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Abstract:  

Because most biomolecules are unstable when they are being adsorbed 
on a hydrophobic polymer, the polymer surface can be altered to 
accommodate the way that proteins bind to it. Specific interaction domains 
that need substrate specificity are involved in the binding of a protein 
to a biomolecule. Protein-binding epitopes can be produced by isolating 
these interaction regions and integrating them into lengthy polypeptide 
chains. These exposed epitopes may be able to recognise their partners on 
the protein surface and attach firmly. Growth Hormone Binding Peptide 
(GHBpep), a brand-new r-hGH-binding peptide, covers the majority of the 
residues in the Growth Hormone Binding Protein (GHBP) hot spot, which 
is responsible for the majority of the binding energy with Recombinant 
Human Growth Hormone (r-hGH). Preparation and characterisation of 
peptide-modified Poly (Lactic-co-Glycolic) Acid are part of the study.

By covalently attaching GHBpep to the surface of these nanoparticles 
using traditional bioconjugation chemistry, peptide-modified Poly (Lactic-
co-Glycolic) Acid (PLGA) nanoparticles are prepared and characterised 
for the study. Therefore, creating a polymer surface coated with peptides 
may provide a workable approach for the regulated administration of 
protein medicines. The study investigates how r-hGH adheres to these 
functionalized surfaces in further detail. Isothermal Titration Calorimetry 
was used to investigate the thermodynamics of GHBpep-r-hGH contacts 
whereas equilibrium microdialysis, fluorescence spectroscopy, and 
dynamic light scattering were used to investigate the adsorption with 
these surfaces under varied microenvironmental settings (ITC). Changes 
in the ionic strength, pH of the medium, and the length and reactivity of 
the cross-linker utilised were found to have an impact on the adsorption 

process.

The high affinity type of GHBpep-r-hGH’s energetics were discovered 
to exist without significant configurational changes, suggesting the 
possibility of developing a dosage form of r-hGH with controlled release.
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Introduction:

The majority of proteins may bind to hydrophobic or hydrophilic surfaces, 
which is advantageous when creating formulations for sustained release.
To provide a targeted delivery location with few adverse effects, a wide 
range of medicines, including vaccines and biological macromolecules, 
can be integrated into or adsorbed onto the nanoparticles [1-3]. 
Furthermore, numerous studies have demonstrated that proteins’ 
irreversible adsorption onto hydrophobic polymer surfaces results in 
the loss of the protein’s structural integrity and, as a result, its biological 
activity [4]. However, by functionalizing a polymer with ligands that have 
particular binding capabilities to these proteins, the surface properties of 
a polymer can be modified to limit the nonspecific adsorption. A viable 
method for delivering protein therapeutics is designing a polymer-based 
system, especially for a labile protein like recombinant Human Growth 
Hormone (r-hGH).

The primary application of r-hGH is as a replacement therapy for the 
treatment of paediatric dwarfism. Patient compliance will be impacted by 
the treatment’s requirement for numerous subcutaneous injections over an 
extended period of time.

In order to increase the half-life of this protein medication, biodegradable 
polymer is used to encapsulate it in microspheres. A long-acting, refined 
version of r-hGH called Nutropin Depot is combined with micronized 
PLAG particles. The unregulated release of r-hGH and the typical 
injection-site reaction were the preparation’s drawbacks [5]. The surface 
of the polymer may become damaged and lose stability when a protein 
interacts with it. The r-hGH structure may be safeguarded and non-
specific adsorption prevented by applying a peptide coating to the surface 
of the polymeric microspheres [6]. It has 191 residues in a single chain, 
starting at which about half of the polypeptides
are in the form of α-helical structure [7].

When proteins are present in non-physiological environments, their three-
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dimensional structures can change, which complicates our understanding 
of the adsorption process (Figure 1) [8]. The protein structure is 
significantly altered when r-hGH adsorbs on a polymer’s hydrophobic 
surface [9,10]. Modulating the polymer surface with tiny biomolecules, 
such as peptides, can reduce protein structural deformation. Additionally, 
it has been demonstrated that the surface coating of polymer nanoparticles 
limits irreversible adsorption and regulates the non-specific interaction of 
proteins [11,12].

A recent area of research is the use of peptide coatings to alter the way 
that therapeutic proteins bind to surfaces. A potential inert carrier for 
therapeutic proteins is peptide-coated nanoparticles [13,14]. Using 
databases with peptide-protein compounds as a base, it Small peptides 
have been discovered to interact with their target proteins with high 
binding energy and little protein conformational changes [14].

So, utilising a specialised ligand termed Growth Hormone Binding Peptide 
(GHBpep), which interacts with r-hGH with high binding affinity, we 
want to functionalize the surface of polymeric nanoparticles. We expected 
that r-hGH adsorption to peptide-coated hydrophobic surfaces will allow 
high loading levels of r-hGH and will lessen denaturation of r-hGH based 
on the ITC data we acquired from the interaction between r-hGH and 
GHBpep. In order to maximise the specific binding of r-hGH, our effort 
entailed manufacturing and altering the surface of PLGA nanoparticles 
with GHBpep molecules.

A stabiliser, such as Poly-Ethylene Maleic Anhydride (PEMA) or 
Polyethyleneimine (PEI), was embedded to create PLGA nanoparticles 
with a high concentration of functional groups [11, 15]. The study 
continued with the synthesis and characterisation of peptide-modified 
PLGA nanoparticles by covalently attaching GHBpep on the surface of 
the nanoparticles using a variety of crosslinkers after the augmentation of 
the functional groups on the nanoparticles’ surface was accomplished. The 
effectiveness of two monovalent linkers in enhancing ligand conjugation 
was evaluated. The amount of r-hGH was enhanced by increasing the 
ligand binding sites. The spacers’ length and chemical reactivity had an 
impact on how well the conjugates adhered to r-hGH. The purpose of 
the present study was to investigate and quantify the r-adsorption hGH’s 
behaviour to a peptide-coated colloidal system.

Materials and Methods:

Purchased from Alkermes (Medisorb®, Wilmington, OH) was PLGA 
copolymer with a molecular weight of 48 kDa, lactide: glycolide ratio 
of 85:15 (PLGA 85:15), and intrinsic viscosity of 0.59 dL/g. We bought 
r-hGH from BresaGen, Inc. (Adelaide, Australia.) PEMA, with an average 
molecular weight of 100,000–500,000 g/mol, was acquired from Sigma-
Aldrich (St. Louis, MO) and hydrolyzed before to use. Sigma-Aldrich was 
also used to purchase polyethyleneimine (PEI), which is 50% by weight and 
has a high molecular weight (W=720,000 g/mol, Wn=60,000). AAPPTEC 
created GHBpep (M=3296 g/mol), Figure 2. (Louisville, KY). We bought 

N-Hydroxy Succinimide (NHS) and 1-Ethyl-3- (3-dimethylaminopropyl) 
Carbodiimide (EDC) from Sigma-Aldrich Co. LLC. Thermo Scientific 
Pierce Protein Biology Products supplied the Disuccinimidyl Suberate 
(DSS) for this project (Rockford, IL).We bought cellulose ester (CE) 
dialysis membranes from SpectraPor.

The analytical-grade chemicals dichloromethane, 2-(N-morpholino) 
ethanesulfonic acid (MES), sodium chloride, sodium azide, and sodium 
hydroxide solution were acquired from Sigma-Aldrich (St. Louis, 
MO). All dialysis membranes from Spectrum® Laboratories (Rancho 
Cucamonga) were of various Molecular Weight Cut-Offs (MWCO).CA 
Dominguez). Sigma-Aldrich provided an ultra filtration tube (Corning®, 
Spin-XR UF 500) with a 100 kDa MCOW. PEMA and buffer solutions 
were created using reverse osmosis-purified nanopure water (Barnstead 
Ultra filtered type I water), which was also used to wash microspheres.

A modified method described in the literature [11,16], emulsification 
solventdiffusion methods, was used to create PLGA nanoparticles. In 
order to create nanoparticles with a smaller particle size (300 nm) and 
a higher density of functional groups, several distinct techniques were 
used in this process. The aqueous phase was represented by 10 mL of 4% 
PEMA solution (or 1% PEI in the case of positive PLGA np) that was 
transferred to a 20 mL glass vial and placed on a magnetic stirrer at a 
speed of 1000 Rounds per Minute (rpm). Then, to create a single emulsion 
(W/O), 1 mL of PLGA solution (1% w/v) in organic solvent was applied 
drop by gentle drop to the surface of the aqueous phase.

Cold nano-pure water was used during the experiment to avoid raising the 
solvent temperature, which could cause the organic phase to evaporate 
during the emulsification process. The emulsion was immediately 
added to 50 mL of diluted emulsifier solution (0.03% of PEMA or PEI) 
following the mixing step and stirred magnetically for three hours to 
harden the nanoparticles and allow the entire organic solvent to evaporate. 
Using a large-volume centrifuge, the produced PLGA nanoparticles were 
separated using the centrifugation process (Beckman centrifuge, Model 
J2-21).

Discussion:

Nanoparticle Creation and Characterization: There are several ways to 
make PLGA nanoparticles [27], but the most popular one is emulsification 
solvent-diffusion. The single oil in water emulsion (O/W) was created, 
and the nanodroplets were created by dropping small amounts of the 
organic phase into the aqueous phase while vigorously stirring (at a speed 
of about 1000 rpm). The organic phase was slowly added into the aqueous 
phase while being constantly stirred at a very high speed, which greatly 
reduced the size of the nano-droplets. Due to the spontaneous diffusion 
of the organic phase, the employment of a mixture of suitable organic 
solvents results in interfacial turbulence between the solvent molecules 
[16]. One of these organic solvents, ethanol, which is 95% water-miscible 
by volume, enables fast diffusion from the combination.
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Surfactant concentration’s impact on a nanoparticle’s properties: a 
favourable yield of nanoparticles depending on the polymer even 
at low PLGA concentrations, concentration was attained. This was 
unquestionably caused by the solution’s high viscosity, which improved 
PLGA’s ability to disperse in the aqueous phase [28]. When PEMA is 
used as a surfactant, the organic droplets are stabilised and coated with 
additional carboxyl acid groups, creating strong repulsive forces between 
the nanoparticles. However, the zeta potential and ultimate PEMA 
concentration in the emulsion at the time of nanoparticle formation may 
differ. According to Kwon et al. [29], the smaller the particle size, the 
more stabilisers were employed.Because the interfacial tension between 
the emulsion phases is decreasing as a result of this process, the particle 
size is reduced [12].

The mean particle size decreased to 76 nm at 2% applied concentration 
of the cationic Didodecyl dimethyl Ammonium Bromide (DMAB) 
surfactant. A modest reduction in particle size was noticed with a greater 
DMAB molecule concentration (4%). Surface tension is significantly 
reduced by DMAB surfactant [29]. Therefore, using a larger surfactant 
concentration will result in smaller nanoparticles and an increase in zeta 
potential. However, even a small amount of surfactant reduces the density 
of functional groups and creates an unstable system of nanoparticles. After 
being lyophilized, the nanoparticles showed a greater mean particle size 
upon reconstituting, as determined by the Zetasizer ZS. The particles in 
the aqueous dispersion may have swollen, which could be the cause [12].

GHBpep-PLGA nanoparticle conjugation:

Using DSS linker to crosslink GHBpep peptides to PLGA nanoparticles: 
By using PEI as a stabiliser, PLGA nanoparticles containing amino groups 
on the surface were created. There was an additional step in the coupling 
reactions employing the DSS monovalent linker. The lysine (K) residue 
in position 11 of the GHBpep molecule can be used as an anchor for the 
DSS reagent. The DSS linkers and GHBpep molecules were concurrently 
added to the nanoparticle suspensions in each aliquot, keeping the total 
volume of the solution at 1 ml. Because they exclusively attack the amino 
groups, the NHS ester groups only react with the principal amino groups 
on molecules such as PLGA nanoparticles and GHBpep molecules [30]. 
The biomolecules and linker had a molar ratio of optimized by using an 
overabundance of DSS molecules. The ideal ratio (1:400) to reduce the 
increase of mean particle size was 10 mM DSS concentration. The zeta 
potential of the intermediate and final conjugation reaction products was 
also impacted by the varying molar ratio. The surface became unstable 
as a result of the NHS moieties of DSS reducing the charge density on 
particles.

The observed number of bound ligands was high in comparison to the low 
ratio of the linker to GHBpep when using a high concentration of DSS 
linker. The density of activated groups and attached GHBpep molecules on 
the surface were indicated by the zeta potential values of the intermediate 
product and final conjugates as well as the change in particle charges.

Conclusion:

Using two different kinds of linkers, EDC and DDS, GHBpep ligands 
could be conjugated to nanoparticles with customised surfaces. Overall, 
the amount of r-hGH adsorbed and the structural stability of the conjugates 
based on EDC linkers were favourable under pH 7.2 and 5.3. These 
conjugates may prove to be a crucial step in the development of sustained 
r-hGH delivery if desorption experiments are carried out on them at 
physiological pH. To improve the loading efficiency of biomolecules like 
GHBpep and r-hGH, different linkers may be used.
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