
 

 
 

52 
 

DAFTAR PUSTAKA 

Abd El-Aziz, T. M., Soares, A. G., & Stockand, J. D. (2020). Advances in 
venomics: Modern separation techniques and mass spectrometry. 
Journal of Chromatography B, 1160, 122352. 
https://doi.org/10.1016/j.jchromb.2020.122352 

Abka-khajouei, R., Tounsi, L., Shahabi, N., Patel, A. K., Abdelkafi, S., & 
Michaud, P. (2022). Structures, Properties and Applications of 
Alginates. Marine Drugs, 20(6), 364. 
https://doi.org/10.3390/md20060364 

Afriansyah, M. A., Kamaruddin, M., Norma Ethica, S., & Fitria Aprianti, N. 
(2021). Aktivitas Anti-Biofilm Bakteri dari Produk Alga Coklat Dictyota 
sp. Medika Alkhairaat : Jurnal Penelitian Kedokteran Dan Kesehatan, 
3(3), 89–93. https://doi.org/10.31970/ma.v3i3.82 

Al-Madboly, L. A., Aboulmagd, A., El-Salam, M. A., Kushkevych, I., & El-
Morsi, R. M. (2024). Microbial enzymes as powerful natural anti-biofilm 
candidates. Microbial Cell Factories, 23(1), 343. 
https://doi.org/10.1186/s12934-024-02610-y 

Anggraini, D. P., Roosdiana, A., Prasetyawan, S., & Mardiana, D. (2013). 
Effect of Metal Ions on Pectinase Activity from Aspergillus niger on 
Purifying Guava Fruit. Natural B, 2(1), 66–72. 
https://doi.org/10.21776/ub.natural-b.2013.002.01.10 

Baharuddin, M., Alfina, N., Febryanti, A., Azis, F., & Wahyuningsih, W. 
(2022). Karakterisasi Enzim Amilase Isolat Bakteri R2M Larva 
Kumbang Sagu dari Luwu Utara. Chimica et Natura Acta, 10(2). 
https://doi.org/10.24198/cna.v10.n2.37334 

Bajpai, P. (2014). Purification of Xylanases. In Xylanolytic Enzymes (pp. 53–
61). Elsevier. https://doi.org/10.1016/B978-0-12-801020-4.00006-8 

Barzkar, N., Sheng, R., Sohail, M., Jahromi, S. T., Babich, O., Sukhikh, S., 
& Nahavandi, R. (2022). Alginate Lyases from Marine Bacteria: An 
Enzyme Ocean for Sustainable Future. Molecules, 27(11), 3375. 
https://doi.org/10.3390/molecules27113375 

Bennett, J. P., Robinson, L. F., & Gomez, L. D. (2023). Valorisation 
strategies for brown seaweed biomass production in a European 
context. Algal Research, 75, 103248. 
https://doi.org/10.1016/j.algal.2023.103248 

Bisswanger, H. (2014). Enzyme assays. Perspectives in Science, 1(1–6), 
41–55. https://doi.org/10.1016/j.pisc.2014.02.005 



 

53 
 

UNIVERSITAS PERTAHANAN RI 

 

Bozorg, A., Gates, I. D., & Sen, A. (2015). Impact of biofilm on bacterial 
transport and deposition in porous media. Journal of Contaminant 
Hydrology, 183, 109–120. 
https://doi.org/10.1016/j.jconhyd.2015.10.008 

Braham, S. A., Siar, E.-H., Arana-Peña, S., Carballares, D., Morellon-
Sterling, R., Bavandi, H., de Andrades, D., Kornecki, J. F., & 
Fernandez-Lafuente, R. (2021). Effect of Concentrated Salts Solutions 
on the Stability of Immobilized Enzymes: Influence of Inactivation 
Conditions and Immobilization Protocol. Molecules, 26(4), 968. 
https://doi.org/10.3390/molecules26040968 

Brindhadevi, K., LewisOscar, F., Mylonakis, E., Shanmugam, S., Verma, T. 
N., & Pugazhendhi, A. (2020). Biofilm and Quorum sensing mediated 
pathogenicity in Pseudomonas aeruginosa. Process Biochemistry, 96, 
49–57. https://doi.org/10.1016/j.procbio.2020.06.001 

Charęza, M., Przygrodzka, K., Żywicka, A., Grygorcewicz, B., Sobolewski, 
P., Mozia, S., Śmiglak, M., & Drozd, R. (2023). Enhancement of 
Inhibition of the Pseudomonas sp. Biofilm Formation on Bacterial 
Cellulose-Based Wound Dressing by the Combined Action of Alginate 
Lyase and Gentamicin. International Journal of Molecular Sciences, 
24(5), 4740. https://doi.org/10.3390/ijms24054740 

Chen, P., Zhu, Y., Men, Y., Zeng, Y., & Sun, Y. (2018). Purification and 
characterization of a novel alginate lyase from the marine bacterium 
bacillus sp. Alg07. Marine Drugs, 16(3). 
https://doi.org/10.3390/md16030086 

Cheng, D., Jiang, C., Xu, J., Liu, Z., & Mao, X. (2020). Characteristics and 
applications of alginate lyases: A review. International Journal of 
Biological Macromolecules, 164, 1304–1320. 
https://doi.org/10.1016/j.ijbiomac.2020.07.199 

Confortin, T. C., Spannemberg, S. S., Todero, I., Luft, L., Brun, T., Alves, E. 
A., Kuhn, R. C., & Mazutti, M. A. (2019). Microbial Enzymes as Control 
Agents of Diseases and Pests in Organic Agriculture. In New and 
Future Developments in Microbial Biotechnology and Bioengineering 
(pp. 321–332). Elsevier. https://doi.org/10.1016/B978-0-444-63504-
4.00021-9 

Cortés-Ríos, J., Zárate, A. M., Figueroa, J. D., Medina, J., Fuentes-Lemus, 
E., Rodríguez-Fernández, M., Aliaga, M., & López-Alarcón, C. (2020). 
Protein quantification by bicinchoninic acid (BCA) assay follows 
complex kinetics and can be performed at short incubation times. 
Analytical Biochemistry, 608, 113904. 
https://doi.org/10.1016/j.ab.2020.113904 



 

54 
 

UNIVERSITAS PERTAHANAN RI 

 

Cuellar-Gaviria, T. Z., García-Botero, C., Ju, K.-S., & Villegas-Escobar, V. 
(2023). The genome of Bacillus tequilensis EA-CB0015 sheds light into 
its epiphytic lifestyle and potential as a biocontrol agent. Frontiers in 
Microbiology, 14. https://doi.org/10.3389/fmicb.2023.1135487 

Dharmayanti, I. G. A. M. P., & Sukrama, D. M. (2019). Karakteristik Bakteri 
Pseudomonas aeruginosa dan Pola Kepekaannya Terhadap Antibiotik 
di Intensive Care Unit (ICU) RSUP Sanglah pada Bulan November 
2014 – JanuarI 2015. E-Jurnal Medika Udayana, 8(4), 1–9. 

Duong-Ly, K. C., & Gabelli, S. B. (2014). Salting out of Proteins Using 
Ammonium Sulfate Precipitation (pp. 85–94). 
https://doi.org/10.1016/B978-0-12-420119-4.00007-0 

Farrell, R. E. (2010). Electrophoresis of RNA. In RNA Methodologies (pp. 
179–219). Elsevier. https://doi.org/10.1016/B978-0-12-374727-
3.00009-7 

Fitria, F., Rahmani, N., Pujiyanto, S., Raharjo, B., & Yopi, Y. (2017). 
Pemurnian Parsial dan Karakterisasi Enzim Xilanase dari Bakteri Laut 
Bacillus safencis strain LBF P20 Asal Pulau Pari Jakarta. Agritech, 
37(1), 31. https://doi.org/10.22146/agritech.17004 

Fu, X. T., Lin, H., & Kim, S. M. (2007). Purification and characterization of a 
Na+/K+ dependent alginate lyase from turban shell gut Vibrio sp. YKW-
34. Enzyme and Microbial Technology, 41(6–7), 828–834. 
https://doi.org/10.1016/j.enzmictec.2007.07.003 

Gamaleldin, N. M., Bahr, H. S., Mostafa, Y. A., McAllister, B. F., El Zawily, 
A., Ngwa, C. J., Pradel, G., Hassan, H. M., Abdelmohsen, U. R., 
Alkhalifah, D. H. M., & Hozzein, W. N. (2022). Metabolomic Profiling, In 
Vitro Antimalarial Investigation and In Silico Modeling of the Marine 
Actinobacterium Strain Rhodococcus sp. UR111 Associated with the 
Soft Coral Nephthea sp. Antibiotics, 11(11), 1631. 
https://doi.org/10.3390/antibiotics11111631 

Gozali, C., & Tjampakasari, C. R. (2023). Pseudomonas aeruginosa biofilm 
formation and its resistance to beta-lactam antibiotics. Damianus 
Journal of Medicine, 22(2), 162–172. 
https://doi.org/10.25170/djm.v22i2.3928 

Grodzki, A. C., & Berenstein, E. (2010). Antibody Purification: Ammonium 
Sulfate Fractionation or Gel Filtration (pp. 15–26). 
https://doi.org/10.1007/978-1-59745-324-0_3 

Hadidi, M., Boostani, S., & Jafari, S. M. (2022). Pea proteins as emerging 
biopolymers for the emulsification and encapsulation of food bioactives. 



 

55 
 

UNIVERSITAS PERTAHANAN RI 

 

Food Hydrocolloids, 126, 107474. 
https://doi.org/10.1016/j.foodhyd.2021.107474 

Hamzah, H., Hertiani, T., Utami Tunjung Pratiwi, S., Nuryastuti, T., & Bayu 
Murti, Y. (2020). The biofilm inhibition and eradication activity of 
curcumin againts polymicrobial biofilm. BIO Web of Conferences, 28, 
04001. https://doi.org/10.1051/bioconf/20202804001 

Hentzer, M., Teitzel, G. M., Balzer, G. J., Heydorn, A., Molin, S., Givskov, 
M., & Parsek, M. R. (2001). Alginate Overproduction Affects 
Pseudomonas aeruginosa Biofilm Structure and Function. Journal of 
Bacteriology, 183(18), 5395–5401. 
https://doi.org/10.1128/JB.183.18.5395-5401.2001 

Huang, G., Wang, Q., Lu, M., Xu, C., Li, F., Zhang, R., Liao, W., & Huang, 
S. (2018). AlgM4: A New Salt-Activated Alginate Lyase of the PL7 
Family with Endolytic Activity. Marine Drugs, 16(4), 120. 
https://doi.org/10.3390/md16040120 

Ibrahim, I., & Engel, P. (2016). Substitution of Salt With A Zwitterion, 
Betaine, in Native-Page, Sds-Page and Affinity Chromatography. 
Malaysian Journal of Biochemistry and Molecular Biology, 1, 11–15. 

Istia’nah, D., Utami, U., & Barizi, A. (2020). Karakterisasi Enzim Amilase 
dari Bakteri Bacillus megaterium pada Variasi Suhu, pH dan 
Konsentrasi Substrat. Jurnal Riset Biologi Dan Aplikasinya, 2(1), 11. 
https://doi.org/10.26740/jrba.v2n1.p11-17 

Jagtap, S. S., Hehemann, J.-H., Polz, M. F., Lee, J.-K., & Zhao, H. (2014). 
Comparative Biochemical Characterization of Three Exolytic 
Oligoalginate Lyases from Vibrio splendidus Reveals Complementary 
Substrate Scope, Temperature, and pH Adaptations. Applied and 
Environmental Microbiology, 80(14), 4207–4214. 
https://doi.org/10.1128/AEM.01285-14 

Kabir, M. F., & Ju, L.-K. (2023a). On optimization of enzymatic processes: 
Temperature effects on activity and long-term deactivation kinetics. 
Process Biochemistry, 130, 734–746. 
https://doi.org/10.1016/j.procbio.2023.05.031 

Kabir, M. F., & Ju, L.-K. (2023b). On optimization of enzymatic processes: 
Temperature effects on activity and long-term deactivation kinetics. 
Process Biochemistry, 130, 734–746. 
https://doi.org/10.1016/j.procbio.2023.05.031 



 

56 
 

UNIVERSITAS PERTAHANAN RI 

 

Kaimudin, M. (2020). Review: Analisis Profil Protein Ikan dengan Metode 
Sds-Page Review: Analysis ff Fish Protein Profiles By Sds-Page 
Method. Majalah BIAM, 01(16), 13–20. 

Kariminik, A., Baseri-Salehi, M., & Kheirkhah, B. (2017). Pseudomonas 
aeruginosa quorum sensing modulates immune responses: An 
updated review article. Immunology Letters, 190, 1–6. 
https://doi.org/10.1016/j.imlet.2017.07.002 

Kazmierczak, B. I., Schniederberend, M., & Jain, R. (2015). Cross-
regulation of Pseudomonas motility systems: the intimate relationship 
between flagella, pili and virulence. Current Opinion in Microbiology, 
28, 78–82. https://doi.org/10.1016/j.mib.2015.07.017 

Kerr, K. G., & Snelling, A. M. (2009). Pseudomonas aeruginosa: a 
formidable and ever-present adversary. Journal of Hospital Infection, 
73(4), 338–344. https://doi.org/10.1016/j.jhin.2009.04.020 

Kusuma Wardani, I. (2024). Isolasi Enzim Alginat Liase Bakteri Asosiasi 
Nudibranchia Dari Perairan Kapoposan, Sulawesi Utara Sebagai 
Kandidat Anti Biofilm Untuk Mendukung Kesehatan Nasional. 
Universitas Pertahanan Republik Indonesia. 

Kwon, H.-T., Lee, Y., Kim, J., Balaraju, K., Kim, H. T., & Jeon, Y. (2022). 
Identification and Characterization of Bacillus tequilensis GYUN-300: 
An Antagonistic Bacterium Against Red Pepper Anthracnose Caused 
by Colletotrichum acutatum in Korea. Frontiers in Microbiology, 13. 
https://doi.org/10.3389/fmicb.2022.826827 

Laksanawati, T. A., Khirzin, M. H., & Shinta, K. M. (2022). Pemurnian dan 
Uji Aktivitas Protease Sulfihidril Batang Kamboja (Plumeria obusta). 
AGRIBIOS, 20(2), 235. https://doi.org/10.36841/agribios.v20i2.2232 

Li, S., Wang, L., Hao, J., Xing, M., Sun, J., & Sun, M. (2016). Purification 
and Characterization of a New Alginate Lyase from Marine Bacterium 
Vibrio sp. SY08. Marine Drugs, 15(1), 1. 
https://doi.org/10.3390/md15010001 

Li, Y., Li, X., Hao, Y., Liu, Y., Dong, Z., & Li, K. (2021). Biological and 
Physiochemical Methods of Biofilm Adhesion Resistance Control of 
Medical-Context Surface. International Journal of Biological Sciences, 
17(7), 1769–1781. https://doi.org/10.7150/ijbs.59025 

Limoli, D. H., Jones, C. J., & Wozniak, D. J. (2015). Bacterial Extracellular 
Polysaccharides in Biofilm Formation and Function. Microbiology 
Spectrum, 3(3). https://doi.org/10.1128/microbiolspec.MB-0011-2014 



 

57 
 

UNIVERSITAS PERTAHANAN RI 

 

Liu, H., Chen, H., Han, Q., Sun, B., Liu, Y., Zhang, A., Fan, D., Xia, P., & 
Wang, J. (2023). Recent advancement in vascularized tissue-
engineered bone based on materials design and modification. 
Materials Today Bio, 23, 100858. 
https://doi.org/10.1016/j.mtbio.2023.100858 

Lu, L., Hu, W., Tian, Z., Yuan, D., Yi, G., Zhou, Y., Cheng, Q., Zhu, J., & Li, 
M. (2019). Developing natural products as potential anti-biofilm agents. 
Chinese Medicine, 14(1), 11. https://doi.org/10.1186/s13020-019-
0232-2 

Mahajan, S., Sunsunwal, S., Gautam, V., Singh, M., & Ramya, T. N. C. 
(2021). Biofilm inhibitory effect of alginate lyases on mucoid P. 
aeruginosa from a cystic fibrosis patient. Biochemistry and Biophysics 
Reports, 26, 101028. https://doi.org/10.1016/j.bbrep.2021.101028 

Martak, D., Gbaguidi-Haore, H., Meunier, A., Valot, B., Conzelmann, N., 
Eib, M., Autenrieth, I. B., Slekovec, C., Tacconelli, E., Bertrand, X., 
Peter, S., Hocquet, D., & Guther, J. (2022). High prevalence of 
Pseudomonas aeruginosa carriage in residents of French and German 
long-term care facilities. Clinical Microbiology and Infection, 28(10), 
1353–1358. https://doi.org/10.1016/j.cmi.2022.05.004 

Miranda, S. W., Asfahl, K. L., Dandekar, A. A., & Greenberg, E. P. (2022). 
Pseudomonas aeruginosa Quorum Sensing (pp. 95–115). 
https://doi.org/10.1007/978-3-031-08491-1_4 

Mirzaei, R., Alikhani, M. Y., Arciola, C. R., Sedighi, I., Yousefimashouf, R., 
& Bagheri, K. P. (2022). Prevention, inhibition, and degradation effects 
of melittin alone and in combination with vancomycin and rifampin 
against strong biofilm producer strains of methicillin-resistant 
Staphylococcus epidermidis. Biomedicine & Pharmacotherapy, 147, 
112670. https://doi.org/10.1016/j.biopha.2022.112670 

Mondol, M., Shin, H., & Islam, M. (2013). Diversity of Secondary Metabolites 
from Marine Bacillus Species: Chemistry and Biological Activity. Marine 
Drugs, 11(8), 2846–2872. https://doi.org/10.3390/md11082846 

Moradali, M. F., & Rehm, B. H. A. (2019). The Role of Alginate in Bacterial 
Biofilm Formation (pp. 517–537). https://doi.org/10.1007/978-3-030-
12919-4_13 

Nasution, U. J., Wijaya, S. M., Wibisana, A., Safarrida, A., Rachmawati, I., 
Puspitasari, D. J., Naim, S., Mahsunah, A. H., Wulyoadi, S., & Suyanto, 
S. (2018). Pemurnian Enzim Sefalosporin-C Asilase dan Optimasi 
Proses Kromatografi Penukar ION. Jurnal Bioteknologi & Biosains 
Indonesia (JBBI), 5(2), 119. https://doi.org/10.29122/jbbi.v5i2.2902 



 

58 
 

UNIVERSITAS PERTAHANAN RI 

 

Nguyen, N. H. B., Pham, T. T. V., Huynh, T. Q., Nguyen, T. H., & Nguyen, 
T. T. H. (2022). Sample preparative procedure for Pseudomonas 
aeruginosa observation under scanning electron microscope. Vietnam 
Journal of Biotechnology, 20(4), 717–726. 
https://doi.org/10.15625/1811-4989/16934 

Nguyen, T. N. T., Chataway, T., Araujo, R., Puri, M., & Franco, C. M. M. 
(2021). Purification and Characterization of a Novel Alginate Lyase 
from a Marine Streptomyces Species Isolated from Seaweed. Marine 
Drugs, 19(11), 590. https://doi.org/10.3390/md19110590 

Nowakowski, A. B., Wobig, W. J., & Petering, D. H. (2014). Native SDS-
PAGE: high resolution electrophoretic separation of proteins with 
retention of native properties including bound metal ions. Metallomics, 
6(5), 1068–1078. https://doi.org/10.1039/C4MT00033A 

Nur Fauziyyah, A. (2022). Purifikasi dan Karakteriasi Enzim Mutan L-
Arabinose Isomerase A467L Asal Geobacillus stearothermophilus 
Galur Lokal. Universitas Islam Negeri Syarif Hidayatullah. 

Osawa, T., Matsubara, Y., Muramatsu, T., Kimura, M., & Kakuta, Y. (2005). 
Crystal Structure of the Alginate (Poly α-l-guluronate) Lyase from 
Corynebacterium sp. at 1.2Å Resolution. Journal of Molecular Biology, 
345(5), 1111–1118. https://doi.org/10.1016/j.jmb.2004.10.081 

Panda, S., Pradhan, A. K., Mishra, S., & Pradhan, N. (2021). Fluorescence 
microscopic visualization of halophile Bacillus tequilensis CH and 
mixed culture of acidophilic bacteria. Case Studies in Chemical and 
Environmental Engineering, 4, 100132. 
https://doi.org/10.1016/j.cscee.2021.100132 

Panthi, V. K., Fairfull-Smith, K. E., & Islam, N. (2024). Liposomal drug 
delivery strategies to eradicate bacterial biofilms: Challenges, recent 
advances, and future perspectives. International Journal of 
Pharmaceutics, 655, 124046. 
https://doi.org/10.1016/j.ijpharm.2024.124046 

Pereira, J. de C., Giese, E. C., Moretti, M. M. de S., Gomes, A. C. dos S., 
Perrone, O. M., Boscolo, M., da Silva, R., Gomes, E., & Martins, D. A. 
B. (2017). Effect of Metal Ions, Chemical Agents and Organic 
Compounds on Lignocellulolytic Enzymes Activities. In Enzyme 
Inhibitors and Activators. InTech. https://doi.org/10.5772/65934 

Peterson, M. E., Daniel, R. M., Danson, M. J., & Eisenthal, R. (2007). The 
dependence of enzyme activity on temperature: determination and 
validation of parameters. Biochemical Journal, 402(2), 331–337. 
https://doi.org/10.1042/BJ20061143 



 

59 
 

UNIVERSITAS PERTAHANAN RI 

 

Prihatining Tyas, S., Syarifuddin, A., Made Ayu Nila Septianingrum, N., 
Farmasi, P., Ilmu Kesehatan, F., Muhammadiyah Magelang, U., 
Mayjend Bambang Soegeng km, J., Magelang, K., & Tengah, J. (2021). 
Optimasi Waktu Produksi Antibakteri Isolat Actinomycetes (Isolat Te 
235) Terhadap Aktivitas Antibakteri pada Escherichia Coli dan 
Staphylococcus Aureus Optimization Antibacterial Production Time of 
Actinomycetes Isolates (Te 235 Isolates) Agains Antibacterial Activity 
on Escherichia Coli and Staphylococcus Aureus. Jurnal Farmasi Sains 
Dan Praktis, 7(1), 2579–4558. 
http://journal.ummgl.ac.id/index.php/pharmacy 

Qin, S., Xiao, W., Zhou, C., Pu, Q., Deng, X., Lan, L., Liang, H., Song, X., 
& Wu, M. (2022). Pseudomonas aeruginosa: pathogenesis, virulence 
factors, antibiotic resistance, interaction with host, technology 
advances and emerging therapeutics. Signal Transduction and 
Targeted Therapy, 7(1), 199. https://doi.org/10.1038/s41392-022-
01056-1 

Rabin, N., Zheng, Y., Opoku-Temeng, C., Du, Y., Bonsu, E., & Sintim, H. O. 
(2015). Biofilm Formation Mechanisms and Targets for Developing 
Antibiofilm Agents. Future Medicinal Chemistry, 7(4), 493–512. 
https://doi.org/10.4155/fmc.15.6 

Rahman, M. M., Inoue, A., Tanaka, H., & Ojima, T. (2010). Isolation and 
characterization of two alginate lyase isozymes, AkAly28 and AkAly33, 
from the common sea hare Aplysia kurodai. Comparative Biochemistry 
and Physiology Part B: Biochemistry and Molecular Biology, 157(4), 
317–325. https://doi.org/10.1016/j.cbpb.2010.07.006 

Rahmasari, D., Wijanarka, Pujiyanto, S., Rahmani, N., & Yopi. (2015). 
Pemurnian Parsial dan Karakterisasi Amilase dari Bakteri Laut 
Arthrobacter arilaitensis LBF-003. Jurnal Biologi Indonesia, 12, 129–
136. 

Rampelotto, P. H. (2010). Resistance of Microorganisms to Extreme 
Environmental Conditions and Its Contribution to Astrobiology. 
Sustainability, 2(6), 1602–1623. https://doi.org/10.3390/su2061602 

Reynolds, D., & Kollef, M. (2021). The Epidemiology and Pathogenesis and 
Treatment of Pseudomonas aeruginosa Infections: An Update. Drugs, 
81(18), 2117–2131. https://doi.org/10.1007/s40265-021-01635-6 

Robinson, P. K. (2015). Enzymes: principles and biotechnological 
applications. Essays in Biochemistry, 59, 1–41. 
https://doi.org/10.1042/bse0590001 



 

60 
 

UNIVERSITAS PERTAHANAN RI 

 

Saggu, S. K., Jha, G., & Mishra, P. C. (2019). Enzymatic Degradation of 
Biofilm by Metalloprotease From Microbacterium sp. SKS10. Frontiers 
in Bioengineering and Biotechnology, 7. 
https://doi.org/10.3389/fbioe.2019.00192 

Salirawati, D. (2017). Karakterisasi Beberapa Ion Logam Terhadap Aktivitas 
Enzim Tripsin. Jurnal Penelitian Saintek, 21(2), 107. 
https://doi.org/10.21831/jps.v21i2.12581 

Salsabila, Amalia, L., & Siti Nurlaela, R. (2024). Perbandingan Profil Protein 
Daging Ayam Dan Daging Tikus Menggunakan SDS-PAGE (Sodium 
Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis). Karimah Tauhid, 
3(5), 5248–5263. 

Sari, W. L. P., Putra, D. P., & Handayani, D. (2017). Senyawa Antibiotik dari 
Bacillus sp1 (HA1) yang Bersimbiosis pada Spon Laut Haliclona 
fascigera. Jurnal Sains Farmasi & Klinis, 3(2), 128. 
https://doi.org/10.29208/jsfk.2017.3.2.138 

Sharma, S., Mohler, J., Mahajan, S. D., Schwartz, S. A., Bruggemann, L., & 
Aalinkeel, R. (2023a). Microbial Biofilm: A Review on Formation, 
Infection, Antibiotic Resistance, Control Measures, and Innovative 
Treatment. Microorganisms, 11(6), 1614. 
https://doi.org/10.3390/microorganisms11061614 

Sharma, S., Mohler, J., Mahajan, S. D., Schwartz, S. A., Bruggemann, L., & 
Aalinkeel, R. (2023b). Microbial Biofilm: A Review on Formation, 
Infection, Antibiotic Resistance, Control Measures, and Innovative 
Treatment. Microorganisms, 11(6), 1614. 
https://doi.org/10.3390/microorganisms11061614 

Shih, T. K., Aminin, A. L. N., & Mulyani, N. S. (2022). Optimization of 
Cellulase Production by Aspergillus niger InaCC F506 in Solid-State 
Fermentation of Tofu Dreg. Jurnal Kimia Sains Dan Aplikasi, 25(11), 
419–426. https://doi.org/10.14710/jksa.25.11.419-426 

Spriestersbach, A., Kubicek, J., Schäfer, F., Block, H., & Maertens, B. 
(2015). Purification of His-Tagged Proteins (pp. 1–15). 
https://doi.org/10.1016/bs.mie.2014.11.003 

Stratton, A., Ericksen, M., Harris, T. V., Symmonds, N., & Silverstein, T. P. 
(2017). Mercury(II) binds to both of chymotrypsin’s histidines, causing 
inhibition followed by irreversible denaturation/aggregation. Protein 
Science, 26(2), 292–305. https://doi.org/10.1002/pro.3082 

Takeshita, S., & Oda, T. (2016). Usefulness of Alginate Lyases Derived from 
Marine Organisms for the Preparation of Alginate Oligomers with 



 

61 
 

UNIVERSITAS PERTAHANAN RI 

 

Various Bioactivities (pp. 137–160). 
https://doi.org/10.1016/bs.afnr.2016.07.003 

Thi, M. T. T., Wibowo, D., & Rehm, B. H. A. (2020). Pseudomonas 
aeruginosa Biofilms. International Journal of Molecular Sciences, 
21(22), 8671. https://doi.org/10.3390/ijms21228671 

Tuon, F. F., Dantas, L. R., Suss, P. H., & Tasca Ribeiro, V. S. (2022). 
Pathogenesis of the Pseudomonas aeruginosa Biofilm: A Review. 
Pathogens, 11(3), 300. https://doi.org/10.3390/pathogens11030300 

Van Rooyen, B., De Wit, M., & Van Niekerk, J. (2024). Pectin and Alginate 
Functional Biopolymers: Factors Influencing Structural Composition, 
Functional Characteristics and Biofilm Development. Coatings, 14(8), 
987. https://doi.org/10.3390/coatings14080987 

Wakui, K., Rosyidah, A., Maensiri, D., Taweeyanyongkul, K., & Nantapong, 
N. (2024). Degradation of Biofilm Formed by Opportunistic Pathogens 
using Amylase Extracted from Bacillus tequilensis. Brazilian Archives 
of Biology and Technology, 67. https://doi.org/10.1590/1678-4324-
2024220200 

Wang, L., Fan, D., Chen, W., & Terentjev, E. M. (2015). Bacterial growth, 
detachment and cell size control on polyethylene terephthalate 
surfaces. Scientific Reports, 5(1), 15159. 
https://doi.org/10.1038/srep15159 

Wang, W., Liu, Z., Liu, Y., Su, Z., & Liu, Y. (2022). Plant polypeptides: A 
review on extraction, isolation, bioactivities and prospects. International 
Journal of Biological Macromolecules, 207, 169–178. 
https://doi.org/10.1016/j.ijbiomac.2022.03.009 

Wardani, N. P., Poernomo, A. T., & Isnaeni, I. (2021). Optimasi Kondisi 
Fermentasi pada Produksi Metabolit Antibakteri dari Bacillus 
tequilensis BSMF Simbiotik Halichondria panicea. Jurnal Farmasi dan 
Ilmu Kefarmasian Indonesia, 8(2), 187. 
https://doi.org/10.20473/jfiki.v8i22021.187-193 

Wong, T. Y., Preston, L. A., & Schiller, N. L. (2000). Alginate Lyase: Review 
of Major Sources and Enzyme Characteristics, Structure-Function 
Analysis, Biological Roles, and Applications. Annual Review of 
Microbiology, 54(1), 289–340. 
https://doi.org/10.1146/annurev.micro.54.1.289 

Wu, X., Chen, Z., Lv, Z., Zhang, L., Xin, F., Li, Y., Liu, G., Dong, W., Wei, 
P., & Jia, H. (2021). Enhanced chloramphenicol-degrading biofilm 
formation in microbial fuel cells through a novel synchronous 



 

62 
 

UNIVERSITAS PERTAHANAN RI 

 

acclimation strategy. Journal of Cleaner Production, 317, 128376. 
https://doi.org/10.1016/j.jclepro.2021.128376 

Xu, Z., Liu, Z., Soteyome, T., Hua, J., Zhang, L., Yuan, L., Ye, Y., Cai, Z., 
Yang, L., Chen, L., Harro, J. M., Kjellerup, B. V., Liu, J., & Li, Y. (2021). 
Impact of pmrA on Cronobacter sakazakii planktonic and biofilm cells: 
A comprehensive transcriptomic study. Food Microbiology, 98, 103785. 
https://doi.org/10.1016/j.fm.2021.103785 

Yang, J., Cui, D., Chen, D., Chen, W., Ma, S., & Shen, H. (2020a). 
Purification and Characterization of a Novel Endolytic Alginate Lyase 
from Microbulbifer sp. SH-1 and Its Agricultural Application. Marine 
Drugs, 18(4), 184. https://doi.org/10.3390/md18040184 

Yang, J., Cui, D., Chen, D., Chen, W., Ma, S., & Shen, H. (2020b). 
Purification and Characterization of a Novel Endolytic Alginate Lyase 
from Microbulbifer sp. SH-1 and Its Agricultural Application. Marine 
Drugs, 18(4), 184. https://doi.org/10.3390/md18040184 

Yin, H., Wang, C., Shuai, Y., Xie, Z., & Liu, J. (2024). Pig-Derived Probiotic 
Bacillus tequilensis YB-2 Alleviates Intestinal Inflammation and 
Intestinal Barrier Damage in Colitis Mice by Suppressing the TLR4/NF-
κB Signaling Pathway. Animals, 14(13), 1989. 
https://doi.org/10.3390/ani14131989 

Yuan, J., Huang, S., Yuan, H., Fu, F., & Zhang, Y. (2021). Effects of 
chloramphenicol on the bacterial community structure and 
simultaneous nitrification and denitrification performance in a 
sequencing biofilm batch reactor. Journal of Water Process 
Engineering, 42, 102095. https://doi.org/10.1016/j.jwpe.2021.102095 

Zhang, K., Li, X., Yu, C., & Wang, Y. (2020). Promising Therapeutic 
Strategies Against Microbial Biofilm Challenges. Frontiers in Cellular 
and Infection Microbiology, 10. 
https://doi.org/10.3389/fcimb.2020.00359 

Zhang, L., Li, X., Zhang, X., Li, Y., & Wang, L. (2021). Bacterial alginate 
metabolism: an important pathway for bioconversion of brown algae. 
Biotechnology for Biofuels, 14(1), 158. https://doi.org/10.1186/s13068-
021-02007-8 

Zhang, Y., Wang, Y., & Li, Y. (2019). Major cause of antibody artifact bands 
on non-reducing SDS-PAGE and methods for minimizing artifacts. 
Protein Expression and Purification, 164, 105459. 
https://doi.org/10.1016/j.pep.2019.105459 



 

63 
 

UNIVERSITAS PERTAHANAN RI 

 

Zhang, Y., Xie, B., & Gan, X. (2005). Advance in the applications of konjac 
glucomannan and its derivatives. Carbohydrate Polymers, 60(1), 27–
31. https://doi.org/10.1016/j.carbpol.2004.11.003 

Zhang, Y.-H., Shao, Y., Jiao, C., Yang, Q.-M., Weng, H.-F., & Xiao, A.-F. 
(2020). Characterization and Application of an Alginate Lyase, Aly1281 
from Marine Bacterium Pseudoalteromonas carrageenovora ASY5. 
Marine Drugs, 18(2), 95. https://doi.org/10.3390/md18020095 

Zheng, Z., Dai, A., Liu, Y., & Li, T. (2022). Sustainable alginate lyases 
catalyzed degradation of bio-based carbohydrates. Frontiers in 
Chemistry, 10. https://doi.org/10.3389/fchem.2022.1008010 

Zhu, B., & Yin, H. (2015). Alginate lyase: Review of major sources and 
classification, properties, structure-function analysis and applications. 
Bioengineered, 6(3), 125–131. 
https://doi.org/10.1080/21655979.2015.1030543 

  
  


