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Abstract 16 

Tubulin is an essential protein to maintain the cellular structure and for the cell division 17 

process. Inhibiting tubulin polymerization has proven to be an effective method for slowing 18 

cancer cell growth. Traditionally, identifying tubulin polymerization inhibitors involved 19 

using pure tubulin for in vitro assays or procedures using cells that require cell fixing and 20 

anti-tubulin antibody staining. This study explores using a cell line developed via CRISPR 21 

genome editing as a cell model to identify tubulin polymerization inhibitors with live cells 22 

without using exogenous staining. The cell line has endogenous tagging with fluorescent 23 

proteins of β-tubulin and a nuclear protein to facilitate image cellular segmentation by 24 

high-content imaging analysis (HCI). The cells were treated with known tubulin 25 

polymerization inhibitors, colchicine and vincristine, and the presence of phenotypic 26 

changes that indicate tubulin polymerization inhibition were confirmed via HCI. A library 27 

of 429 kinase inhibitors was screened to discover tubulin polymerization inhibitors and 28 

three compounds that inhibit tubulin polymerization were found (ON-01910, HMN-214, 29 

and KX2-391). Live cell tracking analysis confirms that depolymerization of tubulin occurs 30 

rapidly after compound treatments. These results suggest that CRISPR-edited cells with 31 

fluorescent endogenous tagging of b-tubulin can be used to screen larger compound 32 

libraries containing diverse chemical families to identify novel tubulin polymerization 33 

inhibitors. 34 

Keywords: CRISPR, tubulin, polymerization, inhibitors, high-content, imaging, screening, 35 

high-throughput, homologous, recombination, gene, tagging 36 
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INTRODUCTION 38 

Cancer constitutes the second most common cause of death following cardiovascular 39 

diseases worldwide [1]. Despite significant progress in the understanding, diagnosis, 40 

prevention, and treatment of cancer, it remains a major threat to global human health. As 41 

the world’s population continues to expand and age, the World Health Organization 42 

estimates that 13.2 million cancer-related deaths will occur worldwide by 2030, compared 43 

to 7.6 million in 2008 [2].  44 

 45 

Of the many approaches used to treat cancer, chemotherapy is one of the most common 46 

and effective tools used by oncologists [3]. In chemotherapy, drugs that disrupt 47 

microtubule/tubulin dynamics are commonly employed [4]. These drugs directly interfere 48 

with the cell’s microtubule system as opposed to acting on the DNA [5]. Microtubules are 49 

cytoskeletal structures that allow a cell to maintain its shape. They are also critical in 50 

mitotic chromosome separation and create the mitotic spindle, and are thus essential for 51 

the successful completion of cell division [6].  52 

 53 

Microtubules are composed of primarily alpha and β-tubulin subunits assembled into 54 

linear protofilaments that wind together to form a hollow cylinder [7]. These structures can 55 

rapidly grow via polymerization and shrink via depolymerization [8]. Epipodophyllotoxins, 56 

taxanes, vinca alkaloids, epitholones, and macrolides are among the most common 57 

chemotherapeutic drugs that impair microtubule activity [9]. Microtubule targeting agents 58 

work by interfering with the dynamics of the microtubule, either inhibiting polymerization 59 

or depolymerization. 60 
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Microtubule targeting agents interact with tubulin via at least four different binding sites: 61 

laulimalide, taxane/epothilone, vinca alkaloid, and colchicine [10]. Polymerization 62 

inhibitors mainly act on the vinca alkaloid and colchicine binding sites, while 63 

depolymerization inhibitors act on the taxane binding site [11]. Vinca alkaloids, unlike 64 

colchicine, attach directly to the microtubule. They do not form a complex with soluble 65 

tubulin or copolymerize to form the microtubule, but they are capable of causing a 66 

conformational shift in tubulin in the context of tubulin self-association [12].  67 

 68 

While tubulin polymerization inhibitors have made great progress in the treatment of many 69 

forms of cancer, they have several drawbacks, including hematopoietic and neurologic 70 

toxicities, inconvenience formulation, and resistance. Therefore, identifying novel tubulin 71 

polymerization inhibitors is necessary to combat these barriers [9].  72 

 73 

Traditionally, compounds that are inhibitors of tubulin polymerization have been found 74 

using pure tubulin in vitro [13] or procedures that require immunostaining of cells [14], 75 

thus limiting the ability to study dynamic subcellular changes. We recently reported a new 76 

technology that facilitates using CRISPR genome editing for developing cell lines called 77 

FAST-HDR [15]. This technology allows the generation of cell lines by tagging multiple 78 

endogenous genes with fluorescent proteins. This approach facilitates studying 79 

endogenous proteins in live cells without using cell fixing, immunostaining or recombinant 80 

protein overexpression [15]. 81 

 82 
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This work demonstrates the use of a cell line with endogenous tagging with fluorescent 83 

proteins of β-tubulin and histone 1 to identify novel tubulin polymerization inhibitors. We 84 

screened a library of kinase inhibitors and identified and characterized three compounds 85 

as tubulin polymerization inhibitors by using high-content imaging (HCI) analysis of live 86 

cells.  87 

 88 

MATERIALS AND METHODS 89 

 90 

Cell line development: HeLa cells with endogenous tagging with fluorescent proteins of 91 

β-tubulin (mClover3), histone 1 (mTagBFP2), and p62-SQSTM1 (mRuby3) were 92 

developed with CRISPR and the FAST-HDR vector system, and were recently described 93 

[15]. These cells are commercially available from ExpressCells, Inc. A clonal cell line was 94 

derived by single cell sorting with the Hana Single Cell Sorter Instrument (Namocell) by 95 

using the green fluorescent channel and sorting into a 96 well plate. Single cell clones 96 

were analyzed with a Spark Cyto plate reader (Tecan) by using whole-well imaging for 97 

selecting clones derived from a single cell. A clone with uniform and bright β-tubulin 98 

fluorescence was selected to expand a cell line for this study. 99 

 100 

High-content imaging and compound screening: The CRISPR-edited HeLa cell line 101 

described above was used to screen a small compound library of 429 kinase inhibitors 102 

(SelleckChem, Houston, Texas, USA) for high-content imaging drug screening. 384-well 103 

CellCarrier Ultra plates (PerkinElmer, Waltham, Massachusetts, USA) were seeded with 104 

5 × 103 cells per well and 16 hours later were treated with the library compounds at a final 105 
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concentration of 1 uM by using the PerkinElmer JANUS Automated Workstation. The 106 

compounds' effects were assessed 24 hours later with an Operetta CLS Confocal High 107 

Content Imaging System (PerkinElmer, Waltham, Massachusetts, USA) and the following 108 

parameters: excitation and emission filter combinations: mTagBFP2 (Ex-405, Em-440), 109 

mClover3 (Ex-480, Em-513); acquisition time: 500 ms per channel. Two images (with two 110 

different channels) were acquired with the same coordinates for each well by using a 40X 111 

water immersion objective. As negative controls 32 wells in each 384-well plate were only 112 

treated with dimethyl sulfoxide (DMSO) at 1% final concentration. The positive control 113 

compounds (colchicine and vincristine) as well as the identified hits in this study (ON-114 

01910, KX2-391, and HMN-214) were acquired for further validation from Cayman 115 

Chemicals in powder form and dissolved with DMSO. 116 

 117 

Live-cell confocal imaging analysis: The Operetta CLS Confocal High Content Imaging 118 

System (PerkinElmer, Waltham, Massachusetts, USA) was used for live cell image 119 

acquisition. The fluorescent proteins were detected with the following excitation and 120 

emission filter combinations: mTagBFP2 (Ex-405, Em-440), mClover3 (Ex-480, Em-513). 121 

Images were obtained with a 40× water immersion objective and 500 ms of acquisition 122 

time per fluorescent channel. All confocal images in this work were acquired with live cells 123 

grown in Dulbecco’s Modified Eagle Medium (DMEM) without phenol red (Thermo Fisher 124 

Scientific, Waltham, Massachusetts, USA) supplemented with 10% Fetal Bovine Serum 125 

(100 uL) in 384-well CellCarrier Ultra plates (PerkinElmer, Waltham, Massachusetts, 126 

USA). For time-lapse microscopy, cells were kept under environmentally controlled 127 

conditions (37 °C, 5% CO2), and images were acquired every three minutes. All conditions 128 
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were analyzed in triplicates, and the experiments were repeated three independent times. 129 

All compounds under study were administered 30 minutes after the start of image 130 

acquisition in a concentration range between 1 nM and 4 uM.  131 

 132 

Molecular docking: We used the x-ray diffraction crystallography protein structure of β-133 

tubulin from bos taurus (protein data bank code: 4O2B) for molecular docking 134 

experiments. This bos taurus tubulin isoform has a 100% homology to human β-tubulin 135 

(TUBB). The molecular docking was performed with CB-Dock version 2, a cavity 136 

detection-guided protein-ligand blind docking web server (Liu Y, 2022) that uses 137 

Autodock Vina (version 1.1.2). The SDF structure files of the tested compounds 138 

(colchicine, vinblastine, vincristine, paclitaxel, ON-01910, KX2-391, and HMN-214) were 139 

downloaded from PubChem. The molecular docking was performed by uploading the 3D 140 

structure PDB file of β-tubulin into the server with the SDF file of each compound. For 141 

analysis, we selected the docking poses with the strongest Vina score. The generated 142 

PDB files of the molecular docking of each compound were visualized with the Maestro 143 

software (Schrödinger, Inc., New York, New York, USA).  144 

 145 

Reproducibility and statistical analysis: All figures in this work are representative of at 146 

least three independent experiments. The comparison of multiple groups was performed 147 

by using one-way analysis of variance with Dunnett's test within GraphPad Prism (version 148 

9) (GraphPad Software, La Jolla, California, USA); p values < 0.05 were considered 149 

statistically significant. Differences between control and treated samples in time-150 
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dependent experiments were performed by using two-way analysis of variance within 151 

GraphPad Prism. 152 

 153 

RESULTS 154 

 155 

Detecting the inhibition of tubulin polymerization in live cells without using 156 

antibodies or chemical staining 157 

 158 

The analysis of phenotypic changes caused by compounds that alter tubulin 159 

polymerization usually requires the use of antibodies, chemical staining, or promoting the 160 

overexpression of fluorescent tubulin [16]. However, some of these techniques prevent 161 

the analysis of live cells to evaluate changes that happen over time or can induce 162 

microscopical artifacts by uncontrolled overexpression. As an alternative approach, here 163 

we explored using a recently developed HeLa cell line with endogenous tagging of native 164 

proteins with fluorescent proteins via CRISPR-Cas9 [15]. In this cell line, endogenous 165 

histone 1 is tagged with a blue fluorescent protein (mTagBFP2) and allows the detection 166 

of the nucleus. Additionally, β-tubulin (TUBB) is tagged with a green fluorescent protein 167 

(mClover3) and facilitates the identification of the microtubules in the cytoplasm. In order 168 

to evaluate the potential of this cell line for detecting phenotypic changes in tubulin 169 

polymerization by HCI analysis, an analysis routine with the Harmony software (version 170 

4.8) was developed. The routine was set up to detect individual cells in each acquired 171 

field by analyzing two independent fluorescent channels. In the blue channel, the software 172 

detects the nuclei, where a nuclear protein is labeled with a blue fluorescent protein, by 173 

.CC-BY-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted September 14, 2022. ; https://doi.org/10.1101/2022.09.14.507662doi: bioRxiv preprint 

https://doi.org/10.1101/2022.09.14.507662
http://creativecommons.org/licenses/by-nd/4.0/


using the Find Nuclei algorithm. In the green channel, the software defines the cytoplasm 174 

boundaries of every nuclei with the Find Cytoplasm algorithm by detecting tubulin that is 175 

labeled with a green fluorescent protein. Once the software identifies each cell, it can 176 

analyze texture properties of the cytoplasm of every cell (Figure 1A). 177 

 178 

It was then identified how these cells respond to tubulin polymerization inhibitors by first 179 

treating the cells with two different tubulin polymerization inhibitors: vincristine and 180 

colchicine. Phenotypic changes were identified, where the normal pattern of the 181 

microtubules disappears in treated cells (Figure 1B). Next, it was evaluated if these 182 

phenotypic changes translate to changes in the texture of the image of tubulin for each 183 

cell for automatic detection during compound screening. For that the Haralick texture 184 

homogeneity algorithm was used, which is part of the Harmony software analysis 185 

package. This algorithm analyzes the homogeneity of the pixels in an image to determine 186 

regularity [17]. The analysis of the images from cells treated with known tubulin 187 

polymerization inhibitors or controls shows that the Haralick texture homogeneity values 188 

increase for vincristine and colchicine, and these changes were statistically significant 189 

(Figure 1B).  190 

 191 

Identifying tubulin polymerization inhibitors in a library of kinase inhibitors 192 

 193 

The HeLa cell line with endogenous tagging of histone 1 and β-tubulin was used for 194 

screening a library of 429 kinase inhibitors to identify tubulin polymerization inhibitors by 195 

using HCI analysis. The cells were plated onto 384 well plates, treated with the library of 196 

.CC-BY-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted September 14, 2022. ; https://doi.org/10.1101/2022.09.14.507662doi: bioRxiv preprint 

https://doi.org/10.1101/2022.09.14.507662
http://creativecommons.org/licenses/by-nd/4.0/


kinase inhibitors for 16 hours, and directly analyzed with an automated high-content 197 

imager. The obtained images were analyzed with the procedure depicted in Figure 1A. 198 

The Haralick texture homogeneity values of cells treated with all the compounds were 199 

determined to identify potential inhibitors of tubulin polymerization. One point of interest 200 

were compounds that could induce changes in the Haralick texture homogeneity values 201 

that were higher than the mean plus three times the standard deviation of all the 202 

compounds. According to the data, four compounds were identified as positive hits; 203 

however, after manual inspection of the images of these four wells, only three compounds 204 

(ON-01910, HMN-214, and KX2-391) were found to be positive hits.  205 

 206 

Validating kinase inhibitors as tubulin polymerization inhibitors by using live-cell 207 

imaging analysis 208 

 209 

To confirm that ON-01910, HMN-214, and KX2-391 are inhibitors of tubulin 210 

polymerization, a dose response analysis was performed for detecting the IC50 dose 211 

required to find phenotypic changes in tubulin polymerization. First, the optimal amount 212 

of time required to detect tubulin polymerization inhibition of modified HeLa cells treated 213 

with colchicine was determined by doing time-lapse imaging for 16 hours. This showed 214 

that the tubulin polymerization inhibition process is fast and can be detected in the first 215 

three hours of treatment (data not shown). The Haralick homogeneity values of cells 216 

treated for three hours were obtained with the three hits compounds and colchicine in a 217 

concentration range between 1 nM and 4 uM. The validation showed that the three 218 

compounds can inhibit tubulin polymerization (Figure 3A). However, it was also found that 219 
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the three compounds have different potencies (KX2-391 > ON-01910 > HMN-214) (Figure 220 

3B) and that colchicine inhibits tubulin polymerization at lower doses than the three 221 

compounds. 222 

 223 

Next, it was evaluated how rapidly ON-01910, KX2-391, and colchicine affected tubulin 224 

polymerization by tracking treated cells over a period of three hours by acquiring images 225 

in the two fluorescent channels every three minutes. After analyzing the time-lapsed 226 

images with the routine described in Figure 1A, the dynamic Haralick homogeneity values 227 

(Figure 4) were obtained. It was confirmed that the three compounds inhibit tubulin 228 

polymerization rapidly, and the changes can be detected in the first 20 minutes of 229 

treatment. The results indicate that treatment with colchicine yields the highest change in 230 

Haralick texture homogeneity, followed by KX2-391 and then ON-01910. In the control 231 

group, the cells maintain the structure of the tubulin and continue to divide; however, for 232 

all the treatment groups, the tubulin structures rapidly disappear (Supplementary Video 233 

1). 234 

 235 

Molecular docking of kinase inhibitors that inhibit tubulin polymerization 236 

 237 

Another aim was to evaluate the potential interaction of the hit compounds (ON-01910, 238 

KX2-391, and HMN-214) with β-tubulin and to confirm that the effect of tubulin 239 

polymerization inhibition is achieved by directly blocking tubulin function. We evaluated 240 

the potential interaction of these compounds with β-tubulin using molecular docking, 241 
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which is used to predict the predominant binding mode of a ligand with a protein of known 242 

three-dimensional structure [18]. 243 

 244 

To test the approach, molecular docking with known binders of β-tubulin, colchicine, 245 

vinblastine, vincristine and paclitaxel was performed using the three-dimensional 246 

structure of β-tubulin from bos taurus, which has 100% sequence identity with human β-247 

tubulin (TUBB). The predicted interactions match the location of experimental x-ray 248 

crystallography structures (Figure 5A). Comparing the docking results of the known 249 

binders of β-tubulin, it is evident that colchicine and vinblastine interact with the colchicine 250 

binding site, while vincristine and paclitaxel interact with alternate binding sites. Following 251 

this validation, a molecular docking prediction was performed of the interaction of the 252 

three kinase inhibitors: ON-01910, KX2-391, and HMN-214 with β-tubulin. The analysis 253 

suggests that these compounds all interact with the colchicine binding site (Figure 5B) 254 

and that multiple amino acids that surround the binding site of colchicine are also present 255 

in the predicted binding site of the three kinase inhibitors (Figure 5C). The molecular 256 

docking software ranks the binding modes according to the Vina score, an empirical 257 

scoring function that assesses the contributions of a variety of different factors and 258 

determines the affinity of the protein-ligand interaction [19]. Based on the rankings, the 259 

smaller the value (larger negative number) of the Vina score, the more accurate the 260 

predicting interaction. Based on the docking results for colchicine, ON-01910, HMN-214, 261 

and KX2-391, the Vina scores were -7.0, -7.0, -8.6, and -8.0, respectively.  262 

  263 

 264 
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DISCUSSION 265 

 266 

Microtubules play a crucial role in several biological processes, including cellular shape 267 

maintenance, cell motility, and mitosis [20]. Due to the clinical efficacy of some 268 

microtubule-targeting medicines for treating cancer, microtubules continue to be 269 

promising targets for developing novel anti-cancer drugs [21]. 270 

 271 

This work describes a simplified process to identify tubulin polymerization inhibitors with 272 

live cells. The method relies on the use of a CRISPR-modified cell line that contains 273 

fluorescent proteins tagged to endogenous β-tubulin and histone 1. This cell line allows 274 

the direct use of high-content imaging analysis for cellular segmentation and microtubule 275 

network detection without requiring cell fixing or immunostaining. With this method, the 276 

three compounds (ON-01910, KX2-391, and HMN-214) were identified in a group of 429 277 

kinase inhibitors as tubulin polymerization inhibitors. Previous reports that used alternate 278 

methodologies validate these findings for two of these compounds. ON-01910 was 279 

reported to show tubulin destabilization activity after comparing changes in cells with 280 

genome-wide upregulation/downregulation via a CRISPR activation/inhibition approach 281 

and treated with this compound [22]. In addition, KX2-391 was initially developed as a 282 

low-nanomolar inhibitor of Src tyrosine kinase for cancer treatment; however, further 283 

studies confirmed that at higher concentrations, KX2-391 has tubulin polymerization 284 

inhibition activity [23]. KX2-391 went to clinical trials as a topical tubulin polymerization 285 

inhibitor for the treatment of actinic keratosis and received FDA approval in December 286 

2020.  287 
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Two of the three compounds identified in this study (ON-01910 and KX2-391) are potent 288 

(< 10 nM IC50) kinase inhibitors of their respective target, while HMN-214 is an inactive 289 

prodrug that requires liver metabolic transformation before becoming a kinase inhibitor 290 

[24]. The capability of these compounds to inhibit tubulin polymerization seems to be 291 

independent of their function for inhibiting their kinase target. This assumption is 292 

suggested by showing that their capability to inhibit tubulin polymerization only occurs at 293 

high concentrations (> 250 nM). In addition, HMN-214 does not have kinase inhibitory 294 

activity before going through liver transformation but can inhibit tubulin polymerization at 295 

high concentrations. 296 

 297 

The molecular docking analysis indicates that these three compounds can interact directly 298 

with the colchicine binding site of β-tubulin, thus suggesting a similar mechanism of action 299 

for inhibiting tubulin polymerization. The molecular docking was done using CB-Dock 300 

version 2, a cavity detection-guided protein-ligand blind docking web server [25]. The 301 

current version of CB-Dock 2 has a calculated 85.9% prediction accuracy [25], thus 302 

indicating that there is a high probability that the right binding pocket was identified. 303 

 304 

This study validates the simple use of a CRISPR-edited cell line for identifying tubulin 305 

polymerization inhibitors via high-content imaging analysis. This method is considerably 306 

cheaper and less laborious than previous methods due to the elimination of the required 307 

steps for cellular fixing and immunostaining. Additionally, this method allows live cell 308 

analysis of tubulin polymerization for evaluating kinetic changes. We foresee the use of 309 

cell lines with endogenous tagging of tubulin with fluorescence proteins for screening 310 
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larger and diverse libraries for discovering novel tubulin polymerization inhibitors. We also 311 

anticipate that this type of cell lines could be good models to validate novel tubulin 312 

polymerization inhibitors discovered by virtual compound screening. 313 
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FIGURE LEGENDS 334 

 335 

Figure 1. Detection of tubulin polymerization changes in live cells with HCI analysis. (A) 336 

The changes in tubulin polymerization were detected and quantified in each microscopic 337 

image with the following image analysis workflow: first, detection of the nuclei of every 338 

cell in the image by using the blue fluorescent channel for detecting histone 1-mTagBFP2. 339 

Second, detection of the cytoplasm of every nuclei that was identified in the first step by 340 

using the green fluorescent channel for detecting b-tubulin-mClover3. Third, quantitate 341 

the image texture properties of the cytoplasm of every cell. (B) Confocal microscopy 342 

images of live CRISPR-edited HeLa cells with fluorescent tagging of histone 1 and b-343 

tubulin. The tubulin polymerization inhibition was detected after treatment with known 344 

tubulin polymerization inhibitors (vincristine and colchicine). The changes in tubulin 345 

polymerization with each treatment were quantified with the Haralick texture homogeneity 346 

algorithm and are shown on the right panel. Differences were analyzed by one-way 347 

analysis of variance (ANOVA), and p  < 0.05 was considered statistically significant. 348 

*** p < 0.001; error bars represent ± standard deviation (SD) of images from triplicate 349 

wells. This data is representative of three independent experiments; scale bar = 15 um. 350 

 351 

Figure 2. Kinase inhibitor library screening with HCI analysis of live cells. (A) Diagram of 352 

the steps required to detect phenotypic changes of CRISPR-edited HeLa cells after 353 

treatment with a library of kinase inhibitors. The cells are plated into 384 glass-bottom 354 

wells and treated with the compounds of the library for 16 hours. Following a 24-hour 355 

incubation period, the cells are imaged directly without cell fixing or immunostaining. The 356 
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images are analyzed to detect changes in the Haralick homogeneity values as described 357 

in Figure 1A. Lastly, the positive hits are further validated. (B) Changes in the Haralick 358 

texture homogeneity values of cells treated with a library of 429 kinase inhibitors. 359 

Compounds that change the Haralick texture homogeneity higher than the mean of all the 360 

compounds plus three standard deviations were considered positive hits for further 361 

evaluation. Three compounds (ON-01910, KX2-391, and HMN-214) were manually 362 

checked and selected for validation. This data is representative of three independent 363 

experiments. 364 

 365 

Figure 3. Validation of ON-01910, KX2-391, and HMN-214 as tubulin polymerization 366 

inhibitors. (A) Representative images of cells treated with three kinase inhibitors identified 367 

as potential tubulin polymerization inhibitors. The cells were treated in triplicates in a 368 

range of concentrations between 1 nM and 4000 nM. (B) The Haralick texture 369 

homogeneity values of cells treated with the three compounds (1 nM to 4000 nM) was 370 

used to determine the phenotypic half maximal tubulin polymerization inhibitory 371 

concentration (IC50). Each data point is n = 3; this data is representative of three 372 

independent experiments. 373 

 374 

Figure 4. Live cell tracking of the inhibition of tubulin polymerization by detecting changes 375 

in the Haralick homogeneity values. HeLa cells with endogenous tagging of β-tubulin and 376 

histone 1 were treated with ON-01910, KX2-391, and colchicine as a positive control to 377 

detect the tubulin polymerization inhibition over a period of three hours. Imaging capture 378 

(every three minutes) started 30 minutes before adding the compounds and continued for 379 
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a total of three hours. The red arrow indicates the start of the compound treatment. The 380 

two vertical dashed lines indicate the 10- and 20-minute timepoints. Differences between 381 

drug treatments vs. untreated control were analyzed by two-way ANOVA, and p < 0.05 382 

was considered statistically significant. *** p < 0.001; error bars represent ± SD of 383 

triplicate wells. This figure is representative of three independent experiments. 384 

 385 

Figure 5. Molecular docking of kinase inhibitors that inhibit tubulin polymerization. (A) 386 

Molecular docking identification of the 3D binding site in β-tubulin of known drugs that 387 

inhibit tubulin polymerization (colchicine, vinblastine, vincristine) or a drug that can 388 

stabilize microtubules (paclitaxel). These predictions were made with CB-Dock 2 web 389 

server. (B) Comparison of the β-tubulin predicted binding site of kinase inhibitors (KX2-390 

391, HMN-214, ON-01910) that can inhibit tubulin polymerization against the binding site 391 

of Colchicine. (C) Maestro software was used for the Identification of the amino acids 392 

surrounding the β-tubulin binding site of colchicine, KX2-391, HMN-214, and ON-01910. 393 

 394 

SUPPLEMENTARY VIDEO LEGENDS 395 

 396 

Supplementary Video 1. Evaluation of the capacity of Colchicine, KX2-391, and ON-397 

01910 for inhibiting tubulin polymerization. Time-lapse confocal microscopy (one image 398 

every 3 minutes for 180 minutes) of the HeLa cell line with nuclear (H1- mTagBFP2), and 399 

microtubule (β tubulin-mClover3), labeling is shown. The compounds were added 30 min 400 

after the start of image acquisition. This time-lapse is representative of three independent 401 

experiments.  402 
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