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Identification of protein partners of the human 

ribosomal protein, eS31 using Bioinformatic Analysis 

Leong Kar Xin 

Resource Biotechnology 
Programme Faculty of Science and 
Technology Universiti Malaysia 

Sarawak 

ABSTRACT 

Ribosomal protein(RPs) are one of the most important component found in ribosome that play an essential 
roles in ribosome biogenesis and includes some extraribosomal functions. Apart from these functions, RPs 
also often associated with cancer and disease development. Previous study indicated that there is low 
expression of eS3 l in NPC cells is unrelated to p53 expression pattern. However, the protein partners and 
its function resulting in this tumor-suppressing properties and the function of other protein-protein 
interacting partners still remains unclear. An approach known as Bioinfonnatic analysis is used to derive 
the possible protein interacting partners based on computational approach data analysis. This method can be 
divided into 4 basic steps, which are identification of target and template sequences, three-dimensional 
protein modelling, identification of structural neighbours and candidate partners and molecular docking 
analysis. By using this approach, eS3 l 3D structural model has constructed that have allowed the prediction 
of 11 O structural neighbors. From these, there are 5 of them which are from human origin were selected for 
further analysis based on logical prospect of l;iinary protein-protein interactions. Further analysis revealed 
that there are 3 candidate docking partners. Thus, this research has provided theoretical evidence for the 
interactions between eS3 l and other protein partners. Then, it has been predicted that there are 3 potential 
protein partners that might play distinct roles and functions from its interaction with eS3 I. 

Key words: Ribosomal protein, ribosome biogenesis, eS3 I, protein modelling, prediction of protein-protein 
interactions. 

ABSTRAK 

Protein ribosom (RPs) merupakan salah satu komponent yang penting dalam ribosom dengan memainkan 
peranan yang penting dalam biogenesis ribosom dan merangkumi sesetenegah fungsi extraribosomal. Selain 
daripada fungsi-fungsi tersebut, RPs juga sentiasa dikaitkan dengan kanser dan perkembangan penyakit. 
Kajian terdahulu menyatakan bahawa eS3I mempunyai ungkapan yang rendah adalah tidak berkaitan 
dengan coral ekspresi p53. Namun demikian, rakan kongsi proteins dan fungsi berkaitan dengan sifat 
penindasan tumor dan fungsi dalam rakan protein berinteraksi protein yang lain masih kurang Jelas. Satu 
pendekatan dikenali sebagai analisis Bioinformatik digunakan untuk memperolehi rakan protein yang 
berkemungkinan berinteraksi melalui analisis data pendekatan komputasi. Cara ini boleh dibahagikan 
kepada 4, iaitu pengenalan urutan dan susunan templat, pemodelan protein tiga dimensi, pengenalpastian 
Jiran struktur dan rakan kongsi calon dan analisis docking molekul. Melalui pendekatan ini, model struktur 
3D eS3 l tel ah membina yang megizinkan ramalan I IO Jiran struktur. Daripada yang ini, terdapat 5 dari 
mereka yang berasal dari manusia dipilih untuk analisis selanJutnya berdasarkan prospek logik interaksi 
protein-protein binari. Analisis lebih lanjut mendedahkan bahawa terdapat 3 calon pasangan dok. Oleh itu, 
penyelidikan ini telah memberikan keterangan teoretis untuk interaksi antara eS31 dan rakan protein lain. 
Kemudian telah diramalkan bahawa terdapat 3 rakan protein potensial yang mungkin memainkan peranan 
danfungsi yang berbeza dari interaksinya dengan eS3 J. 

Kata kunci: Induksi kalus, proliferasi pucuk, eksplan daun. 
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1.0 INTRODUCTION 

Ribosomal proteins are one of the essential components involved in ribosome 

biosynthesis. In mammalian cells, the biogenesis of cytoplasmic ribosomes requires the 

assembly of 4 RNA molecules and 79 different proteins. Apart from ribosome biogenesis, 

ribosomal proteins have distinct functions varied from its <types. It plays an essential role 

during the assembly of ribosome particles and the regulation of ribosome biogenesis. Any 

steps that perturbed the process of ribosome biogenesis would induce ribosomal stress. 

Other than ribosome biogenesis, it is also found that ribosomal proteins have other 

extraribosomal functions such as DNA repair and translation (Wool, 1996). Other than that, 

previous studies also indicated that human ribosomal proteins also have some implications 

for the human disease, for example, RPS4 and RPL6 that was predicted to be the candidate 

genes for Turner (Fisher et al. 1990) and Noonan syndromes. 

eS31 or RPS27a is a component of the 40S subunit of the ribosome and belongs to 

the S27 AE family of ribosomal proteins. According to Sim et al(2017), low expression of 

eS31 in NPC cells is unrelated to p53 expression pattern. From this finding, the expression 

of eS31 can be associated with its tumor-suppressing properties, but however, the protein 

partners and its function resulting in this tumor-suppressing properties and the function of 

other protein-protein interacting partners still remains unclear. Research about the 

interactions of human ribosomal protein, eS31 with other proteins is less likely available 

compared to other ribosomal protein genes. In order to gain a pertinent insight into its role 

in molecular interactions with other molecules, bioinformatics approach is another 

alternative for structural studies using computational software. The derivation of the 

functions of a protein and its interactions with other protein partners can therefore be 
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obtained based on the computational data analysis of the targeted protein sequence, 

structure and association with other protein partners. 

Firstly, the construction of three-dimensional (3D) structural model which will be 

used as the templates for searching structural neighbors. This structure gives useful 

insights into the molecular biology as well as in structural biology whereby we can predict 

the protein function through the constructed protein structure. Bioinformatic algorithm 

accountable for the structural similarity of the 3D-protein structure through the 

arrangement of vectors in 3-D space will also be used to identify the significant similarities 

between substructures in the protein folds. Identification of structural neighbors and 

candidate partners are carried out after qualitative evaluation of the constructed 3D protein 

structure. This method is used to determine the function of the protein partners resulted 

from the interactions between candidate partners with the structural neighbor of the eS31. 

Molecular docking approach will also be used as the prediction of the function of the 

interactions of identified protein partners with constructed protein model. This involves the 

computational generation of structural complexes by fitting two or more reliable 3D 

protein models by considering the criteria such as surface complementarity and 

electrostatistics. Herein, this project provides a theoretical insight into the partners that are 

involved in the interactions with eS3 l and its function resulting from this interaction. 
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2.0 LITERATURE REVIEW 

2.1 Ribosomal proteins 

Ribosomal proteins (RPs) are proteins that made up of ribosomes which are found 
4 

in eukaryotic organism. They make up the ribosomal subunits with the association of 

rRNAs which are synthesized in the nucleolus which then contributed to the stabilization 

of both large 60S and small 40S ribosomal subunits (Doudna and Rath, 2002). Thus, 

ribosome consists of four ribosomal RNA (rRNA) species and 79 RPs in a mammal. 

Unlike rRNAs, which are encoded by up to hundred copies of genes, human RP is only 

encoded by a single gene. Thus, the sequence functional genes generate a huge amount of 

processed pseudogenes, which may then restricted the cloning of functional genes. 

Defective in these RP genes also resulted in post-translational modifications and rare 

neurological disorders that are not associated with cancer such as Coffin-Lowry syndrome. 

Since ribosomal proteins are part of the component of ribosomes, thus its function is 

usually correlated together which is essential for cellular ribosome-mediated protein 

synthesis for example ribosome biogenesis and protein translation (Maki et al, 2002). 

Apart from that, RPs were believed to possess ribosome independent function in 

tumorigenesis, immune signaling, and development (Zhou et al, 2015). Studies also 

indicated that interference of any steps or mutation involved in the ribosome biogenesis by 

extracellular or intracellular stimulations results in ribosomal stress (Zhang & Lu, 2009; 

Zhou et al, 2012) Ribosomal stress is caused by the accumulation of free-ribosome RPs in 

the nucleolus and prevent itself from tight regulation to produce ribosomal subunits. These 

ribosomal stress causes RPs release from the nucleolus and induced many biological 

changes such as p53 activation and also p53-independent events (Xu et al, 2016). They are 
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believed to be caused by chemical agents or radiation that disturbed rRNA production or 

bring about RP degradation, lack of nutrients and gene deregulation. 

Oncogenes 
Inherited 
mutation ~ Stress?? pp, 

(A) g 

Cancer treatment 
(hormone treatment) w.: ­ )g (c) 4 

Spontaneous 
mutation 

ER stress • RP overexpression 

Neurological diseases Diamond-Blackfan anaemia 
(RPS23) (RPs S?, S10, S15, S17,S19, 

S24, S26, S27A, L5,L11, L35A, 
and L36) 

$ 
Autophagy 

8 
Damage mitigation 

Proliferation 

• predispos:t~ 
(lymphomagenesis) 

J_ 

Figure I: Effects of disruption of RPs by inherited mutations or stress factors. Ribosomopathies(A) are 

caused by mutations in RPs. Treatments that can lower the level of RPs (B). Regulation of RPs by 

oncogenes(C) that caused overexpression of RP promotes cancer growth. Source: Lorente, J., Velandia, C., 

Leal, J. A., Garcia-Mayea, Y., Lyakhovich, A., Kondoh, H., & LLeonart, M. E. (2018). The interplay 

between autophagy and tumorigenesis: exploiting autophagy as a means of anticancer therapy. Biological 

Reviews, 93(1), 152-165. 

2.2 Ribosomal biogenesis and tumorigenesis 

Studies related with ribosome biogenesis have been studied extensively in bacteria 

such as Escherichia Coli (Stokes & Brown, 2015) and yeast Saccharomyces cerevisiae 

( Woolford & Baserga, 2013), however, there are fewer studies conducted in mammals. 

Ribosome biogenesis is defined as the process in which rRNA transcripts and RPs are 

produced and associated with functional ribosomes. Ribosome biogenesis begins in the 

nucleolus of the cell and requires 4 different species of rRNAs, 80RPs and 3 RNA 

polymerase (Pol I, Pol II and Pol III). This complex and tightly regulated process involved 

4 steps which are the coordinated transcription, modifications, and folding of rRNA 

transcripts; translation, modification, and folding of RPs; binding of RPs to the appropriate 
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