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Suppl. Table (1): PubChem IDs, structures, and docking scores of docked ligands.  

     Apoptosis Autophagy 

 Class Name 
PubChem 

ID 
Structure BCL-2 P53 mTOR LC3C 

  Internal ligand   -12.3 -7.3 -5.6 -3.8 

1 

Ursane 

triterpene 

 

11-Keto 

boswellic acid 
9847548 

 

-8.4 -5.7 -5.2 -5.2 

2 

3-O-Acetyl 11-

keto boswellic 

acid 

11168203 

 

-8.2 -5.4 -4.7 0.8 

3 

Lupane 

triterpene 

3-Acetyl-27-

hydroxy-lupeolic 

acid 

21575462 

 

-7.3 -5.1 -4.3 0.5 

4 Lupenone 92158 

 

-8.1 -5.5 -6.0 -4.2 

5 

Tricullane 

triterpene 

 

3-

hydroxytirucallic 

acid (α-Elemolic 

acid) 

441677 

 

-7.7 -6.2 -5.3 -4.5 

6 

3-oxo-tirucallic 

acid  

(β-Elemonic 

acid) 

15559100 

 

-7.8 -6.2 -5.2 -4.2 

7 
Oleane 

triterpene 
α-Amyrenone 12306155 

 

-8.9 -5.6 -5.6 -4.7 

8 

Diterpene 

Boscartin C 319538644 

 

-7.6 -4.5 -3.9 -5.0 

9 Boscartol G 275376549 

 

-7.5 -5.4 -5.2 -6.0 
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Suppl. Table (2): Docking scores, different amino acids bonded to docked compounds along with types of 

interaction in the active sites of BCL-2 and P53. 

Apoptosis markers 

  BCL-2 (8HOI) P53 (3ZME) 

 Compound 

Docking 

Score 
(kcal/mol) 

Amino 

acid 
Type of interaction 

Docking 

Score  

(kcal/mol) 

Amino 

acid 
Type of interaction 

 Internal ligand -12.3 

ARG146 

ALA100 

TYR202 

TYR103 

GLN A99 

PHE112 

MET115 

π -alkyl 

C-H bond 

π -π stacked 

π –alkyl 

Conventional H-bond 

π –sigma 

π -sigma 

-7.3 

ASP228 

PRO223* 

VAL147 

LEU145 

CYS220 

PRO151 

Halogen (Fluorine) 

π –alkyl 

π –alkyl 

π –alkyl 

π –Donor H-bond 

π –Donor H-bond 

1 Keto boswellic acid -8.4 TYR202 Conventional H-bond -5.7 
PRO223* 

PRO222 

Carbon H-bond 

Alkyl 

2 
Acetyl keto 

boswellic acid 
-8.2 

ARG146 

TYR108 

TYR202 

ALA100 

Conventional H-bond 

Conventional H-bond 

π -sigma 

Alkyl 

-5.4 PRO223* Carbon H-bond 

3 

3-Acetyl-27-

hydroxy-lupeolic 

acid 

-7.3 TYR108 
Conventional H-bond 

π -sigma 
-5.1 

PRO222 

THR150 

Alkyl 

Conventional H-bond 

4 Lupenone -8.1  
multiple Van der Waals 

forces 
-5.5 PRO222 Alkyl 

5 

3-hydroxytirucallic 

acid (α-Elemolic 

acid) 

-7.7 PHE104 π -alkyl -6.2 

THR230 

VAL147 

LEU145 

PRO151 

CYS220 

Conventional H-bond 

Conventional H-bond 

Conventional H-bond 

Alkyl 

Alkyl 

6 

3-oxo-tirucallic 

acid (β-Elemonic 

acid) 

-7.8 PHE104 π -alkyl -6.2 

THR230 

VAL147 

PRO151 

CYS220 

LEU145 

 

Conventional H-bond 

Alkyl 

Alkyl 

Alkyl 

Unfavorable acceptor-

acceptor 

7 α-Amyrenone -8.9  
multiple Van der Waals 

forces 
-5.6 THR150 Conventional H-bond 

8 Boscartin C -7.6 
PHE112 

MET115 

π –sigma 

Alkyl 
-4.5 

THR150 

ASP148 

 

Conventional H-bond 

Unfavorable acceptor-

acceptor 

9 Boscartol G -7.5 

ALA100 

TYR103 

TYR202 

Alkyl & π -alkyl 

Alkyl & π -alkyl 

π donor H-bond 

-5.4 

THR150 

VAL147 

PRO223* 

Conventional H-bond 

Conventional H-bond 

Alkyl 
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Suppl. Table (3): Docking scores, different amino acids bonded to docked compounds along with types 

of interaction in the active sites of mTOR and LC3C. 

    Autophagy marker 

  mTOR (9F44) LC3C (3WAM) 

 Compound 

Docking 

Score  

(kcal/mol) 

Amino 

acid 
Type of interaction 

Docking 

Score  

(kcal/mol) 

Amino 

acid 
Type of interaction 

 Internal ligand -5.6 

LYS1662 

 

LYS1655 

SRE1658 

TYR1698 

LYS1702 

LYS1788 

 

ARG1749 

Conventional H-bond 

Salt bridge 

Salt bridge 

Conventional H-bond 

Conventional H-bond 

Salt bridge 

Conventional H-bond 

Salt bridge 

Salt bridge 

-3.8 

LEU A49 

 

LYS A45 

 

ARG A66 

 

Conventional H-bond 

Conventional H-bond 

Conventional H-bond 

Salt bridge 

Conventional H-bond 

Salt bridge 

1 Keto boswellic acid -5.2 LYS1655 Conventional H-bond -5.2 
LYS A45 

PRO A51 

Unfavorable donor-donor 

Alkyl 

2 
Acetyl keto 

boswellic acid 
-4.7 

ARG1749 

LYS1662 

Conventional H-bond 

Alkyl 
0.8 …….. …….. 

3 

3-Acetyl-27-

hydroxy-lupeolic 

acid 

-4.3 
LYS1788 

ARG1651 

Conventional H-bond 

Alkyl 
0.5 …….. …….. 

4 Lupenone -6.0 LYS1662 Alkyl -4.2 LEU A49 Alkyl 

5 

3-hydroxytirucallic 

acid (α-Elemolic 

acid) 

-5.3 
LYS1662 

SRE1658 

Conventional H-bond 

Conventional H-bond 
-4.5 LYS A45 Conventional H-bond 

6 

3-oxo-tirucallic 

acid (β-Elemonic 

acid) 

-5.2 

GLN1695 

ARG1651 

TRP1620 

LYS1655 

ARG1749 

 

Conventional H-bond 

Alkyl 

π –alkyl 

Alkyl 

Unfavorable donor-

donor 

-4.2 

 

SER A65 

 

Conventional H-bond 

 

7 α-Amyrenone -5.6  
multiple Van der Waals 

forces 
-4.7 PRO A51 Alkyl 

8 Boscartin C -3.9  
multiple Van der Waals 

forces 
-5.0 

LYS A45 

LYS A26 

Conventional H-bond 

Conventional H-bond 

9 Boscartol G -5.2 LYS1702 Alkyl -6.0 
LEU A49 

ILE A62 

Unfavorable donor-donor 

Alkyl 
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Suppl. Table (4): Alignment of co-crystallized ligand with the docked ligand pose (yellow). 

BCL-2 P53 

 
 

RMSD: 0.724 RMSD: 1.361 

mTOR LC3C 

  

RMSD: 2.690 RMSD: 1.901 
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Suppl. Fig. 1. 2D and 3D pictures representing the Binding interactions of compounds with the highest 

binding energies: (a) 3-O-acetyl 11-keto boswellic acid in the active site of BCL-2, (b) α-Elemolic acid 

in the active site of P53, (c) α-Elemolic acid in the active site of mTOR, and (d) Boscartin C in the active 

site of LC3C. 
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Suppl. Fig. 2. 2D and 3D pictures representing the Binding interactions of (A) Internal ligand, 

(B) 11-Keto boswellic acid, (C) 3-Acetyl-27-hydroxy-lupeolic acid, and (D) Lupenone in the 

active site of Bcl-2. 
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Suppl. Fig. 3. 2D and 3D pictures representing the Binding interactions of (A) 3-oxo-tirucallic 

acid, (B), α-Amyrenone (C) Boscartin C, and (D) Boscartol G in the active site of Bcl-2. 
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Suppl. Fig. 4. 2D and 3D pictures representing the Binding interactions of (A) Internal ligand, 

(B) 11-Keto boswellic acid, (C) 3-O-Acetyl 11-keto boswellic acid, and (D) 3-Acetyl-27-

hydroxy-lupeolic acid in the active site of P53. 
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Suppl. Fig. 5. 2D and 3D pictures representing the Binding interactions of (A) Lupenone, (B) 

3-oxo-tirucallic acid, (C) α-Amyrenone, and (D) Boscartol G in the active site of P53. 
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Suppl. Fig. 6. 2D and 3D pictures representing the Binding interactions of (A) Internal ligand, 

(B) 11-Keto boswellic acid, (C) 3-O-Acetyl 11-keto boswellic acid, and (D) 3-Acetyl-27-

hydroxy-lupeolic acid in the active site of mTOR. 
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Suppl. Fig. 7. 2D and 3D pictures representing the Binding interactions of (A) Lupenone, (B) 

3-oxo-tirucallic acid, (C) Boscartin C, and (D) Boscartol G in the active site of mTOR. 
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Suppl. Fig. 8. 2D and 3D pictures representing the Binding interactions of (A) Internal ligand, 

(B) 11-Keto boswellic acid, (C) Lupenone, and (D) 3-hydroxytirucallic acid in the active site of 

LC3C.  
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Suppl. Fig. 9. 2D and 3D pictures representing the Binding interactions of (A) 3-oxo-tirucallic 

acid, (B) α-Amyrenone, (C) Boscartin C, and (D) Boscartol G in the active site of LC3C. 
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Suppl. Fig. 10.   The raw apoptosis/necrosis assay data for Figure 12 demonstrate consistent 

gating across all tested experimental groups, for clarification and reliable verification of the 

results. 
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3-O-(2-O-hexosyl-methyluronic acid)-hexoside 3-O-(2-O-methyl-hexosyl-uronic acid)-hexoside



Azelaic acid



Boscartin C

-18 (H2O)

-18 (H2O)

-18 (H2O)



1,4-Epoxy-8,13-cembrandien-5,12-diol

-18 (H2O)

-18 (H2O)

-18 (H2O)



Boscartol L

- 18 (H2O)

- 28 (-CO)

- 14 (-CH3)



Boscartol G



Boscartol C

- 18 (H2O)

- 28 (-CO)

- 14 (-CH3)



Unknown Triterpene



Unknown Triterpene



3,6,7-Trihydroxyolean-12-en-27-oic acid

-18 (-H2O)

-62 (-CO2+H2O)



Atricin B



α-Amyrenone

-18 (H2O)



β-Amyrenone

-18 (H2O)



11-hydroxy-β-boswellic acid



11-Keto-β-boswellic acid

-18 (-H2O)

-44 (-CO2)

-18 (-H2O)

-62 (-CO2+H2O)



3-O-Acetyl-9,11-dehydro-β-boswellic acid

-44 (COO)



3-O-Acetyl 11-keto-β-boswellic acid 

-44 (-COO)

-60 (-CH3COO)



3-O-Acetyl-11-methoxy-β-boswellic acid 



-44 (-COO)

-60 (-CH3COO)

3-Acetyl-27-hydroxy-lupeolic acid



Hydroxy-acetoxy-Lupeolic acid methyl ester



Boscartene A



3-oxo-tirucallic acid; β-Elemonic acid 

-44 (-COO)

- 18 (-H2O)



3-O-acetoxy tirucallic acid



-18 (H2O)
-28 (CO)

3-hydroxytirucallic acid; α-Elemolic acid



Lupenone
217.1951

-18 (H2O)



α-Amyrenone β-Amyrenone

-18 (H2O)
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