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INTRODUCTION
Biopolymers are organic polymers produced by living organism [1]. They are generally formed naturally through complex meta-

bolic pathways within the cells of organisms during growth cycles. Therefore, they are also called natural polymers. Biopolymers 
are vast class of polymers which include carbohydrates, polypeptides, DNA etc. [2]. Biopolymers are good candidates for research 
due to their low toxicity, stability, renewability and biodegradation of some like starch, cellulose etc., into simple molecules such 
as methane, water or carbon dioxide. However, some biopolymers are long lasting like collagen, chitosan etc. [1]. Biopolymers are 
widely used in various fields example cellulose which is the most abundant biopolymer on earth is produced mainly by plants is 
the chief ingredient in paper and pulp industries. Collagen which is a biopolymer formed by animals has extensive biomedical 
applications in areas such as drug delivery, wound healing, tissue engineering etc. Shrimps, lobster, craps and insect shells are 
made up of a polysaccharide called chitin. Chitin is also obtained from fungal cell walls. The moisturizing and water-retaining ca-
pacity of chitin favors its use in cosmetic industries [3,4]. 

Biopolymers are classified based on their method of production or source (Scheme 1) as:

Polymers derived from animal or vegetable biomass example are polysaccharide, protein etc.

Polymers obtained from chemical reactions of renewable bio based monomers, e.g., polylactic acid.

Polymers derived from microorganisms such as polyhydroxyalkanoates, xanthan, pullulan etc. [2,5].
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Scheme 1. Basic chemical structure of natural polymers.

HYDROLYSIS OF BIOPOLYMERS
Hydrolytic decomposition of biopolymer to produce non-toxic degradation products is of practical importance especially in 

drug delivery. Drug carries made from polymeric materials that are not easily wetted by aqueous solution could not circulate long 
enough in the blood to reach its target [6]. 

Kiss et al. have studied the hydrolytic decomposition of polymers surfaces in aqueous media [6]. Films of D,L-poly(lactic acid), 
and two of its copolymers D,L- poly(lactic/glycolic acid), and D,L-PLGA with 85/15 and 50/50 rations were used soaked in water 
in order to study the wettability of the polymers via dynamic contact angle measurements. All the polymeric films were found as 
the decomposition progressed to be more soluble (decrease in dynamic contact angle). In 50-80 days the solubility of copolymers 
were found to be very significant compared to the homopolymer. Enzymatic hydrolysis studies of starch from lyophilised Quercus-
rubra L. root tissue with amyloglucosidase or Takadiastase carried out by Bruce et al. revealed that maximum hydrolysis needed 
high enzyme activity: 2.4 U amyloglucosidase or 48 U Takadiastase per mg of starch [7]. 5 U and 70 U of amyloglucosidase and 
Takadiastase respectively should be used in route analysis per mg of starch. The starch hydrolysis was found to be independent 
of prolong geletinisation, hydrolysis and tissue weight but, dependent on sufficient enzyme. MacGregor et al. have found that at 
35°C α-Amylase I the minor α-Amylase component in malted barley is better in solubilizing small and large starch granules ob-
tained from normal and waxy barleys than major component, α-Amylase II [8]. 

Table 1. Enzymatic hydrolysis of biopolymers.

Biopolymer Enzymes Activity

Starch [7] Amyloglucosidase, Takadiastase +
Chitin [9] Lecanicillium fungicola +

Beef protein [13] Papain, bromelain, actinidin and zingibain -
Myoglobin [14] Calpain, proteasome and cathepsin B +
Collagen [17] Zingibain, papain, cucumin +

However, the two α-Amylases hydrolysed faster the smaller starch granules and the starch granules obtained from waxy 
barley. The smaller and larger granules gave different degradation products (Table 1). 

Laura et al. conducted enzymatic hydrolysis of chitin [9]. The chitin hydrolysis using Lecanicillium fungicola was carried out 
with UFL at 40°C and pH 5 also with 619 and 355 U/mg of protein of Endo and NHase respectively. The yield of chitin oligosac-
charides produced as well as the processing time was reported to have improved by the use of acidified media for the enzyme. 
2.77 and 4.44 mmol/L were the maximum chitin oligosaccharide concentrations obtained for α and β deacetylated chitins with 
degrees of deacetylation (DDA) of 55 and 50% respectively. Varum et al. studied the hydrolysis of O-glycosidic linkages and N-
acetyl linkages of partially N-acetylated chitosans in concentrated and dilutes HCl [10]. The rate of hydrolysis of glycosidic linkages 
and the rate of de-N-acetylation in dilute acid were found to be equal. However, in concentrated HCl the glycosidic linkage was 
found to hydrolyse more than ten times faster than the N-acetyl linkages. The hydrolysis of N-acetyl linkages was considered to be 
SN2 with the limiting step being the addition of water to the carbonium ion, while the hydrolysis of glycosidic linkages regarded 
as SN1 where the rate-limiting step is the formation of carbonium ion. 152.2 ± 8.1 and 1158.1 ± 9.8 kJ/mol were reported to be 
the activation energies for acid hydrolysis of two nearly full de-N-acetylated chitosans (FA=0.002 and FA<0.0003). Two partially 
N-acetylated chitosans (FA=0.47 and FA=0.62) activation energies for the acid hydrolysis was 130.4 ± 2.5 and 134.3 ± 3.1 kJ/
mol respectively. Acid hydrolysis studies of chitin using gel filtration conducted by Einubu11 to determine the amount of mono-
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mer, dimer, trimer and tetramer as a function of time revealed that tetramers hydrolysed nonrandomly, therefore the glycosidic 
bonds next to one of the end residue hydrolysed 2.5 and 2 times faster than the other glycosidic linkages in fully N-acetylated and 
fully N-deacetylated tetramer, respectively. However, in the same study, Einubu reported the rate constants for the hydrolysis of 
glycosidic linkages of fully N-acetylated oligomer were reported to be 50 times faster than that of fully glycosidic linkages of fully 
de-N-acetylated oligomer. Due to the vast application of enzymatic solution in hydrolysis, surface activity studies of immobilised 
enzymes on self-assembled monolayer could help greatly in surface enhancement activity. Therefore, hydrolytic studies of poly-
peptides in self-assembled monolayer will have positive impact in sensor, medical, tissue engineering, food etc. fields.

ENZYMATIC ACTIVITIES
Collagen is one of the main components of extracellular matrix of connective tissue. It is related to some human disorders 

such as scleroderma, keloids, tumour growth etc. [12]. Minh et al. in their studies on activities of papain, bromelain, actinidin 
and zingibain protease preparation on proteins in beef connective tissue and my fibril showed that the enzymatic preparations 
hydrolytic activities on substrates depends on the assay used [13]. The activity was investigated using extracted collagen from the 
proteins via time course sampling then display on 1D-SDS-PAGE. Actinidin protease preparation was most effective against myofi-
bril proteins while zingibain protease preparation better at hydrolysis proteins from the connective tissues. The result validate the 
potential of actinidin and zingibain in meat tenderisation applications. The collagenolytic activity of the protease preparations was 
studied with Azocoll: an azo dye-labelled collagen in phosphate buffer. The collagen hydrolysis by the four commercially protease 
preparations were found to be in the order: zingibain>bromelain>papain>actindin with the activity taking place mostly in the first 
hour of the incubation, however zingibain demonstrated gradual decrease in activity with the first 3 hours. Further hydrolysis did 
not take place after the addition of aliquot of commercial protease preparation after 24 hours of incubation. Bromelain protease 
preparation showed activity towards Azocoll substrate. Hasina et al. carried out enzymatic and fluorogenic assay on collagens 
from HeLa cells and check tissue. The fluorogenic assay using 3,4dihydroxyphenylacetic acid (3,4-DHPAA) was found to quantified 
as low as 0.18 μg/ml collagen coupled with enzymatic degradation of the collagen [12]. 3,4-DHPAA selectively detect N-terminal 
Gly-containing peptides (NGPs) in the presence of sodium borate and NaIO4. The sensivity of 3,4- DHPAA FL assay was 20, 10 
and 5 times higher than conventional methods spectrofluorometric (OPA), immunological and colorimetric (Siriusred dye) meth-
ods respectively. 10.7 ± 1.3 and 0.93 ± 0.02 mg per μg of total proteins were the concentration of total collagens estimated by 
3,4-DHPAA FL assay of cheek tissue and HeLa cells respectively. Volle et al. reported the inhibition of endopeptidase activities by 
myoglobin and hemin [14]. The study which was carried out via two methods. In method one the addition of myoglobin and hemin to 
the incubation mixture took place just before starting the reaction while in method two they were added to the incubation mixture 
just after the reaction was stopped. Both myoglobin and hemin were found to have inhibitory activity against papain, calpainsca-
thepsin B, trypsin and three major activities of 20S proteasome: chrymotrypsin-like, trypsin-like and PGPH hydrolytic activites. This 
was in agreement with Rosell et al. and Spanier et al. findings [15,16]. However, the authors suggested that the inhibition activities 
by myoglobin and hemin are artefact due to the inhibitions found when they were not incubated with the enzyme but added after 
the reaction has finished. Naveena et al. reported the increased in solubility of collagen in enzymatic solution (cucumis, ginger 
extracts and papain) of Biceps femoris muscle of buffalo (4-5 years age) within 48 h at 4°C [17]. Improvement in tenderness, fla-
vour and juiciness were observed in enzyme-treated samples. The findings were supported by Kumar et al. findings. The authors 
suggested that ginger and cucumis could be use as substitute to papain [18].

NANOPARTICLE-PROTEIN INTERACTIONS
Nanoparticles are the particles between 1 and 100 nanometers in size. Nanoparticle being small object behaves in term 

of transport and properties as a whole unit [19]. They have wide range of applications in electronics, medicine, biosensors etc. 
Monolayer- protected nanoparticles are good scaffold for studying protein interactions. Nanoparticle-protein interactions have 
great importance in formation of functional self-assemblies hence protein and nanoparticle are fantastic building blocks. Small 
molecules are normally use for the inhibition of enzymes active site. Protein surface recognition has evolved as a complimentary 
method for the inhibition of enzymatic activity [20]. Rotello et al. in their study of NPs inhibition of enzyme activity have devel-
oped a mixed monolayer protected NPs that have anionic termini for recognition and inhibition of an enzyme (α- chymotrypsin 
(ChT)) with an active site surrounded by cationic residue rings [21]. They reported the inhibition of ChT via two-step process: fast 
reversible inhibition then a slower irreversible step leading to denaturing of ChT on the surface of NP. An efficient complementary 
electrostatic interaction between ChT and NP was reported with a Kapp of 10 ± 1.3 nM and a binding five molecules to a NP 
stoichiometrically. The nanoparticle inhibition potency depended on the ionic strength of the aqueous medium due nature of the 
electrostatic interaction [20,22]. Larsericsdotter et al. in their thermodynamic studies of protein reported the decrease in stabil-
ity of protein adsorbed on silica nanoparticles via electrostatic interaction [23]. This was in agreement with Rotello et al. findings 
[21]. The inhibition of enzymes on the surface of nanoparticle is not only as a result of blocking of ChT active site by the NP scaf-
fold but also connected to the electrostatic interaction between NP and the substrate as reported by Rotello et al. in another study 
[24]. Positively charged NPs have excellent application

in drug, protein and gene delivery due to their internalisation into cells via charge-mediated endocytosis [25]. Studies have 
being done on positively charged NPs in the area of inhibition of negatively charged NPs and molecular recognition. Example 
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Verma et al. reported complete inhibition of β-Gal activity by trimethylammoniunfunctionalised gold NPs [26]. Gold NPs with pho-
tocleavable monolayers have being reported to switch the inhibition of enzymes by UV light [27]. Gold NPs have been reported 
by Zheng and Huang to bind specifically to glutathione-Stransferase and streptavidin [28]. Lin et al. in their study of interactions 
of carbohydrate-encapsulated gold NPs with concanavalin A (Con A) found that Mannose-functionalised gold demonstrated high 
affinity to Con A with nanomolar dissociation constants. However, the authors confirmed that the interaction is being interfered by 
the size of the NP and the linker of the mannose ligands [29]. Interaction between proteins and monolayer-protected NPs gener-
ate highly organised 1D, 2D and 3D assemblies [20]. Mann et al. directed self-assembly of NPs into macroscopic materials by 
attaching IgE or IgG antibodies that have specificity for dinitrophenyl (DNP) and biotin respectively to NPs [30]. The NPs formed 
3D network following addition of bivalent antigens with appropriate double-headed functionalities. Heterogeneous aggregates 
and filaments of compactly packed gold and silver particles were reported when anti DNP IgE-modified gold NP, anti-biotin IgG-
conjugated silver colloid and DNPbiotin bivalent antigen were mixed in a right ratio. Otsuka et al. reported the construction of 
a lactose-conjugated gold nanoparticle in order to target agglutinin which is a bivalent lectin with β-D-galactose specificity [31]. 
Lectin-induced aggregation was improved by the lactose on the gold NPs. Therefore the aggregation was proportional to lectin 
concentration. Construction of biotinylated gold NPs was reported by Perez-Luna et al. [32]. Aggregation of the gold NPs was in-
vestigated in the presence of streptavidin. The biotinylated gold NPs aggregated as revealed by the shifting of surface plasmon 
resonance peak as well as broadening of the absorption spectrum of the NPs. Production of linear arrays of NP and self-assembly 
of protein via biotin-streptavidin interaction have being reported by Li et al. [33].

CONCLUSION
Biopolymers have a wide range of applications. As there medical applications rapidly evolved, there is a growing need for 

environmentally benign and non-harmful polymeric materials for drug delivery, tissue engineering and other health related op-
erations. Pharmaceutical industry could provide and expand market for modified biopolymers. Biopolymer being renewable are 
cheaper than synthetic polymers which are nonbiodegradable due to among others resistance against microbial attack. Two 
major concerns for food industry are food quality and safety to human health; therefore, some biopolymers such as chitosans are 
good candidates for food industry-food packaging.
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