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care products. 
	 The current treatments for C. acnes in skin care products 
can be separated into two catego-ries, over-the-counter 
(OTC) drugs and cosmetics. OTC drugs such as tretinoin, 
benzoyl peroxide, sulfur and salicylic acid are commonly 
added to skin care ointment (7). Cosmetics often use ethyl 
lactate, phytosphingosine, nicotinamide or resveratrol to act 
as the antibacterial reagents (8). Also, plant crude extracts, 
such as those from cinchona bark or sage, can be added 
into cosmetics. Plant extracts have proven to be effective 
antibacterials, but the specific compounds responsible for 
the effect have not been thoroughly researched to be further 
utilized as clinical drugs. 
	 The traditional method for pharmaceutical drug 
development involves testing compounds in animal models 
or cell cultures for a desired therapeutic effect. However, 
in reverse pharmacology, a cellular pathway of interest 
is first identified that could be modified to bring about 
therapeutic bene-fits (9). In the case of C. acnes, targeting 
an indispensable biosynthesis pathway could provide the 
desired antibacterial activity. After one of its key enzymes is 
selected as the specific target, small molecules are docked 
computationally into the key enzyme’s binding pocket to 
simulate the binding energy. The small molecules with the 
highest computed affinity (low binding energy and score) 
are then selected as lead compounds to be further tested for 
enzyme kinetics and in cell- and animal-based testing. This 
study describes a virtual screen conducted using a database 
of plant extracts to identify potential compounds for further 
development of drugs or skin care products for the treatment 
of C. acnes.
	 For this study, we chose to target lipid biosynthetic 
pathways in C. acnes because lipid me-tabolism is vital 
for growth of the bacteria (10). These pathways have often 
been chosen to be the simulation targets by many published 
studies for other bacteria (11-13). Bacteria possess two lipid 
synthesis pathways, Fatty Acid Synthesis I (FAS I) and Fatty 
Acid Synthesis II (FAS II) (14), and C. acnes uses the FAS II 
pathway. Studies have shown that the interruption of FAS II 
complex formation is effective for the inhibition of bacterial 
growth (15, 16). Additionally, beta-ketoacyl-acyl-carrier-
protein synthase III (KAS III), part of the FAS II complex, 
has no homolog in humans, mak-ing it an ideal target for 
the disruption of bacterial lipid metabolism without affecting 
human lipid synthesis. We thus selected KAS III as the target 
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Acne vulgaris is an immune response leading to the 
dermatological disease generally known as acne 
caused by Cutibacterium acnes. It is estimated to affect 
9.4% of the global population, and nearly 8 in 10 teens 
have acne. Acne manifests itself through inflammation 
of hair follicles roots, skin red-ness, and formation of 
pimples. Treatments to remove acne scars are often 
money and time con-suming. Therefore, prevention 
of acne is beneficial beyond pure cosmetics. Acne 
symptoms can be alleviated if growth of C. acnes is 
inhibited; however, more in-depth research is needed 
for cosmetic care products regarding acne control. 
We applied reverse pharmacology methods to identify 
natural small molecule extracts with high affinity to 
important growth factors in C. acnes, to be employed 
as anti-bacterial agents in cosmetic or skincare 
products. With absorption, distribution, metabolism, 
excretion, and toxicity (ADMET) prediction we showed 
that out of the 2234 natural extracts ana-lyzed, 5 
small molecules had low binding energy. These five 
molecules were further analyzed. Through structural 
analysis and with reference to prior research, we 
concluded that these small mol-ecules have the 
potential to be supplemented in skincare products for 
acne control.

INTRODUCTION
	 Acne vulgaris is a type of skin disease commonly caused 
by the bacterium Cutibacterium acnes, which results in a 
series of immune reactions that lead to inflammation of the 
roots of hair follicles, skin redness, and even pimples (1). 
Acne is one of the most troublesome diagnoses for many 
adolescent teens, with an estimated 650 million people 
around the world affected (2). C. acnes is an anaerobic, rod-
shaped, Gram-positive bacterium that colonizes around the 
sebaceous glands, an exocrine gland in the skin, and utilizes 
the lipid secretions of these glands as its primary nutrient 
source (3). Colonization by the bacterium will eventually 
cause blockage of the pores which contin-ue to accumulate 
at skin surface, enlarging the hair follicle and aid the growth 
of C. acnes (4). The metabolites secreted by C. acnes trigger 
an immune response and activate toll-like receptors, leading 
to inflammation, redness, and pimple growth (5, 6). People 
often resort to over-the-counter topical ointments to treat the 
mild inflammation instead of oral drugs, which is the reason 
ointments for pimple treatment are one of the best-selling skin 
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of our screen given that it is unlikely to impact humans, 
hypothesizing that inhibitory binding by small molecules would 

lead to FAS II disruption and inhibition of bacterial growth.
For this research, a new pharmaceutical resource integration 
website was implemented called Taiwan Database of Extracts 
and Compounds (TDEC). Here, extracts, pure compounds 
and deriva-tives of Chinese medicines, oceanic organisms 
and microorganisms were collected and categorized. We used 
the database of pure compounds from Chinese medicine and 
their molecular structures to simulate small molecule binding 
to KAS III in the hopes to find a natural treatment to inhibit the 
growth of C. acnes.

RESULTS
	 We used a reverse pharmacology approach to look for 
promising compounds for the reduc-tion of C. acnes bacterial 
growth. To simulate the docking and binding of our target 
protein KASIII to different compounds, we downloaded 
the molecular structure data files of 2234 micromolecular 

Figure 1: The compound structures of C1-5 and phloretin. 

Figure 2. The 2D interaction of C1-5 and phloretin binding to 
KAS III. Green lines refer to hy-drogen bonds (Å); red dot refers 
to Oxygen; black dot refers to Carbon; blue dot refers to Nitrogen; 
red eyelashes represent hydrophobic contacts; alphabet in brackets 
refers to A or B chains of KAS III.

No. TDEC number Score Common 
names

CAS 
Number

C1 19CA001722 -10 Lycorine 476-
28-8

C2 19CA001765 -9.6 Galangin 548-
83-4

C3 19CA001417 -9.5 Rhein 478-
43-3

C4 19CA001645 -9.4 Crotonoside 1818-
71-9

C5 18CA000840 -9.3 Paeoniflorig-
enone

80454-
42-8

C6 19CA001486 -9.3 Catalpol 2415-
24-9

C7 19CA001491 -9.3 Chrysin 480-
40-0

C8 19CA001650 -9.3 Pinocembrin 480-
39-7

C9 19CN000683 -9.3 Brazilein 600-
76-0

C10 18CN001541 -9.2 Sinularioper-
oxide B

NA

C11 19CA001543 -9.2 Wogonin 632-
85-9

C12 20CN000243 -9.2 Phaitanthrin A NA
C13 19CA001418 -9.1 Aloe emodin 481-72-1
C14 19CA001595 -9.1 Ellagic acid 476-

66-4
C15 20CN000053 -9.1 Cynandione A 168706-

29-4
C16 19CA001017 -9 Emodin 518-82-1
C17 19CA0101508 -9 Alizarin 72-48-0

NA = no CAS Number available.

Table 1: Docking Results of compounds with affinity score -9 
and higher.
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structures from the TDEC website. We used Autodock vina 
software to simulate the docking to the active site of KAS III 
(PDB Accession: 6A9N). We selected compounds with an 
affinity score under -9, indicating lower binding energy and 
stronger interaction force with our target protein, for absorp-
tion, distribution, metabolism, excretion, and toxicity (ADMET) 
simulations. Compounds that met Lipinski’s rule of five, which 
is 1) Molecular mass < 500 Daltons, 2) High lipophilicity 
(expressed as LogP < 5), 3) Less than five hydrogen bond 
donors, 4) Less than 10 hydrogen bond acceptors, and 5) 
Molar refractivity between 40-130, and with no toxicity were 
tabulated (Table 1). We chose the score of -9 as the cutoff 
because there were too many candidates that shared the 
same score of -8.9. The top five candidates with the highest 
affinity scores were, from highest to lowest affinity, lycorine, 
galangin, rhein, crotonoside, and paeoniflorigenone (Table 1, 
Figure 1). Their structures and binding with KASIII are also 
shown (Figure 2, 3).
	 KAS III functions as a dimer with two identical A and B 
chains and requires potassium ions for enzyme activity. 
Upon analysis of the ligand-protein structure (Figures 2, 3), 
A chain’s V91, H93, H94, R95, D117, N119, S191 and W204, 
and B chain’s T90, H93, H94, R95, P96, D117 and W204 
(green lines in Figure 2) interact with C1-5. Suggesting that 
the ligand which interacts with H93(A), H94(A), R95(A), 
H94(B) scored lower on the binding energy scale. C1, C4, 
and C5 all in-teracted with the potassium ions; however, not 
all candidates needed potassium ions to be present to score 
higher on the docking scale. 

DISCUSSION
	 Our study successfully simulated the interaction of 
different compounds with our target pro-tein KAS III by 
using the TDEC platform’s data on molecular structure. Five 
candidates were selected for further analysis, which were 
shown to possess no toxic effects or could be used as drugs 
by literature review. In reference to previous research on the 
effects of phloretin, which has been de-scribed to inhibit KAS 
III function, we found that our candidates’ binding scores were 
much higher than the simulated docking score of phloretin. 
Therefore, it is reasonable to suppose that the molecules we 
have selected may perform better in the inhibition of KAS III. 
Interestingly, lycorine, galangin and rhein have all been 
reported to have antibacterial effects (17-19). Lycorine (C1) 
is an alkaloid extract from Lycoris radiata, the Chinese 
medicinal plant in the Amaryllidaceae family (20). The 
compound has shown a therapeutic effect in cancer 
treatment as well as antibacterial activity (21). Galangin (C2) 
is a polyphenolic compound that can be found in different 
medicinal herbs, for instance, Alpinia officinarum Hance, 
Alnus pendula Matsum, and Plantago major (22). Galangin 
has been studied as a therapy for colitis management (23) 
and also shows antibacterial activity (24). Rhein (C3) is an 
anthraquinone group substance obtained from Rheum, also 
known as cassic acid (25). Rhein also has antibacterial 

activity (26) and other pharma-cological activities, including 
hepatoprotective, nephroprotective, and anti-inflammatory 
activities (25). Crotonoside (C4) is a guanosine analog 
that is isolated from Croton tiglium (27). Crotonoside has 
potentially immunotherapeutic effects for the treatment of 
arthritic symptoms (27), but no anti-bacterial activity has been 
previously reported. Paeoniflorigenone (C5) is a monoterpene 
isolated from the root of Moutan cortex (28) that shows strong 
bioactivity and may induce apoptosis selectively in cancer 
cell lines (29).
	 One of the key advantages of molecular simulation is that 
we can use a database of com-pounds already approved by 
the FDA or other regulators, making it much easier for the 
potential drugs to be repurposed after clinical trials (30). 
This is particularly time saving and prevents the waste of 
resources. Using natural extracts within the database can 
yield similar results. The current regulations are more lenient 
towards plant extracts in skin care and cosmetic products, 
so if suitable compounds with treatment efficacy are found, 
plants with high content of said compound can be further 
tested for toxicity. If there is no observable toxicity, these 
extracts can be quickly added to skin care products ready for 
the market.
	 Phloretin, which has previously been shown to inhibit KAS 
III (31), only scored a -8.4 on binding energy, comparatively 

Figure 3. The 3D interaction figures of C1-5 and phloretin 
binding to KAS III. Red refers to Oxy-gen; Green  refers to Carbon; 
Blue dot refers to Nitrogen. 



20 MARCH 2022  |  VOL 5  |  4Journal of Emerging Investigators  •  www.emerginginvestigators.org

weaker than our top 5 candidates. This suggests that our 
candidates might inhibit KAS III more potently than phloretin. 
However, we would suggest analyzing the in-hibitory effect of 
the 5 compounds in in vitro studies to show their antibacterial 
activity in future, which needs to be further explored in a 
laboratory setting. Since the database we used only includes 
natural derivatives, we could apply plant-based extracts 
containing candidate molecules to further expand our 
antibacterial testing, with the intention for them to be added 
to skin care products as an acne prevention and treatment 
additive. In conclusion, this experiment provides a great basis 
of in-formation that can inform future product development 
and serve as a reference for antibacterial experiments.

MATERIALS AND METHODS
Files and Software
	 The SDF files of the ligands were obtained from Taiwan 
Database of Extracts and Com-pounds (https://tdec.kmu.
edu.tw/index.aspx), and the Protein 3D structure files were 
obtained from PDB (www.rcsb.org). Docking simulations were 
done in the following platforms: AutoDocksTools 1.5.6 and 
PyRx 0.9.x. ADMET analysis were done using SwissADME 
(https://www.swissadme.ch). Finally, the 2D and 3D figures 
were made using LigPlot+ 2.2 and Pymol 2.4 to conclude the 
study.

Molecular Docking
	 PyRx’s open label panel was used to convert the SDF files 
of the ligand into pdbqt files. Au-toDockTools were used to 
remove water and add hydrogens to the protein and grid them 
into pdbqt files. Every file was placed in PyRx’s autodock vina 
function to complete docking. Docking was set centralized to 
(25, 25, 25), dimension=10, and extensive=10. Models that 
had binding energy less than -9 were selected for further 
analysis. 

ADMET Prediction
	 SwissADME (http://www.swissadme.ch/) was used 
to verify whether the candidates met Lipinski’s rule of five. 
Those that did not meet it were eliminated. Lipinski’s rule of 
five is defined as [1] partition coefficient log P in −0.4 to +5.6 
range; [2] molar refractivity from 40 to 130; [3] mo-lecular 
weight from 180 to 480; and [4] number of atoms from 20 to 
70 (32).
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