
 

 

STUDI IN SILICO PEPTIDA ANTIMIKROBA 

DARI KAYU SECANG (Caesalpinia sappan L.) 

TERHADAP Klebsiella pneumoniae 

 

 

 

 

SKRIPSI 

 

 

 

 

HANIF FARID SUDJUD 

A221016 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SEKOLAH TINGGI FARMASI INDONESIA 

YAYASAN HAZANAH 

BANDUNG 

2026 



 

 

STUDI IN SILICO PEPTIDA ANTIMIKROBA 

DARI KAYU SECANG (Caesalpinia sappan L.) 

TERHADAP Klebsiella pneumoniae 

 

 

 

 

SKRIPSI 

Sebagai salah satu syarat untuk memperoleh gelar Sarjana Farmasi 

 

 

 

 

HANIF FARID SUDJUD 

A221016 

 

 

 

 

 

 

 

 

 

 

SEKOLAH TINGGI FARMASI INDONESIA 

YAYASAN HAZANAH 

BANDUNG 

2026



 

i 

 

STUDI IN SILICO PEPTIDA ANTIMIKROBA DARI KAYU SECANG 

(Caesalpinia sappan L.) TERHADAP Klebsiella pneumoniae 

 

 

 

 

 

 

 

 

 

 

HANIF FARID SUDJUD 

A221016 

 

 

 

 

 

 

 

 

 

 

Juli 2026 

 

 

Disetujui oleh: 

 

 

 

 

Pembimbing Pembimbing 

  

Umi Baroroh, S.Si., M.Biotek. Himalaya Wana Kelana, M.Pd. 



 

ii 

 

Kutipan atau saduran baik sebagian atau 

seluruh naskah, harus menyebut nama 

pengarang dan sumber aslinya, yaitu 

Sekolah Tinggi Farmasi Indonesia.



 

iii 

 

Skripsi ini saya persembahkan untuk kedua 

orang tua dan keluarga saya yang selalu memberikan 

doa yang tak pernah putus, kerja keras tanpa 

mengeluh, serta pengorbanan yang sering tak 

terlihat namun selalu saya rasakan. Setiap langkah 

yang saya capai hari ini adalah buah dari doa dan 

usaha kalian yang tak pernah berhenti. 



 

iv 

 

ABSTRAK 

 

 

Klebsiella pneumoniae merupakan bakteri Gram-negatif anggota ESKAPE yang 

resistensinya terhadap antibiotik terus meningkat. Kondisi ini menuntut alternatif 

terapi baru seperti peptida antimikroba. Penelitian ini bertujuan mengidentifikasi 

dan mengevaluasi kandidat peptida antimikroba dari kayu secang terhadap tiga 

protein target K. pneumoniae yaitu OmpA, SHV-1 β-laktamase, dan OmpK36. 

Penelitian dilakukan melalui pendekatan in silico. Tahapan penelitian meliputi 

identifikasi peptida dari sekuens protein kayu secang serta prediksi aktivitas 

antimikroba, sifat fisikokimia, sifat biologis, dan profil ADMET. Struktur tiga 

dimensi peptida diprediksi dan divalidasi sebelum ditambatkan pada protein target 

dengan meropenem dan VvK1 sebagai kontrol. Dari tujuh peptida yang diuji, 

peptida LGITK dan LGITKT terpilih sebagai dua kandidat terbaik. Keduanya 

memiliki aktivitas antimikroba spesifik, sifat fisikokimia stabil, profil biologis dan 

ADMET yang aman, serta struktur tiga dimensi tervalidasi baik. Kedua peptida 

menunjukkan interaksi molekuler dan afinitas ikatan yang baik terhadap seluruh 

protein target. Peptida LGITKT secara konsisten lebih unggul dan SHV-1 β-

laktamase merupakan target paling prospektif karena afinitas ikatan kedua peptida 

melampaui kontrol meropenem dan VvK1. Temuan ini menunjukkan bahwa 

peptida LGITK dan LGITKT merupakan kandidat peptida antimikroba potensial 

terhadap K. pneumoniae. 

 

 

Kata kunci: antimikroba, Caesalpinia sappan L.,  Klebsiella pneumoniae, peptida  
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ABSTRACT 

 

 

Klebsiella pneumoniae is a Gram-negative bacterium of the ESKAPE group whose 

resistance to antibiotics continues to increase, demanding new therapeutic 

alternatives such as antimicrobial peptides. This study aimed to identify and 

evaluate candidate antimicrobial peptides derived from sappan wood (Caesalpinia 

sappan L.) against three K. pneumoniae target proteins, namely OmpA, SHV-1 β-

lactamase, and OmpK36. The research was conducted using an in silico approach. 

The stages included identification of peptides from sappan wood protein sequences, 

followed by prediction of antimicrobial activity, physicochemical properties, 

biological properties, and ADMET profile. Three-dimensional peptide structures 

were predicted and validated prior to docking onto the target proteins, with 

meropenem and VvK1 used as controls. Of the seven peptides tested, LGITK and 

LGITKT were selected as the two best candidates. Both exhibited specific 

antimicrobial activity, stable physicochemical properties, safe biological and 

ADMET profiles, and well-validated three-dimensional structures. Both peptides 

demonstrated favorable molecular interactions and binding affinities toward all 

target proteins. LGITKT consistently outperformed LGITK, and SHV-1 β-

lactamase was identified as the most prospective target, as the binding affinities of 

both peptides exceeded those of the meropenem and VvK1 controls. These findings 

indicated that LGITK and LGITKT were potential antimicrobial peptide candidates 

against K. pneumoniae. 

 

 

Keywords: antimicrobial, Caesalpinia sappan L., Klebsiella pneumoniae, peptide



 

vi 

 

KATA PENGANTAR 

Bismillahirrahmanirrahim, 

Puji dan Syukur penulis panjatkan ke hadirat Allah SWT. Atas segala 

Rahmat, karunia dan hidayah-Nya sehingga penulis dapat menyelesaikan skripsi 

yang berjudul “Studi In Silico Peptida Antimikroba Dari Kayu Secang 

(Caesalpinia sappan L.) Terhadap Klebsiella pneumoniae”.  

Penelitian dan penulisan skripsi ini dilakukan untuk memenuhi salah satu 

syarat untuk mendapatkan gelar sarjana pada Program Studi Sarjana Farmasi 

Sekolah Tinggi Farmasi Indonesia.  

Penulis mengucapkan terima kasih kepada dosen pembimbing Ibu Umi 

Baroroh, S.Si., M.Biotek. dan Ibu Himalaya Wana Kelana, M.Pd. atas bimbingan, 

nasihat, dukungan serta pengorbanan yang diberikan. Pada kesempatan ini, tidak 

lupa penulis mengucapkan terimakasih yang sebesar-sebesarnya kepada: 

1. Dr. apt. Adang Firmansyah, M.Si., selaku Ketua Sekolah Tinggi Farmasi 

Indonesia, 

2. Dr. apt. Diki Prayugo, M.Si., selaku Wakil Ketua I Bidang Akademik, 

3. Dr. apt. Hesti Riasari, M.Si., selaku Ketua Program Studi Sarjana Farmasi, 

4. Dr. apt. Revika Rachamaniar, M.Farm., selaku Dosen Wali yang telah 

banyak memberikan bimbingan dan arahan kepada penulis, 

5. Seluruh staf dosen, staf administrasi, serta karyawan Sekolah Tinggi 

Farmasi Indonesia,  

6. Mamah tercinta yang tidak pernah lelah mendukung, mendoakan, serta 

mengobarkan banyak hal demi penulis. Terima kasih atas cinta dan 

kepercayaan yang selalu menguatkan. 

7. Papah yang senantiasa mendukung, mendoakan, serta memberikan motivasi 

agar penulis tidak pernah berhenti berjuang hingga menyelesaikan 

pendidikan ini dengan baik. 

8. Sahabat Angkatan 2022 yang telah senantiasa menemani dan memberikan 

inspirasi selama masa kuliah penulis di Sekolah Tinggi Farmasi Indonesia 

Dalam penyusunan skripsi ini banyak kesalahan dan kekurangan karena 

pengetahuan yang masih sangat terbatas. Oleh karena itu dengan kerendahan hati 

diharapkan masukan berupa kritik dan saran yang bersifat membangun untuk 

perbaikan dimasa yang akan datang. Penulis berharap semoga tugas akhir ini akan 

memberikan manfaat bagi penulis sendiri dan juga pihak lain yang berkepentingan.  

 

Bandung, Juli 2026 

  Penulis 

 

 



 

vii 

 

DAFTAR ISI 

 

 

LEMBAR PENGESAHAN ..................................................................................... i 

KUTIPAN ............................................................................................................... ii 

PERSEMBAHAN .................................................................................................. iii 

ABSTRAK ............................................................................................................. iv 

ABSTRACT .............................................................................................................. v 

KATA PENGANTAR ........................................................................................... vi 

DAFTAR ISI ......................................................................................................... vii 

DAFTAR TABEL .................................................................................................. ix 

DAFTAR GAMBAR .............................................................................................. x 

DAFTAR LAMPIRAN .......................................................................................... xi 

BAB I  PENDAHULUAN ...................................................................................... 1 

1.1 Latar Belakang ......................................................................................... 1 

1.2 Identifikasi Masalah ................................................................................. 4 

1.3 Tujuan Penelitian ...................................................................................... 4 

1.4 Kegunaan Penelitian ................................................................................. 5 

1.5 Waktu dan Tempat Penelitian .................................................................. 5 

BAB II  TINJAUAN PUSTAKA ............................................................................ 6 

2.1  Klebsiella pneumoniae ............................................................................. 6 

2.1.1  Profil Biologis ................................................................................. 6 

2.1.2 Target Protein untuk Pengembangan Antimikroba ......................... 7 

2.1.3 Resistensi Antibiotik pada Klebsiella pneumoniae ....................... 10 

2.2 Peptida Antimikroba (AMPs) ................................................................. 10 

2.3 Pendekatan In Silico dalam Pengembangan AMPs ................................ 14 

BAB III  TATA KERJA ....................................................................................... 17 

3.1 Alat ......................................................................................................... 17 

3.2 Bahan ...................................................................................................... 17 

3.3 Metode Penelitian ................................................................................... 17 

3.3.1 Prediksi Karakteristik Sifat-sifat Peptida Antimikroba ................. 17 

3.3.2 Penambatan Molekul ..................................................................... 21 

BAB IV HASIL PENELITIAN DAN PEMBAHASAN ...................................... 25 

4.1 Prediksi Karakteristik Sifat-sifat Peptida Antimikroba .......................... 25 

4.1.1 Preparasi Peptida dan Prediksi Aktivitas Antimikroba ................. 25 

4.1.2 Prediksi Sifat Fisikokimia Peptida ................................................ 26 

4.1.3 Prediksi Sifat Biologis Peptida ...................................................... 29 

4.1.4 Prediksi Profil ADMET ................................................................. 29 

4.1.5 Prediksi dan Validasi Struktur Tiga Dimensi Peptida ................... 31 

4.2 Penambatan Molekul .............................................................................. 33 

4.2.1 Hasil Penambatan Molekul ........................................................... 33 

4.2.2 Visualisasi dan Analisis Interaksi Molekuler ................................ 35 



 

viii 

 

4.2.3 Prediksi Energi Ikatan ................................................................... 40 

BAB V SIMPULAN DAN ALUR PENELITIAN SELANJUTNYA .................. 43 

5.1 Simpulan ................................................................................................. 43 

5.2 Alur Penelitian Selanjutnya .................................................................... 43 

DAFTAR PUSTAKA ........................................................................................... 44 

LAMPIRAN .......................................................................................................... 49 

 

  



 

ix 

 

DAFTAR TABEL 

 

 

Tabel Halaman 

2.1  Kode Asam Amino …………………………………………………... 11 

3.1  Residu Aktif OmpA (PDB ID: 7RJJ)………………………………… 22 

3.2 Residu Aktif SHV-1 β-laktamase (PDB ID: 4FH4)………………….. 22 

3.3  Residu Aktif OmpK36 (PDB ID: 1OSM)……………………………. 23 

3.4 Parameter Default Simulasi HADDOCK 2.4………………………… 23 

4.1  Tabel Prediksi Aktivitas Antimikroba………………………………... 25 

4.2  Sifat Fisikokimia Dasar Fragmen Peptida Hasil Pemotongan………... 26 

4.3 Parameter Stabilitas, Indeks Alifatik, GRAVY, dan Muatan Bersih …27 

4.4  Prediksi Toksisitas dan Sifat Biologis………………………………... 29 

4.5  Profil ADMET Komparatif LGITK dan LGITKT…………………… 29 

4.6  Validasi MolProbity Struktur 3D Peptida LGITKT………………….. 32 

4.7  Hasil Validasi MolProbity Struktur 3D Peptida LGITK……………... 32 

4.8  Klaster Terbaik pada Setiap Kompleks Protein-Ligan……………….. 34 

4.9  Prediksi Energi Ikatan…………………………………………………41 



 

x 

 

DAFTAR GAMBAR 

 

 

Gambar Halaman 

2.1  Klebsiella pneumoniae……………………………………………… 6 

2.2  Struktur OmpA dari Klebsiella pneumoniae………………………... 7 

2.3  Struktur SHV-1 β-laktamase dari Klebsiella pneumoniae………….. 8 

2.4  Struktur OmpK36 dari Klebsiella pneumoniae……………………... 9 

2.5  Struktur sekunder AMPs…………………………………………... 12 

4.1  Struktur 3D Model 2 Peptida LGITKT……………………………. 33 

4.2  Struktur 3D Model 1 Peptida LGITK……………………………... 33 
4.3 Visualisasi 3D dan 2D Kompleks Hasil Docking Terhadap OmpA 36 
4.4 Visualisasi 3D dan 2D Kompleks Hasil Docking Terhadap SHV-1 

 Beta Laktamase……………………………………………………. 36 
4.5 Visualisasi 3D dan 2D Kompleks Hasil Docking Terhadap  

 OmpK36…………………………………………………………… 37 



 

xi 

 

DAFTAR LAMPIRAN 

 

 

Lampiran Halaman 

1  Database Dan Alamat Web server………………………………… 49 
2  Daftar Protein Kayu Secang Dan Sekuens Asam Amino…………. 50 
3  Daftar Fragmen Peptida Hasil Pemotongan Secara In Silico……… 66 
4  Tabel Hasil Prediksi Aktivitas Antimikroba……………………... 103 
5  Hasil Prediksi Sifat Fisikokimia Peptida………………………… 108 
6  Hasil Prediksi Toksisitas Peptida………………………………… 115 
7  Hasil Prediksi Alergenitas Peptida………………………………..116 
8  Hasil Prediksi Kemampuan Hemolitik Peptida………………….. 119 
9  Hasil Prediksi Kemampuan Penetrasi Sel Peptida……………….. 120 
10  Hasil Prediksi Admet Peptida……………………………………. 121 
11  Plot Ramachandran Peptida Kandidat…………………………….123 

 

 



 

44 
 

DAFTAR PUSTAKA 

 

 

Abukhalil, A. D., Barakat, S. A., Mansour, A., Al-Shami, N., & Naseef, H. (2024). 

ESKAPE Pathogens: Antimicrobial Resistance Patterns, Risk Factors, and 

Outcomes a Retrospective Cross-Sectional Study of Hospitalized Patients in 

Palestine. Infection and Drug Resistance, 17(1), 3813–3823. 

Agüero-Chapin, G., Antunes, A., & Marrero-Ponce, Y. (2023). A 2022 Update on 

Computational Approaches to the Discovery and Design of Antimicrobial Peptides. 

Antibiotics, 12(6), 1011–1013. 

Aguilera-Puga, M. d. C., Cancelarich, N. L., Marani, M. M., de la Fuente-Nunez, C., & 

Plisson, F. (2024). Accelerating the Discovery and Design of Antimicrobial 

Peptides with Artificial Intelligence. Methods in Molecular Biology, 2714, 329–

352. 

Al-Khdhairawi, A., Sanuri, D., Akbar, R., Lam, S. D., Sugumar, S., Ibrahim, N., Chieng, 

S., & Sairi, F. (2023). Machine learning and molecular simulation ascertain 

antimicrobial peptide against Klebsiella pneumoniae from public database. 

Computational Biology and Chemistry, 102. 

Alzain, M., Daghistani, H., Shamrani, T., Almoghrabi, Y., Daghistani, Y., Alharbi, O. 

S., Sait, A. M., Mufrrih, M., Alhazmi, W., Alqarni, M. A., Saleh, B. H., Zubair, M. 

A., Juma, N. A., Niyazi, H. A., Niyazi, H. A., Halabi, W. S., Altalhi, R., Kazmi, I., 

Altayb, H. N., … Alfadil, A. (2025). Antimicrobial Peptides: Mechanisms, 

Applications, and Therapeutic Potential. Infection and Drug Resistance, 18(1), 

4385–4426. 

Andersson, D. I., Hughes, D., & Kubicek-Sutherland, J. Z. (2016). Mechanisms and 

Consequences of Bacterial Resistance to Antimicrobial Peptides. Drug Resistance 

Updates, 26(1), 43–57. 

Awdhesh Kumar Mishra, R., & Kodiveri Muthukaliannan, G. (2024). In-silico and in-

vitro study of novel antimicrobial peptide AM1 from Aegle marmelos against drug-

resistant Staphylococcus aureus. Scientific Reports 2024 14:1, 14(1), 25822-.  

Bobone, S., & Stella, L. (2019). Selectivity of Antimicrobial Peptides: A Complex 

Interplay of Multiple Equilibria. Advances in Experimental Medicine and Biology, 

1117, 175–214. 

Chukiatsiri, K., Tippaya, K., & Ngasaman, R. (2024). Pharmaceutical activity of sappan 

wood extract (Caesalpinia sappan L.) for treating Escherichia coli infection in 

piglets. Open Veterinary Journal, 14(4), 973–979.  

Daina, A., Michielin, O., & Zoete, V. (2017). SwissADME: a free web tool to evaluate 

pharmacokinetics, drug-likeness and medicinal chemistry friendliness of small 

molecules. Scientific Reports 2017 7:1, 7(1), 42717-.  

Gach, M. W., Lazarus, G., Simadibrata, D. M., Sinto, R., Saharman, Y. R., Limato, R., 

Nelwan, E. J., van Doorn, H. R., Karuniawati, A., & Hamers, R. L. (2024). 

Antimicrobial resistance among common bacterial pathogens in Indonesia: a 

systematic review. The Lancet regional health. Southeast Asia, 26, 100414. 

Hamzaoui, Z., Ocampo-Sosa, A., Fernandez Martinez, M., Landolsi, S., Ferjani, S., 

Maamar, E., Saidani, M., Slim, A., Martinez-Martinez, L., & Boutiba-Ben 

Boubaker, I. (2018). Role of association of OmpK35 and OmpK36 alteration and 



 

45 
 

bla ESBL and/or bla AmpC genes in conferring carbapenem resistance among non-

carbapenemase-producing Klebsiella pneumoniae. International Journal of 

Antimicrobial Agents, 52(6), 898–905. 

Hetta, H. F., Sirag, N., Alsharif, S. M., Alharbi, A. A., Alkindy, T. T., Alkhamali, A., 

Albalawi, A. S., Ramadan, Y. N., Rashed, Z. I., & Alanazi, F. E. (2024). 

Antimicrobial Peptides: The Game-Changer in the Epic Battle Against Multidrug-

Resistant Bacteria. Pharmaceuticals, 17(11).  

Huynh, L., Velásquez, J., Rabara, R., Basu, S., Nguyen, H. B., & Gupta, G. (2021). 

Rational design of antimicrobial peptides targeting Gram-negative bacteria. 

Computational Biology and Chemistry, 92, 107475.  

Islam, T., Tamanna, N. T., Sagor, M. S., Zaki, R. M., Rabbee, M. F., & Lackner, M. 

(2024). Antimicrobial Peptides: A Promising Solution to the Rising Threat of 

Antibiotic Resistance. Pharmaceutic, 16(12), 1542.  

Ju, J., Liu, X., Chen, Q., Wang, J., & Shen, L. (2025). Global burden and trends of 

Klebsiella pneumoniae infection, 1990–2021: insights from the global burden of 

disease study. Frontiers in Public Health, 13, 1630262. 

Kadam, K., Sawant, S., Jayaraman, V. K., Urmila Kulkarni-Kale, Kadam, K., Sawant, 

S., Jayaraman, V. K., & Urmila Kulkarni-Kale. (2016). Databases and Algorithms 

in Allergen Informatics. In Bioinformatics - Updated Features and Applications 

(pp. 53–84). IntechOpen.  

Karampatakis, T., Tsergouli, K., & Behzadi, P. (2023). Carbapenem-Resistant Klebsiella 

pneumoniae: Virulence Factors, Molecular Epidemiology and Latest Updates in 

Treatment Options. Antibiotics (Basel, Switzerland), 12(2). 

Kumar, N., Sood, D., Tomar, R., & Chandra, R. (2019). Antimicrobial Peptide 

Designing and Optimization Employing Large-Scale Flexibility Analysis of 

Protein-Peptide Fragments. ACS Omega, 4(25), 21370–21380.  

Lamiable, A., Thevenet, P., Rey, J., Vavrusa, M., Derreumaux, P., & Tuffery, P. (2016). 

PEP-FOLD3: faster de novo structure prediction for linear peptides in solution and 

in complex. Nucleic Acids Research, 44(1), 449–454.  

Le, T. A., Hiba, T., Chaudhari, D., Preston, A. N., Palowsky, Z. R., Ahmadzadeh, S., 

Shekoohi, S., Cornett, E. M., & Kaye, A. D. (2023). Aminoglycoside-Related 

Nephrotoxicity and Ototoxicity in Clinical Practice: A Review of 

Pathophysiological Mechanism and Treatment Options. Advances in Therapy, 

40(4), 1357–1365. 

Liakopoulos, A., Mevius, D., & Ceccarelli, D. (2016). A review of SHV extended-

spectrum β-lactamases: Neglected yet ubiquitous. Frontiers in Microbiology, 

7(SEP), 219996. 

Mahlapuu, M., Håkansson, J., Ringstad, L., & Björn, C. (2016). Antimicrobial peptides: 

An emerging category of therapeutic agents. Frontiers in Cellular and Infection 

Microbiology, 6, 194.  

Maleki, M., Nezhad, H., Bahadori, N., Daneshniya, M., & Latifi, Z. (2020). A Review 

Of Biological Properties Of Bioactive Peptides: Antimicrobial Activity. 

International Journal of Academic and Applied Research, 4, 8–14.  

Mandal, M., & Mandal, S. (2025). Molecular docking, molecular dynamics simulation 

and MM-PB/GBSA analysis for the inhibition of Klebsiella pneumoniae SHV-1 β-

lactamase using antimicrobial peptides defensin VvK1 and snakin-1. Biomedical 

Analysis, 2(2), 39–50.  



 

46 
 

Marsubrin, P. M. T., Sjahrulla, M. A. R., Oswari, J. S., Viola, V., & Sugiyarto, K. L. J. 

(2026). Uncovering the risk factors for mortality of carbapenem-resistant Klebsiella 

pneumoniae infections in Indonesian NICU: A study from a referral 

hospital. Journal of neonatal-perinatal medicine, 19(2), 147–153. 

Miah, M. M., Tabassum, N., Afroj Zinnia, M., & Islam, A. B. M. M. K. (2022). Drug 

and Anti-Viral Peptide Design to Inhibit the Monkeypox Virus by Restricting A36R 

Protein. Bioinformatics and Biology Insights, 16. 

Mishra, R. A. K., & Muthukaliannan, G. K. (2024). In-silico and in-vitro study of novel 

antimicrobial peptide AM1 from Aegle marmelos against drug-resistant 

Staphylococcus aureus. Scientific Reports, 14(1), 25822.  

Muhammed, M. T., & Aki-Yalcin, E. (2019). Homology modeling in drug discovery: 

Overview, current applications, and future perspectives. Chemical Biology and 

Drug Design, 93(1), 12–20.  

Norouzi, P., Mirmohammadi, M., & Houshdar Tehrani, M. H. (2022). Anticancer 

peptides mechanisms, simple and complex. Chemico-Biological Interactions, 368, 

110194. 

Ong, S. T., Bajaj, S., Tanner, M. R., Chang, S. C., Krishnarjuna, B., Ng, X. R., Morales, 

R. A. V., Chen, M. W., Luo, D., Patel, D., Yasmin, S., Ng, J. J. H., Zhuang, Z., 

Nguyen, H. M., El Sahili, A., Lescar, J., Patil, R., Charman, S. A., Robins, E. G., 

… Chandy, K. G. (2020). Modulation of Lymphocyte Potassium Channel KV1.3 

by Membrane-Penetrating, Joint-Targeting Immunomodulatory Plant Defensin. 

ACS Pharmacology and Translational Science, 3(4), 720–736. 

Pattananandecha, T., Apichai, S., Julsrigival, J., Ogata, F., Kawasaki, N., & Saenjum, C. 

(2022). Antibacterial Activity against Foodborne Pathogens and Inhibitory Effect 

on Anti-Inflammatory Mediators’ Production of Brazilin-Enriched Extract from 

Caesalpinia sappan Linn. Plants (Basel, Switzerland), 11(13). 

Pirtskhalava, M., Gabrielian, A., Cruz, P., Griggs, H. L., Squires, R. B., Hurt, D. E., 

Grigolava, M., Chubinidze, M., Gogoladze, G., Vishnepolsky, B., Alekseev, V., 

Rosenthal, A., & Tartakovsky, M. (2016). DBAASP v.2: an enhanced database of 

structure and antimicrobial/cytotoxic activity of natural and synthetic peptides. 

Nucleic Acids Research, 44(D1), D1104–D1112.  

Porto, W. F., Fensterseifer, I. C. M., Ribeiro, S. M., & Franco, O. L. (2018). Joker: An 

algorithm to insert patterns into sequences for designing antimicrobial peptides. 

Biochimica et Biophysica Acta (BBA) - General Subjects, 1862(9), 2043–2052.  

Porto, W. F., Pires, A. S., & Franco, O. L. (2017). Computational tools for exploring 

sequence databases as a resource for antimicrobial peptides. Biotechnology 

Advances, 35(3), 337–349.  

Rai, A., & Ferreira, L. (2021). Biomedical applications of the peptide decorated gold 

nanoparticles. Critical Reviews in Biotechnology, 41(2), 186–215.  

Ryu, M., Park, J., Yeom, J. H., Joo, M., & Lee, K. (2021). Rediscovery of antimicrobial 

peptides as therapeutic agents. Journal of Microbiology 2021 59:2, 59(2), 113–123.  

Saini, S., Pal, S., & Sharma, R. (2025). Decoding the Role of Antimicrobial Peptides in 

the Fight against Mycobacterium tuberculosis. ACS Infectious Diseases, 11(2), 

350–365.  

Settharaksa, S., Monton, C., & Charoenchai, L. (2019). Optimization of Caesalpinia 

sappan L. heartwood extraction procedure to obtain the highest content of brazilin 

and greatest antibacterial activity. Journal of Integrative Medicine, 17(5), 351–358. 



 

47 
 

Sharma, L., & Bisht, G. S. (2023). In Vitro Biological Evaluation and Mechanism of 

Action of Peptoid Analogue Based on Cationic, Amphipathic Peptide A-12. 

International Journal of Peptide Research and Therapeutics 2023 29:6, 29(6), 98-

.  

Shaw, S., Bagchi, A., Ruj, D., Bhattacharya, S. P., Biswas, A., & Bhattacharya, A. 

(2025). A systemic immunoinformatics approach to design combinatorial 

multiepitope vaccine candidates against vector-borne bacterial infections exploiting 

the proteomes of the causative agent and vector for scrub typhus. The Microbe, 7, 

100324.  

Shriwastav, S., Kaur, N., Hassan, M., Mohammed, S. A., Chauhan, S., Mittal, D., Aman, 

S., & Bibi, A. (2025). Antimicrobial peptides: a promising frontier to combat 

antibiotic resistant pathogens. Annals of Medicine and Surgery, 87(4), 2118.  

Singh, R. P., Kapoor, A., Sinha, A., Ma, Y., & Shankar, M. (2025). Virulence factors of 

Klebsiella pneumoniae: Insights into canonical and emerging mechanisms driving 

pathogenicity and drug resistance. The Microbe, 7, 100289. 

Sohrab, S. S., & Kamal, M. A. (2022). Screening, Docking, and Molecular Dynamics 

Study of Natural Compounds as an Anti-HER2 for the Management of Breast 

Cancer. Life, 12(11), 1729.  

Somase, V., Desai, S. A., Patel, V. P., Patil, V., & Bhosale, K. (2024). Antimicrobial 

Peptides: Potential Alternative to Antibiotics and Overcoming Limitations for 

Future Therapeutic Applications. International Journal of Peptide Research and 

Therapeutics, 30(45).  

Soni, J., Sinha, S., & Pandey, R. (2024). Understanding bacterial pathogenicity: a closer 

look at the journey of harmful microbes. Frontiers in Microbiology, 15, 1370818.  

Stephani, J. C., Gerhards, L., Khairalla, B., Solov’yov, I. A., & Brand, I. (2024). How 

do Antimicrobial Peptides Interact with the Outer Membrane of Gram-Negative 

Bacteria? Role of Lipopolysaccharides in Peptide Binding, Anchoring, and 

Penetration. ACS Infectious Diseases, 10(2), 763–778. 

Sugawara, E., Kojima, S., & Nikaido, H. (2016). Klebsiella pneumoniae major porins 

OmpK35 and OmpK36 Allow more efficient diffusion of β-lactams than their 

escherichia coli homologs OmpF and OmpC. Journal of Bacteriology, 198(23), 

3200–3208. 16;JOURNAL:JOURNAL:JB;WGROUP:STRING:PUBLICATION 

Vij, T., Anil, P. P., Shams, R., Dash, K. K., Kalsi, R., Pandey, V. K., Harsányi, E., 

Kovács, B., & Shaikh, A. M. (2023). A Comprehensive Review on Bioactive 

Compounds Found in Caesalpinia sappan. Molecules 2023, Vol. 28, 28(17).  

Waghu, F. H., Barai, R. S., Gurung, P., & Idicula-Thomas, S. (2016). CAMPR3: a 

database on sequences, structures and signatures of antimicrobial peptides. Nucleic 

Acids Research, 44(D1), D1094–D1097.  

Wan, F., Wong, F., Collins, J. J., & de la Fuente-Nunez, C. (2024). Machine learning for 

antimicrobial peptide identification and design. Nature Reviews Bioengineering 

2024 2:5, 2(5), 392–407.  

Wang, G., Li, X., & Wang, Z. (2016). APD3: the antimicrobial peptide database as a 

tool for research and education. Nucleic Acids Research, 44(D1), D1087–D1093.  

Williams, C. J., Headd, J. J., Moriarty, N. W., Prisant, M. G., Videau, L. L., Deis, L. N., 

Verma, V., Keedy, D. A., Hintze, B. J., Chen, V. B., Jain, S., Lewis, S. M., Arendall, 

W. B., Snoeyink, J., Adams, P. D., Lovell, S. C., Richardson, J. S., & Richardson, 

D. C. (2018). MolProbity: More and better reference data for improved all-atom 



 

48 
 

structure validation. Protein Science : A Publication of the Protein Society, 27(1), 

293–315. 

Wong, J. L. C., Romano, M., Kerry, L. E., Kwong, H. S., Low, W. W., Brett, S. J., 

Clements, A., Beis, K., & Frankel, G. (2019). OmpK36-mediated Carbapenem 

resistance attenuates ST258 Klebsiella pneumoniae in vivo. Nature 

Communications 2019 10:1, 10(1), 3957-. 

World Health Organization. (2025). Global Antibiotic Resistance Surveillance Report 

2025. 

Xiong, G., Wu, Z., Yi, J., Fu, L., Yang, Z., Hsieh, C., Yin, M., Zeng, X., Wu, C., Lu, A., 

Chen, X., Hou, T., & Cao, D. (2021). ADMETlab 2.0: an integrated online platform 

for accurate and comprehensive predictions of ADMET properties. Nucleic Acids 

Research, 49(W1), W5–W14.  

Xue, L. C., Rodrigues, J. P., Kastritis, P. L., Bonvin, A. M., & Vangone, A. (2016). 

PRODIGY: a web server for predicting the binding affinity of protein–protein 

complexes. Bioinformatics, 32(23), 3676–3678. 

Yang, S., Huang, H., Wang, F., Aweya, J. J., Zheng, Z., & Zhang, Y. (2018). Prediction 

and characterization of a novel hemocyanin-derived antimicrobial peptide from 

shrimp Litopenaeus vannamei. Amino Acids, 50(8), 995–1005. 

Zahra, F., Firmaniar, R., Asyim, RB. (2026). Evaluasi Penggunaan Antibiotik 

menggunakan Metode ATC/DDD di Puskesmas Pamolokan Kabupaten Sumenep 

Periode Juli-Desember 2024. Jurnal Ilmu Psikologi Dan Kesehatan, 2(4), 315-319. 

Zhang, H., Lv, J., Ma, Z., Ma, J., & Chen, J. (2025). Advances in Antimicrobial Peptides: 

Mechanisms, Design Innovations, and Biomedical Potential. Molecules 2025, Vol. 

30, Page 1529, 30(7), 1529. 

Zhang, Q. (2025). Antimicrobial peptides: from discovery to developmental 

applications. Applied and Environmental Microbiology, 91(4). 

Zhu, J., Wang, T., Chen, L., & Du, H. (2021). Virulence Factors in Hypervirulent 

Klebsiella pneumoniae. Frontiers in Microbiology, 12, 642484. 
 


	ABSTRAK
	ABSTRACT
	DAFTAR ISI
	DAFTAR TABEL
	DAFTAR GAMBAR
	DAFTAR LAMPIRAN
	DAFTAR PUSTAKA

