cultures at 1 million cells/ml density in a 35 mm Petri dish with coverslips: use 2 ml 

suspension/35 mm Petri dish; higher density leads to higher rate of survival and better 
transfection efficiency. 

4. On the second day in vitro (DIV2) replace serum containing GM with Neurobasal-B27 plus 

medium based GM. 

 
J. Transfection of primary dissociated neuron cultures with the CofActor system on DIV5: 

1. Prepare transfection solutions A and B in sterile conditions, in the biological safety cabinet: 
A: 100 µl Optimem + 6 µg plasmid DNA (2 µg Actin-GFP + 4 µg mCherry-Cofilin)  

B: 100 µl Optimem + 12 µl Lipofectamine 2000 
2. Mix solution A and B and incubate the resulting transfection mix (AB) for 15 min at RT in the 

biological safety cabinet. 
3. Replace conditioned medium (CM) on neuron cultures with warm transfection medium (TM); 

save CM. 
4. Add 200 µl of transfection mix AB/35 mm Petri dish (or 10% of the CM, if using a different size 

dish) and incubate for 2 h in tissue culture incubator. 
5. Spin CM at 1,000 × g for 10 min and discard pellet; place CM in incubator. 

6. After 2 h, replace TM containing AB with CM. 
7. 24-48 h later, check transfection efficiency using a tissue culture microscope; transfected 

neurons should express both constructs (signal in green and red channels). 
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K. Live cell imaging and stimulation of neurons expressing the CofActor system (Figure 5) 

1. Place glass coverslips with transfected neurons facing down into the glass bottom dish with PBS 
and transfer to Keyence microscope. 

2. Locate transfected neurons, mark their positions (x- and y-axis) and take images before 
stimulation. 

Treat neurons with 10 µl of 10 mM Azide and 6 µl of 6 mM DDG for 10 min without disturbing 
the position of the culture dish in the Keyence microscope. 

3. Stimulate neurons with blue light for 30 s without disturbing the position of the glass bottom 
culture dish. 

Return to pre-marked positions to image the neurons of interest and record their response at 1-
10 min following stimulation.  
Note: Length of treatment and imaging is determined by user. 

 

 
Figure 5. Validation of CofActor in primary hippocampal neuron cultures. Representative 

images of a primary hippocampal neuron transfected with the CofActor system (40× 
magnification), before (a, b) and after (a’, b’) exposure to ATP depletion and illumination 

sequence conditions. 
 

L. Image analysis using Particle Counting (quantification of actin-cofilin rods formation) (Figure 6) 
1. Use Fiji equipped with the Bio-Formats package. 

2. Count particles using the Analyze Particles feature. 
3. Restrict particle size to 20-200 pixels and restrict circularity to 0.20-1.00. 

4. Draw custom shapes around the neuronal soma and neuronal processes on the images of 
neurons before treatment and perform particle counting. 

5. Save the shapes and place them on the same area of the soma and neuronal process on the 
images taken after treatment and stimulation and perform particle counting. 

6. Report particle counts as average number of particles/neuron. 
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7. Use GraphPad Prism 8 to perform paired t-test on particle count data.  

 

 
Figure 6. Fiji steps to measure actin/cofilin rod formation. Upload the pre-light treatment 
image to Fiji (A). Use the polygon out tool to cover the area of the neuron to be measured (B). 

Select Analyze > Analyze Particles on the Fiji control panel. Select a size of 20-200 pixel units 
and restrict the circularity to 0.20-1.00 (C) and press OK to analyze. With the original pre-light 

treatment image with the polygon still outlining it, open the post-light treatment neuron image. 
With the post-light treatment neuron selected press Shift > E; this will transfer the polygon made 

in the pre-light treatment step. Align this over the same area in the post-light treatment step (D). 
Then re-analyze the post-light treatment using the same steps from C. 

 
Recipes 
 
A. Stock solutions 

1. Stock Glucose solution (2.5 M; for 500 ml) 
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Glucose 225.2 g 

H2O up to 500 ml 
Mix until fully dissolved; then filter sterilize and store at 4 °C  

2. Stock dissociation medium (stock DM) 
Stock solution For 250 ml 

1 M Na2SO4 20.45 ml 
0.5 M K2SO4 15 ml 

1 M MgCl2 1.45 ml 
100 mM CaCl2 0.63 ml 

1 M HEPES 0.25 ml 
2.5 M Glucose 2 ml 

0.5% Phenol Red 0.5 ml 
0.1 N NaOH 0.4-0.5 ml 

TC H2O 209.72 ml 
Filter sterilize and store at 4 °C up to 1 month 

Cover with aluminum foil to protect from light 
3. 10× Ky.Mg stock (10 mM Kynurenic acid/100 mM MgCl2) (500 ml) 

H2O 340 ml 
Kynurenic acid 757 mg 

0.5% Phenol red 2 ml 
1 N NaOH about 3.5 ml drop while stirring 

Stir until dissolved (it might take 2-3 h), then add: 
1 M HEPES 2 ml 

1 M MgCl2 40 ml 
H2O about 400 ml 

Filter sterilize and store at -20 °C in 15 ml aliquots 
4. Stock coating solutions 

a. Prepare 1 mg/ml Poly-D-Lysine (PDL) stock in TC water 
b. Make 10 ml aliquots of PDL stock solution and store at -20 °C 

c. Prepare 1 mg/ml laminin stock solution in TC water 
d. Aliquot laminin stock solution in 50 or 100 µl aliquots and store at -80 °C 

5. 1½ solution (48 ml) 
2.5 M Glucose 28 ml 

GlutaMAX 10 ml 
Pen/Strep 10 ml 

Aliquot into 5 ml aliquots in 15 ml sterile centrifuge tubes and store at -20 °C 
6. Cysteine.HCl 

a. Dilute Cysteine.HCl at a concentration of 45 mg/ml in BME (optional: filter sterilize) 
b. Aliquot into 100 µl aliquots and store at -20 °C 

http://www.bio-protocol.org/e3990
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c. Use one aliquot for 10 ml enzyme solution 

 
B. Working solutions 

1. Working dissociation medium (DM/Ky.Mg) (100 ml) 
Stock DM (dissociation medium) 90 ml 

10× Ky.Mg 10 ml 
2. Growth medium (GM) with serum (100 ml) for plating 

BME 87.6 ml 
BCS 10.0 ml 

1½ 2.4 ml 
3. Neurobasal A-B27 growth medium for postnatal neurons (20 ml) 

Neurobasal A 19.2 ml 
GlutaMAX 0.2 ml 

Pen/Strep 0.2 ml 
B27 plus 0.4 ml 

4. Optimem/Glucose 
Optimem 500 ml 

2.5 M Glucose 4 ml 
5. Enzyme (Papain) solution 

DM/Ky.Mg 9.7 ml 
1 N NaOH 22-25 µl 

Papain latex 100 units 
Cysteine.HCl stock solution 100 µl (1 aliquot) 

a. Add Cysteine.HCl to the ice-cold DM/Ky.Mg; then adjust the pH to 7.4 with NaOH 
b. Add the papain latex and incubate at 37 °C for 5 min 

c. Sterile filter and keep on ice until before needed 
d. Warm up before incubating neurons 

6. Trypsin Inhibitor solution 
DM/Ky.Mg 9.7 ml 

Trypsin Inhibitor 100 mg  
1 N NaOH 22-25 µl 

a. Mix well to dissolve 
b. Adjust the pH to 7.4 with NaOH, then sterile filter 

c. Keep on ice until needed 
d. Warm up before incubating neurons 

7. Transfection medium (TM) 
Freshly prepared GM without antibiotics 

8. Working PDL solution 
50 µg/ml PDL, prepared with TC water 

http://www.bio-protocol.org/e3990
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9. Laminin-PDL coating solution 

2 µg/ml laminin in working PDL solution 
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