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[Abstract] Understanding the molecular mechanism governing the higher-order regulation of actin
dynamics requires chemically-defined and quantitative assays. Recently, the membrane remodeling
large GTPase, dynamin, has been identified as a new actin cross-linking molecule. Dynamin regulates
actin cytoskeleton through binding to, self-assembling around, and aligning them into actin bundles.
Here we utilize dynamin as an example and present a simple protocol to analyze the actin bundling
activity in vitro. This protocol details the method for F-actin reconstitution as well as quantitative and
qualitative analyses for actin bundling activity of dynamins. Measurement of the actin bundling activity
of other actin-binding proteins may also be applied to this protocol with appropriate adjustments
depending on the protein of interest.
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[Background] Dynamin is a membrane remodeling GTPase best-known for catalyzing membrane
fission during clathrin-mediated endocytosis to release vesicles from the plasma membrane (McMahon
and Boucrot, 2011; Schmid and Frolov, 2011; Antonny et al., 2016). In addition to its indispensable role
for membrane fission, dynamin is also localized to actin-rich structures, such as lamellilpodia, dorsal
membrane ruffles, and invadosomes, where it regulates actin reorganization via interacting with other
actin polymerization factors (Ferguson and De Camilli, 2012). It has been discovered that the neuronal
isoform of dynamin, dynamin-1 (Dyn1), could directly interact with actin filaments and facilitate the rate
of actin polymerization (Gu et al., 2010). Subsequently, the ubiquitously expressed dynamin isoform,
dynamin-2 (Dyn2), was also proved to be equipped with actin bundling activity and to affect the structure
and stiffness of the protrusive actin-based structure, invadosome (Chuang et al., 2019). Here we detail
the simple method to quantitatively analyze the actin bundling activity of Dyn1 and Dyn2. Dynamin may
be substituted with other actin-binding and crosslinking proteins with proper adjustments of protein

concentration, incubation time, or buffer composition in order to test their actin bundling activity.

Materials and Reagents

1. 1.5 ml clear microcentrifuge tubes (Gunster biotech, catalog number: MB-E17-A)
2. Rabbit muscle G-actin (Cytoskeleton, catalog number: AKL99-C)
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Recombinant human Dyn1 and Dyn2 proteins were expressed and purified as described
previously (Liu ef al., 2011; Chin et al., 2015)

Protein Ladder (ARROWTEC, catalog number: PM2500)

Tris (AppliChem, catalog number: A1086)

CaClz (AppliChem, catalog number: A1873)

ATP (Jena Bioscience, catalog number: NU-1010)

DTT (AppliChem, catalog number: A2948)

KCI (AppliChem, catalog humber: A1362)

. MgClz (AppliChem, catalog number: 131396)

. SDS, 20% (w/v) solution (Bio Basic Canada Inc., catalog number: SD8119)
. Glycine (AppliChem, catalog number: A1067)

. Methanol (J.T.Baker, catalog number: 9093-68)

. Coomassie Brilliant blue R-250 (AppliChem, catalog number: A1092)
. Acetic acid (AppliChem, catalog number: 131008)

. Alexa Fluor 488 phalloidin (optional, Invitrogen, catalog number: A12379)
. Sucrose (AppliChem, catalog number: 131621)

. Glycerol (AppliChem, catalog number: 141339)

. Bromophenol blue (AppliChem, catalog number: A3640)

. HEPES (AppliChem, catalog number: A1069)

. EDTA (AppliChem, catalog number: A1104)

. BSA (AppliChem, catalog number: A1391)

. Methylcellulose (Sigma-Aldrich, catalog number: M0387)

. Liquid nitrogen

. Dextran

. HCI

. Glucose

. 4x SDS-PAGE sample buffer (see Recipes)

. Coomassie Brilliant Blue solution (see Recipes)

. General actin buffer (see Recipes)

. 10x actin polymerization buffer (see Recipes)

. Imaging buffer (optional, see Recipes)

. SDS running buffer (see Recipes)

. Destain buffer (see Recipes)

Equipment

1.
2.
3.

P2 and P200 Micropipettes
-80 °C freezer

High Speed Micro Refrigerated Centrifuge (KUBOTA, model: 3700)
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Biohazard-proof Rotor (KUBOTA, model: AF-2724A)

Fluorescence confocal microscope equipped with 63x, 1.4-NA oil-immersion objective (ZEISS,
LSM 700)

Electrophoresis power supply (Major Science MP-300V power supplies or similar)

SDS-PAGE electrophoresis system

Scanner (EPSON Perfection V600 Photo)

Software

1.

ImageJ image processing and analysis software (National Institutes of Health Image,

https://imagej.nih.gov/ij/)

Procedure

A. Preparation of actin stock

1.

Briefly centrifuge the lyophilized G-actin powder at 3,000 x g for 5 min, 4 °C to collect the powder
at the bottom of the tube.

For one vial of G-actin powder, reconstitute G-actin with 10 pl distilled water to 10 mg/ml, then
the protein would be in the following buffer: 5 mM Tris-HCI pH 8.0, 0.2 mM CaClz, 0.2 mM ATP,
5% (w/v) sucrose, and 1% (w/v) dextran. After aliquoting into experimental size stocks (e.g., 5

ul), the actin should be snap frozen in liquid nitrogen and stored at -80 °C.

B. F-actin reconstitution

Note: the following procedure is demonstrated for one 5 ul actin aliquot.

1.
2.

N o a &

Rapidly defrost the aliquot of muscle actin and then place on ice.

Prepare general actin buffer by supplying with 0.2 mM ATP and 0.5 mM DTT and followed by
cool down on ice.

Note: ATP and DTT should be added freshly before use.

Dilute and resuspend muscle actin to 0.4 mg/ml in cold general actin buffer (e.g., 5 yl G-actin
stock plus 120 ul general actin buffer).

Note: Mix the solution gently by slowly pipetting to avoid bubbles. Do not vortex.

Incubate on ice for 60 min to depolymerize actin oligomers.

Pre-cool the centrifuge to 4 °C during incubation.

Centrifuge the actin solution at 20,000 x g for 15 min at 4 °C.

Aliquot and transfer 120 pl of the G-actin solution (supernatant) into a new, precooled
microcentrifuge tubes and add 12 pl freshly prepared 10x polymerization buffer (1/10™ the
volume). Mix well by pipetting.

Incubate at room temperature for 1 h to form F-actin.
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C. F-actin bundling (the following steps should be done at room temperature)

1.

Dilute 50 pl fresh prepared 10x actin polymerization buffer to 1x with distilled water. (e.g., 50 pl
fresh prepared 10x actin polymerization buffer plus 450 pl distilled water).

Dilute dynamin to 2 uM in 1x actin polymerization buffer (20 pl of 2 uM dynamin is used for each
reaction).

Aliqguot 20 pl of the polymerized F-actin derived from Procedure B into new sets of
microcentrifuge tubes.

Add 20 pl of 2 yM dynamin from Step C2 into the F-actin tube and mix well by pipetting. The
resulting concentrations of proteins in reaction is 1x polymerization buffer with 1 uM dynamin
and 5 yM F-actin.

Note: For a control, remember to include one tube of F-actin alone (e.g., 20 ul actin + 20 ul 1X
polymerization buffer).

Incubate reactions for 30 min at room temperature.

D. Visualizing F-actin bundles (OPTIONAL)

1.

2.
3.
4

Prepare imaging buffer.

Dilute 0.5 pl actin solution from Step C5 with 5 pl imaging buffer.

Take 4 pl from the above mixture and put on a slide, and cover with a coverslip.

Image immediately under confocal microscope to check the bundling status. Representative
image is shown in Figure 1.

Note: This procedure is not suitable for time-lapse imaging analysis.

F-actin + Dyn2

Figure 1. F-actin form bundles in the presence of Dyn2. Actin filaments were labelled by

Alexa Fluor 488 phalloidin and imaged under confocal microscopy. Scale bar: 20 ym.

E. Analyzing bundling activity (skip Procedure D)

1.

Sediment F-actin and its associated proteins by centrifugation at 14,000 x g for 20 min at room
temperature.
Carefully collect the supernatants to a new microcentrifuge tube and leave the pellets in the

original one.
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3. Solubilize both supernatants and pellets in 1x SDS-PAGE sample buffer.
Note: The final volume in each fraction should be the same (e.g., resuspend 40 ul supernatant
with 13 ul 4x sample buffer and resuspend pellet with 53 ul 1x sample buffer).

4. Equally subject the samples to SDS-PAGE and visualize proteins by 0.2% Coomassie Brilliant
Blue staining.

5. After destaining the background, carefully put the gel into two plastic sheets and capture digital

images by scanning. A representative example is shown in Figure 2.
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Figure 2. Dyn2 has prominent actin bundling activity. A. Actin was pelleted down after
incubating with dynamin 1 and 2. S: supernatant; P: pellet. B. Quantitative result of actin
bundling activity of dynamin. Data from three independent experiments were analyzed with one-

way ANOVA followed by Dunnet's post-hoc test. *P < 0.05.

Data analysis

Measure band intensity by ImageJ and subtract the background intensity. The proportion of
sedimented actin is interpreted as the F-actin bundling activity in the presence of dynamin and is
quantified as pellet fraction intensity in total actin intensity [pellet/(pellet + supernatant)]. Each

reaction should be performed at least three times independently for the statistical quantification.

Recipes

Note: For all recipes, use molecular biology grade reagents. Solutions should be prepared with

distilled water.
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1. General actin buffer

5 mM Tris (pH 7.4)

0.2 mM CaCl:

0.2 mM ATP (add just before use)

0.5 mM DTT (add just before use)
2. 10x actin polymerization buffer

500 mM KCI

20 mM MgCl:

10 mM ATP (add just before use)
3. Imaging buffer

10 mM HEPES (pH 7.4)

50 mM KCI

1 mM MgCl:

0.1 mM EDTA

1mMDTT

3 mg/ml glucose

2mg/ml BSA

0.2% methylcellulose

50 pl/ml Alexa Fluor 488 phalloidin
4. 4x SDS-PAGE sample buffer

200 mM Tris (pH 6.8)

8% SDS

40% glycerol

0.1% bromophenol blue
5. SDS running buffer

25 mM Tris

250 mM glycine

0.1% SDS
6. Coomassie Brilliant Blue Solution (100 ml)

45 ml methanol

45 ml distilled H20

20 ml glacial acetate

0.2 g Coomassie Brilliant blue
7. Destain buffer (1L)

500 ml distilled water

400 ml methanol

100 ml acetic acid
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