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ABSTRACT 

A native herbaceous plant of Southeast Asia, lempuyang is also widely distributed in Indonesia. 

This plant's primary bioactive component, Zerombone, has a variety of bioactivities, including an anti-

bacterial effect. Typically, transglycosylase and alanine racemase were necessary proteins for forming 

peptidoglycan membranes and are now frequently used as anti-bacterial targets. Thus, using an in-silico 

approach, this work assessed the interactions between the zerumbone and the protein targets. The 

PubChem database was searched for the zerumbone compound (CID 5470187). Transglycosylase (PDB 

code: 1SLY), alanine racemase (PDB code: 4WR3), and the control protein target were also obtained 

from the PDB database. The Molegro Virtual Docker 5.0 version and the Discovery Studio application 

21.1.1 versions were used to interface with and visualize the protein target and zerumbone compound. 

The result demonstrated that, like the control, the zerumbone compound in lempuyang blocks the active 

sites of the transglycosylase and the alanine racemase. The zerumbone-alanine racemase complexes 

additionally showed lower energy binding than other complexes. In conclusion, zerumbone in 

lempuyang can be a new candidate for anti-bacterial agents by inhibiting the synthesis of membrane 

peptidoglycan via suppressing transglycosylase and alanine racemase activities. 
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INTRODUCTION 

 As a tropical country, Indonesia is rich in 

mega-biodiversity, such as a medicinal plant. 

According to the Medicinal Herb Index, about 

5,000 medicinal plants are found in Indonesia 

(Arozal et al., 2020). One of the medicinal 

plants found in Indonesia is lempuyang, 

scientifically known as Zingiber zerumbet, 

which is a native rhizomatous herbaceous from 

Southeast Asia and belongs to a member of the 

Zingiberaceae family (Yob et al., 2011). Based 

on the Statistics of Horticulture, the production 

of lempuyang in Indonesia reached 7219608 kg 

in 2022 (Irjayanti et al., 2022). Commonly in 

Indonesia, lempuyang and its extracts are 

utilized as a traditional herbal medicine (Padalia 

et al., 2018; Widyastiwi and Roseno, 2022), as 

a spice, as vegetables (Silalahi, 2018), or as 

ornamental plants.  

According to Koga et al. (2016), terpenes 

and polyphenols are the primary chemical 

components found to dominate in lempuyang, 

with the main bioactive compound being 

zerumbone. Zerumbone is a valuable compound 

http://ojs.unud.ac.id/index.php/metamorfosa
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with various biological functions, including 

anti-bacterial capabilities (Veena et al., 2020; 

Ibáñez et al., 2023). Previous studies reported 

that the zerumbone compound has excellent 

anti-bacterial inhibitory properties in gram-

negative and gram-positive microorganisms, 

such as Escherichia coli (Moreira Da Silva et 

al., 2018). The zerumbone compound in 

lempuyang exhibits anti-bacterial activity 

primarily through two main ways: imitation of 

anti-bacterial resistance mechanisms or 

chemical interference. Anti-bacterial agents 

frequently target the following processes in 

bacteria: (a) bacterial DNA replication and 

repair, (b) bacterial cell wall formation, (c) 

bacterial protein biosynthesis, (d) bacterial cell 

membrane destruction, or (e) metabolic 

pathway inhibition (Khameneh et al., 2019). 

Alanine racemase and transglycosylase are the 

two examples of proteins responsible for 

prokaryote cell wall biosynthesis (Sauvage et 

al., 2008; Wei et al., 2016; Martinez-Bond et 

al., 2022).  

Alanine racemase is a PLP (pyridoxal-5′-

phosphate) enzyme that functions to catalyze 

the conversion of L-alanine to D-alanine, a 

crucial building block in the formation of the 

peptidoglycan layer in bacterial cell walls 

(Asojo et al., 2014; Wei et al., 2016). This 

enzyme is frequently used to develop new anti-

bacterial candidates because it is abundant in all 

bacteria but absent in higher species (Azam and 

Jayaram, 2016). Moreover, transglycosylases, 

such as alanine racemase, are required for the 

polymerization of glycan strands and the 

formation of peptidoglycan, which is required 

for the structural integrity of the cell wall 

(Galley et al., 2014) and are now recognized as 

an intriguing target for anti-bacterial drugs and 

therapy (Chen et al., 2019; Martinez-Bond et 

al., 2022). As a result, as explained above, this 

work focused on the anti-bacterial activity of 

the zerumbone compound in lempuyang by 

triggering alanine racemase and 

transglycosylase utilizing in silico approach. 

 

 

 

 

MATERIALS AND METHODS 

Ligand, Protein Structure Retrieval, and 

Binding Cavities Prediction 

The 3-D structure of the zerumbone 

compound was downloaded from the PubChem 

National Center for Biotechnology Information 

(NCBI) database 

(https://pubchem.ncbi.nlm.nih.gov/) with CID 

5470187. The target protein structures are 

transglycosylase (PDB code: 1SLY) (Chen et 

al., 2019) and alanine racemase (PDB code: 

4WR3) (Soo et al., 2016) and downloaded from 

the PDB (Protein Data Bank) database 

(https://www.rcsb.org/). The protein target 

structures were predicted for their active sites 

using the Molegro Virtual Docker 5.0 version 

program with binding cavities parameters: van 

der Waals and maximum cavities of 5 

(Bitencourt-Ferreira and de Azevedo, 2019; 

Bare et al., 2022; Sari et al., 2023). 

Docking Simulation and Analysis 

The active sites (binding cavities) of 

transglycosylase proteins were docked using the 

Molegro Virtual Docker 5.0 programs with 

specific protein grids, notably X = 12.77; Y = 

49.69; Z = 49.06; Radius 13, and the protein 

grid docking of alanine racemase is X = 44.0; Y 

= 2.34; Z = 2.97; Radius 1. The docking 

parameters were Score Function Moldock Score 

[Grid], grid resolution of 0.30, algorithm 

MolDock SE, 10x number iterations, max 

iterations of 1500, max population size of 50, 

pose generation energy threshold of 100, tries of 

10 – 30, simplex evolution max steps of 300, 

neighbor distance factor of 1.00, multiple poses 

the number of poses of 5, energy threshold of 

0.00, cluster similar poses RMSD threshold of 

1. The protein target was docked with anti-

bacterial control as a validation of the docking 

results of the zerombone compound, such as 

Bulgecin A (PDB code: 1SLY) for 

transglycosylase and Pyridoxal-5'-Phosphate 

(PDB code: 4WR3) for alanine racemase. Then, 

the docking results were analyzed by PyMol 

software version 2.2 and docking visualization 

to display 3D and 2D views and their 

interactions with the Discovery Studio program 

https://pubchem.ncbi.nlm.nih.gov/
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21.1.1. version (de Azevedo Jr, 2019; Sari et al., 

2021; Permatasari et al., 2022). 

 

RESULTS AND DISCUSSION 

Table 1 listed the interaction of 

transglycosylase as a receptor with the ligands, 

which are the zerumbone compound in 

lempuyang and bulgecin A as a control. The 

control interacted with the transglycosylase via 

SER487, MET498, THR501, TYR533, 

TYR552, GLU478, ASN553, GLY555, 

ALA554, and GLN496 amino acid residues 

through the hydrogen bonds, with low energy 

binding of -339.8 kJ/mol, as revealed in Table 

1. Furthermore, the zerumbone compound in 

lempuyang also binds to the transglycosylase on 

the ILE497 amino acid residue by hydrogen 

bonds. Moreover, ALA491, MET498, ILE497, 

and TYR533 amino acid residues bind to 

zerumbone compounds via hydrophobic 

interactions. The binding energy of zerumbone-

transglycosilase complexes is -207.6 kJ/mol 

(Table 1). Interestingly, the zerumbone 

compound in lempuyang and the control 

transglycosylase inhibitor (Bulgecin A) have 

the same active site interaction with the 

transglycosylase, as shown in Figure 1.  

 
Figure 1. Interaction between zerumbone compound and protein transglycosylase. (a) 3D view of 

zerumbone and Bulgecin A complexes with protein transglycosylase, (b–c). 3D and 2D structures of the 

zerumbone–transglycosylase complex, and (d–e) 3D and 2D structures of the Bulgecin A– 

transglycosylase complex.  The yellow ribbon structure represented transglycosylase, the pink stick 

structure represented Bulgecin A, and the blue stick structure represented the zerumbone compound.  
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Table 1. Interaction between zerumbone compound and protein transglycosylase 

Compound 

Bonding 

Energy 

(kJ/mol) 

Interaction 
Distance 

(A) 
Category Type 

Zerumbone -207.6 

A:ILE497:CA - 

:10:O1 3.37108 

Hydrogen 

Bonds 

Carbon Hydrogen 

Bonds 

A:ALA491 - :10:C3 3.61299 Hydrophobic Alkyl 

A:MET498 - :10 4.92497 Hydrophobic Alkyl 

:10:C11 - A:MET498 3.54956 Hydrophobic Alkyl 

:10:C15 - A:ILE497 5.40494 Hydrophobic Alkyl 

:10:C15 - A:MET498 4.73121 Hydrophobic Alkyl 

A:TYR533 - :10:C15 4.83215 Hydrophobic Pi-Alkyl 

A:THR501:OG1 - 

:10:H20 1.3682 Unfavorable Unfavorable Bump 

Bulgecin A -339.8 

A:SER487:OG - 

:10:O10 2.91741 

Hydrogen 

Bonds 

Conventional 

Hydrogen Bonds 

A:MET498:N - 

:10:O8 2.64165 

Hydrogen 

Bonds 

Conventional 

Hydrogen Bonds 

A:THR501:OG1 - 

:10:O7 3.18807 

Hydrogen 

Bonds 

Conventional 

Hydrogen Bonds 

A:TYR533:OH - 

:10:O6 3.03518 

Hydrogen 

Bonds 

Conventional 

Hydrogen Bonds 

:10:H9 - 

A:TYR533:OH 1.78291 

Hydrogen 

Bonds 

Conventional 

Hydrogen Bonds 

:10:H10 - 

A:TYR552:O 2.19595 

Hydrogen 

Bonds 

Conventional 

Hydrogen Bonds 

:10:H16 - 

A:GLU478:OE1 2.70192 

Hydrogen 

Bonds 

Conventional 

Hydrogen Bonds 

:10:H16 - 

A:GLU478:OE2 2.96171 

Hydrogen 

Bonds 

Conventional 

Hydrogen Bonds 

:10:H20 - 

A:GLU478:OE1 3.01712 

Hydrogen 

Bonds 

Conventional 

Hydrogen Bonds 

:10:H27 - 

A:GLU478:OE2 1.81172 

Hydrogen 

Bonds 

Conventional 

Hydrogen Bonds 

A:ASN553:CA - 

:10:O14 3.22772 

Hydrogen 

Bonds 

Carbon Hydrogen 

Bonds 

A:GLY555:CA - 

:10:O3 3.03077 

Hydrogen 

Bonds 

Carbon Hydrogen 

Bonds 

A:GLY555:CA - 

:10:O4 3.24334 

Hydrogen 

Bonds 

Carbon Hydrogen 

Bonds 

:10:H1 - 

A:TYR552:O 2.18658 

Hydrogen 

Bonds 

Carbon Hydrogen 

Bonds 

:10:H3 - 

A:TYR552:O 2.59697 

Hydrogen 

Bonds 

Carbon Hydrogen 

Bonds 

:10:H6 - 

A:ALA554:O 2.95363 

Hydrogen 

Bonds 

Carbon Hydrogen 

Bonds 
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Compound 

Bonding 

Energy 

(kJ/mol) 

Interaction 
Distance 

(A) 
Category Type 

:10:H15 - 

A:GLN496:O 2.23126 

Hydrogen 

Bonds 

Carbon Hydrogen 

Bonds 

:10:H21 - 

A:GLN496:OE1 2.48205 

Hydrogen 

Bonds 

Carbon Hydrogen 

Bonds 

:10:H26 - 

A:GLU478:OE2 2.66473 

Hydrogen 

Bonds 

Carbon Hydrogen 

Bonds 

:10:H26 - 

A:GLN496:O 2.9668 

Hydrogen 

Bonds 

Carbon Hydrogen 

Bonds 

 

The interaction between the zerumbone 

compound in lempuyang with the alanine 

racemase by the spending of energy binding of -

243.4 kJ/mol (Table 2) amino acid residue via 

ALA163, ALA193, HIS159, TYR343, and 

TYR255 amino acid residues through seven 

hydrophobic interactions. Moreover, the alanine 

racemase control, the Pyridoxal-5'-Phosphate 

compound, interacted similarly with the 

zerumbone compound, as shown in Figure 2 

and Table 2. The binding energy of Pyridoxal-

5'-Phosphate-alanine racemase complexes was -

288 kJ/mol, as listed in Table 2. The Pyridoxal-

5'-Phosphate bound the alanine racemase via 

LYS34, ARG129, TYR38, TYR255, ARG280, 

TYR343, and PHE274 by hydrophobic 

interactions. Interestingly, the zerumbone 

compound and the control have the same amino 

acid residues in bounding of transglycosylase, 

which was TYR255 and TYR343, which 

indicated that the zerumbone compound in 

lempuyang had the same inhibition mechanism 

as the control, which is the Pyridoxal-5'-

Phosphate. In earlier studies, Permatasari et al. 

(2022)  also reported that the bioactive 

compounds of Syzygium myrtifolium interacted 

with alanine racemase via ALA193, TYR255, 

and TYR343. In addition, Soo et al. (2016) and 

Thunnissen et al. (1995) identified TYR255 as 

the catalytic base. In this study, the zerombone 

compound also binds to TYR255, which means 

the zerumbone compound inhibits the alanine 

racemase in the catalytic base, indicating a high 

chance of interfering with bacterial cell wall 

biosynthesis. 
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Figure 2. The interaction between the zerumbone compound and the protein alanine racemase (a) 3D 

view of zerumbone and Pyridoxal-5'-Phosphate complexes with alanine racemase protein, (b – c) 3D 

and 2D structures of the zerumbone–alanine racemase complex, and (d–e) 3D and 2D structures of the 

Pyridoxal-5'-Phosphate – alanine racemase complex. The green ribbon structure represented the alanine 

racemase, the pink stick structure represented the Pyridoxal-5'-Phosphate, and the blue stick structure 

represented the zerumbone compound.  

 

Table 2. The interaction between the zerumbone compound and the alanine racemase protein 

Compound 

Bond 

Energy 

(kJ/mol) 

Interaction 
Distance 

(A) 
Category Type 

Zerumbone -243.4 

A:ALA163 - :10 5.00505 Hydrophobic Alkyl 

A:ALA163 - :10:C11 3.63808 Hydrophobic Alkyl 

A:ALA193 - :10:C15 3.37588 Hydrophobic Alkyl 

A:HIS159 - :10:C15 5.39814 Hydrophobic Pi-Alkyl 

A:TYR343 - :10:C3 4.41259 Hydrophobic Pi-Alkyl 

B:TYR255 - :10 4.67889 Hydrophobic Pi-Alkyl 

B:TYR255 - :10:C4 3.6123 Hydrophobic Pi-Alkyl 

Pyridoxal-5'-

Phosphate 
-288,0 

A:LYS34:NZ - 

:10:O3 2.63535 electrostatic 

Attractive 

Charge 

A:LYS34:NZ - 

:10:O5 3.18835 electrostatic 

Attractive 

Charge 

A:ARG129:NH2 - 

:10:O3 5.34412 electrostatic 

Attractive 

Charge 

A:TYR38:OH - 3.1018 Hydrogen Conventional 
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Compound 

Bond 

Energy 

(kJ/mol) 

Interaction 
Distance 

(A) 
Category Type 

:10:O4 Bonds Hydrogen 

Bonds 

A:TYR38:OH - 

:10:O5 2.92902 

Hydrogen 

Bonds 

Conventional 

Hydrogen 

Bonds 

B:TYR255:OH - 

:10:O2 3.07194 

Hydrogen 

Bonds 

Conventional 

Hydrogen 

Bonds 

B:TYR255:OH - 

:10:O3 3.04982 

Hydrogen 

Bonds 

Conventional 

Hydrogen 

Bonds 

B:ARG280:NE - 

:10:O1 3.10718 

Hydrogen 

Bonds 

Conventional 

Hydrogen 

Bonds 

:10:H8 - :10:O2 2.21946 

Hydrogen 

Bonds 

Carbon 

Hydrogen 

Bonds 

A:TYR343 - :10 3.75177 Hydrophobic Pi-Pi Stacked 

B:TYR255 - :10 3.7622 Hydrophobic Pi-Pi Stacked 

A:TYR343 - :10:C2 5.16787 Hydrophobic Pi-Alkyl 

B:TYR255 - :10:C5 4.79817 Hydrophobic Pi-Alkyl 

B:PHE274 - :10:C5 4.29921 Hydrophobic Pi-Alkyl 

 

 The binding energy of zerumbone-

alanine racemase complexes is lower than that 

of the zerumbone-transglycosylase complexes 

due to the bonds in zerumbone-alanine 

racemase dominated by hydrophobic 

interaction. Meanwhile, the zerumbone-

transglycosylase complexes also had varied 

bonds, such as hydrogen bonds, hydrophobic 

interaction, and also unfavorable. Previous 

reports revealed that the number and interaction 

bonds affected the energy binding in protein-

ligand interaction (Bare et al., 2021; Sari et al., 

2021). The hydrogen bonds, unfavorable bonds, 

and hydrophobic interactions contributed to the 

tightness and binding energy. The varied 

interaction of the ligands-proteins complex 

encouraged low binding energy and tighter 

interaction (Permatasari et al., 2022; Sari et al., 

2023).  

 

 

 

CONCLUSION 

In summary, the alanine racemase and 

transglycosylase activities on the peptidoglycan 

cell wall were successfully inhibited by the 

zerumbone compound in lempuyang. In future 

research, molecular dynamics was enjoyable to 

perform. 

 

ACKNOWLEDGMENT  

The authors would like to thank Dr. Dewi 

Ratih Tirto Sari from Ibrahimy University for 

permission to use the Molegro Virtual Docker 

5.0 version program for this research and the 

discussion during this research.  

 

REFERENCES 

Arozal, W., M. Louisa and V. Soetikno. 2020. 

Selected indonesian medicinal plants for 

the management of metabolic syndrome: 

Molecular basis and recent studies. 

Frontiers in Cardiovascular Medicine. 7: 

82. 



Metamorfosa: Journal of Biological Sciences 10(1): 276-284 (September 2023)                                               eISSN: 2655-8122 

283 

 

Asojo, O.A., S.K. Nelson., S. Mootien., Y. Lee., 

W.C. Rezende., D.A. Hyman., M.M. 

Matsumoto., S. Reiling., A. Kelleher., M. 

Ledizet., R.A. Koski and K.G. Anthony. 

2014. Structural and biochemical analyses 

of alanine racemase from the multidrug-

resistant Clostridium difficile strain 630. 

Acta Crystallographica Section D: 

Biological Crystallography. 70(7): 1922–

1933. 

Azam, M.A. and U. Jayaram. 2016. Inhibitors 

of alanine racemase enzyme: A review. 

Journal of Enzyme Inhibition and 

Medicinal Chemistry. 31(4): 517–526. 

Azevedo Jr, W.F. 2019. Docking Screens for 

Drug Discovery. 1st ed. Humana New 

York. NY: Springer. 

Bare, Y., L. Indahsari., D. Sari and T. 

Watuguly. 2021. In silico study: Potential 

prediction of Curcuma longa and 

Cymbopogon citratus essential oil as 

Lipoxygenase inhibitor. JSMARTech. 

2(2): 75–80. 

Bare, Y., D.R.T. Sari., W.O. Ujiana., P.Y.S. 

Ra’o and K. Pada. 2022. In silico 

repurposing of 6-paradol as an alternative 

herbal medicine for Alzheimer disease. 

Medical Sains: Jurnal Ilmiah 

Kefarmasian. 7(2): 155–162 (in Bahasa). 

Bitencourt-Ferreira, G. and W.F.J. de Azevedo, 

2019. Molegro Virtual Docker for 

Docking. In: Docking Screens for Drug 

Discovery (edited by W.F. de Azevedo 

Jr). Pp: 149–167. Humana New York. 

NY: Springer. 

Chen, X., C.H. Wong and C. Ma. 2019. 

Targeting the Bacterial Transglycosylase: 

Antibiotic Development from a Structural 

Perspective. ACS Infectious Diseases. 5: 

1493–1504. 

Galley, N.F., A.M. O'Reilly and D.I. Roper. 

2014. Prospects for novel inhibitors of 

peptidoglycan transglycosylases. 

Bioorganic Chemistry. 55(100): 16–26. 

Ibáñez, M.D., N.M. Sánchez-Ballester and 

M.A. Blázquez. 2023. Healthy 

Zerumbone: From Natural Sources to 

Strategies to Improve Its Bioavailability 

and Oral Administration. Plants. 12(1): 5. 

Irjayanti, A.D., A.S. Wibowo,. H. Stiyaningsih., 

I.M. Putri., O.P. Gitaningtyas., S.K. 

Areka., W. Suprapti and Z. Nurfalah. 

2022. Statistics of Horticulture 2022. 1st 

edn. BPS-Statistics Indonesia. Jakarta. 

Khameneh, B., M. Iranshahy., V. Soheili and 

B.S.F. Bazzaz. 2019. Review on Plant 

Antimicrobials: a mechanistic viewpoint. 

Antimicrobial Resistance and Infection 

Control. 8: 118. 

Koga, A.Y., F.L. Beltrame and A.V. Pereira. 

2016. Several aspects of Zingiber 

zerumbet: A review. Revista Brasileira de 

Farmacognosia. 26(3): 385–391. 

Martinez-Bond, E.A., B.M. Soriano and A.H. 

Williams. 2022. The mechanistic 

landscape of Lytic transglycosylase as 

targets for anti-bacterial therapy. Current 

Opinion in Structural Biology. 77: 

102480. 

Moreira Da Silva, T., C.D. Pinheiro., P. 

Puccinelli Orlandi., C.C. Pinheiro and G. 

Soares Pontes. 2018. Zerumbone from 

Zingiber zerumbet (L.) Smith: A potential 

prophylactic and therapeutic agent against 

the cariogenic bacterium Streptococcus 

mutans. BMC Complementary and 

Alternative Medicine. 18: 301. 

Padalia, R.C., R.S. Verma., A. Chauhan., V.R. 

Singh., P. Goswami., S. Singh., S.K. 

Verma., S. Luqman., C.S. Chanotiya and 

M.P. Darokar. 2018. Zingiber zerumbet 

(L.) Roscoe ex Sm. from northern India: 

Potential source of zerumbone rich 

essential oil for antiproliferative and anti-

bacterial applications. Industrial Crops 

and Products. 112: 749–754. 

Permatasari, N.D., J.E. Witoyo., Masruri., S.S 

Yuwono and S.B. Widjanarko. 2022. In 

Silico Screening of Syzygium myrtifolium 

Flavonoid Compounds as AntiBacterial 

Activity. Journal of Tropical Life Science. 

12(3): 299–306. 

Sari, D.R.T., M.E. Pranoto and G.C.  

Krisnamurti. 2023. Siphonaxanthin, A 

Functional Sea Grape's Carotenoid 

Revealed Cholesterol Synthesis 

Inhibition; In Silico Study. In: The 1st 

International Conference on Agricultural, 



Metamorfosa: Journal of Biological Sciences 10(1): 276-284 (September 2023)                                               eISSN: 2655-8122 

284 

 

Nutraceutical, and Food Science 

(ICANFS) 2022 "Praising the Tropical 

Nature Resources, Glorifying Biodiversity 

Potential of Nusantara." . Pp: 156–161. 

Sari, D.R.T., R. Ustiatik., J.E. Witoyo., G.C. 

Krisnamurti and Y. Bare. 2021. 

Bioinformatics Study of Allosteric 

Inhibition of Acemanan and 

Glucomannan Against C-JUN NH2 

Terminal Kinase (JNK). Spizaetus: Jurnal 

Biologi dan Pendidikan Biologi. 2(2): 28–

36 (in Bahasa). 

Sauvage, E., F. Kerff., M. Terrak., J.A. Ayala  

and P. Charlier. 2008. The penicillin-

binding proteins: Structure and role in 

peptidoglycan biosynthesis. FEMS 

Microbiology Reviews. 32(2): 234–258. 

Silalahi, M. 2018. Botany and Bioactivity of 

Lempuyang (Zingiber zerumbet (L.) 

Smith.). Jurnal EduMatSains, 2(2): 147–

160 (in Bahasa). 

Soo, V.W.C., Y. Yosaatmadja., C.J. Squire and 

W.M. Patrick. 2016. Mechanistic and 

evolutionary insights from the reciprocal 

promiscuity of two pyridoxal phosphate-

dependent enzymes. Journal of Biological 

Chemistry. 291(38): 19873–19887. 

Thunnissen, A.M.W.H., H.J. Rozeboom., K.H.  

Kalk and B.W. Dijkstra. 1995. Structure 

of the 70-kDa Soluble Lytic 

Transglycosylase Complexed with 

Bulgecin A. Implications for the 

Enzymatic Mechanism. Biochemistry. 

34(39): 12729–12737. 

Veena, K.S., G. Gopalan., M. Madhukrishnan., 

S. Varughese., K.V. Radhakrishnan and 

R.S. Lankalapalli. 2020. Putative 

Biomimetic Route to 8-

Oxabicyclo[3.2.1]octane Motif from a 

Humulene Sesquiterpenoid Zerumbone. 

Organic Letters. 22(16): 6409–6413. 

Wei, Y., W. Qiu., X.D. Zhou., X. Zheng., K.K. 

Zhang., S-Da. Wang., Y.Q. Li., L. 

Cheng., J.Y. Li., X. Xu and M.Y. Li. 

2016. Alanine racemase is essential for 

the growth and interspecies 

competitiveness of Streptococcus mutans. 

International Journal of Oral Science. 8, 

231–238. 

Widyastiwi, W and M. Roseno. 2022. 

Anxiolytic Activity of Ethanolic Extract 

of Three Species of Indonesian 

Lempuyang (Zingiber zerumbet, Zingiber 

aromaticum, and Zingiber americans). 

Open Access Macedonian Journal of 

Medical Sciences. 10(A): 695–701. 

Yob, N.J., S.M. Jofrry., M.M.R.M.M. Affandi., 

L.K. Teh., M.Z. Salleh and Z.A. Zakaria. 

2011. Zingiber zerumbet (L.) Smith: A 

review of its ethnomedicinal, chemical, 

and pharmacological uses. Evidence-

based Complementary and Alternative 

Medicine. 2011: 543216. 

  

 


