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Abstract

Phytal proteins are of great importance as they exhibit unique characteristics as immune modulators. Zingiber zerumbet
family plants are used in various ways, including as food, beverages, and ornaments. The metabolites and extracts of these
plants indicated an anti-viral, anti-cancer, anti-diabetic, and anti-inflammatory therapeutic characteristics features.
Rheumatoid arthritis (RA) is an auto-immune condition that causes joint inflammation and malformations. The up- and
down-regulation of certain rheumatoid arthritis proteins result in serious side effects. Ayurveda and other naturopathy
treatments offer relief to a certain extent, while other pharmaceutical therapy is topical and temporary. The current
study is aimed to comprehend the interaction of gamma-globulin proteins of RA patients with phytal proteins from
leaves of the Zingiber zerumbet plant. The immunoassays, and MS orbitrap studies revealed the binding pattern and
composition of the proteins. The protein- protein docking studies supported the method of binding pattern and these
phytal proteins can be considered in the future for therapeutical or diagnostic purposes.
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1. Introduction

141 species of Zingiber plants are found in Asia, especially in Asia's tropics, Malaysia, and the Pacific Islands. Zingiber
zerumbet is commonly known as Pinecone or shampoo ginger as well as goes by a number of names depending on the
geographical region (Al-Nahain A.,2014). This herb is popularly considered as an indigenous species to the Malaysian
Peninsula and India. Its’ leaves are small, about 25 to 35 cm in length. Rhizomes are the most significant component of
plants and have been linked to all of the purported therapeutic benefits (Koga.,2016 and Agrawal.,1999). The compound
Zerumbone isolated from Zingiber zerumbet has indicated various pharmacological activities such as anti-oxidant, anti-
bacterial, anti-pyretic, anti-inflammatory, and immunomodulatory, as well as anti-neoplastic. It can suppress the
proliferation, survival, angiogenesis, invasion, and metastasis levels of cancer by modulating cancer pathways and the
downstream target proteins at the molecular level (Girisa et.al.,2019)

The immune system helps protect the organism from microorganisms, chemicals, viruses, and fungus. A function based
on the recognition of foreign body and reaction activity is considered as an immune response. The immune system's
numerous effector molecules engage in a complex series of events that respond to an antigen or allergen. One of the
most common autoimmune diseases, rheumatoid arthritis, affects more women than males, and can have catastrophic
side effects if it is not detected at an early stage. An increase in mortality and morbidity can result from chronic disease.
Many dysregulated proteins linked with the disease can be controlled and treated with phytal proteins without
generating any side effects (Mun. S.,2018). The objective of the current study is to evaluate the protein-protein
interactions between RA subjects’ gamma globulin and the protein found in Zingiber plant leaves.
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2. Material and methods

2.1. Sample collection and preparation

Samples of leaves from the Zingiber zerumbet plant were gathered in Mumbai's western suburbs (India). Younger plant
leaves were considered because they contain more protein than the elderleaves do.Soon after the washing of the leaves
with distilled water, they were airdried in a shade and then ground into a fine powder. The Gbadamosi et al. method was
adapted to extract the protein. The protein was isolated using 1D native PAGE. The protein bands eluted in Phosphate
buffer saline (PBS) were used for immunoassays.

2.2. Serum samples from RA -affected subjects

Blood samples obtained using conventional blood collection methods from RA affected subjects categorized based on 2010
ACR/EULARscores of more thansix. The consent was taken from the subjects, and serum was isolated using the accepted
method.

2.3. Serum gel electrophoresis

Horizontal gel electrophoresis was considered to isolate the Gamma globulin bands from the selected serum samples
with high Rheumatic factor, anti-CCP, and CRP values. The gamma globulin band was separated on 1 percent Agarose
gel prepared in Tris-Glycine buffer as per the standard protocol. The gel was stained with Coomassie Brilliant Blue stain
(Csako, G.,2019) to identify and quantify the protein bands.

2.4. Immunological assays of eluted proteins

The ability of binding of isolated proteins from plant leaves to human gamma globulin of rheumatoid -affected subjects
was assessed (Mayer and Walker,1987). According to accepted practices, the immunoassays were reproduced three
times and standardized (Collins et.al.,2004). The phytalprotein extracts as viable sources for future medications were
evaluated based on the binding effectiveness with the protein components.

2.4.1. Double diffusion assay

The Collins and Lyne standard technique for the double diffusion assay was followed (2004). In this Ouchterlony
method, 1.5 % agar prepared in the borate buffer was used for the assay. 10 pl each of plant protein and Globulin
antibody were added in separate wells and allowed to diffuse by keeping in a moist chamber at 379 for 24 to 48 hours.
The presence of a visible precipitin line noticed at the point of equivalence between the concentration gradients
indicating the relationship between phytal proteins and gamma globulin systems.

2.4.2. Rocketimmuno-electrophoresis

The standard protocol of Csako (2019) was followed for the rocket immune-electrophoresis. 1% agarose in TBE buffer
(pH 8) and 350 pL. gamma-globulin protein was used to coat the glass slide. Wells were loaded with an eluted plant
protein sample and subjected to electrophoresis at a steady current of 100 V. Standard CBB staining technique was
carried out for 45 min followed by de-staining for 2-3 h.

2.4.3. LC-MS

The interaction bands that represented the bound gamma globulin and leaf extract proteins were sent for Orbitrap
liquid chromatography mass spectrometry to IIT -SAIF(Sophisticated Analytical Instrument Facility). The
chromatograms were further analyzed using Thermo proteome discoverer 2.2, Homosapiens and Zingiber plant data
bases to identify the proteins involved in the binding.

2.4.4. Bioinformatics study

The proteins identified using LC -MS were extensively studied to understand the protein-protein interaction using
Hawk Dock software and verified using PDBsum analysis software.
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3. Results and discussion

Leaf protein was extracted and measured using the Bradford assay. The protein concentration was found to be in a
range of 0.55 mg to 0.92 mg. Serum gel electrophoresis showed variation in the concentration of gamma globulin from
0.84 gm/dl to 2.8 gm/dLl.

3.1. Immuno-assays

Immuno-diffusion procedures are one of the crucial techniques in immunology. These potent assays rely on the
principle that antigen and antibody reactions are based on the concepts of zone electrophoresis and immunodiffusion.
These tests have been carried out to determine how well plant proteins bind to antigens or antibodies and to assess the
most effective interactions.

In the immunodiffusion process, soluble proteins (antigen or antibody) diffuse through a gel matrix toward one another
and create an immunological complex (Kanwar and Verma, 2006). Prior until now, immune-binding experiments have
taken into consideration to evaluate the vaccine's capacity to bind virus particles (Ullman et al., 1989). In the current
investigation, isolated gamma globulin band proteins are permitted to interact with proteins from plant leaves that may
create an immunological complex.

The Double diffusion indicated a good interaction between plantleaves protein and gamma globulin protein. (Figla). The
Rocket immuno-electrophoresis confirmed antigen-antibody concentration to initiate a serological reaction (Hornok
and Szecsi, 1977).(Fig.1b)
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Figure 1 (a) and (b) Rocket and Double diffusion results
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Figure 2 LC-MS chromatogram of precipitin band of Zingiber zerumbet phytoprotein and gamma globulin interaction

LC-MS analysis of precipitin band has showed 10 proteins from Zingiber zerumbet plant and 50 proteins from gamma
globulin RA -affected subjects. The protein-protein docking results has showed good results between protein S100 A7
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and plant proteins Ribulose biphosphate carboxylase large chain, NAD(P)H-quinone oxidoreductase, and Photosystem
11 D2 protein (Table-1)

Table 1 Protein -protein docking results

Sr.no | Gamma-globulin protein | Zingiber zerumbet Binding Hydrogen | Salt Non
protein energy bond bridge | bonded
(kcal/mol) contact
1 S100 A7 Ribulose biphosphate carboxylase | -4634.07 04 03 134
2 S100 A7 NAD(P) H-quinone oxidoreductase | -4442.97 02 01 196
3 S100 A7 Photosystem II D2 -4721.34 08 00 106

More than 20 S100 protein family’s association with the auto immune disorder of RA has been confirmed, including
S100A1 to S100A18, S100B, S100P, S100Z, and S100G. The S100 protein family includes calcium-binding proteins with
modest molecular weights (9000-14,000 Da) and highly conserved amino acid sequences. Some S100 family members
are released from the cells, controlling the activity of macrophages, leukocytes, and inflammatory cells that create
cytokines or MMPs from synovial fibroblasts and the proliferation of target cells (Wu.YY.,20220, Porter.,2019). Very few
studies were conducted to understand the phytal protein and S 100 family proteins previously. The current study has been
conducted to find the interaction among gamma globulin protein and plant Zingiber zerumbet leaves protein extract. It
is important to consider various factors such as the number and type of intermolecular bonds, the bond energy, the
specificity and affinity of the interaction, and the biological relevance of the interacting proteins to prioritize and assess
the relevance of protein-protein interaction.

Protein S100 A7 constituted 101 amino acids while, Ribulose bi-phosphate carboxylase with 480 amino acids. The
interaction between these two proteins was represented with 3 salt bridges,4 hydrogen bonds and 134 non bonded
contacts. The docking process indicated the presence of Hydrogen bonds between Ser 77 - Asn 184, GIn101- Arg187,
and Ser 90-Trp411 amino acid and, Salt bridges between among Asp81- Arg187, Glu7-Lys334, and His87-Glu191 amino
acids. The Binding energy found to be -4634.07 kcal/mol.

Protein S100 A7 and NAD(P)H-quinone oxidoreductase interactions resulted in Binding energy of -4442.97 kcal/mol.
Protein S100 A constituted with 101 and NAD(P)H-quinone oxidoreductase with 393 amino acids. The protein -protein
interaction indicated 1 salt bridge, 2 hydrogen bonds and 196 non-bonded contacts.
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Figure 3 a and b: S100 A7 and photosystem II D2 interaction and Ramachandran plot

Protein S100 A7 interaction with the Photosystem II D2 protein indicated a Binding energy of -4721.34 kcal/mol. The
photosystem II D2 protein has 353 amino-acids. Protein interaction has shown 8 hydrogen bonds and 106 non bonded
contacts. The hydrogen bond interaction seen between Ser9-Ser85, GIn5-Thr61, Arg8- Tyr60, Asn42-Leul63, Asn42-
GIn165, Asn293-Gln89, and GIn89-Arg295. (Fig.3a ,b,c)
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Figure 3c Protein-protein interface and detail interaction view

The overall study indicated among the three protein interactions, the Protein S100 A7 and Photosystem II D2 protein
interaction were found to be stable. The reasons could be attributed to the greater number of hydrogen bonds (8),
characterized by typically stronger and more directional than s-bonds; In addition to the bond energy of the interaction
(4721), was higher than the other two. The evaluation of protein-protein interaction relied on the important parameters
such as the number and types of intermolecular bonds, the specificity and affinity of the interaction, as well as the
biological relevance of the interacting proteins.

4., Conclusion

The studies indicated that the activity of the Family of Protein S100 can be controlled with Zingiber zerumbet plant
protein. Phytal extract protein of Zingiber zerumbet could be a cheap and safe option remedy to treat RA -affected
subjects. Further in vivo studies can be useful for studying therapeutic aspects of zingiber leaf proteins in detail in
compliance with ethical standards
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