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1. Supplementary Figures 

 

Fig. S1 Heat map representation of the target proteins dataset identified by the CQP. 

The expression levels of all proteins are standardized to Z-score values.   
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Fig. S2 Gene ontology (GO) analysis of the enriched biological process (BP) (A), 

cellular component (CC) (B) and molecular function (MF) (C) for chloroquine targets 

identified by CQP-based ABPP.  
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Fig. S3 GO enrichment analysis of biological process (BP) (A), cellular component 

(CC) (B) and molecular function (MF) (C) for chloroquine targets identified by MS-

CETSA.  
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Fig. S4 The determination of binding affinity of chloroquine with PfLDH, PfOAT and 

PfPyrK through SPR assay.  



7 

 

2. Supplementary Chemical Synthesis Schemes 

All the reagents and solvents were purchased from Sigma-Aldrich, AK Scientific or 

Acros, and were used without further purification unless stated otherwise. Reactions 

were monitored by thin layer chromatography (TLC). Column chromatography was 

performed on silica gel of 200 ~ 300 mesh. All 1H NMR (300 and 500 MHz), 13C NMR 

(75 and 125 MHz) spectra were recorded. 1H NMR Spectroscopy splitting patterns were 

designated as singlet (s), doublet (d), triplet (t), quartet (q). Splitting patterns that could 

not be interpreted or easily visualized were designated as multiplet (m). 

 

 

1,4-Diazidopentane  

       

Sodium azide (4.3 g, 66 mmol) was added to a solution of 1,4-dibromopentane (5.1 g, 

22 mmol) in DMF (50 mL). The mixture was stirred overnight at 60 oC. After cooling 

to r.t., the mixture was diluted by water (200 mL) and extracted with EtOAc (3 × 100 

mL). The organic phase was dried over Na2SO4, filtered and concentrated under 

reduced pressure to afford the desired product as colorless oil (3.2 g, 95 % yield). 

Pentane-1,4-diamine  

        

Mixture of 1,4-diazidopentane (3.2 g, 21 mmol) and Pd/C (400 mg) in MeOH (150 mL) 

was stirred for overnight under H2 atmosphere at r.t. before being filtered and the filtrate 

was concentrated to give pentane-1,4-diamine (2.1 g) which was used in next step 

without further purification. 

Tert-butyl (4-aminopentyl)carbamate 2 

      

Tert-butyldicarbonate (4.4 g, 20.6 mmol) was added to a stirred solution of 1,4-

pentandiamine (2.1 g, 20.6 mmol) in absolute EtOH (25 mL). The reaction mixture was 
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refluxed 3 h, followed by removal of the volatiles in vacuum. Water was added and 2 

M HCl was added until pH = 3, followed by extraction with CH2Cl2. The aqueous phase 

was then made strongly alkaline by addition of aqueous NaOH (2 M) and extracted 

with CH2Cl2. The combined organic extracts were dried over Na2SO4 and the solvent 

was evaporated under reduced pressure, the residue was purified by silica gel column 

chromatography, yielding product as colorless viscous oil (1.5 g, 36 %). 

 

Tert-butyl {4-[(7-chloroquinolin-4-yl) amino ] pentyl}carbamate. 

      

A mixture of 4,7-dichloroquinoline (970 mg, 4.9 mmol) and tert-butyl (4-aminopentyl) 

carbamate 2 (1.2 g, 5.9 mmol) in DMSO (5 mL) was heated at 130 oC for 7 h in tube. 

The reaction mixture was cooled to r.t. before being diluted by water and extracted with 

EtOAc. The organic layer was washed with NaHCO3, water and brine. Then the organic 

layer was dried over Na2SO4 and the solvent was evaporated under reduced pressure, 

the residue was purified by silica gel column chromatography, yielding product as 

colorless viscous oil (730 mg, 41 %). 

N4-(7-Chloroquinolin-4-yl) pentane-1,4-diamine 3. 

      

A solution of tert-butyl {4-[(7-chloroquinolin-4-yl)amino]pentyl}carbamate (730 mg, 

2.0 mmol) in TFA/CH2Cl2 (v : v; 1 : 10), was stirred at r.t. for 3 h. The solvent was 

evaporated under reduced pressure and the remaining residue was treated with 

CH2Cl2/2.5 M NaOH. The organic layer was evaporated under reduced pressure and 

was further purified by silica gel column chromatography, yielding product as colorless 

powder (394.5 mg, 75 %). 
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N4-(7-chloroquinolin-4-yl)-N1-ethylpentane-1,4-diamine 4.  

N4-(7-Chloroquinolin-4-yl) pentane-1,4-diamine 3 (394.5 mg, 1.5 mmol) and 

acetaldehyde (165 mg, 1.5 mmol, 40 %) were dissolved in MeOH (20 mL), AcOH (1 

mL) was added, the mixture was stirred at r.t. for 3 h. Then, NaCNBH3 (283 mg, 4.5 

mmol) was added and stirring was continued for another 1 h. The solvent was removed 

under reduced pressure and the residue was purified by silica gel column 

chromatography, yielding crude product as colorless powder (280 mg). 

 

5-Bromo-N-(4-(7-chloroquinolin-4-ylamino) pentyl)-N-ethylpentanamide. 

      

To a solution of 4 (280 mg, crude) and 5-bromopentanoic acid (180 mg, 1 mmol) in 

DMF (10 mL), EDCI (191 mg, 1 mmol), DIPEA (260 mg, 2 mmol) and HOBt (135 mg, 

1 mmol) were added, the mixture was stirred at r.t. for 3 h. Then diluted by water and 

extracted with EtOAc. The organic layer was washed with water and the solvent was 

evaporated under reduced pressure, the residue was purified by silica gel column 

chromatography, yielding product as light yellow solid (170 mg). 

5-Azido-N-(4-(7-chloroquinolin-4-ylamino) pentyl)-N-ethylpentanamide 5. 

      

A mixture of bromo-N-(4-(7-chloroquinolin-4-ylamino)pentyl)-N-ethylpentanamide 

(170 mg, 0.38 mmol) and NaN3 (36 mg, 0.56 mmol) in DMF (5 mL) was heated at 65 
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oC for overnight. The reaction mixture was cooled to r.t. before being diluted by water 

and extracted with EtOAc. The organic layer was washed with NaHCO3, water and 

brine. Then the organic layer was dried over Na2SO4 and the solvent was evaporated 

under reduced pressure, the residue was purified by prep-HPLC to give the final product 

33 mg as colorless oil. 1H NMR (300 MHz,  CD3OD) δ 8.33-8.30 (m, 1H), 8.10-8.05 

(m, 1H), 7.75 (s, 1H), 7.39-7.36 (m, 1H), 6.52-6.49 (m, 1H), 4.61-4.45 (m, 1H), 4.08-

3.95 (m, 1H), 3.40-3.34 (m, 2H), 3.24-3.20 (m, 2H), 2.41-2.38 (m, 2H), 1.70-1.54 (m, 

9H), 1.25-1.09 (m, 7H). LC-MS  m/z: [M+H]+ Calcd for C21H30ClN6O 417.21; Found 

417.20. 

 

(4-((7-chloroquinolin-4-yl)amino)pentyl)-N-ethyl-5-(4-((2-(3-(2-(prop-2-yn-1-

yloxy)ethyl) -3H-diazirin-3-yl)ethoxy)methyl)-1H-1,2,3-triazol-1-yl)pentanamide 

CQP. 

      

To a solution of 5-azido-N-(4-((7-chloroquinolin-4-yl)amino)pentyl)-N-

ethylpentanamide 5 (20.8 mg, 0.05 mmol), diyne 6 ( 51.5 mg, 0.25 mmol), CuSO4 (1.6 

mg, 0.01 mmol) and sodium ascorbate (19.8 mg, 0.1mmol) in 2 mL of MeOH were 

added. The reaction mixture was stirred at room temperature for 20 h and followed by 

ether (10 mL) dilution, was then washed with brine (5 mL). The resulting organic layer 

was concentrated under reduced pressure. Purification of the crude product by flash 

column chromatography, gave the final product CQP as colorless oil (13.6 mg, 43 % 

yield). 1H NMR (500 MHz, dimethyl sulfoxide-d6), δ 8.50-8.47 (m, 2H), 8.06 (d, J = 
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5Hz, 1H), 7.93 (s, 1H), 7.67-7.63 (m, 1H), 6.73-6.70 (m,1H), 4.4 (s, 2H), 4.36-4.33 (m, 

2H), 4.06 (d, J = 5Hz, 2H), 3.43-3.33 (m, 7H), 3.27-3.24 (m, 5H), 2.33-2.28 (m, 1H), 

1.84-1.79 (m, 2H), 1.61-1.41 (m, 10H). 1.12-0.98 (m, 6H). HRMS m/z: [M+H]+ Calcd 

for C32H44ClN8O3 623.3219; Found 623.3221. 
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3. Supplementary Tables 

Table S1 Target proteins identified by CQP-based ABPP 

No. Accession Description 
MW 

(KDa) 
-logFC 

1 PF3D7_0320900 histone H2A.Z 16.45 2.27 

2 PF3D7_0422400 40S ribosomal protein S19 19.72 2.58 

3 PF3D7_0424600 Plasmodium exported protein (PHISTb) 35.96 1.62 

4 PF3D7_0500800 
mature parasite-infected erythrocyte 

surface antigen  
168.29 3.02 

5 PF3D7_0516900 60S ribosomal protein L2 28 2.32 

6 PF3D7_0523000 multidrug resistance protein 1 162.25 3.59 

7 PF3D7_0608800 ornithine aminotransferase  46.06 2.26 

8 PF3D7_0610400 histone H3 15.45 2.67 

9 PF3D7_0614500 60S ribosomal protein L19 21.58 1.62 

10 PF3D7_0617800 histone H2A 14.12 3.35 

11 PF3D7_0617900 histone H3 variant 15.44 3.25 

12 PF3D7_0618300 60S ribosomal protein L27a, putative 16.72 1.66 

13 PF3D7_0626800 pyruvate kinase 55.66 0.89 

14 PF3D7_0708400 heat shock protein 90  86.17 2.96 

15 PF3D7_0814200 DNA/RNA-binding protein Alba 1 27.26 2.89 

16 PF3D7_0818900 heat shock protein 70 73.92 2.88 

17 PF3D7_0905400 high molecular weight rhoptry protein 3 104.86 5.03 

18 PF3D7_0917900 heat shock protein 70  72.39 1.8 

19 PF3D7_0922500 phosphoglycerate kinase  45.43 3.74 

20 PF3D7_0929400 high molecular weight rhoptry protein 2 162.67 2.6 

21 PF3D7_0930300 merozoite surface protein 1  195.73 3.2 

22 PF3D7_1015900 enolase 48.68 1.9 

23 PF3D7_1105000 histone H4  11.46 3.95 
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24 PF3D7_1105100 histone H2B 13.13 2.61 

25 PF3D7_1126200 40S ribosomal protein S18, putative 17.89 1.28 

26 PF3D7_1222300 endoplasmin, putative  95.02 2.13 

27 PF3D7_1237700 conserved protein, unknown function  23.66 1.27 

28 PF3D7_1252100 rhoptry neck protein 3 263.16 1.42 

29 PF3D7_1311800 M1-family alanyl aminopeptidase 126.06 2.92 

30 PF3D7_1324900 L-lactate dehydrogenase  34.11 2.83 

31 PF3D7_1343000 
phosphoethanolamine N-

methyltransferase  
31.04 4.92 

32 PF3D7_1357000 elongation factor 1-alpha  48.96 2 

33 PF3D7_1424100 60S ribosomal protein L5, putative 34 2.4 

34 PF3D7_1438900 thioredoxin peroxidase 1 21.87 2.61 

35 PF3D7_1439900 triosephosphate isomerase  27.94 0.72 

36 PF3D7_1444800 fructose-bisphosphate aldolase  40.11 1.31 

37 PF3D7_1447000 40S ribosomal protein S5 29.96 1.85 

38 PF3D7_1456800 
V-type H(+)-translocating 

pyrophosphatase, putative 
76.42 1.7 

39 PF3D7_1462800 
glyceraldehyde-3-phosphate 

dehydrogenase  
36.64 1.43 

40 PF3D7_1471100 exported protein 2 33.41 2.69 
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Table S2 Antibodies used for Western blot validation 

Product name Brand Cat.No. 

Anti-ornithine aminotransferase antibody Abcam ab137679 

PKM1/2 (C5E6) Rabbit mAb Cell Signaling Technology #3106 

LDHA-Specific Polyclonal antibody Proteintech 19987-1-AP 

TPI1 Polyclonal antibody Proteintech 10713-1-AP 

PGK1 Polyclonal antibody Proteintech 17811-1-AP 
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4. NMR and MS Spectra 

 

 

1H-NMR of 5  
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1H-NMR of CQP 

 



17 

 

 

 

LC-MS of 5  
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HRMS of CQP 
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