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EXPERIMENTAL SECTION 

Phosphatase Enzyme Inhibition Assays. Recombinant human phosphatase PTP1B, 

PTP1B, SHP1, SHP2, MEG2 and TCPTP were expressed in Escherichia coli and purified. The 

enzyme inhibition assays were measured using p-nitrophenyl phosphate (pNPP) as a substrate 

in a 96-well plate with a final volume of 100 μL. Human recombinant PTP1B, SHP1, SHP2, 

MEG2 or TCPTP (0.05 µg) in 50 µL reaction buffer (pH 6.5) containing 50 mM HEPES, 100 

mM NaCl, 1 mM EDTA, and 1 mM dithiothreitol (DTT) and test compounds were added to 

each well of a 96-well plate. Na3VO4 was used as the positive control and DMSO as the 

negative control to evaluate the high-throughput screening (HTS) system. After preincubation 

for 15 min at room temperature, 50 µL of reaction buffer containing 50 mM pNPP was added 

and incubated at 37 °C for 60 min. The phosphatase activity was determined by measuring the 

absorbance at 405 nm for the amount of produced p-nitrophenol. IC50 values were determined 

by analyzing the data using Gen5 software (Synergy2 Multi-Mode Microplate Reader, BioTek 

Instruments, Inc.). Each compound was assayed in triplicate. 

IDO Enzyme Inhibition Assays. Recombinant human IDO was expressed in E. coli and 

purified. Briefly, the reaction mixture (200 µL) contained potassium phosphate buffer (50 mM, 

pH 6.5), ascorbic acid (10 mM), methylene blue (5 µM), purified recombinant IDO1 (43 µM), 

L-Trp (100 μM), and DMSO (10 µL). The inhibitors were serially diluted 3-fold from 50 to 

0.02 mM in pure DMSO. The reaction was conducted at 37 
o
C for 6 min and stopped by 

addition of 30% (w/v) trichloroacetic acid (40 µL). To convert N-formylkynurenine to 

kynurenine, the tubes were incubated at 37 °C for 30 min, followed by centrifugation at 20,000 

g for 20 min. Finally, 150 µL of supernatant is added to 150 µL of p–

dimethylaminobenzaldehyde (pDMAB) (2%, v/v) in acetic acid to generate a Schiff base with 

kynurenine that was detected at a wavelength of 480 nm. We used NLG919 as the positive 

control and DMSO as the negative control to evaluate the high-throughput screening (HTS) 

system. IC50 values were determined by analyzing the data using Gen5 software (Synergy2 

Multi-Mode Microplate Reader, BioTek Instruments, Inc.). Each compound was assayed in 

triplicate. 



Calcium imaging assay. The calcium imaging assay was performed by an automated, 

cell-based fluorescence-imaging system (Arrayscan) by a previously reported method with 

slight modification. The human embryonic kidney 293 (HEK293) cells were seeded in medium 

containing 10% FBS and incubated at 37 
o
C with 5% CO2 to a suitable quantity, and then cells 

were plated in poly-D-lysine-coated 96-well plates at a density of approximately 20000 

cells/well for 24 h. Later, the cells were stained with 5 µM Fluo-4 AM for 60 min and 

subsequently washed three times with HBSS buffer. And then the cells were treated with up-to 

10 µM of the tested samples in a 96-well plate containing 50 µl HBSS/well. For the bioactive 

compound 1, its bioactivity was further tested at concentrations of 10, 5, 2.5, 1.25, and 0.625 

μM, respectively. The purities of the tested compounds were >95%. The experiment was 

repeated three times. The false positive activity caused by the color of the tested samples was 

excluded. Calcium images of cells in HBSS buffer were acquired and analyzed using an Array 

Scan VTI HCS Reader (Cellomics, Thermo Scientific, Pittsburgh, PA, USA).  

 

 



Figure S1. 
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H NMR spectrum of compound 1 

 



 



Figure S2. 
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C NMR spectrum of compound 1 

 

 



Figure S3. DEPT NMR spectrum of compound 1 

 



Figure S4. HSQC spectrum of compound 1 

 



Figure S5. HMBC spectrum of compound 1 
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Figure S7. NOESY spectrum of compound 1 

 



Figure S8. HRESIMS spectrum of compound 1 

 



Figure S9. IR spectrum of compound 1 
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Figure S10. UV spectrum of compound 1 

 

 

 

 

 

 

 

 

 

 



Figure S11. Crystal data and structure refinement for compound 1 

 

 



data_xcalibur 

_audit_creation_date           2018-01-04 

_audit_creation_method         'CrysAlisPro 1.171.39.33c (Rigaku OD, 2017)' 

_computing_data_collection     'CrysAlisPro 1.171.39.33c (Rigaku OD, 2017)' 

_computing_cell_refinement     'CrysAlisPro 1.171.39.33c (Rigaku OD, 2017)' 

_computing_data_reduction      'CrysAlisPro 1.171.39.33c (Rigaku OD, 2017)' 

_cell_length_a                  11.9189(4) 

_cell_length_b                  6.59866(19) 

_cell_length_c                  26.7335(10) 

_cell_angle_alpha               90.0 

_cell_angle_beta                100.124(3) 

_cell_angle_gamma               90.0 

_cell_volume                    2069.83(12) 

_cell_measurement_temperature   100.00(10) 

_cell_measurement_reflns_used   7548 

_cell_measurement_theta_min     3.8600 

_cell_measurement_theta_max     73.4340 

_cell_oxdiff_length_a                  11.9174(3) 

_cell_oxdiff_length_b                  6.5979(2) 

_cell_oxdiff_length_c                  26.7406(4) 

_cell_oxdiff_angle_alpha               90.004(2) 

_cell_oxdiff_angle_beta                100.1294(19) 

_cell_oxdiff_angle_gamma               89.994(2) 

_cell_oxdiff_volume                    2069.83(9) 

_cell_oxdiff_measurement_reflns_used   7656 

_exptl_absorpt_correction_T_min          0.91061 

_exptl_absorpt_correction_T_max          1.00000 

_exptl_absorpt_correction_type           multi-scan 

_exptl_absorpt_process_details 



; 

CrysAlisPro 1.171.39.33c (Rigaku Oxford Diffraction, 2017) 

Empirical absorption correction using spherical harmonics, implemented in SCALE3 ABSPACK scaling algorithm.; 

_oxdiff_exptl_absorpt_empirical_full_min           0.532 

_oxdiff_exptl_absorpt_empirical_full_max           1.454 

_oxdiff_exptl_absorpt_empirical_details; 

Empirical correction (ABSPACK) includes: 

- Absorption correction using spherical harmonics 

- Frame scaling; 

_diffrn_ambient_temperature 100.00(10) 

_diffrn_ambient_environment N~2~ 

_diffrn_source 'Rotating-anode X-ray tube' 

_diffrn_source_type 'Rigaku (Cu) X-ray Source' 

_diffrn_radiation_probe x-ray 

_diffrn_radiation_type 'Cu K\a' 

_diffrn_radiation_wavelength 1.54184 

_diffrn_radiation_monochromator mirror 

_diffrn_measurement_device 'four-circle diffractometer' 

_diffrn_measurement_device_type 'XtaLAB AFC12 (RINC): Kappa single' 

_diffrn_detector 'CCD plate' 

_diffrn_reflns_number 9974 

_diffrn_reflns_av_R_equivalents 0.0267 

_diffrn_reflns_av_sigmaI/netI 0.0287 

_diffrn_reflns_limit_h_min -14 

_diffrn_reflns_limit_h_max 9 

_diffrn_reflns_limit_k_min -8 

_diffrn_reflns_limit_k_max 8 

_diffrn_reflns_limit_l_min -32 

_diffrn_reflns_limit_l_max 31 



_diffrn_reflns_theta_min 3.8457 

_diffrn_reflns_theta_max 73.8670 

_diffrn_measured_fraction_theta_max 0.9816 

_diffrn_reflns_theta_full 66.9682 

_diffrn_measured_fraction_theta_full 0.9970 

_diffrn_orient_matrix_type 'CrysAlisPro convention (1999,Acta A55,543-557)' 

_diffrn_orient_matrix_UB_11       0.0112845000 

_diffrn_orient_matrix_UB_12       0.2312972000 

_diffrn_orient_matrix_UB_13       0.0070148000 

_diffrn_orient_matrix_UB_21       0.0070015000 

_diffrn_orient_matrix_UB_22       0.0238222000 

_diffrn_orient_matrix_UB_23      -0.0566787000 

_diffrn_orient_matrix_UB_31      -0.1306357000 

_diffrn_orient_matrix_UB_32       0.0212824000 

_diffrn_orient_matrix_UB_33      -0.0127748000 

_diffrn_measurement_details; 

List of Runs (angles in degrees, time in seconds): 

 

# Type    Start    End  Width  t~exp~   \w     \q     \k     \f   Frames 

-------------------------------------------------------------------------- 

1  \w    -17.00  22.00   0.50    2.80    --    0.00 -57.00 -30.00   78 

2  \w    -58.00 -31.00   0.50    2.80    --    0.00 -19.00  30.00   54 

3  \w    -23.00   2.00   0.50    2.80    --    0.00 -19.00  30.00   50 

4  \w    -89.00 -24.00   0.50    2.80    --    0.00 -57.00 -30.00  130 

5  \w    -30.00  31.00   0.50    2.80    --    0.00 -82.00  30.00  122 

6  \w    -25.00   5.00   0.50    2.80    --    0.00 -82.00-150.00   60 

7  \w      6.00  31.00   0.50   25.36    --   94.60 -82.00 -30.00   50 

8  \w    136.00 183.00   0.50   25.36    --   94.60   0.00 -60.00   94 

9  \w      6.00 115.00   0.50   25.36    --   94.60 -61.00  90.00  218 



10  \w      5.00 100.00   0.50   25.36    --   94.60 -30.00-150.00  190 

11  \w      9.00 106.00   0.50   25.36    --   94.60 -30.00 120.00  194 

12  \w     64.00 123.00   0.50   25.36    --   94.60 -82.00-180.00  118 

13  \w      8.00 116.00   0.50   25.36    --   94.60 -61.00 -30.00  216 

14  \w     96.00 123.00   0.50   25.36    --   94.60  30.00 -30.00   54 

15  \w    141.00 183.00   0.50   25.36    --   94.60  30.00 -30.00   84 

16  \w     53.00 121.00   0.50   25.36    --   94.60 -82.00 -30.00  136 

17  \w      7.00 125.00   0.50   25.36    --   94.60 -82.00  90.00  236 

18  \w      5.00 108.00   0.50   25.36    --   94.60   0.00 -60.00  206 

19  \w     39.00  64.00   0.50   25.36    --   94.60 -61.00-180.00   50 

20  \w     67.00 118.00   0.50   25.36    --   94.60 -61.00-180.00  102 

21  \w     91.00 118.00   0.50   25.36    --   94.60 -82.00 -60.00   54 

22  \w     87.00 114.00   0.50   25.36    --   94.60 -82.00  60.00   54 

23  \w     89.00 116.00   0.50   25.36    --   94.60 -82.00-124.97   54; 

 

_diffrn_measurement_method '\w scans' 

_diffrn_oxdiff_ac3_digest_frames; 

01b2acda7ae51b05d43ce613c0d38c5c4f000266271; 

_diffrn_oxdiff_ac3_digest_hkl; 

016084d2f544d8d9ee8649c850f30d2c7d04b9; 

_space_group_IT_number 12 

_space_group_crystal_system monoclinic 

_space_group_name_H-M_alt 'I 1 2/m 1' 

_reflns_odcompleteness_completeness  99.70 

_reflns_odcompleteness_theta  66.97 

_reflns_odcompleteness_iscentric  1 

_chemical_oxdiff_formula 'C H O' 

 



Figure S12.
 1

H NMR spectrum of compound 2 

 



 

 

 

 



Figure S13. 
13

C NMR spectrum of compound 2 

 

 



Figure S14. DEPT  NMR spectrum of compound 2 

 

 

 



Figure S15. HSQC spectrum of compound 2 

 

 



Figure S16. HMBC spectrum of compound 2 

 

 



 

 

 



Figure S17. 
1
H-

1
H COSY spectrum of compound 2 

 



 

 



Figure S18. NOESY spectrum of compound 2 

 

 



 

Figure S19. HRESIMS spectrum of compound 2 

 



 

Figure S20. IR spectrum of compound 2 
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Figure S21. UV spectrum of compound 2 

 

 

 



Figure S22. 
1
H NMR spectrum of compound 3 

 

 



Figure S23. 
13

C and DEPT NMR spectrum of compound 3 

 



 

 

 



Figure S24. HMBC spectrum of compound 3 

 



 

 



Figure S25. 
1
H-

1
H COSY spectrum of compound 3 

 

 



Figure S26. NOESY spectrum of compound 3 

 



Figure S27. HRESIMS spectrum of compound 3 

 



Figure S28. IR spectrum of compound 3 
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Figure S29. UV spectrum of compound 3 

 

 



Figure S30. Stimulation of calcium signaling in HEK293 cells by compound 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S1. Stable conformers of compounds 2 and 3 used for ECD calculation  

 

 

Conformer  Conformation Energy（Kcal/mol） Percent 

(%) 

(13R,18S)-2-1 

 

-1041599.686146 6.20 

(13R,18S)-2-2 

 

-1041599.444617 4.12 

(13R,18S)-2-3 

 

-1041599.444554 4.12 

(13R,18S)-2-4 

 

-1041600.177862   14.22 



(13R,18S)-2-5 

 

-1041599.151884 2.51 

(13R,18S)-2-6 

 

-1041599.535230 4.80  

(13R,18S)-2-7 

 

-1041599.621387   5.56 

(13R,18S)-2-8 

 

-1041600.425101 21.60 

(13R,18S)-2-9 

 

-1041600.002034  10.57 

(13R,18S)-2-10 

 

-1041599.777009  7.23 



(13R,18S)-2-11 

 

-1041600.178552 14.24 

(13R,18S)-2-12 

 

-1041599.535355 4.80 

Conformer  Conformation Energy（Kcal/mol） Percent 

(%) 

(13S,18S)-3-1 

 

-1041600.026507 44.67 

(13S,18S)-3-2 

 

-1041598.761071  5.27 

(13S,18S)-3-3 

 

-1041599.355448   

 

14.38 



 

 

(13S,18S)-3-4 

 

-1041598.363795   

 

2.69 

(13S,18S)-3-5 

 

-1041598.761699   

 

5.27 

(13S,18S)-3-6 

 

-1041598.583737   

 

3.91 

(13S,18S)-3-7 

 

-1041598.952211  

 

7.28 

(13S,18S)-3-8 

 

-1041599.403578 15.60 



Table S2. Stable conformers of (13R
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)-2 and their calculated 
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Table S4. DP4
+
 analysis result table for compound 2 (experimental for 2, isomer 1 for 

(13S*,18S*)-3, isomer 2 for (13R*,18S*)-2) 

 

 

 

 

 

 

 

 



Table S5. DP4
+
 analysis result table for compound 3 (experimental for 3, isomer 1 for 

(13S*,18S*)-3, isomer 2 for (13R*,18S*)-2) 

 

 

 

 


