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Abstract  

Isinglass, a collagen-based fining agent commonly used in the brewing 

industry for centuries, is traditionally produced from the swim bladder of 

tropical and sub-tropical fishes. However, the production of isinglass raises 

sustainability concerns, such as overfishing and environmental impact.  

Arius maculatus, the species widely used in commercial isinglass 

production, there is limited data available on the specific protein 

characteristics of the collagen derived from this source. This study aimed to 

optimise the extraction and preliminary characterisation of collagen from 

isinglass from Arius maculatus swim bladders in a laboratory setting, 

addressing the gap in existing knowledge. 

The collagen extraction process was refined using acid extraction 

techniques. The resultants were analysed through SDS-PAGE, revealing the 

presence of two α-chains and a β-chain with molecular weights slightly over 

115kDa and 190kDa, respectively. The study provided essential preliminary 

data on the molecular structure of this collagen for the future work on the 

full confirmation of the protein structure. The functionality of these crude 

extracts as a fining agent was compared against commercial products. The 

findings reveal that laboratory-extracted protein crude shared structural 

characteristics with collagen type I and potential in maintaining 

functionality in finings. 

The study also pursued the goal of expressing this collagen in a bacterial 

host; however, achieving suitable DNA templates for PCR was challenging. 

Repeated failures with commercial DNA extraction kits led to the 

development of an optimized protocol using conventional methods, 

yielding high-molecular-weight genomic DNA (>10 kb) for potential future 

applications. While time constraints prevented the completion of gene 
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expression efforts, this research successfully refined both collagen and DNA 

extraction techniques, providing a critical foundation for future work on 

sustainable isinglass production and related collagen-based applications. 

 

Keywords: Isinglass; Fish collagen; Heterologous expression; 

Collagen extraction; DNA extraction  
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Chapter 1. Introduction 

1.1 Background and motivation  

Beer is one of the most favoured beverages around the world. In 2019, the 

average consumption of beer in the United Kingdom was estimated to be 

47,119 hectolitres before the pandemic (Conway, 2023). Statistics indicate 

that the beer industry has recovered from the pandemic's impact, as 

evidenced by rising figures of annually beer consumption of 83.35 litre per 

capita in 2021 to forecasted 89 litres per capita in 2024 (Statista, 2024), 

which in turn has led to increased demand for brewery supplement 

including fining agents. Among the factors influencing beer quality, clarity 

is one of the critical determinants of the consumers acceptance and market 

success (Bamforth, 2018; Mastanjević et al., 2018; Ryder, 2017) 

Isinglass, is a traditional collagen-based fining agent with a long history of 

commercial use, yielding satisfying results. Isinglass is derived from the 

collagen in the swim bladders of fish from tropical and subtropical waters 

and has been one of the most reliable and commonly used fining agents in 

the industry for centuries (Hickman et al., 2000). Other fining agents 

including gelatine, bentonite, and Polyvinylpolypyrrolidone (PVPP), are also 

used in the industry, each of them offering distinct advantages. Like 

isinglass, gelatine is protein-based and effective fining agent but facing the 

similar sustainability concerns with isinglass (Sunday, 2018). Bentonite is a 

clay mineral which is popular in wine production but due to its lower 

protein-binding affinity made it less effective in beer production (Marchal 

and Waters, 2010). PVPP is a (Cimini and Moresi, 2017) 

The basic working mechanism of isinglass as fining agents is based on the 

nature of the protein molecule that carries  a charge which is able to attract 

the negatively charged haze-forming particles floating in beer, such as the 
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yeast cells and the insoluble residues, leading to flocculation in the beer. 

The flocs sediment as the greater particles resulting the higher rate of 

sedimentation according to the Stokes Law.  

In contrast to natural sedimentation, where yeast cells and protein residues 

in freshly brewed beer may take an extended periods to settle often 

exceeding the timeframe of the best taste or even the shelf life of the 

beverage. With the addition of isinglass, the isinglass and yeast/residues 

complexes sediment faster settling to the bottom of the container and 

giving a clear and brighter beer product in an ideal timeframe for the best 

quality beverage. (Leiper, Duszanskyj and Stewart, 2002; Walker, Camarena 

and Freeman, 2007) 

However, recent decade has raised some concerns for using Isinglass 

including the changes of import and outport policies between countries, 

environmental concerns, and growing attentions in sustainability globally. 

Peoples’ increasing awareness of marine pollution raises questions on the 

safety and sustainability of the sourcing from the oceans, for example the 

release of nuclear water into the ocean increasing the doubts of safety of 

the marine-sourcing products from the consumers as there are many 

unknown impacts (Nogrady, 2023). 

In response, brewing supplement industries and researchers are exploring 

sustainable alternatives to traditional Isinglass. This includes finding other 

fining agents that are both environmentally friendly and cost-effective, as 

well as utilising advances in biotechnology to replicate the clarifying 

properties of Isinglass without relying on marine sources (Walker, 

Camarena and Freeman, 2007). 

Rapid advancements in biotechnology in recent years have focused 

significantly on sustainability as mentioned. Researchers are developing 

various techniques of cell factories using biotechnological methods, such as 
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employing plant cells to produce pharmaceutical proteins and utilizing non-

pathogenic bacteria as cell factories through genetic manipulation to 

manufacture heterologous proteins. These cell factories have a wide range 

of applications, from pharmaceuticals and everyday products to new 

bioenergy sources (Andersen and Krummen, 2002; Gupta and Shukla, 2015; 

Peebo and Neubauer, 2018). 

The heterologous expression of collagen is of great interest to the industries 

and researchers. Collagen is one of the most abundant proteins in animals 

and humans, is a critical component of various organs, tissues, and body 

structures. Research into collagen, whether for health supplements, 

medical materials, cosmetics, or food industries, has always been robust 

and proven. There have been intensive studies on alternatives and 

heterologous production of collagen, including using plants and bacteria as 

cell factories to produce medical-grade adhesives and other products. 

(Avila Rodríguez, Rodríguez Barroso and Sánchez, 2017; Bulleid, John and 

Kadler, 2000; Olsen, 2003; Yang et al., 2004) 
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1.2 Isinglass  

Isinglass has consistently been a top-choice fining agent in the brewing 

industry for its cost-effectiveness and straightforward application. The 

global isinglass market is projected to experience growth, with reports 

indicating a compound annual growth rate of approximately 4.7% from 

2024 to 2030. This growth is driven by increasing demand in the brewing 

and winemaking sectors, where isinglass is extensively used as a fining 

agent to clarify and stabilize beverages (USD Analytics, 2024).  

The term 'Isinglass' is originated from the Dutch word for sturgeon's swim 

bladder. The dried form of clean fish swim bladders, often referred to as fish 

maws (Sarkar et al., 2023), is crucial not only for isinglass production but 

also as a source of gelatine in food and therapeutic applications, and as a 

delicacy in Asian countries. There are multifaceted the use of isinglass, with 

an emphasis on its brewing and biotechnological applications. 

Isinglass is predominantly composed of collagen protein around 98% in dry 

form, that is soluble in organic acids (Hickman et al., 2000). Collagen is the 

predominant structural protein in the extracellular matrix of various 

connective tissues, and is the most abundant protein in human and animals, 

constituting about 25% to 35% of the body’s total protein content (Shenoy 

et al., 2022; Tarnutzer et al., 2023). The unique triple helix structure of 

collagen, comprises of  two α1 chains and a slightly different α2 chain, is 

essential for isinglass’s effectiveness. The amino acid compositions of the 

collagen molecule differ from the different fish sources. The molecular 

weights of the collagen molecular weight vary as well depending on the 

source. 

The collagen in isinglass forms a triple helix structure, consisting of amino 

acids that include a high hydroxyproline content, which is critical for 
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maintaining its functionality in beverage clarification (Leach, 1967). The 

hydroxyproline content in collagen from isinglass is influenced by the 

environmental temperature of the fish which is a crucial factor in 

determining the denaturation temperature of the collagen molecules. This 

aspect is essential to understanding of why collagen from isinglass found in 

fish denature at a lower temperature compared to the bovine collagen. The 

studies also found that the denaturation of collagen from isinglass is 

characterized by an irreversible rate process (Hickman et al., 2000; Leach, 

1967). There are thermally liable domains within the collagen molecule act 

as the initiation point of denaturation. Study found that there are 41 

residues in the labile region within collagen from isinglass molecule which 

is attributed to the lower hydroxyproline levels in fish collagen contrasting 

to the 66 residues within the liable region typically found in mammalian 

collagen. (Hickman et al., 2000)  

 

1.2.1 Isinglass as Fining Agent 

When isinglass is used as fining agent for beverages, the structure and 

properties of the collagen enable the clarification through distinctive 

mechanism. The primary function is to form electrostatic complexes with 

suspended polyphenolic and protein components in the beverages like beer, 

and with the suspended yeast cell which carries a negative charge in beers 

(Cosme, Ricardo-da-Silva and Laureano, 2009). These interactions lead to 

the aggregation of substances then formation of a stable sediment. Then 

the precipitates settle to the bottom of the container enabling the clear 

beverage to be taken out without disturbing the sediment. This process is 

crucial for achieving the desired clarity/appearance and the quality in the 

final product to the consumers. (Cosme, Ricardo-da-Silva and Laureano, 

2009; Hickman et al., 2000; Leiper, Duszanskyj and Stewart, 2002; Walker, 

Camarena and Freeman, 2007). In summary, the solubility, oligomer 
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formation, and specific denaturation characteristics of collagen from 

isinglass are key to its effectiveness in this role. 

Commercial isinglass-based fining agents are provided in different forms 

including, high concentration paste, fine powder, granulated solid, liquid 

and flocs. The fining agents can be either directly added to the beverage 

with suggested ratio in the barrels or resuspension/dilutions needed to be 

performed before applying. The effectiveness of the isinglass fining differs 

in the form of fining products and the preparation of the finings before 

adding to the beverage (Murphy and Son, n.d.). Other factors affecting the 

efficiency of the fining process including the storage conditions of the fining 

products and the temperature of the beverage to be added. Individual 

beverage product would have different results in fining using isinglass 

depending on the yeast strain used for the production of beer and the cell 

counts in the final product before clarification. Also, isinglass fining agents 

are very sensitive to the pH of their working environments, thus, the pH of 

the beverage product and the isinglass fining is crucial to the rate of fining 

efficacy (Leach, 1967). 

1.2.2 Other Applications of Isinglass 

Isinglass have been employed not only as fining agents in the brewing 

industry but also in other research areas and in for different end 

applications. 

Traditionally, isinglass is used for medical uses and as ingredient in paintings 

in art (Wills, 2020). As a natural biopolymer, isinglass draws the interest of 

the researchers to develop more novel approaches using isinglass. In 1998, 

a study had suggested that isinglass adhesive has potential applications for 

paper conversation which was inspired by the Russian using isinglass and 



16 
 

fish gelatine as traditional adhesives in painting and icon restoration 

(Petukhova, 1998).  

Isinglass is gaining attention in biomedical fields due to its purity and 

biocompatibility. The low antigenicity of isinglass makes it attractive as an 

alternative for medical applications including as potential scaffold in tissue 

engineering (Wang, Wang, & Dong, 2023; Lee et al., 2018), medical 

adhesive in wound recovery (Sarkar et al., 2023b) and blood plasma 

substitute (Nature, 1944). Furthermore, the unique physical and chemical 

properties such as its ability to form strong gels which have implications in 

both food technology and pharmaceuticals (Lim et al., 2019; Marques et al., 

2019). According to Jeżowski and Kowalczewski (2023), the isinglass 

biopolymer membrane could be an interesting alternative as green energy 

storage, which would be more environmentally friendly and cost-effective 

(Jeżowski and Kowalczewski, 2023). 

1.2.3 Concerns and Limitation of Isinglass  

In the brewing industry, while isinglass effectively clarifies beer and wine, 

several concerns have been raised by the public and the industry. These 

concerns primarily including environmental sustainability, ethical 

considerations, and the impact on product quality.  

The primary source of isinglass, the tropical and subtropical fish species, 

raises questions about the long-term sustainability and safety of isinglass 

production. Ocean pollutions including microplastics has raised concerns 

about biological environment in the ocean and food sourcing from the 

ocean. One of the main habitats of the fish species for isinglass, India ocean, 

was studied around the microplastics pollution and the toxicity to the raw 

material (Nugawela et al., 2023). Recent news on the nuclear leak in the 

United Kingdom (Isaac and Lawson, 2023) and nuclear water release from 

Japan (Wong, 2023) significantly enhanced public’s concerns on food 
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product from the seawater. Out of these environmental factors, the costs, 

and efforts to import the fish swim bladders as the raw material for the 

isinglass production would be increased by the import policy changes and 

health and safety assurances.  

The debate between the legislators and the brewing industry on the 

necessity of labelling for the beverage fined with protein finings which has 

the potential to trigger allergy reaction is going. Scientists had performed 

allergic test in laboratory setting with different protein finings, resulting 

very low risk of finings trigger the allergy reaction in patients who have 

respective food allergies (Vassilopoulou et al., 2011). Despite the low risk 

of fining agent as the allergen, the labelling of isinglass is also an ethical 

issue considering people who are allergic to fish and consumers who are 

vegetarian or vegan. The awareness of fish-sourced product in the beverage 

to the consumers would possibly affect the consumers when they are 

purchasing the drinks. 

The brewing supplement industry and the researchers are investing in the 

research of solutions to concur the limitations and concerns. Finding and 

developing an alternative of isinglass is one of the possible solutions. Some 

examples of research including a pea protein shown good performance in 

clarification of beers which was suggested could be a vegetarian option as 

a substitute for isinglass with great potential as a vegan option (Walker, 

Camarena and Freeman, 2007). Researcher at the University of Nottingham 

discovered a new possible fining agent in the waste stream from hop 

processing during the brewing process which could possibly provide a true 

vegan option as fining agent (Gadon, 2020).  
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1.3 Collagen 

Collagen is the most abundant protein in the animal kingdom which plays a 

vital role in the structural integrity and biological functions of various 

tissues in the body. Researchers and industries have been investing 

significant amounts of research in collagen due to its distinctive structure 

and vital functions across various areas including daily consumables like 

food, health supplements and cosmetic products. This review aims to 

provide comprehensive insight into the characteristics and applications of 

collagen with emphasis on isinglass. 

Collagen has been extensively studied for its abundances in the animal 

bodies that containing connective tissues and valuable potential in both 

academic research and commercial purpose (Wang, 2021). The study of 

collagen dates back to the early 20th century, with significant 

advancements in understanding the structure and functions over decades 

(Van Der Rest and Garrone, 1991).  

The structure of collagen imparts high tensile strength and is crucial for the 

integrity of tissues like skin, bones, and cartilage in animals. The 

classification of collagen is based on the structures and functions which 

defined the 29 types of collagens into several categories that were 

identified so far. (Shenoy et al., 2022) 

 

1.3.1 General Structure and Properties of Collagen  

Main collagens can be seen in two main categories based on their physical 

molecular shapes: fibrillar and non-fibrillar collagens. Fibrillar collagens 

such as type I, II and III are most well-studied and abundant in collagen 

family, primarily contributing to the mechanical strength and structural 

integrity of various tissues. They are characterised by long, uninterrupted 
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triple helix which forming fibrils that give strong and flexible in properties. 

(Qi Jue Chen et al., 2023) 

Type I collagen (Col-I) is the predominant collagen protein in human body, 

constituting over 90% of the total collagen in whole body (Naomi, Ridzuan 

and Bahari, 2021), which is normally found in skin, bone, tendons, and 

connective tissues, providing structural support and tensile strength 

(Exposito et al., 2010). Col-I in fish usually found the major collagen type in 

the skin, bones, scales and fish swim bladders (Jafari et al., 2020). The 

molecular structure of Col-I is featured by its unique helix formation 

consisting of two α1 chains and one α2 chain. This structure imparts high 

tensile strength which is crucial for the structural support of the tissues. 

The amino acid compositions within these chains have a typical repeating 

pattern of Gly-Pro-Hyp where Gly referring to glycine, Pro representing 

proline and Hyp for hydroxyproline. This unique amino acid sequence is 

essential for the stability and function of the helix (Shoulders and Raines, 

2009). 

The triple helical structure of Col-I is maintained by the interchain hydrogen 

bonding which is primarily involving the hydroxyproline residues. The 

stability is crucial for the physical properties of the collagen molecules, such 

as its resistance to stretching and tensile strength. This unique structure 

also enables the cross-link formation between the collagen molecules, 

further enhancing the strength and durability of collagen fibres in tissues 

(Qi et al., 2022). This structural arrangement is achieved by a complex 

process of gene expression, post-translational modification like prolyl 4-

hydroxylation (Bella and Hulmes, 2017). This is a tightly regulated process 

and begins in the cell with the transcription of collagen-coding genes and 

proceeds through a series of intra- and extracellular phases, comprising in 

the formation of mature collagen fibres (Amirrah et al., 2022; Qi Jue Chenet 
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al., 2023; Soheila Naderi Gharahgheshlagh et al., 2023). As Col-I, collagen 

type II also forms strong fibres which normally are smaller in diameter than 

Col-I, typically found in less presentation in tendon tissues. Collagen type III 

is also fibrillar collagen which has thinner fibres when compared to Col-I 

(Buckley et al., 2013).  

 

Marine-sourced collagen, particularly from fish, has increasing attention 

due to their bioavailability and sustainability compared to mammalian 

sources. In current research on marine-sourced collagen, researchers  

highlighted that marine-sourced collagen with its beneficial potential in 

skin health, wound healing, and anti-aging effects (Zdzieblik et al., 2015; 

Sibilla et al., 2015; De Luca et al., 2016). The unique amino acid composition 

of marine collagen is instrumental in these beneficial effects, especially the 

high content of glycine, proline and hydroxyproline (Song et al., 2017; Kim 

et al., 2018). Additionally, marine-sourced collagen has lower risk of 

zoonotic disease transmission and allergenicity which are also 

advantageous for medical and cosmetic applications (Jeevithan et al., 2014; 

Liu et al., 2015). 

Figure 2. (He et al., 2021). Visualisation of structural characteristics of 

collagen. 
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1.3.2 Collagen Extraction Methods 

The extraction methods of Col-I from source like fish swim bladders 

necessitates precise techniques to maintain its properties. Acid and 

enzymatic hydrolysis are two main conventional methods commonly 

employed in collagen extraction and have been progressively optimised for 

better yield and purity (Pacak, Powers and Cowan, 2011; Senadheera, Dave 

and Shahidi, 2020). Recent advancements include the use of new enzymes 

and mild chemical pretreatments for extraction to preserve the native 

structure of collagen and enhancing the bioactivity (Ahmad et al., 2017; 

Bhadra et al., 2021). 

A common pretreatment method for collagen extraction involving firstly 

cleaning the tissue or organ by removal of any dirt or hair. Subsequently, 

cutting the tissue into small pieces and remove the soluble non-collagenous 

proteins, polysaccharides and fats from the sample by adding acetate 

solution and diluted alcohol solution. Then, proceeding onto the extraction, 

usually acid solubilisation, following with further purification and 

lyophilisation of the collagen sample. (Wang et al., 2017)  
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1.4 Recombinant Techniques and Applications  

Recombinant protein production is a cornerstone of modern biotechnology, 

with significant implications across various fields, including healthcare, 

research, and the food and beverage industries. This technology provides 

powerful tools for the manipulation of genetic material to produce specific 

proteins for various applications across different sectors (Wingfield, 2015). 

Heterologous expression is one of the fundamental methods which enables 

the production of recombinant proteins in selected foreign host organisms 

via genetic manipulation and facilitates the synthesis of proteins not 

naturally present in the hosts (Barnes, Bentley and Dickson, 2003; Rosano 

and Ceccarelli, 2014). The expression of recombinant proteins involves the 

transcription of the inserted target gene into to vector and subsequent 

translation into protein.   In the brewing industry, fining agents like isinglass, 

derived from fish swim bladders, plays a crucial role in clarifying beverages 

and has been popular and successful for centuries. However, the demand 

for vegan-friendly, sustainable, and cost-effective alternatives has grown, 

spotlighting the potential of recombinant proteins as novel fining agents. 

1.4.1 Heterologous Expression  

Heterologous expression is crucial for producing foreign proteins in host 

organisms. The choice of expression system is influenced by factors 

including protein yield, correct protein folding, and specific post-

translational modifications (Rai and Padh, 2001). Cloning vectors are DNA 

molecules used to transport foreign genetic material into a host cell, where 

it can be replicated and expressed. Plasmids, bacteriophages, and yeast 

artificial chromosomes are among the most commonly used vectors. The 

choice of vector is influenced by several factors, including the size of the 

DNA to be cloned, the need for expression of the cloned gene, and the host 

cell to be used (Ar et al., 2016; Ongley et al., 2013). This process can be 
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precisely controlled in the recombinant system to optimise the yield and 

functionality of the desired protein. This optimisation on the gene 

expression can be achieved by optimal host-vector system, use of strong 

promotors and the modification of copy numbers to match the host 

preferences. 

The host system of recombinant protein production varies from bacteria to 

mammalian cell lines. Escherichia coli or E. coli has been the favourite 

bacterial host to the researcher and industries because it is well studied, 

high competency and relatively ease to manipulate which makes it the first 

choice as the host system in development of new recombinant proteins. 

The yeast, Saccharomyces cerevisiae (S. cerevisiae) is another popular host 

system, that benefits from its characteristics closer to mammalian 

eukaryotic cells and the ability to perform of post-translation modifications 

in protein synthesis. (Gomes et al., 2016; Vieira Gomes et al., 2018; Wang 

et al., 2017) 

1.4.2 Recombinant Collagen and Collagen-like Protein 

Production  

As the production of various recombinant protein be engineered to replace 

their natural counterparts, recombinant collagen requires to be engineered 

with key physicochemical properties that align with the original collagen 

molecules found in origin tissues (Parry and Squire, 2017, pp.601–629). The 

advent of recombinant techniques has allowed the production of collagen 

and collagen-like proteins in host organisms which offering sustainable 

alternatives to extraction from natural sources (Fertala, 2020).  

However, one of the challenges of recombinant collagen in microbial host 

systems is the lack of post-translational modifications which is essential for 

unique triple helical structure of collagen molecules. Researchers have 

been finding solutions to overcoming this issue by optimising the culture 
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media with enriched proline and hydroxyproline (Buechter et al., 2003) and 

engineering the host strains like E. coli to be able to produce co-factor which 

catalyse hydroxylation (Pinkas et al., 2011). The discovery of collagen like 

protein found in some bacteria species broadened the accessibility and 

potential of recombinant collagen productions.   

Recombinant technology has been employed to produce collagen and 

collagen-like proteins, overcoming the limitations associated with 

traditional extraction methods from animal tissues, such as variability in 

quality and potential for disease transmission. Recombinant protein 

technology, facilitated by heterologous expression, presents a possible 

pathway with great potential to developing alternatives to isinglass for 

beverage clarification utilising the advancement of microbial biotechnology. 

Despite the challenges, the potential for creating sustainable, allergen-free, 

and vegan-friendly fining agents is significant. Future research can also 

include focus on optimising expression systems, ensuring regulatory 

compliance and consumer acceptance, and assessing the environmental 

impact of these novel agents. 
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1.5 Bacterial Collagen Like Protein  

 

This section concentrates on current knowledge of bacterial collagen like 

proteins (Bacterial CLPs), particularly focus on the protein structural 

properties, synthesis methods and applications. Also, exploration and 

discussion of the potential of CLPs as a possible alternative or an 

improvement to isinglass in brewing. Traditional use of isinglass is as 

clarifying agent in beer, is facing challenges in long-term period due to 

sourcing and environmental concerns (Alberghini et al., 2022; Smith et al., 

2018; Wu, Zhang and Feng, 2023). Bacterial CLPs could offer a more 

efficient, sustainable, and potentially vegan-friendly alternatives for the 

brewing industry and the consumers (Ramshaw et al., 2014). 

Collagen as described is a primary structural protein found in animals which 

is known for its unique triple helix structure and functional versatility. 

Collagen was once believed to be exclusive to multicellular organisms, 

collagen-like protein has been identified in bacteria, marking a significant 

shift in the understandings of collagen protein diversity (Rasmussen et al., 

2009).  In recent years, scientists had discovered number of fascinating 

collagen-like protein in the different bacteria species which is gaining 

increasing interests within scientific area. 

The structure of Bacterial collagen-like proteins (CLPs) is central to their 

growing interest. The CLPs was found with unique amino acid sequence 

which mirrors the triple helix structure characterised by animal collagen. 

These finding suggests that CLPs could have valuable potential in medical 

and industrial applications, such as in the development of new tissue, 

wound healing and serving as a component in medical devices (Xu et al., 

2014; An et al., 2014) 
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The advancements in genetic engineering have provided a new accessibility 

for the production and modification of bacterial CLPs which broadening 

their potential applications in various area. CLPs can be tailored to include 

functional domains from animal collagens, which significantly enhances the 

versatility for various applications (Peng et al., 2014; Yu et al., 2014). 

Furthermore, the introduction of specific mutations in these proteins 

provides a platform for studying protein structure related diseases like 

Osteogenesis Imperfecta and Ehlers-Danlos Syndrome (Brodsky and 

Ramshaw, 2017).  

 

1.5.1 Bacterial Collagen-Like Proteins: Structure and Properties  

Bacterial collagen-like proteins (CLPs) have recently emerged as a field of 

intense study due to their structural and functional similarities with 

eukaryotic collagens, as well as their unique properties. Bacterial CLPs 

share the characteristic of the distinctive Gly-Xaa-Yaa repeating amino acids 

sequence of animal collagens which is crucial in the formation of triple-

helical structure.  

Bacterial CLPs differ with eukaryotic collagens in their composition and 

post-translational modifications. Animal collagens are characterised by the 

post-translational modification of proline residues to hydroxyproline which 

is critical for stabilising the triple helix through hydrogen bonding. One of 

the most significant differences is the absences of hydroxyproline in 

bacterial CLPs which is the key residue for stabilising animal collagen triple 

helices. The bacteria do not have the enzyme prolyl hydroxylase which is 

responsible for the modifying proline residues post-translationally at the 

Yaa position into hydroxyproline in animal collagens (Xu et al., 2010). 
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Despite the absence of hydroxyproline in bacterial CLPs, there were some  

pathogenic bacteria discovered with expression of protein that form stable 

triple-helical structure, and play roles in pathogenicity. For instance, the 

pneumococcal protein A (PclA) found on the cell surface of Streptococcus 

pneumoniae contributes to the invasion and adhesion into host cells 

(Paterson et al., 2008) and leading to infections, and the Bcl proteins with 

triple-helical characteristics found in Bacillus cereus and Bacillus anthracis 

possibly playing the role in spore-host interactions with exosporium 

(Sylvestre, Couture-Tosi and Mock, 2002; Todd et al,. 2003). There are also 

CLPs expressions found in non-pathogenic bacteria species are big interests 

to the researchers in the field.   

 

1.5.2 Recombinant Bacterial CLPs  

With the advancement of recombinant techniques, scientists have been 

successfully expressed bacterial CLPs Scl protein for production. The most 

common host system is the E. coli BL21 strain with plasmid vectors (Sonal 

Gahlawat, Nanda and Shreiber, 2023). The recombinant Scl was studied 

being safe to use as novel collagen-based biomaterials in wound healing 

and tissue engineering so far (An, Kaplan and Brodsky, 2014; Picker et al., 

2022). The low or no risk bacterial CLPs have broadened the field of 

recombinant collagens as novel materials in medical fields but also the 

cosmetics (Rodríguez et al., 2017; Peng et al., 2015) and great potential in 

food industries (Jarita Duasa et al., 2021).  
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1.6 Aim and Objectives  

There have been intensive studies on alternatives and heterologous 

production of collagen, including using plants and bacteria as cell factories 

to produce medical-grade adhesives and other products. (Avila Rodríguez, 

Rodríguez Barroso and Sánchez, 2017; Bulleid, John and Kadler, 2000; Olsen, 

2003; Yang et al., 2004) 

This research aims to investigate  collagen characteristics of isinglass to 

express the same in  bacteria such as Escherichia coli as cell factories by 

recombinant techniques.  

  

Figure 1. Workflow and key objectives of this study.  
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laboratory setting
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Chapter 2. Materials and methods 

 

2.1. Isinglass extraction  

The swim bladders samples of Arius maculatus were provided by Murphy 

and Son’s Ltd in three forms: pretreated whole fish swim bladders, 

pretreated dry fish maw flocs, and buffer treated fish maw flocs in storage 

buffer. Pretreatment was performed by the supplier to remove non-

Figure 3. Whole pretreated catfish swim bladders. 

Figure 4. Dry fish maw flocs  
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collagenous proteins using Murphys’s in-house buffer and alkaline solutions. 

The samples were rinsed under RO water to eliminate the residual 

impurities after received and before proceeding onto extraction. 

The extraction process was carried out under 4 ℃ and foil covered 

throughout to prevent solution from evaporating and contamination from 

the air. This protocol was performed three times with catfish swim bladders 

in three different forms: buffer washed catfish swim bladder in whole, dry 

flocs of catfish swim bladders and flocs of catfish swim bladder in storage 

buffer.    

Figure 5. Collagen extraction key steps flowchart. 
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2.1.1 Buffer Preparation  
Two main chemicals used in the collagen extraction, Butanol (99.7%, Sigma-

Aldrich) and Acetic acid (99.8 - 100.5 %, Honeywell Fluka™). Butanol was 

diluted with RO water to the concentration of 10% (v/v) for the defatting 

treatment. 0.5M acetic acid was prepared with RO water dilution from 

concentrated to the final concentration of 0.5M for the core step of 

collagen extraction, acid solubilisation. 0.1M acetic acid was prepared as 

the dialysis buffer after the acid solubilisation completed. 

2.1.2 Pretreatment of Fish Swim Bladder 

The first step of collagen extraction from fish is usually alkali solution like 

NaOH treatment to remove non-collagenous proteins, however in this case, 

the sample fish swim bladders were pretreated by Murphy and Son’s Ltd 

with in-house alkali solution and Phosphate Buffer Solution (PBS) to remove 

the non-collagenous proteins.  

After the pretreated samples were received, the whole fish swim bladders 

were initially washed and rinsed under running RO water to remove any 

residues from the pretreatment, and then the whole fish maw was cut into 

small pieces around 0.5*0.5cm3. The samples were subjected to the 

defatting step by continuously stirring in 10% butanol with sample/solution 

ratio of 1:20 (w/v) for 12 hours, solution refreshed around every 3 hours. 

The samples were then rinse under running RO water and stored in distilled 

water overnight in cold room at 4 ℃.  

2.1.3 Acid Solubilisation and Filtration  

Butanol-washed samples were then rinsed 3-5 times under running RO 

water to remove the butanol residues to proceed to the core step of 

collagen extraction, the acid solubilisation. The washed samples were 

stirred in 0.5M acetic acid with the sample to solution ratio of 1:50 (w/v) 



32 
 

for 48 hours. The dissolved sample was then filtered with double-layered 

cheesecloth to remove the insoluble parts.  

2.1.4 Isinglass Protein Purification  

The filtered sample was then subjected  to the salting-out step of extraction 

by adding NaCl to a final concentration of 2.6M and left at 4 ℃ overnight to 

precipitate. The salting-out step is pivotal step in collagen extraction step 

which utilises high concentration of salts to precipitate proteins from the 

solution by decreasing the solubility of proteins due to the competition 

between salt ions and proteins for water molecules leading to protein 

aggregation and subsequent precipitation. The specific concentration of 

NaCl created an environment where solubility of the protein is significantly 

reduced without denaturing its structure to maintain the integrity of 

collagen’s triple helical structure. The process not only enhances the purity 

of the extracted collagen by removing soluble impurities but also 

concentrates the collagen in the solution, making it more amenable to 

further purification and analysis. 

The precipitates were collected to proceed on to centrifugation step. The 

precipitated protein solution was centrifuged at 20000x g for 60 minutes at 

4°C using Avanti JXN-26 centrifuge, Beckman Coulter. The supernatants 

were removed after centrifugation and the pellets were retained.  

Each of the pellets were resuspended with minimal 0.5M acetic acid then 

injected to the Slide-A-Lyzer™ Dialysis Kits, 7K MWCO (Thermo Scientific™). 

After injecting the sample into the dialysis cassettes, process was initiated 

with 0.1M acetic acid aimed to diffuse out the remained acetic acid in the 

sample solution for 12 hours with constant stirring at 4°C. Then the sample 

solution was dialysed against distilled water for 60 hours with constant 

stirring at 4°C, dialysis water refreshed every 12 hours. It is crucial to 
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remove the excess salt from the collagen which was achieved through 

dialysis. This process allowed small molecules like NaCl to diffuse out of the 

dialysis membrane and retained the larger collagen molecules in the 

cassettes.  

Dialysed protein sample was then transferred to sterile falcon tubes and 

prepared to be lyophilised or know as freeze-drying by pre-freezing the 

protein at -20°C overnight and then at -80°C overnight. This pre-freeze step 

was carried out to shorten the freeze-drying time and retain the structural 

integrity of the protein. The pre-frozen samples were then sent for freeze-

drying for 48 hours. By freeze-drying, the water in the collagen was allowed 

to be removed without high temperature which can denature the proteins 

and disrupt the structure (Deyl, Mikšıḱ and Eckhardt, 2003; Santos et al., 2013). 

Additionally, lyophilised collagen has higher solubility, minimised risks of 

microbial contamination, for easier and longer storage.  

2.2 Sodium Dodecyl Sulphate Polyacrylamide Gel 

Electrophoresis 

Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) is 

a commonly used analytical method in laboratories to separate proteins 

according to their molecular mass (Smith, 1984). The methodology of SDS-

PAGE was employed with modifications from the method of Laemmli, 1970.  

SDS-PAGE was carried out using precast gel, Bolt™ 4-12% Bis-Tris Plus Gel, 

and Bolt™ MES SDS Running Buffer both from Invitrogen™. The lyophilised 

collagen sample were dissolved with distilled water or 0.1M acetic acid for 

comparisons with the sample and solution of 1mg:1mL (w/v). Bolt™ LDS 

Sample buffer (4X) was then added to the dissolved sample with desired 

buffer: sample ratio and followed with heat treatment to fully denature the 

collagen into linear chain, also facilitate the SDS binding uniformly to the 

length of the proteins. Heat-treated samples and the protein ladder, 
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PageRuler™ Plus Prestained Protein Ladder, ranging from 10 to 250 kDa, 

were loaded on the precast gel, electrophoresis was running with 200V for 

30-50 minutes.   

The SDS-PAGE of the lyophilised collagen sample was performed with 

several comparison sets: high and low concentrations of sample, water vs. 

acid rehydrated sample, different forms of raw material, and reducing vs. 

non-reducing running conditions. The primary procedures of the method 

were the same for these comparisons. For the reducing condition, Bolt™ 

Sample Reducing Agent (10X) was added in a ratio reducing agent: loading 

sample mixture ratio of 1:10 (v/v). 

The gel was stained with Coomassie Blue solution (0.05% Coomassie Blue, 

10% glacial acetic acid, 25% isopropanol and 64.5% water) overnight on 

agitation plate and then destained with destaining solution which was 

prepared with 10% glacial acetic acid, 30% methanol and 60% RO water 

overnight, by occasionally refreshing the solution. The gels were then 

rinsed under running RO water after the destaining was completed for 

observation. The Coomassie Blue dye binds to the proteins and results in 

colour change which allows the visualisation of the protein after the 

destaining process remove exceeded dyes on the gel.  

2.3 Fining Function Test  

To verify if the collagen extracted under laboratory setting contained the 

fining functions in beer as commercial isinglass product would have, a 

simple functional test was carried out. This fining function test method was 

adopted from the commercial isinglass optimisation procedure to find out 

the most optimised working concentration to fine the beer or wine, which 

a common service normally can be provided by the brewery supplement 

company to the brewers purchased their fining products. 
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Freshly brewed beer and commercial isinglass product as reference, Finest 

Triple, which is a concentrated isinglass fining solution were provided by 

Murphy & Son Limited specifically clarifying the yeast cells in beer.  

The lyophilised collagen was dissolved with distilled water to the 

concentration of 1mg/mL of collagen. Finest Triple was diluted with two 

portions of distilled water following the manufacturer’s guidance as the 

product was in concentrated form. Diluted commercial isinglass and 

dissolved laboratory collagen from isinglass were added to 50mL of freshly 

brewed beer in clear sterilised glass flasks to the desired final 

concentrations for fining test stated in Table 1., mixed well by gentle 

inverting the bottles. A blank was created as well by adding nothing to 50mL 

of the beer. The flocculation can be visible in several hours, and the visible 

sedimentation can be observed after 24-48 hours.  

  

Table 1. Fining function test on commercial fining aid vs. laboratory-
extracted collagen.  

Sample  Label as  Amount of 
sample added 
(µL) in 50mL of 
beer 

Final concentration of 
fining aid in 100ml of 
beer 

Blank 0 0 0 

Finest Triple  I1 173.5 0.347 

Finest Triple  I2 347.0 0.694 

Finest Triple  I3 521.0 1.042 

Finest Triple  I4 694.5 1.389 

Freeze dried 
sample 

C1 173.5 0.347 

Freeze dried 
sample 

C2 347.0  0.694 

Freeze dried 
sample 

C3 521.0 1.042 

Freeze dried 
sample 

C4 694.5 1.389 
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2.4 Genomic DNA Extraction and COL1A2 Gene Isolation 

In contemporary literature and past studies, there has been an exploration 

into extracting genes that code for collagen from the swim bladders of 

diverse fish species (Lin et al., 2020; Lin et al., 2022; Rong et al., 2022). 

However, the specific species under investigation in this project has not 

been studied. Identifying an effective method for gene extraction from the 

particular species in this study, Arius maculatus, serving as a foundational 

step towards the future heterologous expression of the collagen.  

 

2.4.1 DNA Extraction from Fish Swim Bladder Flocs 

To identify the most appropriate DNA extraction methodology for this 

specific species, Arius maculatus, both DNA extraction approaches such as 

commercial DNA extraction kits, Qiagen DNeasy PowerSoil Kits and QIAamp 

DNA Mini kits, and traditional manual DNA extraction techniques were 

trialled and tested. The experimentation varied in terms of the swim 

bladder's forms, dry flocs or those preserved in storage buffer and the 

quantity of material used (ranging from 10mg to 25mg), seeking the 

optimal extraction process with both commercial kits and conventional 

extraction methods. 

With the commercial kits, the swim bladder sample was incubated with 

lysis buffer and the Proteinase K for an hour at 56°C (QIAamp DNA Mini kits) 

to 60°C (Qiagen DNeasy PowerSoil Kits), following with vortexing to  break 

down the cells thoroughly. For the QIAamp DNA Mini kits, another lysis 

buffer required to be added after the first-round incubation, and proceed a 

second round of incubation at 70°C for 10 minutes. After lysis incubation, 

the samples were transferred into spin columns centrifuged at 6000 xg – 

10000 xg with by Fresco™ 17 Microcentrifuge (Thermo Scientific™) and kits 
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buffers for salt precipitation, ethanol wash steps. The DNA remained within 

the membrane of spin column then be eluted with elution buffer after 1 

minute incubation at room temperature and centrifuge to sterile Eppendorf 

tubes.  

DNA extraction was performed using a manual protocol for extracting high-

molecular-weight DNA from swim bladder tissue. Sample (25mg) were 

incubated with 0.1M PBS or TE buffer and 20 µL lysozyme (100mg/mL) at 

37°C for 30 minutes. Mechanical disruption was performed with fine glass 

beads and MagNA Lyser (Roche) to break down the cells. Following 

centrifugation at 16000 xg by Fresco™ 17 Microcentrifuge (Thermo 

Scientific™) for 10 minutes, the supernatant containing DNA was 

transferred to sterile tubes.  

To purify DNA, ethanol was added to precipitate contaminants, followed by 

repeated washes with 70% ethanol. The pellet was air-dried and 

resuspended in elution buffer.  

 

2.4.2 Gel Electrophoresis 

To assess the integrity and approximate size of the extracted DNA, gel 

electrophoresis was conducted. This analysis utilised agarose gel with 

different concentration of agarose including 1.0% and 1.5%, prepared by 

dissolving agarose in 1X TAE buffer and heating until fully dissolved. Upon 

cooling to approximately 50°C, ethidium bromide was added for DNA 

visualisation under UV light. The gel was cast with a well comb in place and 

allowed to solidify. 

During the cooling phase of the gel, DNA samples were prepared for 

electrophoresis by mixing with the DNA Gel Loading Dye 6X (Thermo 

Scientific™) at a volumetric ratio of 1:5 (dye:DNA sample). Two types of 
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DNA ladders were employed in the experiments: HyperLadder™ 1kb 

(Meridian) ranging from 200bp to 10Kb and GeneRuler High Range DNA 

Ladder (Thermo Scientific™) ranging from 10Kb to 48Kb, aimed at 

determining the optimal DNA ladder to estimate the unknown size of the 

DNA samples. 

DNA samples, alongside DNA ladder were loaded into the wells of the gel. 

Electrophoresis was run at 100V for 30-45 minutes, ensuring the DNA 

migrated at a rate allowing for clear separation. Upon completion, the gel 

was visualized under UV light, and images were captured using GelDoc. 

 

2.4.3 Collagen-Coding Gene Isolation  

The polymerase chain reaction (PCR) methodology was employed to 

amplify specific collagen-coding genes from the DNA obtained from fish 

swim bladders. The aim was to isolate and amplify the COL1A2 gene from 

catfish swim bladders, with the ultimate goal of heterologous expression in 

bacteria. The PCR running conditions was initially adapted from a study on 

molecular cloning of type I collagen cDNA in grass carp, and three sets of 

primers (Table 2.) from Yu et al., 2014 as the initial trial primers in this case. 

The primers were ordered from Sigma-Aldrich® and the PCR reaction was 

performed with QIAGEN© Taq PCR Core Kit. 

The extracted gDNA of catfish swim bladders was prepared for PCR on ice 

with a single reaction mix with total volume of 25 µL containing 2.5 µL of 

10x PCR buffer, 0.2 mmol of dNTPs, 1 unit of Taq DNA polymerase, 1 µL of 

gDNA, and 0.2 mmol of each primer. The thermal cycler was programmed 

for an initial denaturation at 94°C for 3 minutes, followed by 35 cycles of 

94°C for 1 minute, 49°C for 30 seconds, 72°C for 1 minute, and a final 

extension at 72°C for 10 minutes. Following PCR, the amplification products 
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were evaluated through agarose gel electrophoresis to confirm the 

specificity and efficiency of the amplification.  

 

To optimising the PCR conditions, the gradient annealing temperatures was 

programmed and perform using the 3Prime Techne thermocycler. Gradient 

PCR was performed to optimise annealing temperatures for primer sets 

targeting the COL1A2 gene. Reactions were prepared in a 25 µL volume 

containing 1 µL template DNA, 1 µL of each primer, 0.2 mM dNTPs, and 1 

unit of Taq DNA polymerase (Thermo Fisher Scientific™). The gradient 

ranged from 55°C to 60°C. 

 

 

   

Table 2. Primers adapted from Yu et al., 2014, for amplification of collagen-
coding genes originated from studied fish species  

Primer 
Name 

Sequence (5' to 3') Origin Fish 
Species 

Primer Usage 

COL1A2F1 GCTTTGTGGATACCCGGATT Zebrafish  
 

Core sequence 
of COL1A2 

COL1A2R1 CCAGCGTCACCCTTTCCAC Zebrafish Core sequence 
of COL1A2 

COL1A2F2 GGTGAGACTGGCTCCTTTTG Rainbow 
Trout 

Core sequence 
of COL1A2 

COL1A2R2 CCATGTAGGCGATGCTGT Rainbow 
Trout 

Core sequence 
of COL1A2 

COL1A2F3 GCCAAGGATTATGAGGTG Chum 
Salmon 

Core sequence 
of COL1A2 

COL1A2R3 GAGGATGGGAAGGCGAGATG Chum 
Salmon  

Core sequence 
of COL1A2 
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Chapter 3. Results  

 

3.1 Collagen Extraction and Analysis  

3.1.1 Results of Collagen extraction  

The initiate collagen extraction protocol was adopted from studies on 

collagen extraction of different byproduct of various species of fish. The 

pretreated whole fish swim bladder (Figure 3.) was used for extraction 

following the first version protocol. Without the pepsin and its nature of 

low working temperature as key consideration of the protocol, there was 

no low temperature restriction throughout the extraction process and foil 

cover of the container, which led to the solubilised sample significantly 

thickened to almost solidified jelly-like texture, and the volume of the 

mixture reduced from 500mL of acid added to around 130mL solution due 

Figure 6. The solidified extraction solution resulted from acid solubilisation step 

from first attempt of the collagen extraction.  
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to evaporation (Figure 6.). The solidified solution could not proceed to the 

filtration thus was disposed.  

The procedure was adjusted following an extensive review of literature on 

collagen extraction methods, especially from fish swim bladders. The 

revised protocol, inspired by a study on collagen extraction from the skin 

and swim bladder of seabass by Sinthusamran, Benjakul, and Kishimura 

(2013). Modifications to the protocol, including the use of foil covers and 

lower working temperatures, successfully prevented evaporation and 

improved the solubilisation process. 

The updated acid solubilisation protocol yielded a clear, viscous solution 

(Figure 7). Freeze-drying produced white, sponge-like collagen samples 

(Figure 10), suitable for downstream analysis. 

Figure 7. Completed acid solubilised fish swim bladders using updated protocol.  



42 
 

In the first attempt with the updated protocol was the pretreated whole 

catfish fish swim bladder as shown in Figure 3. The acid solubilised sample 

in this attempt resulted with a much less viscous solution in Figure 7. 

compared to the resultant following previous protocol in Figure 6., and 

there was no loss of the solution due to the prevention of evaporation. The 

colour of solution was much lighter and whiter colour compared to the one 

from old protocol.  

The second attempt of collagen extraction with the same weight of the 

sample but in the form of dry fish swim bladder flocs failed at the step of 

salt precipitation. The solution after completed acid solubilisation was more 

viscous but not solidifying compared to the solution with whole fish swim 

bladders. After overnight settlement for salt precipitation, soft clumps 

which possibly be the protein aggregates was found in the sample solution 

but there was no visible separation as in Figure 8. The sample was left for 

addition two days for the precipitation, however no separation of the 

protein precipitated occurred. The failure of salting-out precipitation led to 

Figure 8. Collagen extraction with dry flocs form of fish swim 

bladders after 2 days salt precipitation of the collagen.  
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termination of proceeding to collection of supernatants and further steps 

for this attempt of extraction.   

The last attempt of collagen extraction was conducted with fish swim 

bladder flocs in storage buffer or refer as wet flocs in the following. Same 

sample size was carried out in this extraction and the salt precipitation was 

successful with clear separation as shown in Figure 9. which proceeded to 

further purification steps without complications.  

Figure 10. Collagen sample after 48 hours of freeze-

drying.  

Figure 9. Successful protein precipitation. Sample form: Fish maw 

flocs in buffer.  
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Benchtop centrifuge device with 4000 xg as maximum speed was used for 

centrifugation of samples resulted in loose pellets and visible precipitates 

floating in the supernatant. Addition time was employed in the 

centrifugation with this device and extra care was taken when removing the 

supernatant of the resultant. High-speed centrifuge was used with the 

speed of 20000 x g for high-speed centrifugation which gave firmer pellet 

and no visible precipitation in the supernatant. As in result, higher speed of 

the centrifugation did significantly reduce the time for centrifugation and 

sample loss compared to the lower speed centrifugation of the sample. 

The dialysed sample was clear with gel like texture that was subjected to 

freeze-drying. The lyophilised collagen samples resulted with white in 

colour and sponge-like texture which had flexibility and unable to be 

smashed or grinded into powder forms as other freeze-dried substances. 

Additional 48 hours of freeze-drying was tried to determine whether there 

is any change in weight or texture on the samples which resulted in no 

difference at all. Both 48 hours freeze-dried sample and 72 hours freeze-

dried ones gave dry sponge-like texture without weight changes which 

mean the 48 hours of lyophilisation removed the moist completely, and 

texture was not caused by the exceed moist in the sample. Every 1mL of 

the dialysed sample before freeze-drying resulted approximately 1mg of 

lyophilised collagen.  

The solubilities in acid and distilled water of the freeze-dried collagen 

samples in this case were compared as well. The freeze-dried collagen 

dissolved faster in the 0.5M acetic acid compared to the one dissolved in 

distilled water with the same final concentration of the collagen. The SDS-

PAGE analysis had shown no difference of the collagen dissolved in acid and 

distilled water.  



45 
 

3.1.2 SDS-PAGE 

Two clear protein bands could be observed in all SDS-PAGE results sized 

around  molecular weights slightly over 115kDa and over 190kDa (Figure 

11.). Compared to the past studies on collagen from isinglass, this pattern 

was showing the α chains and the β-chain of the collagen. The collagen 

samples ran under reducing condition SDS-PAGE had resulted no difference 

to the non-reducing ones which indicated no presence of disulphide bonds 

in the molecule of this particular collagen samples (Figure 13). 

  

Figure 11. SDS-PAGE of freeze-dried protein samples extracted from 

whole fish maw and fish maw flocs. L- Protein Marker (ladder); 1 – 

negative control (water); 2 – rehydrated collagen from whole swim 

bladder; 3 – rehydrated collagen from wet swim bladder flocs. 

L     1      2     3  
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Figure 13. SDS-PAGE of freeze-dried protein samples under reducing 

conditions. L- Protein Marker (ladder); 1 – negative control (water); 2 – 

rehydrated collagen from whole swim bladder; 3 – rehydrated collagen 

from wet swim bladder flocs. 

L      1       2      3  

L     1     2     3  

Figure 12. SDS-PAGE of freeze-dried protein samples with different ratio 

of loading sample buffer: collagen sample. 2 – rehydrated collagen: 

Sample buffer (1:1); 3 – rehydrated collagen: dH2O : sample buffer (2.5: 

6.5: 1). 
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Interestingly, an SDS-PAGE was conducted with laboratory extracted 

collagen samples had almost the same result with diluted commercial 

isinglass fining, Finest Triple. The commercial isinglass had resulted slightly 

less sharp bands on the gel compared to the laboratory extracted ones but 

the visible two α chains and the β-chain pattern. This means either the 

collagen concentration and purity are high in commercial product, or the 

laboratory extracted collagen need to be purified further with alternative 

protein purification methods. Methods like western blotting to verify the 

desired collagen in the sample or commercial products can be conducted 

for the confirmation in the future.  

3.1.3 Fining function test 

To assess the functionality of the laboratory-extracted collagen from 

isinglass as a fining agent in beer, a simple comparative fining test with 

commercial isinglass was conducted. The commercial isinglass fining, 

diluted with two portions of distilled water, was added to freshly brewed 

beer as per the product's instructions. The collagen sample was dissolved 

in distilled water but not acetic acid, to ensure the pH did not fall below the 

operational pH range of fining agents, achieving a final concentration of 

1mg/mL. The beer samples with addition of finings and collagen both 

showed visible flocculation and sedimentation after overnight time. While 

the commercial isinglass fining had the best sedimentation result with third 

test concentration, the lyophilised sample gave the clearest beer under 

observation with the second test concentration which was lower. The 

results had shown that the laboratory extracted collagen from fish maw 

remain the fining functions as the commercial isinglass fining agents.  
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3.2 Result of DNA extraction  

DNA extraction aimed to result high-quality genetic material for PCR 

amplification of collagen-coding genes. The commercial DNA extraction kits 

adapted from formal researches yielded likely be degraded DNA (Figure 14.). 

Manual extraction protocols employing salt precipitation improved the 

DNA extract quality and giving clear high-molecular weight DNA result as 

shown in Figure 17 which suitable for future analysis and downstream PCR. 

3.2.1 Commercial DNA extraction kits  

Qiagen DNeasy PowerSoil Kits was the first kit tried for DNA extraction form 

the fish maw dry flocs due to it is featuring as a powerful tool in DNA 

extraction with various types of the biological samples to soil samples. By 

following the manufacturers’ instruction of DNA extraction with tissue 

samples, 3 attempts with this extraction kits were performed with a series 

of adjustments on the samples size from 25mg to 200mg and the lysis 

enzyme as shown in Table 3. 

 

The first attempt encountered difficulties on fully complete tissue digestion 

of the samples due to the large sample size of 200 mg of dry flocs yielded 

Table 3. DNA extraction method used: Qiagen DNeasy PowerSoli Kits 

Attempt Sample  Sample amount 
(mg) 

Enzyme 

1 Catfish Dry Flocs 200  Proteinase K 

1 Catfish Dry Flocs 200 Proteinase K 

2 Catfish Dry Flocs 50 Proteinase K +20µL of 
100mg/mL lysozyme 

2 Catfish Dry Flocs 100 Proteinase K+20µL of 
100mg/mL lysozyme 

3 Catfish Dry Flocs 25 Proteinase K 

3 Catfish Dry Flocs 25 Proteinase K+20µL of 
100mg/mL lysozyme 
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no observable outcomes on the visualized agarose gel. Consequently, the 

sample size was reduced to 100mg and 50mg, and addition lysozyme was 

incorporated in the subsequent trial with the identical extraction kit. 

Nonetheless, the following gel electrophoresis resulted no visible result of 

DNA. Third attempt was performed with further reduced sample size and 

two different enzymatic conditions for incubation, however, no DNA result 

detected.  

Reconsideration of the commercial DNA extraction kits choice was taken 

after the failures from the result. QIAamp DNA Mini kits (Zhang et al., 2022) 

was chosen after further literature research on DNA extraction methods 

from fish swim bladders. The first attempt (Table 4.) using this kit was 

carried out with four different sample sizes, and the extract crude was 

examined with nanodrop to determine the DNA concentrations. The initiate 

DNA ladder employed was the GeneRuler High Range DNA Ladder from 

Thermo Scientific™, ranging from 10171 to 48502 bp.  

Table 4. DNA extraction method used : QIAamp DNA Mini kits – First attempt 

Sample  Sample 
amount (mg) 

Labelled as  Labelled on 
gel  

Note 

Catfish Dry 
Flocs 

10 10mg 10 Nanodrop 
ng/µL=8.4 

Catfish Dry 
Flocs 

15 15mg 15 Nanodrop 
ng/µL=14.8 

Catfish Dry 
Flocs 

20 20mg 20 Nanodrop 
ng/µL=16.5 

Catfish Dry 
Flocs 

25 25mg 25 Nanodrop 
ng/µL=23.0 
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As the visualisation shown in Figure 14, the DNA seemed degraded with all 

extract crude from different sample sizes, and there was no visible 

separation of the DNA ladder. The nanodrop result in Table 4. might have 

detected the degraded DNA or DNA-like contents in the crudes.  

L       0        10    15     20     25      

Figure 14. Visualisation result of the extraction attempt 1 in Table 4. with 

QIAamp DNA Mini kits. Gel electrophoresis ran with 1.5% agarose gel at 65V 

for 60 minutes. L- GeneRuler High Range DNA Ladder; 0- water + loading dye.  



51 
 

The adjustments on sample size and the enzymes used in extraction was 

made and the extraction with adjustment were attempted as recorded in 

Table 5. Alongside further adjustments of the gel electrophoresis conditions 

included: adjusting loading concentration of the high range DNA ladder by 

dilutions commercial ladder with water tempted to achieve visible 

separation to provide reference for sample DNA size.  The concentration of 

agarose gel was trailed from 0.8% to 1.5% to determine the ideal matrix for 

this DNA ladder separations and the detection of the DNA samples in Figure 

15.  Different electrophoresis running voltage and duration lengths were 

applied corresponding agarose gel concentration respectively. 

Unfortunately, the results of these attempts remained the same as in Figure 

14, the nanodrop results were similar to the ones in Table 4. HyperLadder™ 

1kb (Meridian) was employed in gel electrophoresis as well to examine the 

Table 5. DNA extraction method used : QIAamp DNA Mini kits – 
Adjustment on the extraction enzyme and sample size 

Sample  Sample 
amount 
(mg) 

Labelled 
as  

Note 

Catfish 
Dry Flocs 

20 20mg Proteinase K  

Catfish 
Dry Flocs 

25 25mg Proteinase K  

Catfish 
Dry Flocs 

30 30 P Proteinase K as lysis agent  

Catfish 
Dry Flocs 

30 30 L 20µL of 20mg/mL lysozyme as 
lysis agent instead of Proteinase K 
came with the kit 

Catfish 
Dry Flocs 

25 25 L+P Both 20µL of Proteinase K and 
20µL of lysozyme stock were 
added as lysis agent 
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DNA size and verifying the electrophoresis functioning properly as shown 

in Figure 15.  

To examine the cause of DNA degradation, adjustments on the incubation 

time and temperature of the DNA extraction was made and tested as 

recorded in Table 6. The incubation time was reduced from 90 minutes as 

suggested in the manufacturer’s instruction to 60 minutes. one of the 

samples was incubated with lysozyme at 37°C for lysozyme activation, 

Table 6. DNA extraction method used : QIAamp DNA Mini kits – 
adjusted incubation temperature. 

Sample  Sample 
amount (mg) 

Labelled 
as  

Nanodrop  
ng/µL 

Note 

Catfish Dry 
flocs 

25 37 32.5 incubation 
temperature at 37°C 
for 1 hour 

Catfish Dry 
flocs 

25 56 33.0 incubation 
temperature at 56°C 
for 1 hour 

HR         0          30P     30L      25L+P                      1Kb 

Figure 15. Visualisation result of the extraction attempt in Table 5. with QIAamp DNA 

Mini kits. Gel electrophoresis ran with 1.5% agarose gel at 100V for 30 minutes. HR- 

GeneRuler High Range DNA Ladder; 0- water + loading dye; 1Kb- HyperLadder  1kb 

(Meridian) 
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where another was incubated with Proteinase K at 56°C for enzyme 

activation. The reduced temperature with lysozyme-sample and incubation  

time was applied to detect whether the DNA degradation was caused by 

the over incubation. The result of gel electrophoresis indicated DNA 

degradation again even the DNA concentration detected by the nanodrop 

increased compared to the previous ones. 

 

3.2.2 Manual DNA Extraction methods  

The optimised DNA extraction method or referred as the manual DNA 

extraction was employed after the extraction using commercial kits failed 

even with a series of adjustments. The first attempt with manual methods 

was only performed with dry swim bladder flocs sample, the DNA crude 

was more viscous compared to the ones extract crude using the commercial 

kits. The written record on this attempt stated there was visible 

fluorescence under observation via UV illustrator around the sample 

loading well. The extract crude was diluted with additional elution buffer 

and gel electrophoresis was performed again, resulted nothing on the gel.  

Table 7 recorded the second attempt of manual extraction with both dry 

flocs and wet flocs. D and W represent the form of the extraction sample, 

D represent dry flocs and W represent the wet flocs; P and T indicate the 

incubation buffer used for the extract where P stands for PBS solution and 

TE buffer. The result in as shown in Figure 16. displayed the visible 

fluorescence around the wells where the DNA crude extracted from the dry 

flocs with both incubation solution of PBS and TE. The DNA concentration 

of the DP and DT sample in Table 7. were measured with remaining samples 
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using the nanodrop and the results was 28.5 ng/µL and 18.5 ng/µL 

respectively.  

Two more attempts on the manual extraction method with the dry flocs 

was carried out with changes with the elution buffers and ran with different 

concentration of the agarose gel also the voltage and time. Resulted no 

visible bands nor even fluorescence around the wells under visualisations.  

Table 7. DNA extraction method used : Manual extraction  

Sample  Sample amount 
(mg) 

Labelled on 
gel  

Note 

Catfish Dry 
Flocs 

25 DP DNA manual extraction 
using PBS 

Catfish Dry 
Flocs 

25 DT DNA manual extraction 
using TE buffer 

Catfish Flocs in 
buffer 

25 WP DNA manual extraction 
using PBS 

Catfish Flocs in 
buffer 

25 WT DNA manual extraction 
using TE buffer 

Figure 16. Visualisation result of the extraction attempt in Table 7. with manual 

extraction methods. Gel electrophoresis ran with 1.5% agarose gel at 100V for 30 

minutes. HR- GeneRuler High Range DNA Ladder; 0- water + loading dye; 1Kb- 

HyperLadder  1kb (Meridian) 

HR   0                       DP        DT       WP       WT             1Kb 
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By adding high-concentration salt composed by NaCl and distilled water to 

the final concentration of 6M salt solution before ethanol precipitation, the 

cell debris and the proteins can be precipitated and removed by 

centrifugation. The optimised procedure was performed with both dry and 

wet flocs. The result had shown clear sharp DNA band with the crude 

extracted with wet flocs under UV illustrator. According to the DNA ladder, 

DNA sized greater than 10Kb as indicated in Figure 17. 

 

3.2.3 Collagen-Coding Gene Isolation  

As one of core composition of collagen molecules, the  chain coding gene 

was selected as the initiate target in collagen-coding gene isolation. The 

PCR methods and the primer sequences were adapted from Yu et al., 2014.  

Figure 17. Visualisation result of the manual extraction with addition salt 

precipitation. Gel electrophoresis ran with 1.5% agarose gel at 100V for 30 

minutes. 1Kb- HyperLadder  1kb (Meridian), SB- DNA extracted from wet 

flocs; SD – DNA extracted from dry flocs.  

1Kb      SB         SD 
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Following the methods and PCR condition from the original paper, PCR was 

performed with DNA extracted by manual extraction as the template DNA, 

there was no resultant gene detected. Thus, optimisations on the PCR were 

carried out against both the annealing temperature and slight modification 

on the master mix ratios.  

Out of all attempts of PCRs, the primers set of COL1A2F1 and COLA2R1 

which originated from zebrafish showed no resultant gene at all through. 

After adjusting the annealing temperature, the other two pairs of primmer 

originated from rainbow trout and chum salmon produced results with 

multiple bands on the visualised gel as indicated in Figure 18 and 19, which 

were difficult to identify the target gene fragment. The result in Figure 18 

and 19 indicated some amplification of gene fragment with the primer pairs 

F2R2 and F3R3 originated from rainbow trout and chum salmon. The 

increased annealing temperature in Figure 19 resulted reduced gene 

Figure 18. PCR resultant with gradient annealing temperatures. Letters 
indicate the temperature: a – 50°C, b – 51.1°C, c – 53.5°C and d – 54.7°C, 
number indicate the primer pair. 1 – COL1A2F1 and COL1A2R1, 2- COL1A2F2 
and COL1A2R2, 3- COL1A2F3 and COL1A2R3. Negative control indicated as 
0. Runing conditions: 1.5% agarose, 95V, 40 minutes. 



57 
 

amplifications compare to result indicated in Figure 18 with lower 

annealing temperature. These results provided a narrowed ideal annealing 

temperature range for amplifying the target gene fragment of 58°C to 60°C. 

The resultant bands in Figure 19 sized over 3Kb are worth to be noticed 

which were the closest to the range of COL1A2 genes discussed previously.   

The annealing temperature of the products in Figures 19 were increased 

compared to the ones in applied in Figure 18, also the differences between 

these two attempts were their reaction mix with increased DNA 

polymerase and reduced volume of dNTP and DNA templates. The reaction 

mix recipe led to the result in Figure 18 was in each 25L of reaction mix: 

2.5L of PCR buffer (10x), 1L of dNTP, 0.2L of Taq DNA polymerase, 0.5L 

of DNA, 1L of F primer, 1L of R primer and 18.8L of dH2O. The one in 

L        0      1c     2c    3c     1d     2d    3d      

L        0      1a     2a    3a     1b     2b    3b      

Figure 19. PCR resultant with gradient annealing temperatures and adjusted 

reaction mix. Letters indicate the temperature: a – 58°C, b – 59°C, c – 60.1°C 

and d – 62.5°C, number indicate the primer pair. 1 – COL1A2F1 and COL1A2R1, 

2- COL1A2F2 and COL1A2R2, 3- COL1A2F3 and COL1A2R3. Negative control 

indicated as 0. Runing conditions: 1.5% agarose, 99V, 35 minutes 
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Figure 19 was in each of reaction mix: 2.5L of PCR buffer (10x), 0.75L of 

dNTP, 0.25L of Taq DNA polymerase, 0.25L of DNA and 1L of each 

primer, topped up with distilled water to 25L. The excessive banding 

determined the presence of non-specific bands which suggests that the 

PCR needed to be further optimisation. Due to time constraints further 

optimisation was not explored.  
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Chapter 4. Discussion  

 

4.1 Collagen Extraction - Discussion   

Collagen extraction methods with fish byproduct for research purpose are 

commonly conducted with acid extraction and pepsin enzyme extraction. 

In order to align the process to  the industrial isinglass production, acid 

extraction was chosen in this project. Another factor influencing the 

decision to use acid extraction was the lack of previous studies on collagen 

extraction methods specifically from the swim bladder of Arius maculatus. 

Acid extraction was more suitable to start with for the exploratory nature 

of the protocol development for this specific species, as the acid extraction 

method is the most commonly employed technique in various tissue and 

species (Delgado et al., 2017; Li et al., 2013). The pepsin extraction methods 

had been popular and studied previously which benefits more in protein 

integrity (Skierka and Sadowska, 2007). The successful extraction of 

collagen using this method confirmed its feasibility for Arius maculatus 

swim bladders. Furthermore, the absence of enzymatic steps mirrors 

industrial isinglass production processes, making this approach more 

practical and cost-effective.  

In this case, optimising the method was essential for the study of collagen 

from industrial pretreated fish maw from the Arius Maculatus or referred 

as catfish. In isinglass fining product from Muphy and Son’s, there are two 

fish swim bladders from two different species of fish used as the raw 

material, considering the objective for the industry, Arius Maculatus was 

selected for study as this is one of the most commonly employed raw 

material in the industry. Optimising the extraction method for research 

purpose also enabled the characterisation such as the molecular size and 
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the patterns of the working collagen from catfish fish swim bladders which 

is absent in current available both research and industry database. 

The choice of butanol is based on its effectiveness at removing fats from 

biological tissues. The rationale behind selecting a 10% concentration is to 

achieve an optimal balance between effective lipid removal and 

maintaining the structural integrity of the collagen. Enhanced lipid removal 

is essential not only for the purity of the collagen but also for its stability, as 

residual lipids can undergo oxidation, leading to degradation of the collagen 

matrix. Glacial acetic acid was prepared in two different dilutions: 0.5M and 

0.1M. Acetic acid ensures minimal denaturation of the collagen structure 

due to its mild nature and higher yield compared to other acids (Skierka 

and Sadowska, 2007). The specific concentration of 0.5M was chosen based 

numbers of studies on fish collagen proven on its optimised balance 

solubility and structural preservation, as higher concentrations may 

increase the risk of hydrolysis, leading to a decrease in molecular weight 

and potential loss of functional properties (Jafari et al., 2020). 

The temperature of the extraction procedure needs to be at 4°C to prevent 

the collagen from denaturation and solidification to gelatine even the 

extraction not involving any temperature-sensitive enzyme. Secondly, the 

form of the raw samples impacts the extraction procedure by the dry and 

wet weight differences which should be an important consideration while 

adjusting the sample: acid ratio.  

There was some of the precipitated sample was centrifuged at 4000x g for 

110 minutes at 4°C with the Eppendorf™ Centrifuge 5810 R. The lower 

centrifuge speed was not the most ideal centrifuge condition; therefore, 

the centrifuge time was extended to remove as much as of the solution 

from the sample as possible. 
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This sponge-like texture of lyophilised collagen sample is because of the 

nature of collagen structural characteristics to form a unique scaffold which 

draws interests from the researchers doing biomedical studies in tissue 

engineering and healing adhesives. 

The SDS-PAGE result provided fundamental information of the collagen 

from catfish. Collagen samples displayed some aggregation at the top of the 

gel, likely due to incomplete solubilisation or sample overloading. The gel 

composition may not have been optimal for separating high-molecular-

weight proteins, suggesting the need for future optimisation. The result 

protein patterns match the result patterns of previous study on collagen 

from fish byproduct from seabass (Figure 20). According to the studies and 

the composition observed from SDS-PAGE, the collagen from our sample 

shared the characteristics of type I collagen. The composition of the 

collagen molecule constituted by two α chains and the β-chain which had 

the molecular size of slightly over 115kDa and over 190kDa respectively. 

Figure 20. SDS-PAGE result from the protocol origin research article as 

reference to  compare (Sinthusamran, Benjakul and Kishimura, 2013). Skin 

(SK) and swim bladder (SW) of seabass under non-reducing and reducing 

conditions. M- high molecular-weight protein markers, I - type I collagen from 

calf skin and HMC - high MW cross-linked components. 
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The α1 and α2 chains was indicatable using the reference collagen SDS-

PAGE result in Figure 20. Comparing the protein pattern under reducing 

conditions in Figure 13 to the non-reducing ones in Figure 11 and 12, there 

was no visible difference were determined under both conditions. This 

result suggested no presence of disulfide bonds as reducing agent contain 

dithiothreitol (DTT) which enable the disulfide bond reduction within the 

protein molecules (Lukesh et al., 2012).  

For the positive control standard protein, the ideal collagen type I from calf 

fish skin was discontinued and was not able to purchase. The Fish Collagen 

Type I was purchased from Creative Enzymes as substitute positive 

control as reference to the sample extracted. However, after a few of 

attempts with different concentration on the purchased standard collagen, 

there was no protein band at all with the product on SDS-PAGE. The exact 

molecular sizes need to be specified with adjustment on the SDS-PAGE gel 

with narrowed ranged matrix. As mentioned, techniques like western 

blotting can be employed in the identification and verification of collagen 

molecules in the future.  

The fining test verified the laboratory-extracted collagen sample has the 

function as fining agent in beer as the commercial product. In future work, 

the clarity of the beer after adding the fining agent could be assessed 

alongside yeast cell count kits or a spectrophotometer to verify the results. 

In addition, due to the concentration of the collagen in commercial isinglass 

fining remains unspecified, an investigation on the collagen concentration 

can be carried out to provide a fairer comparison of the working efficiency 

in fining with the laboratory extracted collagen.  

Further protein characterisation approaches such as amino acid mapping 

and protein sequences are encouraged to performed with both laboratory-

extracted collagen from isinglass and purified commercial isinglass 
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products to provide more references for the recombinant isinglass or 

substitutes bacterial CLPs in the future. 4.2 DNA Extraction and Gene 

Isolation - Discussion  

The choice of commercial DNA extraction kits was determined by their 

effectiveness in extracting DNA from a wide range of samples in laboratory 

settings or their proven success in previous studies focused on DNA 

extraction from fish swim bladders. All procedures were strictly followed as 

per the instructions provided with these kits. Both kits employed 

Proteinase K to degrade the protein of the sample tissue. In pursuit of 

optimising the extraction process, lysozyme was also experimented with, 

either as a replacement or as an additional enzyme in the extraction 

protocol. 

Initial attempts with Qiagen DNeasy PowerSoil Kits and QIAamp DNA Mini 

kits encountered challenges in sample digestion and DNA degradation, as 

evidenced by gel electrophoresis results. There are several factors that were 

responsible for the failed DNA extraction using the commercial kits: 1. The floc 

form of swim bladders sample used in the extraction might retained 

polysaccharide residues, and since the sample was pretreated then dried, 

there might be some chemical residues remained which impact on the 

efficacy of kits extraction and the DNA purity. 2. Effective lysis is crucial for 

optimal DNA yield. Different samples have different cell structures, 

compositions, and properties, which can affect how well a particular 

enzyme or lysis method works, the effectiveness of the enzyme designed 

for a broad range of samples might vary when applied to unique sample 

types. In this case, the cell lysis incubation conditions including the enzyme 

with the kits might not have been ideal due to the nature of our sample. 

The size of the swim bladder in floc form might also not be ideal for kit 

extraction. 3. Kits are often designed for a range of sample types but may 
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not be optimised for specific tissues or organisms, affecting the efficiency 

of DNA extraction. The storage conditions and the age of the samples 

sometimes might lead to degradation or loss of DNA content during 

extraction using kits.  

The challenge encountered in DNA extraction from catfish dry flocs 

highlight the limitations of both commercial kits in dealing with this 

particular form of samples. The difficulty and the inefficacy of enzymes in 

some conditions suggest that catfish swim bladder flocs present unique 

challenges that standard protocols may not address effectively. The 

observed DNA degradation points towards the need for optimised 

protocols that can protect DNA integrity during extraction.  

The optimised manual extraction method found the necessity of salt 

precipitation for successful DNA extraction from flocs preserved in buffer. 

Sample DNA size was determined 10+Kb. The only genomic size information 

of Arius Maculatus was its mitochondrial DNA (mtDNA), which sized 16,710 

bp in length (Yang et al., 2022), which can be valuable information taking as 

a consideration comparing and determining the DNA to the result in Figure 

17. 

The decision of switching to manual extraction methods, including phenol-

chloroform extraction, was due by the poor performance of commercial kits. 

The manual method provided higher yield and better-quality DNA, as 

evidenced by the clear high-molecular-weight DNA bands observed on the 

gels after employed salt precipitation. The rationale for using lysozyme and 

salt precipitation was to effectively lyse effectively the dense swim bladder 

tissues and eliminated polysaccharides, which are common inhibitors in fish 

tissues (Kwak et al., 2003; Zhang et al., 2022). This optimised method approach 

contrasted with studies that utilised alternative enzymatic cocktails, 
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highlighting the species-specific challenges in DNA extraction (Lin et al., 

2020). 

The origin of the primers was well studied previously with known COL1A2-

coding gene sequences utilised as relevant models in primers design to 

initiate COL1A2 gene isolation from various vertebrates. Zebrafish collagen-

coding gene has been popular in collagen studies due to its significant 

genetic similarities with other vertebrates (C. Gistelinck et al., 2016). As 

zebrafish, the collagen type I from rainbow trout and chum salmon were 

featured in COL1A2 gene research due to their well-studied molecular and 

structural characteristics (Berthelot et al., 2014; Matsui et al., 1991).  

The COL1A2 genes of the primers origins fishes have the sequence size from 

4060bp (GenBank ID: AB075700) to 5182bp (GenBank ID: BC071278), and 

the COL1A2 genes of grass carp in Yu et al., 2014 was 4899bp (GenBank ID: 

HM587241). These data can provide a rough range of 4000bp to 6000bp for 

target gene size, and as guides to locate the COL1A2 gene within or around 

this range in the future. 

Despite the PCR running conditions positively resulted in the original study, 

the initial attempts with the DNA sample in this case did not yield any desired 

results for the COL1A2 genes. In response, several experimental adjustments 

were made in following attempts including varying the concentration of the 

DNA sample in the reaction mixture and employing a gradient PCR 

technique to identify the optimal annealing temperature. These 

adjustments were aimed at determining the optimal experimental 

procedures and enhancing the specificity and efficiency of the amplification 

process to isolate the desired collagen-coding genes from catfish swim 

bladders.  

The issues with PCR amplification of collagen-coding genes underscore the 

need for precise optimisation of experimental conditions, including 
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annealing temperatures and master mix ratios, to achieve specific and clear 

results. The employment of gradient PCR provided the results of multiple 

non-specific bands under visualisations which could be the result of poor 

primer specificity or suboptimal reaction conditions. The primer set was 

selected for exploration purpose as the gap of collagen-coding gene 

research data on the swim bladders of Arius Maculatus.  

 The pair of primers diverted from zebrafish gave no result with PCRs under 

all conditions which means these primers might be not suitable for the 

COL1A2 gene isolations with this species of fish under these experimented 

PCR conditions. The non-specific band resultants of other two pairs of 

primers indicated the needs of further optimisation of the PCR conditions, 

or the selection of alternative primers or primer cocktail might be necessary 

to achieve a more specific amplification and clearly identify the target gene 

fragment. Due to the time constraints of this project, the specific primers  

targeting this species collagen-coding gene was not able to explore and 

design, but it is achievable in future studies once more genetic information 

of DNA extract be further analysed. 

Comparing these findings with existing literature could reveal gaps in 

knowledge about extracting DNA from similarly challenging samples and 

identifying specific genes. The novelty lies in its application to Arius 

Maculatus, a species underexplored at molecular level as its value as 

popular raw material for commercial isinglass production. Furthermore, 

this work optimised the essential foundational steps in future studies on 

this particular collagen from isinglass and the heterologous expression 

onwards pursuing the broader goal of sustainable fining agent production.  
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Chapter 5. Conclusion and Future Work 

The optimised laboratory extraction methods revealed through acid 

solubilisation and the subsequent characterisation of collagen via SDS-PAGE 

affirm the structural integrity and functional viability of collagen from 

isinglass from the swim bladders of Arius Maculatus. Therefore, the 

collagen extracted using this method can be used in future and more 

detailed molecular characterisation to provide reference when finding 

alternatives for isinglass made from the swim bladder of both species of 

fish whether recombinant collagen or bacterial CLPs.   

The optimised DNA extraction method from the floc form of swim bladder 

was successful. Despite the success of DNA extraction, PCR amplification 

presented notable challenges. While manual extraction methods improved 

DNA yield and quality for this specific tissue sample, non-specific 

amplification persisted, indicating a need for improved primer design and 

reaction optimisation which was left due to the time constraints. These 

limitations underscore the complexity of working with the underexplored 

molecular information on the swim bladders of the isinglass sourcing 

species like Arius maculatus. 

Overall, this study provides foundational data and methodologies for future 

work on sustainable isinglass production. By addressing existing gaps in the 

literature, it provided an access for further exploration of recombinant 

collagen production. 

 

5.1 Future Work 

Further research is encouraged to refine these techniques and explore the 

full potential of recombinant and bacterial collagen-like proteins as viable 

substitutes for traditional isinglass, aiming for a balance between efficiency, 
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environmental sustainability, and consumer acceptability in the beverage 

industry.  

The first step for the future work is suggested to be advance the protein 

analysis. Techniques such as Circular dichroism spectroscopy or known as 

CD, and Fourier-transform infrared spectroscopy (FTIR) can be employed to 

assess the secondary structure and stability of the extracted collagen from 

the swim bladders (Ramalingam et al., 2023). The advance protein analysis 

would be essential for building a future reference for both recombinant 

collagen and BCLP comparison and analysis.  

To response to the challenges encountered during the PCR amplification, 

the specie-specific primers design using computational tool such as Primer3 

and PCR optimisation are firmly encouraged in the future study on Arius 

maculatus. Due to the lack of genetic information of Arius maculatus that 

absent in past research, the genomic sequencing of the DNA extracted will  

be beneficial. Utilising available database like NCBI BLAST help to identify 

the potential collagen-coding sequence use related species of fishes’ 

collagen-coding regions. In addition, finding an alternative high-fidelity 

polymerase with proofreading capabilities would potentially be able to 

reduce non-specific amplification (Karunanathie et al., 2022).  

Once the collagen-coding gene be successfully isolated, the resultant can 

be sequenced and analysis to determine the protein coding region. To 

achieve heterologous expression, future studies should focus on codon 

optimisation for the collagen-coding genes and following with cloning and 

construction of plasmid vectors such as pET carrying the designated 

promotor. Heterologous expression can be performed with E. coli BL21(DE3) 

strain via chemical transformation (Green and Rogers, 2013) or via 

electroporation (Lessard, 2013) for small-scale expression trials to test the 

protein yielding and folding. 
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The long-term goal is to achieve heterologous expression of collagen from 

isinglass in microbial system. Once the heterologous expression succeeds, 

further advancement on the recombinant collagen including exploring 

scalable fermentation processes would lead to provide an allergen-free and 

environmentally sustainable alternatives to traditional isinglass.  
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