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SI1. Biological assay
MTT assay. The cells grown in the logarithmic phase were seeded into a 96-well plates (5×103 
cells/well) for 24 h, then, they were exposed to different concentrations of the test compounds for 48 h. 
After attached cells were incubated with 5 mg/mL MTT (Sigma, USA) for another 4 h, the suspension 
was discarded and subsequently the dark blue crystals (formazan) were solubilized in dimethyl sulfoxied 
(DMSO). The solution was measured using a multifunction microplate reader (Molecular Devices, Flex 
Station 3) at the absorbance of 570 nm, and each experiment was performed at least in triplicate. IC50 
values which represent the drug concentrations required to cause 50% cancer cell growth inhibition were 
used to express the cytotoxic effects of each compound, and were calculated with GraphPad Prism 
Software version 5.02 (GraphPad Inc., La Jolla, CA, USA).

In vitro tubulin polymerisation assay. The tubulin polymerisation assay was performed by an increase 
in fluorescence intensity, which can be easily recorded due to the incorporation of a fluorescent reporter, 
DAPI (4’,6-diamidino-2-phenylindole), a fluorophore already known as a DNA intercalator. In our 
experiment, a commercial kit (cytoskeleton, cat.#BK011P) purchased from Cytoskeleton  (Danvers, MA, 
USA), was used for the  tubulin polymerisation. The final buffer concentration used for tubulin 
polymerisation contained 80.0 mM piperazine-N, N′-bis(2-ethanesulfonic acid) sequisodium salt (pH 6.9), 
2.0 mM MgCl2, 0.5 mM EGTA, 1 mM GTP, and 10.2% glycerol. First, 5 μL of the tested compounds at 
the indicated concentrations was added and the mixture was warmed to 37 °C for 1 minute, then, the 
reaction was initiated by the addition of 55 μL of the tubulin solution. The fluorescence intensity 
enhancement was recorded every 60 sec for 90 min in a multifunction microplate reader (Molecular 
Devices, Flex Station 3) (emission wavelength is 410 nm, excitation wavelength is 340 nm). The area 
under the curve was used to determine the concentration that inhibited tubulin polymerisation by 50% 
(IC50), and was calculated with GraphPad Prism Software version 5.02 (GraphPad Inc., La Jolla, CA, 
USA).

Immunofluorescence microscopy. In a 10 mm confocal culture dish, 3×104 cells were grown for 24 h, 
and then incubated in the presence / absence of compound 10a at the indicated concentrations for another 
12 h. After washed with phosphate buffer solution (PBS) and fixed in 4% pre-warmed (37 °C) 
paraformaldehyde for 15 min, the cells were permeabilized with 0.1% Triton X-100 for 15 min and 
blocked for 30 min in 10% goat serum. Then, the cells were incubated with mouse anti-tubulin antibody 
(CST, USA) at 4 °C overnight, and were washed with PBS for three times and incubated with goat anti-
mouse IgG/Alexa-Fluor 488 antibody (Invitrogen, USA) for 1 h. The samples were immediately 
visualized on a Zeiss LSM 570 laser scanning confocal microscope (Carl Zeiss, Germany) after the nuclei 
were stained with Hoechst 33342 (Sigma, USA) in the dark at room temperature for 30 min. 

Cell cycle analysis. A549 cell were seeded in 6-well plates (3×105cells/well) and incubated in the 
presence / absence of compound 5i at the indicated concentrations for 24 h and then harvested by 
centrifugation, fixed in ice-cold 70% ethanol overnight. After the ethanol was removed in the next day, 
the cells were resuspended in the ice-cold PBS and treated with RNAse A (Keygen Biotech, China) at 37 
°C for 30 min, followed by incubated with the DNA staining solution propidium iodide (PI, Keygen 
Biotech, China) at 4 °C for 30 min. About 12,000 events were detected by flow cytometry (Beckman 
Coulter, Epics XL) at 488 nm. The data regarding the number of cells in different phases of the cell cycle 
were analysed by EXPO32 ADC analysis software. 

Apoptosis analysis. The preparation of A549 cell sample was the same as cell cycle analysis. After 
incubation, cells were harvested and incubated with 5 μL of Annexin-V/FITC (Keygen Biotech, China) in 
binding buffer (10 mM HEPES, 140 mM NaCl, and 2.5 mM CaCl2 at pH 7.4) at room temperature for 15 
min. PI solution was then added to the medium for another 10 min-incubation. Almost 12,000 events were 
collected for each sample and analysed by flow cytometry (Beckman Coulter, Epics XL). The percentage 
of apoptotic cells was calculated with EXPO32 ADC Analysis software.

Mitochondrial membrane potential assay. A lipophilic cationic dye, 5,5′,6,6′-tetrachloro-1,1′,3,3′-
tetraethyl-benzimidazolcarbocyanine (JC-1, Beyotime, China) was used to monitor the level of MMP in 
the cells. At normal state, the MMP is high and JC-1 appears as aggregates, which indicated by red 
fluorescence. However, when apoptosis occurs, the MMP reduced and JC-1 displayed as monomers, 



which indicated by green fluorescence. We applied two methods which including flow cytometry and 
fluorescence microscopy to detected the MMP. For flow cytometry analysis, A549 cells were plated in 6-
well plates (3×105 cells/well) and grown for 24 h, and treated with compound 10a at the indicated 
concentrations for 48 h. Then the cells were harvested by centrifugation and incubated with JC-1 solution 
for 30 min. After briefly washing, the proportion of green and red fluorescence intensity were 
immediately detected and analysed by flow cytometry. For the fluorescence microscopy detection, A549 
cells were plated in 6-well plates (3×105 cells/well) and grown for 24 h, and treated with compound 10a at 
the indicated concentrations for another 48 h. Then the cells were stained with 2 μM JC-1 at 37 °C for 30 
min, washed with PBS and then the cell nuclei were stained with Hoechst 33342 (Sigma, USA) for 10 min 
in the dark. The cell images were immediate detected by a fluorescence microscopy( EVOS FL Auto).

Western bolt analysis. A549 cells (5.0 × 105 cells/dish) were incubated with or without 5i at various 
concentrations for 24 h or 48 h. After incubation, the cells were collected by centrifugation and washed 
twice with phosphate-buffered saline chilled to 0 °C. The cells were then homogenised in RIPA lysis 
buffer containing 150 mM NaCl, 50 mM Tris (pH 7.4), 1% (w/v) sodium deoxycholate, 1% (v/v) Triton 
X-100, 0.1% (w/v) SDS and 1 mM EDTA (Beyotime, China). The lysates were incubated on ice for 30 
min, intermittently vortexed every 5 min, and centrifuged at 15,000 × g for 15 min to harvest the super- 
natants. Next, the protein concentrations were determined by a BCA Protein Assay Kit (Thermo Fisher 
Scientific, Rockford, Illinois, USA). The protein extracts were reconstituted in loading buffer containing 
62 mM Tris–HCl, 2% SDS, 10% glycerol, and 5% b-mercaptoethanol (Beyotime, China), and the mixture 
was boiled at 100 °C for 3 min. An equal amount of the proteins (50 mg) were separated by 8–12% 
sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and were transferred to 
nitrocellulose membranes (Amersham Biosciences, Little Chalfont, Buckingham-shire, UK). Then, the 
membranes were blocked with 5% non-fat dried milk in TBS containing 1% Tween-20 for 90 min at room 
temperature and were then incubated overnight with specific primary antibodies (CST, USA) at 4 °C. 
After three washes in TBST, the membranes were incubated with the appropriate HRP- conjugated 
secondary antibodies at room temperature for 2 h. The blots were developed with enhanced 
chemiluminescence (Pierce, Rockford, Illinois, USA) and were detected by an LAS4000 imager (GE 
Healthcare, Waukesha, Wisconsin, USA). The intensities of the blots were quantified by ImageQuantTL 
(GE Healthcare) software. 

Anti-tumour effect of 5IP in a xenograft model in vivo. The reference compound CA-4P and the test 
compound 5iP were completely dissolved in isotonic saline. In the A549 xenograft studies, when the size 
of a growing tumour reached about 100 mm3, the xenograft tumour-bearing nude mice were randomly 
placed into three groups: the vehicle-treated group, the CA-4P- treated group, and the 5iP-treated group at 
9 mice per group. The mice were injected intraperitoneally (ip) with CA-4P and compound 5iP at a dose 
of 30 mg/kg body weight every other day for the entire period of observation, whereas mice in the control 
group were treated with an equivalent volume of saline. The tumour size and the body weight of the mice 
were measured every other day after drug treatment. At the end of the observation period, the animals 
were euthanized by cervical dislocation. This study conformed to the Guide for the Care and Use of 
Laboratory Animals as published by the US National Institutes of Health (NIH Publication No. 85-23, 
revised 1996) and was approved by the Institutional Ethics Review Board of Sun Yat-Sen University.
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SI3. 1H NMR spectrums of intermediate compounds
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SI4. HPLC chromatograms of target compounds
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SI5. HR-MS of target compounds 
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