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Supplementary information 

Supplementary tables  

Supplementary Table 1: Small molecule screening data 

Category Parameter Description 

Assay Type of assay 
 
 
Primary measurement 
 
 
 
 
 
Key reagents 
 
 
 
Assay protocol 
 
 
Additional comments 

Multiparametric cell (HeLa)-based assay (1) 
 
Immunofluorescence detection, using a 
microplate reader, of detyrosinated  and 
tyrosinated  microtubules.  Detection of nuclei 
density was performed with Hoechst 
staining(1) 
 
HeLa cells, polyclonal antibody specific of 
detyrosinated tubulin, monoclonal antibody 
specific of tyrosinated tubulin 
 
See Methods and also (1) 
 
Importance of the settings of the microplate 
washer, to ensure accurate and homogenous 
cell washing, without injuring the cell 
monolayer 

Library 
 

Library size 
 
Library composition 
 
Source 
 
 
 
Additional comments 
 

14,720 molecules 
 
Small molecules from chemical synthesis 
 
French CNRS chemical library “Chimiothèque 
Nationale” (http://chimiotheque-
nationale.enscm.fr/) 
 
Compounds arrayed in 96-well plates as single 
compounds in DMSO (80 compounds per 
plate) 
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HTS process 
 

Format 
 
 
Concentration tested 
 
Plate controls 
 
 
 
 
 
Reagent/compound 
dispensing system  
 
Detection instrument and 
software 
 
Correction factors 
 
 
Normalization 
 
 

96-well plates, flat, black, opaque bottoms and 
walls (Greiner) 
 
10-25 micromolar, 0.5% DMSO 
 
Paclitaxel, Colchicine and DMSO were used as 
controls. They were placed in each microplate, 
on the outer columns, alternating their 
locations. Additionally, a whole control plate 
was also daily performed. 
 
Fully automated platform, including 8-channel 
and 96-channel dispensers 
 
FLUOstar OPTIMA microplate reader (BMG 
Labtechnologies) 
 
Linear regression based on plate controls 
averages, to reduce the impact of plate effects 
 
Raw data converted into percentage of 
tyrosinated/ detyrosinated tubulin contents, 
based on plate controls averages 

Post-HTS 
analysis 
 

Hit criteria 
 
 
 
 
 
 
 
 
Hit rate 
 
 
Additional assays, 
counter screens 
 
 
 
 
 
 
Confirmation of hit 
purity  
 

Detyrosinated tubulin content percentage ≥ 
20% and Hoechst-stained DNA content ≥ 85% 
46 compounds increasing more than 20% the 
detyrosinated tubulin content were cherry-
picked and tested again. 16 compounds were 
confirmed 
 
 
 
0.12%  
 
 
• Microscopic visualization and elimination 

of  green fluorescent compounds 
• Elimination of compounds showing 

instability or excessive chemical reactivity 
After these steps, 5 compounds were retained. 
• Elimination of compounds showing effect 

on mitochondria (see Supplementary Fig. 
1) 

 
LC-MS, NMR, elementary analysis 
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Supplementary Table 2:  

Alteration of microtubule dynamic instability parameters by increasing doses of Pyr1 

 

Parameters DMSO Pyr1 5 µM Pyr1 10 µM Pyr1 25 µM 

% time spent growing 83.67 83.24 62.66 48.90 

% time spent in pause 16.33 16.76 37.34 51.10 

Growing rate (µm/min ± SE) 17.94 ± 0.29 15.58 ± 0.86 12.96 ± 0.60** 11.93 ± 0.32** 

Catastrophe frequency (µm-1 ± SE) 0.20 ± 0.01 0.42 ± 0.03** 0.55 ± 0.08** 0.84 ± 0.08** 

Catastrophe frequency (min-1 ± SE) 3.00 ± 0.12 3.60 ± 0.60* 4.20 ± 0.36* 4.80 ± 0.36** 

 

*p < 0.05 ; **p < 0.001 , significantly different from  control values (DMSO) using a 

Student’s t test   

 

Supplementary Table 3:  

Relevant clinical signs in surviving animals during the 7 days treatment period 

Sex Male Female 

Group 1 2 3 4 1 2 3 4 

Pyr1 dose-level (mg/kg/day) 0 15 30 60 0 15 30 60 

Number of animals 5 5 5 4 4 5 5 5 

Abnormal color of abdomen - - - 1 1 - - - 

Hunched posture - - - 2 - - - 1 

Piloerection - 1 2 4 - 1 1 4 

Hypoactivity  5 5 5 4 4 5 5 5 

Half-closed eyes 5 5 5 4 4 5 5 5 

Tremors 5 1 4 3 2 4 5 5 

Dyspnea 2 3 3 2 - 2 5 2 

Sudden startle 1 - - 1 2 1 2 2 
 

Supplementary Table 4:  
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Mean body weight change/mean body weight (g) during the 7 days treatment period 

Sex Male Female 

Group 1 2 3 4 1 2 3 4 

Dose-level (mg/kg/day) 0 15 30 60 0 15 30 60 

Body weight change 
. Days ¼ -1.6 -2.0 -2.6 -2.9 -1.4 -1.9 -1.8 -2.3 

. Days 4/7 0.8 -0.2 0.1 -0.3 0.6 0.9 0.3 1.1 

. Days 1/7 -0.8 -2.1 -2.4 -3.2 -1.0 -1.0 -1.6 -1.2 

Body weight          
. Day 1 33.0 33.4 32.3 33.1 27.3 26.4 26.7 26.7 

. Day 4 31.5 31.4 29.8 30.0 25.9 24.5 24.8 24.5 

. Day 7 32.3 31.3 29.9 29.7 26.0 25.4 25.1 25.6 
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Supplementary Table 5: 

Main blood biochemistry changes at the end of the 7 days treatment period 

Sex Male Female 

Group 1 2 3 4 1 2 3 4 

Dose-level (mg/kg/day) 0 15 30 60 0 15 30 60 

Inorganic 
phosphorus (mmol/L) 

2.94 3.03 2.18 1.94** 3.35 2.78 2.43 2.19* 

Creatinine (µmol/L) 36 34 29* 27* 35 33 31 27* 

Alkaline phosphatase 
(IU/L) 

279 179 133 113** 315 194* 221 190* 

ALAT (IU/L) 48 52 51 74 30 51 75** 62* 

*: p<0.05; **: p<0.01. 
ALAT: alanine aminotransferase. 
 

Supplementary Table 6: Kinase Selectivity profile of Pyr1.  

Protein kinase  Activity  Protein kinase  Activity 
ALK(h) 76 MKK4(m) 96 
ALK4(h) 96 MKK6(h) 97 
AMPK(r) 80 MKK7β(h) 101 
CaMKI(h) 37 MLCK(h) 56 
CaMKIIβ(h) 94 MLK1(h) 14 
CaMKIIγ(h) 96 Mnk2(h) 82 
CaMKIδ(h) 36 MRCKα(h) 142 
CaMKIIδ(h) 85 MRCKβ(h) 116 
CaMKIV(h) 103 MSK1(h) 75 
CDK7/cyclinH/MAT1 
(h) 

112 MSK2(h) 42 

CSK(h) 89 mTOR(h) 99 
c-RAF(h) 99 NEK2(h) 101 
cSRC(h) 74 NEK3(h) 87 
DAPK1(h) 96 NEK6(h) 104 
DCAMKL2(h) 120 NEK7(h) 99 
DDR2(h) 103 NEK11(h) 14 
EGFR(h) 97 PAK4(h) 47 
FAK(h) 69 PAK5(h) 69 
GSK3α(h) 84 PAR-1Bα(h) 88 
GSK3β(h) 71 PDK1(h) 96 
IR(h) 84 PKA(h) 102 
JNK1α1(h) 57 PKCα(h) 83 
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JNK2α2(h) 90 PKCε(h) 101 
JNK3(h) 64 PKCθ(h) 114 
LIMK1(h) 4 Plk1(h) 96 
LKB1(h) 109 Plk3(h) 85 
MAPK1(h) 77 Pyk2(h) 55 
MAPK2(h) 104 ROCK-I(h) 60 
MAPKAP-K2(h) 99 ROCK-II(h) 76 
MAPKAP-K3(h) 94 SGK(h) 31 
MEK1(h) 102 Snk(h) 89 
MARK1(h) 95 ULK2(h) 103 
MINK(h) 78 ULK3(h) 95 
 

Residual kinase activity determined in the presence of 5 μM Pyr1 is expressed as percentage 

of the control activity without inhibitor. Final concentration of ATP in the experiment was 

100 µM.  
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Supplementary Table 7: Kinase selectivity profile of Pyr1 assessed by thermal shift 

assay 

Target ID Tm Shift 
(C) (°C) 

Protein Family 

ACVR1 0.14 Kinase-TKL 
ACVR1B 0.42 Kinase-TKL 
ACVR2 -2 Kinase-TKL 
ACVRL1 2.35 Kinase-TKL 
BMPR1B 0.77 Kinase-TKL 
CAMK2A 0.39 Kinase-CAMK 
CAMKK1B -2.18 Kinase-Other 
CAMKK2B 1.05 Kinase-Other 
CDC42BPG -0.49 Kinase-AGC 
CDK2 1.56 Kinase-CMGC 
CDK4 -1.13 Kinase-CMGC 
CHEK2 0.16 Kinase-CAMK 
CLK4 0.78 Kinase-CMGC 
ERN2 1.12 Kinase-Other 
FES 1.64 Kinase-TK 
FGR 2.42 Kinase-TK 
GRK1 -0.81 Kinase-AGC 
IKBKB 2.32 Kinase-Other 
LIMK1 8.19 Kinase-TKL 
MAP2K2 0.03 Kinase-STE 
MAPK13 0.64 Kinase-CMGC 
MAPK8 -1.98 Kinase-CMGC 
MAPK9 -2.12 Kinase-CMGC 
MSSK1 0.72 Kinase-CMGC 
MST4 2 Kinase-STE 
MYLK 1.05 Kinase-CAMK 
OSR1 -0.08 Kinase-STE 
PAK4B 2.98 Kinase-STE 
PCTK2 0.14 Kinase-CMGC 
PIM1 2.69 Kinase-CAMK 
PIM2 2.91 Kinase-CAMK 
PIM2 2.64 Kinase-CAMK 
PIM3 2.46 Kinase-CAMK 
PLK4 -0.21 Kinase-Other 
PRKCL1 1.07 Kinase-AGC 
SRPK1 0.34 Kinase-CMGC 
SRPK2 0.81 Kinase-CMGC 
STK17B 1.53 Kinase-CAMK 
STK24 3.49 Kinase-STE 
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STK33 1.57 Kinase-CAMK 
TGFBR1 1.14 Kinase-TKL 
TGFBR2 2.87 Kinase-TKL 
TLK1 1.38 Kinase-Other 
TNIK 0.98 Kinase-STE 
ZAK 2.23 Kinase-TKL 

 

 

Supplementary Table 8: Analysis of the reversibility of Pyr1 (10 µM) inhibitory effect on 

microtubules dynamics 

Parameters DMSO 

+ 10 µM Pyr1 for 

2h, 

before washing 

30 min after 

washing 

% time spent growing 85.95 68.63 88.14 

% time spent in pause 14.05 31.37 11.86 

Growing rate (µm/min ± SE) 17.99 ± 0.40 13.90 ± 0.61** 17.88 ± 0.57 

Catastrophe frequency (µm-1 ± SE) 0.19 ± 0.01 0.47 ± 0.09* 0.20 ± 0.02 

Catastrophe frequency (min-1 ± SE) 3.00 ± 0.22 3.88 ± 0.40* 3.06 ± 0.24 

 

*p < 0.05; **p < 0.001, significantly different from  control values (DMSO) using a Student’s 

t test   
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Supplementary Table 9: Quantitative and qualitative analysis of the effect of different 

Pyr1 derivatives on LIMK activity and on F-actin and microtubules 

Compound 

 Substituent at position LIMK1     
residual 
activity 

(%) 

Actin 
Reorganization 

Microtubule 
Stabilization 1-2 

Bond 
1 2 9 11 

DMSO      100.0 - - 

Ellipticine Double H  / H Me 78.0 - +/- 

Pyr1 Single =O H OBz Me 10.0 +++ +++ 

1 Single =O H OBz H 31.0 ++ ++ 

2 Single =O H OBn Me 50.0 +++ +++ 

3 Single =O H OH Me 57.0 ++ ++ 

4 Double OMe / OBn H 87.0 - - 

5 Single =O H OBn H 89.0 - +/- 

6 Double 
3-dimethylamino-
propylamine 

/ OH Me 114.0 - +/- 

7 Double Cl / OMe H 92.0 - + 

8 Double 
3-dimethylamino-
propylamine 

/ OMe Me 105.0 - +/- 

9 Double Cl / OH H 80.0 ++ ++ 

 

The effect of different compounds structurally related to Pyr1 on in vitro LIMK1 activity was 

quantified using a radiometric assay and expressed as a percentage of LIMK1 residual 

activity. The last two columns indicate the ability of the compounds to reorganize the actin 

cytoskeleton and to stabilize microtubules. This qualitative analysis was performed by 

microscopic examination of F-actin and Detyr-microtubules of cells treated first for 2 hours 

with 25 µM of the different compounds and then with latrunculin B (0.1 µM) for 10 min. 

Cells were then fixed and stained with phalloidin and Detyr-tubulin antibody. For scoring the 

compounds’ effects, slides were microscopically and independently evaluated by two 

observers (L. L. and C.P.) without prior knowledge of the compound used. Slides were scored 

according to the number of cells positive for Detyr-microtubules and for residual F-actin 
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structures. The two investigators gave similar scores. Representative areas of these slides are 

presented in Supplementary Fig. 4a. 

 
Supplementary Figure legends 
 
Supplementary Figure 1: Effect of Pyr1 treatment on the number and on the size of EB1 

comets in HeLa cells 

HeLa cells were treated for 120 minutes with 0.25% DMSO, 5 µM Paclitaxel or increasing 

concentrations (1 to 25 µM) of Pyr1, as indicated. EB1 comets were stained, as described in 

Material and Methods. (a) Number of EB1 comets per cell. (b) Size of individual remaining 

EB1 comets. 

Results, from two distinct experiments, are expressed as means +/- SE. In each experiment, 50 

cells per condition were quantified.  *p < 0.01; **p < 0.001, significantly different from 

control values (DMSO) using Student’s t test. 

 

Supplementary Figure 2: Analysis of the consequence of actin filaments 

depolymerization on Pyr1 -induced formation of Detyr-microtubules. 

HeLa cells were treated for 10 min with 2 µM cytochalasin-D prior to addition of 0.25 % 

DMSO, 5 µM paclitaxel or 25 µM Pyr1, as indicated, and further 2 hours incubation. Cells 

were then fixed with formaldehyde, permeabilized and stained with phalloidin (green), Detyr 

-tubulin antibody (red) and Hoechst (blue), as described in Material and Methods. Bar = 20 

µm. 

Supplementary Figure 3: Characterization of Pyr1  (Pyr1) effects on the inhibition of 

LIMKs activity in vitro 

(a) Inhibition of LIMK1 and LIMK2 kinase activity by Pyr1. GST-LIMK1 (upper panel) or 

GST-LIMK2 (lower panel) was incubated with increasing concentration of Pyr1. LIMK 

kinase activity was determined as described in Materials and Methods. 
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(b) Lineweaver–Burk inhibition plots of human recombinant LIMK1 by Pyr1. LIMK1 kinase 

activity was determined as described in the Methods section in the absence (●) or in the 

presence of 70 nM (▲) and 280 nM (■) of Pyr1. V0 is the initial GST-cofilin phosphorylation 

reaction velocity. The data represent means of experimental runs in triplicate with SEM never 

exceeding 10%. 

 (c) Kinetic analysis of the inhibitory effect of Pyr1 on cellular cofilin phosphorylation 

HeLa cells were treated with 25 µM Pyr1 for different times, as indicated. Cellular proteins 

were then extracted, separated on SDS-PAGE and transferred onto nitrocellulose for 

immunoblotting with anti-P-cofilin (ser3) or anti-cofilin antibodies as indicated.  

(d) In vitro analysis of the reversibility of LIMK1 inhibition by Pyr1. GST-LIMK1 (125 ng) 

was incubated with 2 µM Pyr1 or equivalent amounts of DMSO following by a gel-filtration 

(see Methods). LIMK kinase activity in input and flow-through were then assayed. Results are 

expressed as % of DMSO control. 

(e) Analysis of the reversibility of Pyr1 inhibitory effect on cofilin phosphorylation in cells. 

HeLa cells were treated for 2 hours with 25 µM Pyr1. The medium was then replaced with 

fresh medium and cell extracts were examined by immunoblotting for P-cofilin (ser3) and 

cofilin levels after Pyr1 washout, at different time points, as indicated.   

Supplementary Figure 4: Effect of Pyr1 on NEK11 and MLK1 activity 

Inhibition by Pyr1 of NEK11 (a) and MLK1 (b) kinase activity measured in vitro. 

Recombinant NEK11 and MLK1 were incubated with increasing concentration of Pyr1. The 

kinases activities were determined as described below. 

 (c) The effect of Pyr1 on NEK11 activity, as assessed by Cdc25A degradation measurement. 

HeLa cells were treated for 2 hours with 25 µM Pyr1. Cells lysates (40 µg) were separated on 

SDS-PAGE and transferred onto nitrocellulose for immunoblotting with Cdc25A or HSP90 as 

indicated.  
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(d) The effect of Pyr1 on MLK1 activity was assessed by JNK phosphorylation in cells. HeLa 

cells were treated for 2 hours with increasing concentrations of Pyr1, as indicated. Cells 

lysates (30 µg) were separated on SDS-PAGE and transferred onto nitrocellulose for 

immunoblotting with anti-P-JNK or JNK as indicated. The anti-JNK antibody recognizes two 

isoforms of JNK, as communicated by the manufacturer. 

 

Supplementary Figure 5: Effects of Pyr1 structural analogues on F-actin organization, 

on Detyr-microtubules generation, and on in cellulo cofilin phosphorylation 

(a) Effects of Pyr1 structural analogues on F-actin organization and the generation of Detyr-

microtubules. Cells were treated for 2 hours with 25 µM of the different compounds 

(corresponding to compounds of Supplementary Table 9). Latrunculin B (0.1 µM) was then 

added to the medium and the cells were incubated for another 10 min. Cells were then fixed 

with formaldehyde, permeabilized and stained with phalloidin and Detyr-tubulin antibody. 

(b) Effects of Pyr1 structural analogues on Ser3-cofilin phosphorylation. HeLa cells were 

treated for 2 hours with 25 µM of the different structural analogues (corresponding to 

compounds of Supplementary Table 9). The levels of P-cofilin and cofilin were established 

by western-blot analysis. Due to the insufficient quantity of available compound #9 western-

blot analysis could not be performed (X). 

Supplementary Figure 6: Effect of LIMK down regulation on Detyr-tubulin levels  

LIMK1 expression was knocked down into HeLa cells using shRNA lentivirus as described in 

Material and Methods. Controls were realized using non-targeting shRNA lentivirus.  

(a) Cells were permeabilized, fixed and stained for Detyr-tubulin, as described in 

Supplementary Material and Methods. (b) Cells lysates were separated on SDS-PAGE and 

transferred onto nitrocellulose for immunoblotting with anti-LIMK1, anti-p-cofilin and anti-

cofilin, as indicated.  
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(c) LIMK1 and LIMK2 were knocked down, individually or in combined manner, in MCF7 

cells using siRNA, as described in Supplementary Material and Methods. Non targeting (NT) 

siRNA transfectans were used as controls. Cells lysates (30 µg) were separated on SDS-

PAGE and transferred onto nitrocellulose for immunoblotting with anti-LIMK1, anti LIMK2, 

anti-p-cofilin, anti-cofilin, anti detyr-tubulin and anti-tubulin as indicated.  

 

 

Supplementary movie legend 
 
Supplementary movie 1 

Movie S1: Time-lapse microscopy was performed, after 2 hours of incubation, on GFP-EB3 

HeLa cells treated with DMSO (control), 5 µM, 10 µM or  25 µM Pyr1, as indicated. 

Fluorescence images were taken every 3 sec for 2 minutes.  

 
Supplementary methods 
 
Screen for chemical modulators of microtubule dynamics 

The screen was performed as described in Vassal et al. (1). Briefly, HeLa cells were seeded at 

36,000 cells per well of 96-well polystyrene tissue culture plates in 90 µl of medium and were 

allowed to grow for 24 hours. The following day each well was robotically supplemented with 

10 µl of RPMI containing compounds (14,720) received from the French CNRS chemical 

library “Chimiothèque Nationale” (http://chimiotheque-nationale.enscm.fr/). The final 

concentration of the compounds was 10-25 µM. For bioactive controls, the final concentration 

was 5 µM for paclitaxel and 2 µM for colchicine. The final concentration of DMSO was 

0.5%. After compounds dispense, cells were incubated 2 hours at 37°C, 5% CO2 in the 

workstation incubator.  Cells were then permeabilized 10 minutes with 100 µl of warm OPT 

buffer (80 mM Pipes, 1 mM EGTA 1 mM MgCl2, 0.5% triton X-100 and 10% glycerol,  pH 

6.8), in order to eliminate free, depolymerized tubulin and fixed 6 minutes with 100 µl of 
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methanol. Cells were then double stained for tyrosinated and detyrosinated tubulin using 

specific antibodies and fluorescent secondary antibodies. Nuclei were stained with Hoechst. 

Fluorescence was measured using the FLUOstar Optima microplate reader (BMG), with 

suitable filters for each wavelength. Raw data were converted into percentage of tyrosinated/ 

detyrosinated tubulin contents, based on plate controls averages. Linear regression based on 

plate controls averages was realized to reduce the impact of plate effects. Compounds able to 

enhance more than 20% the signal in the detyrosinated tubulin channel were selected as hits. 

 
 
Synthesis of Pyr1 and related compounds:  

Pyr1 : 9-Benzoyloxy-5,11-dimethyl-2H,6H-pyrido[4,3-b]carbazol-1-one :  

 
This compound was prepared according to (2) 

Related compounds, numbered as in Supplementary Table 4  
 
Compound 1: 9-Benzoyloxy-5-methyl-2H,6H-pyrido[4,3-b]carbazol-1-one 
 
This compound was prepared according to (2) 

 
Compound 2: 9-Benzyloxy-5,11-dimethyl-2H,6H-pyrido[4,3-b]carbazol-1-one 

This compound was prepared according to (3) 

 
 
Compound 3:  9-Hydroxy-5,11-dimethyl-2H,6Hpyrido[4,3-b]carbazol-1-one 
 
This compound was prepared according to (2). 

 

Compound 4: 9-Benzyloxy-1-methoxy-5-methyl-6H-pyrido[4,3-b]carbazole 

The mixture of 1-chloro-9-benzyloxy-5-methyl-6Hpyrido[4,3-b]carbazole (obtained as 

described in (3); 320 mg, 0.86 mmol), DMF (7 ml) and sodium methoxide (30% solution in 

methanol, 10 ml) is heated under reflux for 20 hours. The reaction mixture is poured into 60 
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ml of water, then left stirring for 2 hours. The solid formed, recovered by filtration, is washed 

with water then dried. 280 mg (88% yield) of the expected compound 4 are then obtained, 

after chromatography through a silica column using dichloromethane/ethyl acetate (from 

99.5/0.5 to 99/1) as eluent, 1H NMR CDCl33 δ (ppm): 8.87 (s, 1H), 8.00 (d, 1H), 7.88 (br s, 

1H), 7.80 (d, 1H), 7.55-7.33 (m, 8H), 5.21 (s, 2H), 4.22 (s, 3H), 2.76 (s, 3H). Anal. calcd for 

C24H20N2O 1.75 H2O: C, 72.09; H, 5.88; N, 7.01; 15 found: C, 72.22; H, 5.51; N, 7.18. 

 
 
Compound 5 :  9-Benzyloxy-5-methyl-2H,6H-pyrido[4,3-b]carbazol-1-one 
 

This compound was prepared according to (3). 

Compound 6:  1-(γ-Dimethylaminopropyl)amino-9-hydroxy-5,11-dimethyl-6H-

pyrido[4,3-b]carbazole 

This compound was prepared according to (2). 

 

Compound 7:  1-Chloro-9-methoxy-5-methyl-6H-pyrido[4,3-b]carbazole 

This compound was prepared according to (3). 

 

Compound 8:   1-(γ-Dimethylaminopropyl)amino-5,11-dimethyl -9-methoxy -6H-

pyrido[4,3-b]carbazole 

 
This compound was prepared according to (2). 

 
Compound 9:   1-Chloro-9-hydroxy-5-methyl-6H-pyrido[4,3-b]carbazole 
 

In a 5 ml sealed tube, a mixture of 1-chloro-9-methoxy-5-methyl-6H-pyrido[4,3-b]carbazole 

(75 mg, 0.25 mmol, prepared according to (3)), benzyltriethylammonium chloride (225 mg, 1 

mmol) and 37% hydrochloric acid (4 ml) is heated in an oil bath at 140°C for 24 hours. The 
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reaction mixture is then evaporated, under vacuum, then water (20 ml) is added. The medium 

is then rendered basic by addition of 28% ammonium hydroxide (0.5 ml), and the solid is 

recovered by low-temperature filtration, then washed with water and dried using a vacuum 

desiccator, at a temperature of 200°C for 18 hours.  65 mg (90% yield) of compound 9 are 

then obtained, 1H NMR DMSO-d6 δ (ppm): 11.30 (s, 1H), 9.21 (s, 1H), 8.87 (s, 1H), 8.16 (d, 

1H), 7.98 (d, 1H), 7.71 (d, 1H), 7.40 (d, 1H), 7.07 (dd, 1H), 2.83 (s, 3H). Anal. calcd for 

C16H11ClN2O 0.25 H2O: C, 66.91; H, 4.04; 5 N, 9.75; found: C, 66.99; H, 4.26; N, 9.34. 

Chemical reagents, recombinant and purified proteins, plasmids: 

Reagents used include DMSO (Sigma, D5879); Paclitaxel (Sigma, T1912); colchicine 

(Sigma, C9754); nocodazole (Sigma, M1404); latrunculin-B (Sigma, L5298); cytochalasin-D 

(Sigma, C8273); phalloidine (Calbiochem, 516640); Hoechst (bisBenzilide H 33258, Sigma 

B2883); Ellipticine (Sigma, E3380); A488-phalloidin (Invitrogen, A12379); Phosphate Buffer 

saline (PBS, Sigma P4417); Formaldehyde (Sigma, F1635); Tween20 (Sigma, P9416); 

Sodium azide (Merck, 6688); PIPES (Sigma, P6757); EGTA (Sigma, E4378); MgCl2 (Sigma, 

M1028); Triton X100 (Sigma, T8787); MES (Sigma, M3671); DAPI (Sigma, D8417); 

protease cocktail inhibitors (Sigma, P8340); phosphatase cocktail inhibitors (Sigma, P5726); 

Bovine Serum Albumin (BSA, Sigma, A3059); Tween 20 (Sigma, P9416); MTT (3-[4,5-

Dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide; Thiazolyl blue, Sigma, M5655). 

GST-LIMK1, GST-LIMK2, GST-cofilin, GST-p25 and plasmid encoding Flag-LIMK1 were 

prepared as previously described (4, 5). GFP-EB3 was a gift of A. Akhamanova. LIMKi was 

a generous gift of the CRC for anti- cancer drugs, Melbourne Australia.  

 Actin and actin-pyrene were generous gifts from Dr. Laurent Blanchoin (CNRS UMR5168, 

Grenoble). 

Tubulin with its associated proteins and pure tubulin were prepared from fresh bovine brains 

as described in (6). 
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Antibodies 

The primary antibodies used were detyrosinated tubulin (L4(7)), tyrosinated tubulin (clone 

YL1/2 (7)), α-tubulin (clone α3a(7)), cofilin (Cell Signaling, 3312), phospho-cofilin (ser3) 

(Cell Signaling, 3311), EB1 (Clone 5; BD Biosciences), JNK/SAPK1 (Millipore Catalog # 

06-748), phospho-JNK (Thr183/Tyr185, Thr221/Tyr223; Millipore Catalog # 07-175), 

Cdc25A (Millipore clone DCS120 Catalog # 05-743), HSP90α (Antibody-online 

ABIN233817), LIMK1 (Cell Signaling, 3842),  LIMK 2 (Abcam , ab39659). 

Cell lines and cell culture 

HeLa cell line was originally purchased from the American Type Culture Collection (ATCC) 

during 2005, and maintained in RPMI 10% (v/v) FBS and penicilin/streptomycin, instead of 

DMEM, because the assayed compounds were more soluble in RPMI. NCI H460, 786-O, 

L1210 and MDAMB 231 cells from ATCC were also grown in RPMI 10% (v/v) FBS and 

penicilin/streptomycin. MES-SA cells and MES-SADX5, from ATCC, were first grown in 

McCoy’s 5A (ATCC) with 10% (v/v) FBS and penicilin/streptomycin and further adapted to 

grow in RPMI 10% (v/v) FBS and antibiotics. HEK-293 cells stably transfected with ABCG2 

(HEK-293ABCG2) or empty vector (HEK-293pcDNA3.1) and BHK-21 cells stably 

transfected with MRP1 (BHK-21MRP1) or BHK-21 wild-type were maintained in RPMI 

medium, supplemented with 5% fetal bovine serum, 1% penicilin/streptomycin, and drug 

supplemented in some cases with either 0.75 mg/mL G418 (HEK-293pcDNA3 and HEK-

293ABCG2), or 0.1 mg/mL methotrexate for BHK-21MRP1 cells.  

MCF10A cells were cultured in DMEM/F12 supplemented with 2% donor horse serum, 10 

μg/ml insulin (Sigma I-1882), 0.5 μg/ml hydrocortisone, 100 ng/ml Cholera toxin (Sigma C-

8052), 5 ng/ml EGF (Peprotech, France). MCF7 cells were cultured in DMEM supplemented 

with 10% (v/v) fetal calf serum.   
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Cells were maintained at 37°C with 5% CO2 and 3% O2. Cells were last tested in July 2011 

through cell morphology monitoring, growth curve analysis, and contamination 

checks. 

Cells were treated with the compounds for 2 hours unless otherwise stated. 

 
Analysis of the compounds effect onto mitochondria 

To visualize the effect of the compounds onto mitochondria, cells were incubated for 2 hours 

with the compounds, sodium azide (20 mM) or 0.25% DMSO diluted into PBS followed by 

30 minutes incubation with 250 nM Mitotracker Red CMXRos 1mM (Molecular Probes, 

M7512). After a washing step with warm PBS, cells were fixed with 4% PFA in PBS at 37°C. 

Coverslips were mounted using Fluorsave (Calbiochem), before microscopic visualization. 

Immunofluorescence analysis of mitotic spindles 

HeLa cells were incubated for 2 hours with either DMSO or 25 µM Pyr1. They were then 

permeabilized with OPT buffer (80 mM Pipes, 1 mM EGTA, 1 mM MgCl2, 0.5% triton X-

100, and 10% glycerol, pH 6.8), fixed and processed for immunofluorescence labeling of the 

microtubule network using an α-tubulin antibody and Hoechst staining for DNA. Metaphasic 

mitotic spindles were counted under a microscope, using a X40 objective, and classified 

regarding their normal or abnormal aspect. Twenty independent microscopic fields were 

analyzed, for each condition. Some few spindles could not fall in these two categories and 

were quoted as "undetermined". This explains why the sum of the percentage of abnormal and 

normal spindles is not 100%. 

Immunofluorescence analysis of the modification of cellular microtubule dynamics using 

nocodazole:  

HeLa cells were incubated for 2 hours with the tested compound, and then treated with 10 μM 

nocodazole for 30 minutes. Cells were then permeabilized with OPT buffer (80 mM Pipes, 1 

mM EGTA, 1 mM MgCl2, 0.5% triton X-100, and 10% glycerol, pH 6.8), fixed for 6 min in -
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20°C methanol and the possible protective effect of the compound with respect to a 

depolymerization induced by nocodazole was then revealed by a microscopic analysis of the 

immunofluorescence labeling of the microtubule network using an α-tubulin antibody. 

Immunofluorescence analysis of the modification of cellular actin dynamics using 

latrunculin-B 

HeLa cells grown on coverslips were incubated for 2 hours with the tested compounds. 0.1 

µM of latrunculin B was then added and the cells were further incubated for 10 min before F-

actin staining, using A488-phalloidin.  

Cell cycle analysis 

HeLa cells were grown in T25 flasks (5x105 cells per flask) and treated with DMSO or 

different concentrations of Pyr1 for 26 hours. After treatment, non-adherent cells present in 

the medium were mixed with trypsinized adherent cells, centrifuged, washed twice with PBS-

EDTA (2 mM) and fixed for 30 minutes with 1.5 ml 70% ice-cold ethanol. Fixed cells were 

washed twice with PBS-EDTA, re-suspended in 0.5 ml DNA staining buffer (10µg/ml 

propidium iodide, 10µg/ml RNase A in 2 mM PBS-EDTA, pH 7.4) and incubated for 30 

minutes in darkness. Cellular DNA was measured with a FACSCalibur flow cytometer (BD 

Biosciences). Data were analyzed using CellQuest software (BD Biosciences). Cells were 

gated by forward/side scattering from a total of 10,000 events. 

Analysis of cell viability using MTT 

The assay was performed in 96 wells microplates. Depending of the cell type and their rate of 

growth, cells were seeded at 10,000 to 50,000 cells per well and allowed to grow for 24 hours. 

The culture medium was then replaced with a fresh medium containing Pyr1 at different 

concentrations or equivalent amounts of DMSO (control). Cells were allowed to grow for 

additional 48 hours.  

Cytotoxicity was evaluated with a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium 
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bromide (MTT) colorimetric assay. The results were expressed as percentage of viable cells in 

comparison to control (100%). 

Toxicity study 

A 7 days toxicity study by intraperitoneal injection of either Pyr1 or the vehicle was 

performed by subcontracting to CIT Safety & Health Laboratories, Evreux, France. A total of 

40 (20 males and 20 females) Swiss CD1 mice were divided into three groups of five males 

and five females and received daily intraperitoneal (i.p.) injections of increasing doses of 

Pyr1, ranging to 15,  30 and 60 mg/kg, for 7 days. Pyr1 was administrated as a solution, of a 

constant volume of 20 mL/kg/day. A fourth group of five males and five females (group 1) 

received the vehicle alone [DMSO/PEG400/saline, 10/40/50, (V/V/V)] and acted as a control. 

The animals were examined daily for mortality and morbidity and for clinical signs. This 

study was conducted following CIT in-house ethics review procedure, which covers animal 

welfare within the facility. 

Kinase selectivity analysis  

Kinase selectivity was performed on a panel of 66 recombinant protein kinases. The assays 

were performed at 10 μM ATP in the presence of 5 μM inhibitor using the Upstate Kinase 

profiler panel service (Millipore). Inhibition, expressed as the percent of activity determined 

in the absence of inhibitor, was calculated from the residual activity measured in the presence 

of 5 μM inhibitor. 

Thermal shift assay 

Thermal melting experiments were carried out using a real-time PCR Mx3005p machine 

(Stratagene, La Jolla, CA, USA) according to the protocol described by (9). 

Recombinant protein kinases were subjected to gradually increasing temperature. The 

temperature shift between the melting temperature in the presence or absence of inhibitors 

was measured. 
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Determination of protein concentrations 

The assay was performed in flat-bottom transparent 96-well microplates. 100 µL of Bradford 

reagent [0.1%(w/v) Coomassie Blue G-250 (Biorad 161-0406) in 5% Ethanol and 10%  of 

phosphoric acid 85% (w/v)] were mixed with 10 µL of protein sample or standard (0-0.4 

µg/µL Bovine Serum Albumin dissolved in saline). Absorbance at 595 nm was determined, 

using a microplate reader (Fluostar, BMG).  

Western blot analysis of cellular cofilin phosphorylation status 

Twenty micrograms of cellular proteins were subjected to electrophoresis on 15% SDS-

PAGE. After electro-transfer (Mini Transblot, Bio-Rad), the nitrocellulose membrane was 

rinsed in Tris Buffered Saline, pH 7.4 (TBS) and blocked with TBS, 0.1% Tween 20 and 5% 

BSA. The membrane was rinsed 3 times with TBS, 0.1% Tween-20 (TBST) and then 

incubated overnight at 4°C with anti-cofilin (1/1000) or anti-phospho-Ser3-cofilin (1/1000) 

antibodies diluted in TBS, 0.1% Tween 20 and 5% BSA. The following day, the membrane is 

rinsed 3 times in TBST and incubated for 1 hour with anti-rabbit secondary antibody, 

horseradish peroxidase conjugated (1/5000, Biosource, ALI0404) at room temperature. After 

three washes in TBST, the detection of total or phosphorylated cofilin was performed using 

chemicoluminescence kit ECL™ Plus (GE Healthcare, RPN2132). 

Western blot analysis of JNK, JNK phosphorylation status, Cdc25A and HSP90α 

Τhe procedure was identical as the one described above, except that the secondary antibody 

used for anti-phospho JNK detection is diluted in TBST-5%NFM. The secondary antibody 

used for anti-CDC25A was a goat anti mouse horseradish peroxidase conjugated from 

Amersham Life Science (NIF825).  

Transfection of LIMK1 plasmid DNA 

HeLa cells were spotted onto coverlips (1.5x104 cells) and transfected with 4 μg either of 

control plasmid pEFrFlagPGKpuropAv18 or pEFrFlagLIMK1PGKpuropAv18 plasmid 
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overexpressing full-length LIMK1 using the lipofectamine reagent (Invitrogen) according to 

the manufacturer’s recommendations. Next day the transfected cells were incubated for 2 

hours with fresh medium containing the compounds. Cells were then processed for 

immunofluorescence as described above. 

Quantification of EB1 staining 

EB1 comets number and sizes were automatically quantified from the images acquired after 

immunofluorescence staining of EB1 and of cell nuclei using a macro developed on Image-J 

software. 

Transfection of GFP-EB3 

To label microtubule plus ends, GFP-EB3 plasmids were used because 1) EB3 as a stronger 

binding affinity to microtubule + end, and 2) the fusion of GFP to the N-terminal part of EB1 

strongly reduced its binding to microtubules as opposed to EB3. Cell  transfection was 

performed using electroporation (AMAXA®, Koln, Germany). Two µg of purified plasmid 

DNA was used for each transfection reaction. 

Fluorescence time-lapse videomicroscopy of microtubule plus ends 

Live imaging of microtubule plus ends was performed as described in (10), on transiently 

GFP-EB3 transfected-HeLa cells by using an inverted fluorescence microscope (ZEISS 

Axiovert 200M with a 63X objective). Time-lapse acquisition was performed with a 

COOLSNAP HQ (Roper Scientific), driven by Metamorph software (Universal Imaging 

Corp.). Images acquisition was performed at a temperature of 37 ±1°C / 5% CO2 

For Pyr 1 effects on microtubule dynamics, cells were incubated with increasing 

concentrations of Pyr1 from 5 to 25 µM, or vehicle alone (DMSO) for 2 hours. For the 

reversibility experiment, Pyr1 was used at 10 µM for 2 hours.  Cells were then imaged just 

before washing or 30 min after washing with warm PBS, and fresh warm medium was re-

added.  
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Data are from 3 independent experiments. For each experiment, 6 microtubules/cell in 6 cells 

per condition were analyzed.   

Dynamic instability parameters analysis 

The dynamic instability parameters analysis was performed by tracking microtubule plus end 

over time, using the image J software. The methods of calculation were as described in    (10). 

LIMK1 and LIMK2 RNAi transfection 

LIMK1 and LIMK2 siRNA were from Dharmacon (ON-TARGETplus SMARTpool, Human 

LIMK1, L-007730-00-0005, ORF and ON-TARGETplus SMARTpool, Human LIMK2, L-

003311-00-0005, ORF, respectively).  MCF7 cells were transfected with 10 nM siRNA with 

Lipofectamine 2000 from Invitrogen, using the manufacturer’s protocol.  

Infection with LIMK1 shRNA lentivirus 

Lentiviral particles carrying LIMK1 shRNA and a non-targeting shRNA (pLKO.1 hPGK-

Neo-CMV-tGFP) were purchased from Sigma. Infection of HeLa cells with lentiviral 

particles were realized according to the manufacturer's recommendations. 24 hours later, 

selection of infected cells was obtained by growing cells in a fresh medium containing 400 

μg/ml neomycin. A week later, stable cell line expressing LIMK1, shRNA and non-targeting 

shRNA were further selected by performing fluorescence-activated cell sorting using flow 

cytometry. shRNA knocked down were checked by western blotting. 

LIMK1 kinase assay 

Compounds were tested in a radiometric LIMK1 assay performed in a final volume of 25 µl 

containing 3 µl of compound or equivalent amount of DMSO as control, 2 µl (1ng) of N-

terminal 6His-tagged recombinant human LIMK1 (Millipore #14-656, in 20 mM MOPS pH 

=7.0, 1 mM EDTA, 0.01% NP-40, 5% glycerol, 0.1% β-mercaptoethanol, 1 mg.mL-1 Bovine 

Serum Albumin) and a mixture containing 8 µM MOPS pH = 7.0, 200 µM EDTA, 70 µM of 

recombinant GST-cofilin 1, 25 mM Mg(OAc)2, and 360 µM [γ-32P]-ATP. Assays were 
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performed at 30°C for 10 min before termination by the addition of 5 µl of 3% 

orthophosphoric acid. 25 µL aliquots were then spotted onto P80 filters square (4 cm2). Filters 

were rinsed three times for 5 min with 0.5% orthophosphoric acid at 4°C and transferred to 

scintillation vials. Following addition of scintillation cocktail (Ultima Gold, Perkin-Elmer), 

32P incorporation was measured using a scintillation counter.  

NEK11 and MLK1 assays 

NEK11 kinase assay was performed as above with the following modifications: 40 ng of  

6His-tagged recombinant human full length, NEK11 (Millipore #14700) instead of 1 ng of 

LIMK1; 0.33 mg.mL-1 MBP (Millipore #13-104) as substrate and 500 µM ATP. 

MLK1 kinase assay was performed as above with the following modifications: 15 ng of  

N-terminal 6His-tagged recombinant human MLK1 amino acids 134-414 (Millipore #14690) 

instead of 1ng of LIMK1; 10 mg.mL-1 casein as substrate and 50 µM ATP. 

LIMK1 inhibition reversibility assay  

N-terminal 6His-tagged recombinant human LIMK1 (Millipore #14-656, 62.5ng) was 

incubated with 25 µM Pyr1 1 (or equivalent amount of DMSO) for 10 min at 4°C in a final 

volume of 100 µL. Size-exclusion chromatography of this mixture was then performed using 

1mL Biospin P-6 column (Biorad, equilibrated in 20 mM MOPS pH =7.0, 1 mM EDTA, 

0.01% NP-40, 5% glycerol, 0.1% β-mercaptoethanol, 1 mg.mL-1 Bovine Serum Albumin). 

LIMK1 kinase activity in input and flow-through were then assayed by radiometric LIMK1 

kinase assay. 
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