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Abstract : Domains are the functional units of protein that folds and functions independently from the rest of the protein. 

Ubiquitin associated domains (UBA) are approximately 45 amino acid residues that help in cellular processes like 

nucleotide excision repair, spindle pole body duplication and cell growth. In order to see the extent of sequential and 

functional diversity in this domain  13 different protein-containing UBA domains in humans were randomly selected and 

their respective domain was retrieved through the SMART database. Multiple Sequence Alignment shows except for two 

amino acid positions the rest of the positions were not conserved. Phylogenetic tree showed an evolutionary relationship 

between these domains and showed the SQSTM1 domain as an outlier. GO molecular functions analysis from UNIPROT, 

showed that though there were common functions shared by some of the domains they had unique functions associated 

with each of them. The same methods were applied for UBA domains in different organisms. The RAD23 protein domain 

was taken for further analysis through Jackhammer.  2 isoforms UBA1 and UBA2 were identified in RAD23. UBA2 was 

more conserved among reptiles, aves, mammalians, fishes and amphibians. Though functions are spread across the 

different organisms they seem to be not completely unrelated. Mutational analysis on  mutations in the SQSTM1 gene 

domain, causing Paget disease of bone (PDB), was done in model organisms. MSA and CONSURF analysis showed that 

I424S (UK), G425R, and A427D associated with PDB were found to be highly conserved.  
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1. INTRODUCTION 

 

Protein commonly consists of one or more sub molecule parts, which are termed as domains. Domain is a structural or 

functional module of protein, and it is usually an evolutionarily conserved unit. Differential association of domains 

provides a way to create new functions for organisms[17]. Ubiquitin associated Domain (UBA) interacts non-covalently 

with Ubiquitin in many proteins. This family of domains is involved in various cellular processes like nucleotide excision 

repair, spindle pole body duplication and cell growth, kinase binding, ion binding, ATP binding, and Ubiquitin ligase 

binding were obtained from UniProt. Structure of UBA has three helices[5]. All these proteins have a common sequence 

motif of approximately 45 amino acid residues. 

Rad23A is a nucleotide excision repair protein which is encoded by RAD23 gene and contains UBA domain.The RAD23 

homologue has a modular structure which includes N terminal ubiquitin-like (Ubl) domain and 2 UBA domains - UBA1 

and UBA2. This protein binds to the ubiquitinated proteins through its two domains, that is, UBA1 and UBA2 

domains[9].  

When structurally compared UBA1 and UBA2, both will form similar folds with a large conserved hydrophobic surface 

patch which may be a common protein-interacting surface which can be seen in diverse UBA domains[6]. In many 

enzymes (example: Hen Lysozyme and  Papain) the active sites are present at the domain interfaces  between the 

domains[7].  

Other UBA containing proteins were manually selected in humans, namely RAD23, TNRC6C, UBE2K, UBAC1, UBL7, 

USP5, UBXN1, UBQLN3, MARK1, CBLB, and SQSTM1. Multiple sequence alignment of the UBA domain of those 

selected proteins were done to find conserved residues in the Domain and found that their sequences were less conserved.  

Generally, proteins consist of multiple domains, the  HMM model provides the constituting or corresponding domains 

and their locations in the amino acid sequences[10]. They are statistical probabilistic methods to obtain optimal sequence 

alignment, where matches are maximised and gaps are minimised, used in multiple protein sequences. HMM search of 

12 UBA domains in humans revealed that there is a maximum match in between  UBA domains and the HMM model 

sequences and  HMM model for CBLB is not obtained. So, structural analysis is done by pymol. 
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Phylogenetic tree analysis of the above-mentioned  genes which encode the UBA domains showed that SQSTM1 has 

evolved distinctly and functionally.  

Mutations in the UBA domain  have been reported in Paget’s disease of bone (PDB) in humans. PDB disease is a chronic 

disorder which leads to increased activity of osteoblast, which results in increase of bone turnover at different sites 

throughout the skeleton. Common symptoms include bone pain, susceptibility to fracture and deformity[8]. 

Three dimensional structures were visualised through Pymol and structural analysis revealed that all the superimposed 

structures of the domains (UBE2K, USP5, TNRC6C, UBL7, SQSTM1, MARK1) have <3°A RMSD values, indicating 

that they are structurally similar[12], but sequentially they are less conserved. As RAD23 is involved in UV Excision 

repair mechanisms, we further analyzed the conservation and evolution of RAD23 UBA1 and 2 domains  in  mammals,  

amphibians, fishes and reptiles. GO molecular functions (uniprot) of RAD23  domain are compared in different 

organisms, and found that UBA2 is more conserved compared to UBA1. 

 

2. MATERIALS AND METHODS 

 

Protein sequences as listed in table S1 were retrieved in FASTA format from the NCBI  GenBank database 

(https://www.ncbi.nlm.nih.gov/genbank/). The UBA domain was identified in these sequences by using Pfam [1] 

(http://pfam.xfam.org/). Rad23 protein sequence(NP_001231653) retrieved from GenBank database from NCBI 

(https://www.ncbi.nlm.nih.gov/) was used as a query  for BLASTp( database - non redundant protein sequences, Expect 

threshold: 0.05, Blosum62, Gap cost:- 11, extension:1) and delta blast was used (Database -non redundant protein 

sequences, Expected threshold - 0.05, psi blast threshold - 0.005, delta blast threshold - 0.05, matrix - Blosum 62 andGap 

cost:- 11, extension:1). 

Through delta blast we obtained similar sequences along with isoforms, even in psi blast we got more similar sequences.  

By using these two database searches we selected the 13 sequences. SMART database [2] (http://smart.embl-

heidelberg.de/) was used to retrieve UBA  domain sequences. Multiple sequence alignment was done by CLUSTAL 

OMEGA(1.2.4) (https://www.ebi.ac.uk/Tools/msa/clustalo/). HMM models for the UBA domain sequences were 

obtained by using HMMER Tool (3.3.2). Hmmscan was used with  HMMER Options: --cut_ga --hmmdb pfam. By using 

Jackhmmer, we selected the sequences for different organisms. GO Molecular functions  are obtained from UNIPROT 

(https://www.uniprot.org/).  

Phylogenetic tree was constructed using Phylogeny.fr (https://www.phylogeny.fr/ )in the one click mode, and MUSCLE 

alignment.  

Structural analysis was done by using PYMOL(2.4.1), RMSD values were compared from                                  CBL B 

domain with other UBA domain sequences (if RMSD value  is >3°A superimposed domains are structurally different, if 

<3° the superimposed structures are similar), and PHYRE2(2.0) [3] 

(http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id=index)  was used to analyze secondary structure of CBLB domain 

and  compared with other UBA domains. Consurf [4] (https://consurfdb.tau.ac.il/)  was used to find the conservation of 

residues in model organisms. 

 

3.RESULTS 

 

Analysis of Human UBA domains  

Using a UBA domain as a key word in a SMART tool we manually retrieved the UBA domain containing proteins in 

humans(S1). These proteins are RAD23, TNRC6C, UBASH3B, UBAC1, UBE2K, CBLB, MARK1, USP5, UBL7, 

SQSTM1, UBQLN3 and HUWE1, UBXN1 were obtained from SMART and delta blast. UBA Domain sequences of 

each of these proteins were retrieved from Smart database and  used as a query in Blastp to check whether  any other 

proteins have UBA domain. From the result list of sequences consisting of sequences from other animals, we filtered 

only human sequences (Homosapiens taxid:9606) and Blastp results of RAD23 in humans showed 28 sequences(S2) and 

SQSTM1 showed 10 sequences(S3). Further we proceeded with Delta blast with the same parameters used in Blastp. The 

Delta blast result of RAD23 has shown 470 sequences(S4) and SQSTM1 281 sequences(S5) with UBA domain isoforms. 

As we got only similar sequences in Blastp and delta blast, we selected UBA domains in SMART. A total of 13 sequences 

(11 UBA domain containing protein sequences were chosen from SMART and HUWE1 and UBXN1 UBA domain 

containing proteins were obtained from delta BLAST) were retrieved from SMART for further analysis in humans. Doing 

multiple sequence alignment of those 13 sequences (Fig 1) we observed that only glycine (at 12) and alanine (at 34) 

residues are conserved in all the sequences  and in the 21st position only SQSTM1 has  threonine(T) residue, rest of the 

sequences do not have any residue in  that position. Further we analyzed the GO molecular functions(UNIPROT) and 

evolutionary relationship of  each protein by constructing a phylogenetic tree (Fig 2) and we observed that all the 

functions (listed in S6) are not found in all proteins. Only a few proteins has the same function- like polyubiquitin 

modification function was observed in RAD23,UBXN1,UBQLN3,SQSTM1 and kinase binding function was observed 
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in RAD23, MARK1, CBLB, and SQSTM1.  SQSTM1(sequestosome1) has evolved more distinctly compared to other 

UBA domain proteins and has more functions. 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

Fig 1 : Multiple Sequence alignment of Different UBA domains inHuman(CLUSTAL OMEGA 1. 2.4 ) 

 

 

 

 

 

 

 

 

 

 

 

 

            

 

 

 

 

Fig 2 :   Phylogenetic tree of 13 UBA domains of human  (molecular functions are highlighted) 

 

 

 

 

 

 

 

 

 

 

 

      

 

 

 

 

 

Fig 3 : Bar graph showing the functions and  respective genes in x - axis and the number of genes possessing the 

same functions in y – axis 
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Bar graph was plotted for functions possessed by each UBA domain containing proteins(Fig 3). We found that SQSTM1 

gene has 10 functions and RAD23, MARK1, UBASH3B, CBLB has 5 functions each and HUWE1, UBXN1 has 4 

functions and UBQLN3, and USP5 has 2 functions.  All the genes do not  possess all the functions. 

 

 
 

Fig 4 : BAR graph showing number of functions in y - axis and genes in x-axis 

 

HMM model was constructed for UBA domain containing proteins to find the maximum matches from the databases. 

There was a maximum match between each of the domain sequences and the HMM model, but HMM of the CBLB UBA 

domain was not found. To get more information about  it, further we proceed with the phyre2 tool and pymol for structural 

analysis. Secondary structure of CBLB and RAD23 UBA domains obtained from phyre2 we found that RAD23 has 3 

helices(S7) and CBLB had shown 2 helices(S8), but the confidence of the alpha helix(in between second and third 

helix)was low, which means that there is some possibility that it might not be a helix and there is a break in the long 

helix. So there is a possibility that it could be 3 helices. Then we proceeded with  structural comparison of CBLB with 

other UBA  domain proteins PYMOL(2.4.1) and 3D structures (S9) are observed.  

Here is the list of PDB ID of UBA domains and RMSD value 

3k9o (UBE2K)        0.950                          2dkl (TNRC6C)        2.015 

2dai (UBAC1)         1.805                          2cwb (UBL7)           2.265 

2dah (UBQLN3)      1.852                         1qo2 (SQSTM1)       1.757      

2dag (USP5)            1.987                          2hak (MARK1)        1.757  

The RMSD values are found to be less than 3A°,so these domain sequences are structurally similar to CBLB. 

 

 

 

 

 

 

                          

(a)                                  (b)                              (c) 

 

           

Fig 5:  Superimposed structures of CBLB with (a)MARK1 (b) SQSTM1 (c)UBE2K 

 

UBA Domain Analysis In Different  Organisms  

 

RAD23 UBA domains are analyzed in different organisms from the JACKHAMMER and we studied their evolution and  

functions. Rad23 has both the isoforms of the UBA domain. In different organisms RAD23 UBA 1 and 2 domain 

sequences are retrieved from SMART and were further analyzed.  Multiple sequence alignment and Phylogenetic tree of 

RAD23 UBA1 and 2 domain isoforms were done separately. The UBA 1 (Fig 5) domain of  RAD23 isoform A has few 

sequences showing change in amino acid residues compared to RAD23 B isoform(only fishes were showing change in 

few residues). In isoform B King cobra -first 3 residues are deleted. Both isoforms of RAD23 UBA2 (S10) domain are 

highly conserved in all organisms with a change in few residues in isoform B (in tiger snake, and bony fishes-Danio rerio, 

Oreochromis). In isoform A -Latimeria (vertebrate fish) there is asparagine (N)amino acid at the 16th position, but the 

rest of the sequence are having serine(S) residue. Hence the multiple sequence alignment showed that the UBA2 of 

RAD23 was highly conserved when compared to UBA1 of RAD23 domain. 
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Result obtained from the phylogenetic tree(S11) have revealed that branch length of  Danio rerio(isoform A) is more 

compared to other organisms, isoform A and B evolved differently and has common ancestors and though 3 residues in 

King cobra was deleted (from multiple sequence alignment), it is evolved as same as other organisms. GO molecular 

functions of the UBA1 RAD23 domain  were obtained from UNIPROT (S12) and  evolution of functions were analyzed. 

Damaged DNA binding, kinase binding and ubiquitin binding functions were found  in  both isoform A and B of all of 

the organisms. Some functions are the same in some organisms which means not all genes possess all functions. Human 

RAD23 domains have shown more functions compared to domains in other organisms. Ubiquitin specific protease 

binding, DNA binding and proteasome binding these functions are found only in Nomascus(monkey), Gorilla, Human 

and Pantroglodytes isoform A and in isoform B this function was found only in humans. Though the Danio rerio sequence 

has longer branch length, it also has the same functions compared to other organisms.    

 

 
                                        Fig 6 : Isoform A and B of UBA1 (RAD23) in  different organisms     

                                                                                                        

SQSTM1 mutation  

Paget disease of bone(PDB) associated UBA domain mutation of SQSTM1 exert distinct effects on protein structure and 

function . Mutation sites are relatively common in UK PDB patients, mutational sites are I424S (I-Isoleucine, S- serine), 

G425R(G-glycine, R-arginine), A427D (A-alanine,D-aspartate) and these are associated with a severe phenotypic 

changes in southern Italian patients[8]. To check whether these mutations were there in other organisms, multiple 

sequence alignment (S13) and phylogenetic tree(S14) is constructed by taking a SQSTM1 domain sequence in model 

organisms(mammals,fishes,reptiles and aves). Mutational sites A427D and G425R are conserved in all model organisms 

(S16) and CONSURF results(S15) of SQSTM1 UBA domain (PDB ID : 2k0b)showed that at position 40 Isoleucine is 

conserved, at 41 Glycine is variable,  and at 43 Alanine is partially conserved. Phylogenetic tree showed the evolutionary  

characteristics between 17 model organisms. Xenopus tropicalis and pinecone soldierfish are showing the different 

branches compared to other 15 Model organisms in the phylogenetic tree, upon evolution they acquired unique functions 

too (UNIPROT)(16). 

 

4.DISCUSSION 

 

The structure of the UBA domains was conserved across different genes, though the sequence were radically diverged, 

indicates that there is an evolutionary constraint on the structure for binding and other functions. The UBA domain is an 

extensive example as to however though the sequence varies, the structure remains the same. Since we found the same 

UBA domain in multiple genes sometimes each with multiple functions we think this may shed light on how new genes 

evolve. Our results give credence to the theory that new genes could evolve through mix and match of already existing 

domains.  
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5.CONCLUSION 

 

In humans UBA domain in RAD23, TNRC6C, UBE2K, UBAC1, UBL7, USP5, UBXN1, UBQLN3, MARK1, CBLB, 

and SQSTM1 domains are sequentially less conserved but similar in their structures. They all share a common origin but 

have diverged sequentially. They have different functions but still belong to the UBA family of  domains. This shows 

that a single domain may be involved in multiple and unrelated functions both in Humans and in other organisms. Mixing 

a domain with other domains may result in novel functions. In different organisms RAD23 UBA2 is more conserved than 

UBA1. Though functions are spread across the different organisms they seem to be not completely unrelated. 
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