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Abstract 

Flowering time is a life history trait of adaptiveness. Over many generations, phenotypes happen to emerge as 

mutations or spontaneous damage accumulates in the plastome. Thus, it is of great importance to investigate 

DNA repair mechanism roles of some proteins. Specifically, this study aims to determine potential targets that 

are part of base excision repair mechanism in Arabidopsis thaliana. To do so, bioinformatic methods are 

implemented in order to shed light on the functioning of our protein homologs. Their structural and functional 

similarities are confirmed by multiple sequence alignment, 3D structure prediction, phylogenetic tree construct 

and interactome analysis. The results indicate that interaction between two proteins is strong evidence that the 

proteins are involved in the same biological process. This study can be seen as a valuable data resource of 

predicted cellular functions of proteins and the evolutionary conservation of AP endonuclease families, which 

again, portrays the divergence of activities and biological contributions. 

 

Keywords DNA damage and repair; interactome; docking sites; APE homologs; A. thaliana; base excision 

repair. 

 
 

 

 

 

 

 

 

1 Introduction 

Plants are constantly exposed to endogenous cellular processes and exogenous environmental events that can 

compromise genome integrity through DNA damage. Cells have evolved a significant and evolutionarily 

conserved defense mechanism known as DNA damage response (DDR) to combat the adverse effects of these 

processes and events (Anderson et al., 2008). 

DNA found in the cellular compartments of both the nuclear and mitochondrial compartments is 

susceptible to damage from different sources. Mitochondria and chloroplast are more prone to damage due to 
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reactive oxygen species (ROS). These organelles possess a base excision repair (BER) which may remove 

oxidative lesions. Therefore, we focus on pathway crosstalk events primarily mediated through protein-protein 

interactions and extend the analysis of proteins that could affect BER activity and pathway crosstalk in 

response to DNA damage through multiple mechanisms (Limpose et al., 2017).. 

The essential DNA repair enzymes involved in BER pathway are apurinic/apyrimidinic (AP) 

endonucleases, which cleave DNA at AP sites. Our model organism is Arabidopsis thaliana; its genome 

encodes three AP endonuclease-like proteins: APE1L, APE2 and ARP, which is the focus of our work 

(denoted as APE1-1, APE1-2, APE2, respectively). 

The aim of the present study is to better understand DNA repair mechanisms through identifying potential 

targets of BER proteins and analyzing the structure and function of APE homologs in A. thaliana.  

 

2 Materials and Methods 

We performed bioinformatics analysis, which is crucial before any downstream experiments. Firstly, we 

retrieved the BLAST sequences of APE proteins using The Arabidopsis Information Resource (TAIR) 

database. These were aligned using Multiple Sequence Alignment (MSA) via ClustalW software. Afterwards, 

phylogeny.fr was used to construct the phylogenetic tree considering A. thaliana close relatives. Prediction of 

protein 3D structure was performed using SWISS model. These were further validated by RAMPAGE 

software. Furthermore, two additional software were implemented, STRING and ClusPro, for the prediction of 

the interactome and docking sites, respectively. PyMol was used to represent the interacting residues. Finally, 

KEGG software was utilized for generating the BER pathway, which included our APE proteins of interest. 

 

3 Results 

According to the general rule of thumb for the homology of the proteins with ≥100 amino acids, proteins with 

20% or more identity are homolgous. Thus, APE1-1, APE1-2 and APE2 are homologous. This is shown as 

tabular representation in Table 1. 

 

 

Table 1 Homology score. 

 APE2 APE1-1 APE1-2 

APE2 100.00 30.77 22.14 

APE1-1 30.77 100.00 31.31 

APE1-2 22.14 31.31 100.00 

 

 

Phylogenetic tree shows three groups of proteins with respect to their similarity/divergence. Displayed 

close relatives of A.thaliana are enriched with APE homologues. APE1-1 and APE1-2 are highly similar 

among themselves and more distant from APE2. This is shown in Fig. 1A below. 
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Table 2 Interacting residues. 

Target Partner Amino Acid Residues 

 
 
 

2A 

APE1-1 356 LYS 359 SER 368 GLY 

NTH2 166 GLU + 168 ASP 196 HIS 229 TYR 

APE1-1 365 GLY 367 SER 363 GLY + 365 GLY 

AT5G26680 102 TYR 105 ARG 102 TYR 

 
 
 

2B 

APE1-2 330 GLY 61 TRP 66 LYS 

OGG1 181 HIS 100 THR 38 PRO 

APE1-2 298 ASN 190 ASP 336 GLU 

ATNTH1 
 

296 TRP 299 ARG 303 LYS 

 
 

2C 
 
 
 
 

APE2 183 LEU 188 ARG 333 ASP 

OGG1 103 LYS 100 THR 97 HIS 

APE2 146 HIS 279 ASP 283 HIS 

AT3G07930 323 HIS 442 ARG 442 ARG 

 
 
 

2D 
 
 
 
 

APE2 143 GLY 92 LEU 187 ARG 

NTH2 169 ARG 170 THR 165 VAL + 167 CYS + 168 ASP

APE2 43 GLN 351 PRO 352 MET + 355 GLY 

PCNA1 253 PRO 132 GLU 130 ASP (2nd fold group) 

 
 
 

2E 

APE2 289 HIS 185 GLN 336 ASP 

UNG 150 GLN 121 PHE 152 LEU 

APE2 184 ARG 185 GLN 90 THR 

ZDP 620 LYS 620 LYS 641 SER 

 

 

   

APE1-1 showed interaction with all aforementioned functional partners. APE1-2 exhibited interaction with 

8 of them. APE2 interacts with two of them, specifically AT4G12740 and OGG1. However, our results 

indicate fewmore potential interacting partners, i.e., OGG1, AT3G07930, NTH2, PCNA1, UNG, ZDP. This is 

shown in Fig. 2. 
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Protein-protein interaction (PPI) is a highly specific physical form of interaction between two or more 

protein molecules, which is affected by electrostatic forces, hydrogen bonds and hydrophobic events. For an 

interaction to occur, ligand needs to be in close proximity to a charged residue. In order to find out the 

interacting residues, we need to know what our interacting partners are. The results show that the interactome 

of our three proteins mainly comprises of proteins with an already confirmed role in BER. This is another 

indicator of what we actually wanted to prove (Lu et al., 2020).  

Moreover, the generated KEGG pathway provided us with more insight into this matter. All of the data we 

collected are pointing towards APE family of proteins being important contributors in plant DNA repair 

mechanisms. 

 

5 Conclusion 

Unified understanding of visualizations of repair proteins and their interactions with the DNA is a foundation 

of further discoveries. This helps to further recognize damaged bases, such as sequence-independent DNA 

recognition motifs, in other words the initial damage recognition and removal.  

This study portrayed steps of bioinformatic analysis, which is critical before doing downstream 

experimental procedures. The functional similarity of our target proteins APE1-1 and APE1-2 is confirmed 

and validated, since both of them share the same interactome. Besides that, they share a significant identity 

score and have similar 3D structures. All of the data we collected is pointing to APE family of proteins being 

important contributors in plant DNA repair mechanisms. 

For the future perspective, it would be of great significance to do experimental validation based on 

interactome analysis. Up until now, there is no definitive evidence that most of these proteins interact with 

each other, which can be determined by yeast-two-hybrid system. Although virtual screening/bioinformatics is 

a valuable tool, more effort should be put in endorsing novel alternatives to increase validity of these types of 

research. 
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