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stimulate collagen production, and it is able to keep tissues hydrated, such as the human eyes.12-15 

Cellulose, found mainly in plant fibers, has poor solubility in water but this makes it an ideal tissue 

engineering biomaterial such as grafts design or wound healing scaffolds.16 In past decade, 

bacterial cellulose is emerging as an alternative due to its practicability in production and has better 

biocompatibility than cellulose.17-18 Similarly, bacterial cellulose is often used in wound healing 

treatment, especially on skins, since it can be easily removed after recovery.19 After cellulose, 

chitin is the next most abundant natural polysaccharide, which is found mainly in the shells of 

crustaceans, such as crabs and shrimps, and insects. Being mechanically strong and biocompatible, 

chitin is an excellent scaffold in bone engineering, whereby cells are able to grow and distribute 

in the interconnected porous scaffolds.20 It is one of the top choices as bone graft substitutes 

because it can be made into a composite with hydroxyapatite, one of the major bone minerals.21  

On top of their intriguing pharmaceutical properties and most importantly, their extensively 

studied biocompatible and biodegradable characteristics, these polysaccharides are generally 

stable, and they can be chemically modified into a class of smart biopolymers. Smart polymers, or 

stimuli-responsive polymers, are sensitive to their environment, and they can undergo changes in 

their structure or chemical compositions upon a change in the environment they are in. Depending 

on the functional groups present, the stimuli resulting in the change can be either physical or 

chemical. Physical stimuli include temperature, magnetic field, ultrasound, light, etc, while 

chemical changes usually result in the change of chemical compositions due to pH changes, or 

occurrence of oxidation or reduction. These features are highly sought after in biomedical 

applications, in which more focus will be placed on a derivative of chitin.   
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In this context, higher emphasis will be placed on two of the more relevant bioactivities, which 

are antimicrobial and anticancer activities. One of the well-known bioactivities of chitosan is its 

antibacterial activity, with part of the reason attributing to its pseudo cationic nature. It was 

proposed that this allows them to interact and disrupt the negatively charged membranes of the 

microbials, thereby causing the efflux of proteins and cellular contents.31-34 Andres et al. reported 

that the increasing amount of potassium ions in the growth media observed when mortality rate of 

Enterococcus faecalis increases with increasing concentration of powdered chitosan treated, 

suggests that the cell wall has been disrupted by chitosan.33 Zheng and Zu conducted a study on 

the antimicrobial effect of different molecular weights of chitosan (< 300 kDa) against 

Staphylococcus aureus.35 It was demonstrated that at a concentration of 0.75% chitosan solution, 

chitosan with higher MW results in better killing effect (see Figure 1.2).  

  

Figure 1.2 | (a) Increasing antimicrobial activity of 48.5 kDa chitosan against S. aureus with 
chitosan concentration ranging from (1) 0%, (2) 0.25%, (3) 0.5%, (4) 0.75%, (5) 1%, as shown on 
the culture plate (diameter = 9.5 cm). (b) Increasing antimicrobial activity of chitosan against S. 
aureus with increasing MW, (1) blank, (2) < 5 kDa, (3) 48.5 kDa, (4) 72.5 kDa, (5) 129.0 kDa, (6) 
165.7 kDa, as shown on the culture plate (diameter = 9.5 cm) with decreasing number of colonies 
of bacteria formed. Reprinted with permission from ref. 35. Copyright (2019), Elsevier. 
 

 Several studies have shown that chitosan too, possess anticancer/antitumor activity. Earlier 

studies conducted on hydrolysed chitosan, or chitooligosaccharides (COS), demonstrated that they 

can induce lymphocyte factor, thereby increasing growth of T-cells, which resulted in increased 

cytotoxicity and tumor inhibitory effects.36-37 In another study conducted by Park et al., they 

demonstrated that very low MW chitosan or COS has much better antitumor activity as compared 
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2.1 | Introduction 
 

2.1.1 | General Overview of Cancer 
 

Cancer is a term for diseases that involves cells growing abnormally such as uncontrolled cell 

growth and retarded cell death. It is one of the major public health problems worldwide, especially 

when metastatic cancerous cells are able to spread and invade to other parts of the body, such as 

bones, lungs, brain, and greatly deteriorate our immune system.1 In Singapore, it has landed top in 

principal causes of death for the past decade (see Figure 2.1).2  

 

Figure 2.1 | A chart representing top 10 principal causes of death in Singapore from 2014 to 2018, 
shown as a percentage of total number death occurred during the respective years. Numerical 
values are obtained from ref. 2. 
 

Curing cancer completely has always been a very difficult task, as the current biomedical 

technology allows diagnosis after they have grown to at least the size of a grape, and many would 

only notice when the symptoms worsened drastically often after metastasis occurred. Removal of 

the grown tumor involves surgery, which possessed great amount of risks. Hence, non-surgical 

treatment by making use of nanotechnology is much preferred. In addition, the choice of a suitable 
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Figure 2.3 | (a) Ribosome-inactivating activity of Singapore Mistletoe Lectin (SML) determined 
by the degree of inhibition of luciferase translation in a rabbit reticulocyte system. IC50 is 2.81 ± 
0.03 nM. (b) Ribosome-inactivating activity of rSML-A determined by the degree of inhibition of 
luciferase translation in a rabbit reticulocyte system. IC50 is 4.87 ± 0.01 nM. Adapted from ref. 27. 
 

 

Figure 2.4 | Cytotoxic effect of BioPORTER®/rSML-A and SML on (a) HeLa cancer cells and 
(b) MCF-7/caspase-3 positive cells. Adapted from ref. 27. 
 

2.1.3 | Challenges Faced in Delivery of Bioactive Biomacromolecules 
 

To classify as a drug candidate, it has to meet the minimum of the numerous requirements, 

such as efficacy, safety, potency, chemical stability, as well as pharmaceutical developability.28 

These multiparametric requirements often result in bioactive proteins as drug candidates, to be 






























































































































































































































































































