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Abstract

Sucrose and trehalose are disaccharides commonly used as stabilizer excipients in the formulation
of therapeutic proteins. One of the essential therapeutic proteins that scientists focus on is the
recombinant human growth hormone (rhGH). In the current study, we used UV spectroscopy and
molecular docking simulation to investigate the effect of sucrose and trehalose on the stability of
rhGH. The results showed that sucrose and trehalose could increase the thermal stability of rhGH.
However, the aggregation of growth hormone in the presence of sucrose is less than in trehalose.
Molecular docking studies showed that these differences could result from the interactions between
growth hormone and the disaccharide. So, hGH has more regions that interact with sucrose than
trehalose.
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Introduction

There are different excipients used in the protein formulations; like amino acids, osmolytes, salts,
surfactants, proteins, polymers, chelators, anti-oxidants, specific ligands, and carbohydrates [1].
Disaccharides, especially sucrose, and trehalose, are considered a frequent group of excipients [2].
Sucrose consists of glucose and fructose molecules linked together with an o, B- 1, 2 bound and
trehalose contains an a, a - 1, 1 bond that binds two glucose molecules (Fig.1). Both of these non-

reducing disaccharides have anti-aggregate and stability effects on most of the therapeutic proteins

[3].
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Figure 1. 2D Structure of sucrose and trehalose.

Recombinant human growth hormone (rhGH) is a therapeutic protein that can be stabilized by
sucrose and trehalose using vitrification, water replacement, or a preferential exclusion mechanism
[4]. The rhGH is a globular protein consists four alpha-helical structures connected with loops and
strands. Its sequence is formed from 191 amino acid residues with two disulfide bonds linking its
cysteine residues [5]. Its only tryptophan (Trp86) is buried in a relatively hydrophobic interior of
the protein and interacts with Asp169 by hydrogen bound [6].

The stability of rhGH in lyophilized form in the presence of sucrose and trehalose was previously
reported at different temperatures and various methods [7, 8]. Also, the stability effect of sucrose
and trehalose on the rhGH was confirmed using fluorescence spectroscopy studies [9]. In the
current report, we have studied the stability of rhGH in liquid form using UV spectroscopy, which
is an accessible and low-cost technique, and sensitive to the chemical environment of proteins. As
aromatic residues of proteins can absorb UV light, the alteration of protein conformation and
structure can change their UV absorption [10].

In this study, we have studied the rhGH after expression and purification from the E. coli as
reported earlier [11]. To investigate the thermal stability of the protein at different temperatures, its
liquid state was used in the absence and presence of sucrose and trehalose. Also, we have

performed molecular docking to monitor the interactions between hGH and the disaccharides.
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Experimental

Material

Sucrose and trehalose were from Merck and Sigma Aldrich Co., respectively. Other materials used
in this study were of analytical grade.

Expression of rhGH

The rhGH was synthesized using the E. coli expression system containing pET28a carrying the
recombinant human growth hormone gene, as reported earlier [11]. Affinity chromatography was
used to purify the His-tagged recombinant protein. After dialysis of the extracted protein, SDS-

PAGE confirmed its purification, and its concentration was measured by Bradford assay.

The thermal stability study

Solutions of rhGH with and without 1.0 M sucrose or trehalose were prepared in Eppendorf tubes.
The volume of each sample was 1.0 ml and the ratio of rhGH: disaccharide was 1:1. The samples
were incubated in a bain-marie at different temperatures of 4, 25, 30, 40, 50, 60, and 70 °C for 10
minutes. UV absorption of the incubated samples was recorded at the wavelength of 280 nm using a
Biochrom WPA Biowave Il UV/Visible spectrophotometer.

Next, to investigate aggregation of rhGH in the absence and presence of sucrose and trehalose, the
samples were incubated at 37 °C for a month while continuous shaking at 180 rpm. Then, the
absorbance of the samples was recorded at 280, 350, and 600 nm. Also, the aggregation index of the
samples was calculated by equation 1 [12]:

oD 350 nm )
QD 280 nm—0D 350 nm

Al= ( X 100

Equation 1. Aggregation Index.

Molecular docking

For molecular docking, the crystal structure of human growth hormone (PDB
DOI: 10.2210/pdb1HGU/pdb), sucrose (PubChem DOI: 10.5517/cc584yh) [13], and trehalose
(PubChem DOI: 10.5517/ccqf5y7) [14] were achieved from Protein Data Bank (PDB) and
PubChem, respectively. Water molecules were removed from the single chain hGH and polar
hydrogen atoms were added using Autodock Vina 1.2.0 [15] and Autodock tools (ADT). The whole
of the protein surface was chosen as the grid box. According to the molecular docking results, one
region of hGH can interact with both sucrose and trehalose. The region coordinate was 64.026,

27.491, and 52.062 as X, Y, and Z center. This region of the protein was set as the grid box with the
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size of 12*12*12 along X, Y, and Z axes and 1.0 A grid spacing for the second docking. After
molecular docking, the nine best modes of ligands were introduced according to the docking score.
Discover studio visualizer v21.1.0 was used to view and analyze the modes. Analyzing the amino
acid residues involved in the interaction between hGH and disaccharides was also done using
LIGPLOT v.2.2.7 software.

Results and Discussion

UV spectroscopy

To investigate the thermal stability of rhGH in the absence and presence of sucrose and trehalose,
absorption spectra at different temperatures were obtained. The only Trp residue of rhGH is
monitored as a chromophore that absorbs the UV light at 280 nm, which can be an indication of
protein tertiary structure changes [10]. Figure 2 showed that the absorbance didn’t change
significantly up to 40 °C, indicating the relatively stable structure of the protein. After that, the UV
absorption of Trp increased which could be a sign of Trp exposure as a result of protein
denaturation. In contrast, decreased absorption could indicate the burying of Trp in the hydrophobic
core of the protein, showing the folded state [10]. It could be suggested that the sucrose and
especially trehalose partially prevent the changes of rhGH structure after 10 minutes of incubation
at temperatures above 40 °C when starting the unfolding of proteins in the mentioned experimental
conditions. It should be mentioned that the melting temperature (Tm) of rhGH was previously
calculated at about 82 °C using CD spectroscopy and Differential Scanning calorimetry (DSC) after

1-minute incubation [16].
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Figure 2. UV spectroscopy of rhGH in the absence and presence of 1.0 M sucrose and 1.0 M trehalose at different
temperatures (4, 25, 30, 40, 50, 60, and 70 °C).

To investigate the sucrose and trehalose effect on aggregation of rhGH, we incubated the samples at
37 °C for a month. Then, the spectroscopy was done at 600 nm to monitor the turbidity [14, 15] and
at 280 and 350 nm to indicate the aggregation index of samples (eg.1). Figures 3 and 4 showed that
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the turbidity and aggregation index increase in the presence of sucrose and trehalose after one

month. The aggregations can be amorphous or regular structures [17]. The high-ordered

aggregations like amyloids are more probable in the presence of sucrose [9].
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Figure 3. Absorption of rhGH in the absence and presence of sucrose and trehalose, after a month of incubation at 37
°C. The control rhGH was a fresh sample without incubation. The control rhGH is a clear sample and its turbidity
(absorbance at 600 nm) is low and not detectable.
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Figure 4. Aggregation index of rhGH in the absence and presence of sucrose and trehalose, after a month of incubation

at 37°C.
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Molecular docking

Intermolecular interactions were investigated using the molecular docking technique to better
understand how sucrose and trehalose affect hGH structure and their possible differences. For this
purpose, the x-ray structure of hGH; named 1HGU [15] was used. There is not an exact area on the
protein to interact with the sucrose or trehalose, so we set the whole protein as a grid box at the first
docking. Figure 5 showed the nine modes of sucrose (Fig. 5A) and trehalose (Fig. 5B) in different
colors. It could be seen that most of the sucrose modes are at the region of the end of helix 5 and
turn 2 and 3; between helix 1 and 2 (marked with a yellow circle in figure 5A) indicating more
affinity of sucrose to this region. However, trehalose has the most affinity to growth hormone at a
different region (between helix 3, 4, 5, and strand 3) as was shown in figure 5B by a yellow circle.
Analysis of whole protein molecular docking showed that sucrose can have chemical interactions
with hGH in 5 regions but trehalose in 2 regions of that. These results could show the better-closed
coverage of sucrose in comparison to trehalose for hGH which can be a reason for the relatively
lower value of the aggregation index of sucrose in comparison to trehalose in long times (Fig 3 and
4). However, since the area marked in Figure 5A was common for both disaccharides, this critical
region was selected as a grid box at the second docking to study the binding mode of sucrose and
trehalose to hGH.

Figure 5. First docking. Viewer-Lite representation of sucrose (A) and trehalose (B) docked to hGH. The whole of the
protein was selected as the grid box. Different colors show different modes of sugars in cartoon shapes. The best modes
were indicated by yellow circles.

The second docking resulted in nine possible conformations of disaccharides with different
affinities (table 1), and the best one of each sugar mode was selected based on free energy changes
(AG). These results showed that sucrose and trehalose can bind to the hydrophilic surfaces of hGH
with a high probability (Fig. 6 and 7).
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Table 1. Docking scoring.

Docking of sucrose Docking of trehalose
Mode Affinity Dist from best mode Affinity Dist from best mode
(kcal/mol) (kcal/mol)
Rmsd L.b. Rmsd u.b. Rmsd L.b. Rmsd u.b.
1 -6.0 0.000 0.000 -5.3 0.000 0.000
2 -6.0 1.741 5.909 -5.3 0.009 6.374
3 -5.4 1.486 1.709 -5.3 2.658 4.631
4 -5.3 1.838 5.893 -5.2 2.552 5.851
5 -5.3 1.861 3.633 -5.2 2.165 3.028
6 -5.3 1.360 2.082 -5.2 2.638 5.506
7 -5.1 1.781 5.875 -5.1 1.856 3.906
8 -5.0 2.541 4.776 -5.1 2.425 4.970
9 -5.0 2.936 6.227 -5.0 1.828 6.201

Furthermore, figures 6 and 7 depicted the hydrophobic and hydrogen intermolecular bonds that
stabilize the complex of protein-disaccharide [4]. Data analysis with Ligplot+ showed hydrogen
bonds could be formed between sucrose and Lys41, Leud5, GIn46, GIn49, Sre51 (residues between
helix 1 and 2), Tyr 160, and tyr164 (residues near the helix 5) of hGH. The sucrose may also have
some hydrophobic interactions with Gly161 and Cys165 (Fig. 7). On the other hand, the trehalose
could forme some other hydrogen bonds with Lys41, GIn46, GIn49 (residues between helix 1 and
2), Tyr 160, and tyr164 (residues near the helix 5) of hGH. The residue involved in hydrophobic
interaction with trehalose was Cys53. The binding energies of hGH complexes with sucrose and
trehalose that were calculated by Autodock Vina were -6 and -5.3 kcal/mol, respectively. It could be
suggested that the best conformation of sucrose and trehalose in a similar region of hGH showed

eight hydrogen bonds between the sugars and the protein with completely different patterns and
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relatively different AG (Fig. 6). Previous investigation on the insulin was indicated the effect of
different polyphenols structure on their interactions with protein without inducing significant
conformational change of the protein [18]. However, the data of small-angle neutron scattering
(SANS) supported our data that sucrose and trehalose have anti-aggregation effects on myoglobin
[3]. The investigation of sucrose and trehalose protecting effect on lysozyme also suggested the
stronger affinity of trehalose to water [2]. The previous thermodynamic studies on the other proteins
also showed the protective effect of sucrose so that it can increase the activation energy of the
unfolding process [19]. The molecular dynamics simulations of hGH in the presence of
disaccharides also showed the difference in sucrose and trehalose interaction with hGH so that the
sucrose increases protein stability by preferential exclusion and the trehalose using vitrification
[20]. As the data shown (Fig. 5), since the disaccharides do not attach to the hGH at the exact same
position, on the other hand, the interactions of sucrose and trehalose with hGH don’t induce
significant conformation changes as stabilizers [21]. Also, based on previous studies, stabilizers do
not exert their effect only through specific interactions [20]. Therefore, it probably appears

impossible to observe significant and reproducible changes with competitive tests.

hGH + Trehalose

Figure 6. The best conformations of trehalose (left) and sucrose (right) docked to hGH. A, the ribbon style of hGH and
ball and stick style of ligands. B; cartoon representation of ligands docked to hGH. C; amino acids in close contact with
sugars.
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hGH + Trehalos

Figure 7. Lig plot representation of H-binding and hydrophobic interactions between trehalose (left) and sucrose (right)
with hGH.

Conclusion

In summary, this study investigates the effect of sucrose and trehalose on the growth hormone by
absorption spectroscopy and molecular docking simulation software. The effects of thermal
stabilization of growth hormone can be observed by solutions containing sucrose or trehalose at
temperatures above 40 °C. It seems that the presence of disaccharides can cause the long-term
thermal stability of rhGH, although the samples with sugars show more aggregation indexes. It can
be considered that the formation of rhGH regular aggregate types is facilitated in the presence of
disaccharides that need more documents to confirm. Docking results also show the different nature
of the interactions of sucrose and trehalose with hGH, which can indicate the possible differences in
their stabilizing mechanisms.

This study can be useful in understanding the probable interactions between growth hormones and
disaccharides. The protein structure was investigated using an accessible and sensitive technique;
UV spectroscopy. The limitation of this study is that it is restricted to two common stabilizer sugars
which our main laboratory research was previously on [9], but it can be modeled by docking and
molecular dynamics with other excipients to select the best condition of its formulation. It is also
possible to investigate the effect of sucrose and trehalose or other excipient simultaneously on the
rhGH.
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