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a b s t r a c t

The function of Immune control, haematopoiesis, and inflammation all depend on the cytokine
Interleukin 6 (IL-6), and higher expression of IL-6 is seen in COVID-19 and other diseases. The
immune protein IL-6 activation is dependent on binding interactions with IL-6Ra, mIL-6R, and
sIL-6R for its cellular function. Termination of these reaction could benefit for controlling the over-
expression in COVID-19 patients and that may arise as inhibitors for controlling COVID-19.
Traditionally, the goat milk has been prescribed as medicine in ayurvedic practice and through this
work, we have explored the benefits of peptides from goat milk as IL-6 inhibitors, and it have the
potential of inhibiting the over expression of IL-6 and control the COVID-19 disease. Computational
experiments have shown that goat peptides had strong interactions with IL-6, with higher scoring
profiles and energy efficiency ranging from �6.00 kcal/mol to �9.00 kcal/mol in docking score and
�39.00 kcal/mol in binding energy. Especially the YLGYLEQLLR, VLVLDTDYK and AMKPWIQPK
peptides from goat milk holds better scoring and shows strong interactions were identified as the
most potential IL-6 inhibitor candidates in this study. Peptides from Goat proteins, which are capable
of binding to the IL-6 receptor with strong binding conformations, have no negative effects on other
immune system proteins.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

SARS-CoV-2, a new strain of coronavirus that was first detected
in China’s Hubei Province in late December 2019. On December 12,
2019, the first formal hospitalization was reported, and it was
quickly labelled a pandemic with a rapid transmission rate, consti-
tuting a severe global public health hazard (Cascella et al., 2021).
The initial name is said to WH Human coronavirus 1 (WHCV), then
named as 2019-nCoV and finally, it has been called as SARS-CoV-2
and this virus has the high similarity with previous coronavirus
and bat virus (Wu et al., 2020). As of right now, the death toll
has risen to 5.32 million people, a number that is steadily rising.
Fatigue, fever, headache, runny nose, and dry cough are the most
common symptoms, but some instances are found to be asymp-
tomatic (Belvis, 2020). So far, no effective antiviral drugs have been
reported in the literature, with vaccination being the most effective
means against the spread and genetic mutation of the virus
(Bhavaniramya et al., 2021; Kaur and Gupta, 2020). But still there
is a lack of effective compounds or drugs which can readily treat
the serious illness caused by SARS-CoV-2 (Dong et al., 2020). The
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medical doctors are overcoming the problem by providing the
medications based on suppressing the symptoms, and in addition,
the SARS-CoV-2 hijacking of human immune mechanism is the
major concern in dealing COVID-19 patients (Selvaraj et al.,
2021b; Shah and Woo, 2021). SARS-CoV-2 has been shown to
inhibit the lysosome’s ability to combat illness in humans and
based on this, other immune system processes may be affected if
the lysosome is deacidified. Through this, we can better
understand the immune system abnormalities associated with
COVID-19 patients (Gorshkov et al., 2021; Pratap Reddy
Gajulapalli, 2017). SARS-CoV-2 hijacks the human immune system,
causing the entire immune system to be disrupted, as the human
immune system relies significantly on white blood cells. Studies
have found a link between COVID-19 severity and the cytokine
Interleukin-6 (IL-6).

This IL-6 is an immune protein, initiate in response to any infec-
tions and tissue level injuries, contributes majorly to host defence
mechanism. The IL-6 is coming under the IL cytokine family, and
the signalling mechanism of IL-6 is triggered by IL-6Ra and
gp130 (Liu et al., 2020). There are few reports that has discussed
the involvement of IL-6 and IL-6R towards the COVID-19 infections
with the additional term called cytokine storm. Severe sickness
produced by SARS-CoV-2 in COVID-19 patients is associated with
increased levels of the IL-6, which has been linked to respiratory
failure, shock, and organ dysfunction (Coomes and Haghbayan,
2020). For COVID-19 patients, controlling IL-6 levels or its conse-
quences is a critical treatment goal, and for that IL-6 can be treated
as drug target for treating COVID-19 (Choy et al., 2020). The mech-
anism of IL-6 depends on IL-6 receptor (IL-6Ra) and gp130 for the
activation and this ternary protein complex biologically forms the
hexamer chain with all the three proteins. Initially the IL-6 and IL-
6Ra forms the binary complex and it will show the interactions
with domain II and domain III of gp130, and thus forms the IL-6|
IL-6Ra|gp130 tertiary signalling complex (Foldvari-Nagy et al.,
2021). By understanding this mechanism, there are few mono-
clonal antibodies reported in clinical development phase, which
functionally block the IL-6 signalling/trans-signalling pathways
(Tianyu et al., 2021). Patients with COVID-19 are currently being
treated with the tocilizumab and Siltuximab to supress the IL-6
or cytokine storm, although orally consumed medicines are cur-
rently unavailable (Salama et al., 2021). There are few reports
shows the Goat milk protein to having the tendency to protect
against COVID-19 (Cakir et al., 2021; Chu et al., 2020), and in this
work, we have explored the Indian variety of goat milk-based pep-
tides for the inhibition or controlling the IL-6 in COVID-19 patients
as shown in the Fig. 1.
Fig. 1. Graphical illustration of IL-6 as drug target for treating COVID-19 infected
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2. Materials and methods

2.1. Data source

The data information of peptides from various protein variants
of goat milk from 10 native Indian goat breeds are reported in lit-
erature. An investigation into the post-translational changes of
protein abundance in goat milk from genetically heterogeneous
goat breeds in India has been published by Rout et al., 2021
(Rout and Verma, 2021). From the study, they have investigated
ten Indian goat breeds for their genetic variation, proteome com-
position, and post translational alterations, and from that more
than 50 goat milk peptides are reported and those peptides are
source of this work. These peptide molecules are specifically
extracted from the proteins of aS1-casein, aS2-casein, b-casein,
j-casein, b-lactoglobulin and a-lactalbumin (Verma et al., 2020).

2.2. Ligand and protein preparation

These peptide molecules are extracted and converted into 3D
form using the chimera and prepared using the Ligprep with the
conformations limited to 2 per peptide. The crystal structure of
human Interleukin-6 (IL-6) is searched in PDB and the PDB ID:
1ALU is considered for the modelling studies (Somers et al.,
1997). Here the protein is prepared for the in silico environmental
setup by removing the unwanted crystallographic water mole-
cules, ions and refinement of sidechains along with filling the miss-
ing residues and atoms, which modify the raw protein into the
usable form (Yadav et al., 2021). Finally, the positional optimiza-
tion of hydrogen bonds is processed and minimized until the final
conformations of IL-6 reaches to 0.30 Å (Sastry et al., 2013).

2.3. Active site prediction

The region of active site where the potential goat milk peptides
can bind efficiently are predicted by using the Active Site Predic-
tion tool available in http://www.scfbio-iitd.res.in/dock/Active-
Site.jsp. The tool predicts the potential binding regions by
computes the cavities in each protein that can be the position for
the binding of goat milk peptides (Selvaraj et al., 2015; Singh
et al., 2011).

2.4. Protein-Peptide docking

The obtained and prepared peptides are allowed to dock with
the prepared IL-6 protein by using the HPepDock server and with
patients, and they can be treated by peptides obtained from the Goat Milk.

http://www.scfbio-iitd.res.in/dock/ActiveSite.jsp
http://www.scfbio-iitd.res.in/dock/ActiveSite.jsp
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the combination of Patchdock and firedock server (Zhou et al.,
2018). The HpepDock server build based on the blind peptide-
protein docking algorithm by rapid modelling of peptide confor-
mations and global sampling of binding orientations that fit into
the active sites. The same files given in the HpepDock server is
given as input for the Patchdock sever, and here the Patchdock
algorithm deals the protein-peptide Docking Algorithm Based on
Shape Complementarity Principles, that can bind the goat peptides
into the IL-6 shape complementary regions (Schneidman-Duhovny
et al., 2005). The final conformations are subject to refinement
using the firedock protocol. The pose matching in common
between the HpepDock server and Patchdock server is subject to
redocking with SP docking in Glide for the purpose of scoring
and correctness of bonding/binding information’s (Siriwong et al.,
2021; Tubert-Brohman et al., 2013).
2.5. Molecular dynamics simulations

The prepared crystal structure of IL-6 and along with final re-
docked peptides from SP docking methods are given as inputs for
the MD simulations in Gromacs (Van Der Spoel et al., 2005). Both
apo form and complex peptide forms are allowed to simulate for
the 10 ns in the dynamic aqueous environment (Selvaraj et al.,
2018). The intense of performing the MD simulations is to check
the biological conformation of the bioactive goat peptide to be
stable inside the binding site of IL-6 (Gupta et al., 2021). For this,
both apo and peptide bound IL-6 complex is subject to MD simula-
tion filled with SPC water model in the orthorhombic box
(Muralidharan et al., 2015). Neutralization of the system is done
by adding suitable ion molecules (Na+ and Cl- ions) and the neu-
tralized system is subject to energy minimization, followed by sim-
ulation for the timescale period of 10 ns. The trajectories are
carefully evaluated for the analysis of RMSD, and conformations
obtained from the various timeframes (Selvaraj et al., 2014).
2.6. ADME profiling and allergy prediction

Even though, the goat milk is the edible form, the peptides are
better to check for the allergic conditions and thus the ADME and
allergy tendency of the lead peptides are predicted by using the
AllerCatPro and this server predicts the allergenicity potential from
the amino acid sequence, tool available in https://allercatpro.bii.a-
star.edu.sg/ along with Allergic ability of the peptides are also pre-
dicted through AllerTop 1.0 (Dimitrov et al., 2013; Maurer-Stroh
et al., 2019). The best peptides based on docking, binding, and
dynamics are acceded to in silico toxicity prediction through TOP-
KAT (Selvaraj et al., 2021a).
3. Results

3.1. Structure and function of IL-6

This research work aims to explore the peptide molecules
extracted from the goat milk as drug candidates for the troubles
initiated by IL-in COVID-19 patients, by blocking the binding site
of the IL-6. This work will be highly valuable, especially for severe
COVID-19 with serious illness patients. For checking the inhibitory
profiles of goat milk peptides with IL-6 enzyme, the structure and
function of the IL-6 is explored. The structure of IL-6 shows the 157
amino acid long protein structure shown in the Fig. 2a shows the
3D structure of IL-6, and here in Fig. 2b shows the site 1, site 2
and site 3 which are functionally playing the role in protein–pro-
tein binding of IL-6 with IL-6R and Il-6 with gp130. Fig. 2c shows
the secondary structure of topology arrangement of IL-6 with the
3

6 helices, 7 helix-helix interacs, 3 beta turns and 2 disulphides to
form the protein structure.

3.2. Active site information’s

The binding site information of IL-6 is checked for the amino
acids, which can take responsibility of connecting the inhibitory
peptides from goat milk. Tertiary Structure of IL-6 is comprised
of four a-helices secondary structure connected via unstructured
loops and the sites I, II and III represent the IL-6R and gp130 pro-
tein binding region. The Fig. 3a shows the predicted binding region
of the IL-6, and here the red colour regions show the allocation of
new peptide or new lead molecules can adopt itself in this pre-
dicted location. In addition, the position of the active site also
explored and represented in Fig. 3b. The Fig. 3b shows the pre-
dicted active site is located in between the site2 and site3, which
clarifies the peptides or ligands which bind in the predicted loca-
tion will interrupt the binding of gp130 and disturb the protein–
protein interactions.

3.3. Peptide docking and interactions

Thus, to understand the blocking of IL-6 and gp130, we have
taken the prepared goat peptide molecules and allowed to interact
with both docking servers and much correlated docking position is
allowed to re-docked using the glide SP docking. The scoring of
best scoring peptides in the SP docking is provided in the Table 1.
The scoring values shows that, the goat milk peptides are able to
form strong interactions with IL-6 by showing lower energy scores
and better hydrogen bonds formations. The goat milk peptides are
showing � < �6 kcal/mol docking score and � < �38 kcal/mol
which shows the peptides exhibit lower energy profiles for inter-
acting with IL-6.

Scoring profiles are great for the goat milk peptides and shows
strong interactions between the protein and peptide molecules.
Best scoring poses of peptide molecules are showed along with
protein conformations as shown in the Fig. 4, shows the center
position with all the peptide conformation bound in between the
site 2 and site 3 showing the tendency to disturb the gp130 bind-
ing. The dissection of each peptide poses, showing its binding ori-
entation is provided in Fig. 4a–j and here the alphabets represent
the (a) ALKALPMHIR, (b) ALPMHIR (c) AMKPWIQPK, (d) EMPFPK,
(e) HKEMPFPK, (f) KETMVPK, (g) TPEVDDEALEK, (h) VLVLDTDYK,
(i) YIPIQYVLSR and (j) YLGYLEQLLR are the best goat milk peptides.
The goat milk peptides are positioned in between the site2 and
site3, and clarifies that these peptides are having the ability to bind
with IL-6 and can also block the interactions between the IL-6 and
gp130. This can also say as, these peptide molecules are having the
tendency to suppress the activation of IL-6 by blocking the gp130
binding with IL-6.

3.4. Molecular dynamics simulation

Firstly, the MD trajectories of IL-6 and its receptor either in the
form of apoprotein or complex with 10 peptides were investigated
during a simulation time of 10 ns to analyze the stability of these
proteins, peptide and their interactions. For analysis of MD simula-
tions, the RMSD of apo and complex MD simulation is averaged
and those values are plotted in Fig. 5a shows the apo IL-6 is show-
ing the average RMSD of �0.23 nm and all the goat milk peptides
are surpassing the values by showing above the apo protein with
the value of �0.28 nm and above. The minimum RMSD of goat milk
is �0.28 nm and range maximum up to �0.65 nm. This may be due
to the binding of goat peptides generate conformations on the
dynamic equilibrium and possess strong binding. Those bindings
are verified by using the H-bond validation and the average

https://allercatpro.bii.a-star.edu.sg/
https://allercatpro.bii.a-star.edu.sg/


Fig. 2. (a) Cartoon structure of IL-6 with the PDB ID: 1ALU (b) The Schematic representation of the domain structure of human IL-6 showing the site 1, site 2 and site 3 for the
binding of IL-6R binding and gp130 binding (c) secondary structure of IL-6.

Fig. 3. (a) Predicted binding region for peptide binding (red) in the IL-6 protein
(Black). (b) Showing the peptide binding site in between the Site 2 and site 3, where
the gp130 will be forming the protein–protein interactions.
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H-bonds between the protein and peptide are plotted in Fig. 5b.
The average h-bonds between the protein and peptide shows the
minimum h-bonds of 2.1 hydrogen bonds and maximum of 3.8
hydrogen bonds on average interactions in the 10 ns of MD
simulations.
4

3.5. Allergic and toxicity prediction

Final best docked peptides on scoring are allowed to extract the
bioactive conformation and the peptides are clearly shows to be
non-carcinogen and non-allergic in nature. Thus, these peptides
are consumable in nature due to these properties. This is proven
that, the goat milk is edible to consume by humans for multiple
medicinal uses, and the prediction methods also confirms the pep-
tides extracted from goat milk are also able to consume with non-
carcinogenic and non-allergic property (Table 2).
4. Discussion

Through this work, the IL-6 interactions with gp130 are mech-
anistically broken with the goat milk peptides by allowing the pep-
tides to interact in site 2 and site 3 region. As the IL-6 involved
immune mechanism is primary on severe illness and rapid disease
progression is a cytokine storm. Patient’s data on COVID-19 shows
the increase effect on IL-6 confirms and leads to respiratory failure
and other dysfunction. Thus, considering these, the IL-6 can be a
potential drug target to study for the controlling the SARS-CoV-2.
Here, the IL-6 is a human immunological protein and it cannot
be completely inhibited and so, the immunomodulatory goat milk
peptides are the best to apply as the IL-6 inhibitors. Thus, the goat



Table 1
Scoring values of Goat milk Peptides against IL-6 using SP docking.

S. No Peptide Sequence Length Docking Score Binding Energy H-Bonds

a ALKALPMHIR 10 �6.39 �48.22 4
b ALPMHIR 7 �7.73 �42.93 5
c AMKPWIQPK 9 �8.59 �58.82 5
d EMPFPK 6 �6.77 �43.10 4
e HKEMPFPK 8 �5.96 �38.99 4
f KETMVPK 7 �7.01 �53.03 4
g TPEVDDEALEK 11 �8.38 �78.49 7
h VLVLDTDYK 9 �8.89 �67.22 6
i YIPIQYVLSR 10 �7.30 �60.24 6
j YLGYLEQLLR 10 �8.91 �68.43 7

*Units Kcal/mol.

Fig. 4. Visualization of protein-polymer interactions showing the binding mode of Goat peptides placed in between the site 2 and site 3. Here the common binding peptides
are in center and round by each peptide pose represented with alphabets showing (a) ALKALPMHIR, (b) ALPMHIR (c) AMKPWIQPK, (d) EMPFPK, (e) HKEMPFPK, (f) KETMVPK,
(g) TPEVDDEALEK, (h) VLVLDTDYK, (i) YIPIQYVLSR and (j) YLGYLEQLLR.
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milk peptides can able to modulate the levels of IL-6 or suppressing
the higher active levels is the core point for curing the COVID-19
and thus, it can be a potential therapeutic drug target for dealing
severe COVID-19 infections. For this, the structure and function
of IL-6 protein is explored using the molecular modelling methods,
which shows the protein topology is adopting the IL-6R in the site
1 and gp130 in site2 and site 3. Interestingly, our predicted active
site for the binding of goat milk peptides is showing in between the
5

site2 and site 3. Thus, the goat peptides on binding to these pre-
dicted regions, can able to interrupt the binding of gp130 with
IL-6 and that can lead to suppress the levels of IL-6 in COVID-19
patients. For this, the bioactive peptides are prepared and allowed
to interact with IL-6 using protein-peptide docking method using
the HPepDock server and Patchdock server for getting more reli-
able conformations, and the best reported conformations are
allowed to re-dock using the SP docking method for getting the



Fig. 5. Molecular dynamics graphs for the timescale of 10 ns showing the (a) RMSD variations average between the apo and peptide bound complex. (b) Average number of
hydrogen bonds formed between the IL-6 and goat peptides in the timescale of 10 ns.

Table 2
Allergic and carcinogenic property prediction of Goat Milk peptides.

S. No Peptide Sequence Carcinogen prediction Allergic Prediction

a ALKALPMHIR Non-Carcinogen Non-allergen
b ALPMHIR Non-Carcinogen Non-allergen
c AMKPWIQPK Non-Carcinogen Non-allergen
d EMPFPK Non-Carcinogen Non-allergen
e HKEMPFPK Non-Carcinogen Non-allergen
f KETMVPK Non-Carcinogen Non-allergen
g TPEVDDEALEK Non-Carcinogen Non-allergen
h VLVLDTDYK Non-Carcinogen Non-allergen
i YIPIQYVLSR Non-Carcinogen Non-allergen
j YLGYLEQLLR Non-Carcinogen Non-allergen
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scoring profiles of the protein-peptide docking. The scoring profiles
shows all the best peptide bound pose of IL-6 have the docking
score approximately lower than �6 kcal/mol and binding energy
of approximately lower than �39 kcal/mol. This scoring profiles
clarifies the strong binding is seen in between the goat milk pep-
tides and IL-6 and that are also seen in the number of hydrogen
bonds formed in between them. The minimum of four to maxi-
mum eight hydrogen bonds are seen in between the goat milk pep-
tides and IL-6 shows the strong bonding interactions leads to
peptides attaches into the IL-6 in tight forms. In addition, the bind-
ing conformation of pose interactions are also seen for each pep-
tide shows the peptides are interact in between the site 2 and
site 3, which confirms the peptide tendency of blocking the pro-
tein–protein interactions. For validation of binding poses, the goat
milk bound peptide complex are simulated for 10 ns of MD simu-
lations to verify the apo and peptide stability along with average
interactions formed between the goat milk peptides and IL-6.
RMSD graph shows the apo form of IL-6 is moderately flexible
and shows �0.23 nm, but all the peptide bound IL-6 shows above
these values. This is due to the presence of rotatable bonds in the
goat milk peptides, which allow the bioactive conformation to gen-
erate more conformational changes inside the IL-6 peptide binding
pocket in the dynamic environment. Final prediction of ADME
6

property for checking the allergic and carcinogenic property shows
all the peptides are free from allergic and carcinogenic property
and edible in nature.
5. Conclusion

In humans, the Immune modulation, hemopoiesis, and inflam-
mation are all aided by the cytokine interleukin-6 (IL-6). This pro-
tein IL-6 is linked to the disease like septic shock, acute respiratory
distress syndrome (ARDS), and COVID-19 are all due to the ele-
vated over expression of IL-6 levels. For IL-6 to exert its biological
effects, it must first interact with IL-6R and gp130, which is found
on both the membrane and the soluble levels (sIL-6R). IL-6-related
disorders could benefit from a medication that prevents the inter-
action between these two proteins. IL-6-related disorders could
benefit from a medication that prevents the interaction between
IL and 6 with IL-6R and gp130 proteins. This work come up with
strong bioactive peptides that able to bind with site2 and site 3,
which says those goat milk peptides are having the strong inhibi-
tory profiles to interrupt the binding of gp130 with IL-6. Thus,
the goat milk peptides can able to suppress the over expressed
levels of IL-6 and can be the best inhibitors for the serious illness
of COVID-19 patients. In addition, these peptides are shown to
have a non-carcinogenic and non-allergic property, and thus shows
the edibleness of the goat milk peptides. Overall, through this
work, we are providing 10 goat milk peptides, that strongly binds
with IL-6 and interrupt the gp130 binding that leads to suppress
the over expression of IL-6 levels. Further experiments on these
goat milk peptides may support to evidence the potential of goat
milk peptides against the COVID-19 and also to other diseases that
happens due to the elevated levels of IL-6.
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