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Abstract Enzyme-incorporated hybrid nanostructures are the immobilization of 
enzymes and inorganic components that exhibits promising characteristics in various 
industries. The immobilization of enzymes onto nanomaterial is naturally based to 
accommodate the enzymatic activity, stability, recyclability as well as their catalytic 
functions. The designing of these conjugates can improve the overall enzymatic 
performance by imparting their novel properties onto the system in comparison to 
conventional free enzymes which experience drawbacks in terms of deactivation or 
denaturing. A facile and ultrafast method is described in this paper to synthesize a novel 
enzyme-incorporated lipase/Cu3(PO4)2 hybrid nanoflower (NF). The physical properties 
of the hybrid NF allow easier retrieval which indicates its higher reusability and 
recyclability value. The enzyme loading capacity was found to be 95.1% whereas, the 
catalytic performance of lipase/Cu3(PO4)2 hybrid NF at the optimal conditions resulted 
in a specific enzyme activity of 1752 U/g corresponding to an increment of 90.5% to 
that of free lipase. This indicates that the well-designed lipase/Cu3(PO4)2 hybrid NF to 
be highly efficient in industrial biocatalytic applications. Meanwhile, in future work, we 
aim to study its operational stability and reusability to enzymatically degrade 
biopolymers through hydrolysis process.  
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1.  Introduction 
Nanostructures have been ventured plenty as platforms to promote enzyme immobilization to ensure 
more efficient use of enzymes in comparison to free enzymes. This is because, free enzymes often lose 
their activity easily, has a higher cost often with a low reusability value [1-4]. Enzyme immobilization 
is the process of attaching enzymes onto a support to completely immobilize the attached enzyme [5, 
6]. It is often accomplished by 4 methods, covalent bonding, adsorption, entrapment and/or cross-linking 
[7]. The main reasons as to why enzymes show reduced activity is that, (a) the organic solvent used is 
able to immobilize some parts of the enzyme, (b) ability to block the active site to reduce availability of 
enzyme, (c) the enzymes are less favorable when attached onto a support matrix and (d) limiting the 
mass transfer between enzyme and substrates [8-12]. Therefore, there is room for improvement and 
development of immobilization methods to acts as enzyme carriers to ensure good reusability, stability 
and enzymatic activity. 

Ultrasonically assisted method is a fairly common method in the synthesis of NFs, whereby, the 
mechanism involves using sound energy to extract desired compounds from sources at ultra-sonic 
frequencies of greater than 20 kHz. It causes change, both physically and chemically by the forming, 
growing and collapse of bubbles in a solution [13, 14]. The ultrasonic method under various conditions 
affects the shape and size of the NFs produced [15]. Some factors which affects the final structure and 
performance of the synthesized NF includes the ultrasonic waves itself, whereby, high intensity waves 
prevent the growth of crystal nuclei despite the prolonged duration [16]. Different frequencies may also 
cause the difference in the structure of the nanoparticle (NP) whether it is 1D, 2D or 3D in shape [15]. 
Besides, the sonication temperature also affects the process. The typical sonication temperature is 
between room temperature and 75 ̊ C [17]. Higher temperatures allow for higher aggregation of particles 
whereby, it improves the exfoliation, and delamination [18]. Furthermore, studies show that the 
ultrasonic amplitude has an effect on the morphology, size and phases of NP produced. Higher wave 
amplitude decreases the rate of particle growth [16, 19, 20].  

Batule and co-workers (2015), developed a facile one-step method to synthesize hybrid NFs 
incorporated with laccase and copper sulphate as inorganic component. The study showed that the 
simple and quick method of synthesis produced intricate, high surface-to-volume ratio NF structures 
[21]. Owing to inspiration and simplicity of preparation, herein, we develop a modified method to 
prepare lipase/Cu3(PO4)2 hybrid NFs.    

2.  Materials and Methods 
Initially, copper (II) sulfate pentahydrate (CuSO4.5H2O, Reagent grade, Merck) solution was dissolved 
in water to produce 0.2 M solution. The pH was measured (pH 7.4) before adding mixture to 3 mL of 
0.1 M phosphate buffer solution (PBS, BioPerformance Certified, Sigma-Aldrich). Lipase from porcine 
pancreas was then added to the solution to achieve a concentration of 0.3 mg/mL (Sigma-Aldrich) before 
sonicating using ultrasonic cleaner (EW-08895-11, Cole Parmer) with frequency 40 kHz 7 mins at 30  ̊
C. The solution was then centrifuged (Universal 320R, Hettich) at 3600 rpm for 6 mins before vacuum 
freeze-drying (Labconco, Fisher). Scanning electron microscopy (SEM) (Quattro S, Thermo Scientific) 
imaging was conducted in order to observe the topography of the NFs. The enzyme loading or 
immobilization yield was analyzed by measuring protein concentration in supernatant using Bradford 
assay (1-1,400 𝝁𝝁g/mL protein, Supelco) and bovine serum albumin, BSA (Reagent grade, Sigma-
Aldrich) as standard solution at absorbance 595 nm using UV-Vis spectrophotometer (DR-2800, Hach). 
The immobilization yield was calculated using the following equation. 

 
Immobilization yield = (1 – remainder lipase/initial lipase amount) * 100%  (1) 
 
The enzymatic activity of the lipase/Cu3(PO4)2 hybrid NFs were conducted using olive oil substrate 

emulsion and cupric acetate pyridine reagent (CAPR) (Reagent grade, Merck) following the novel works 
of Mustafa and co-workers (2016) [22]. The chemicals used to form substrates are olive oil, 1% (v/v) 
Triton-X and PBS at pH 8 in the ratios of 2:1:1 respectively. The CAPR reagent was prepared by mixing 
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cupric acetate monohydrate (Cu (OAc)2.H2O) and pyridine (Reagent grade, Sigma-Aldrich). 
Absorbance was measured at 655 nm whereby oleic acid was used as standard solution.  

3.  Results and Discussion 

3.1.  Morphology and Particle Distribution of Lipase/Cu3(PO4)2 Hybrid NFs 
Flower shaped hybrid NPs were successfully obtained as shown in Figure 1A-B, whereby there are 
significant differences in structure between lipase/Cu3(PO4)2 hybrid NFs and pure Cu3(PO4)2 NFs. The 
flower architecture is much more visible in the lipase/Cu3(PO4)2 hybrid NFs which may be due to the 
interaction between the inorganic component to form metal phosphate crystals and eventually “bind” 
onto the enzyme which acts as a precursor [23]. Figure 1B shows the structure of Cu3(PO4)2 NPs without 
lipase prepared using the same method. It is observable that the structures have irregular flower-like 
shapes. In fact, the structures look more closely together and have a rather spiky architecture. This may 
be due to the lack of precursors for metal phosphate crystals to bind in order to form the structures [24]. 
The particle sizes vary between enzyme-incorporated lipase/Cu3(PO4)2 and pure Cu3(PO4)2 NPs, 
whereby, the difference is rather significant and the average particle size is shown in Figure 1C. It is 
worth noting that, the initial size of Cu3(PO4)2 NPs was 3.62 nm whereas upon the immobilization of 
enzyme, the hybrid NFs grew up to 5.17 𝜇𝜇m. 
 

  

 
Figure 1 SEM images of NFs: lipase/Cu3(PO4)2 hybrid (A), pure Cu3(PO4)2 (B); Particle size analysis 
of lipase/Cu3(PO4)2 hybrid and Cu3(PO4)2 NPs (C)  
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There have been no known mechanisms as to how these hybrid NFs are formed to this day due to the 
lack of study in molecular modelling. However, the following facts can aid understanding to the 
formation of said materials. Firstly, the reaction between Cu2+ and phosphate was conducted 
simultaneous to the reaction between Cu2+ and lipase [23, 25-27]. The products of the above step were 
metal lipase/Cu2+ hybrid nanostructure, whereby lipase acts as the precursors to the formation and 
growth of copper phosphate crystals which formed plate-like structures. Finally, self-assembly between 
the plates resulted in a lipase/Cu3(PO4)2 hybrid NF structure. 

3.2.  Enzymatic Activity of Lipase/Cu3(PO4)2 Hybrid NFs 
The immobilization yield of lipase/Cu3(PO4)2 hybrid NFs based on operating conditions was calculated 
to be 95.1% whereby, the actual enzyme loaded was found to be 0.285 mg/mL. Therefore, the maximum 
amount of enzyme that can be loaded onto the NPs were found to be 0.285 mg/mL. The enzymatic 
activity on the other hand showed that the immobilized lipase had a much higher reactivity rate 
compared to that of free lipase as shown in Figure 2. After 40 mins of incubation, immobilized lipase 
had a catalytic rate of 1752 U/g which was an 90.5% increment in comparison to free lipase (165.9 U/g). 

 
Figure 2 Enzyme activity between immobilized and free lipase 

4.  Conclusion 
Hybrid NFs has been successfully developed using a facile one-step method via ultrasonication. It was 
observable that the morphology of structures varied between hybrid NFs and a pure metal-based 
nanomaterial. The enzyme immobilization yield was found to be 95.1% whereas the catalytic activity 
was found to be 1752 U/g which shows that there is much potential for hybrid NFs to act as biocatalysts. 
For future work, we would be studying the catalytic performance of lipase/Cu3(PO4)2 hybrid NFs as a 
biocatalyst to enzymatically degrade biopolymers. 
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