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Abstract 

Histone acetylation is an important posttranslational modification correlated with gene activation. In 

Arabidopsis thaliana, the histone acetyltransferase 1 (AtHAC1) is homologous to animal p300/CREB (cAMP-

responsive element-binding protein)-binding proteins, which are the main histone acetyltransferases 

participating in many physiological processes, including proliferation, differentiation, and apoptosis. In this 

study the 3-D structure of the HAC1 protein in Arabidopsis thaliana was predictedusing 4 homology-based 

prediction servers: ESyPred3D, 3D-JIGSAW, SWISS-MODEL and PHYRE2. The homology modeled 

structureswere evaluated and stereochemical analysis done by Ramachadran plot analysis. The amino acid 

sequences of Arabidopsis thaliana HAC1protein are highly similar to the sequence of the homologous human 

p300/CREB. SWISS MODEL and Phyre2 servers computed the identical 3D structures. Validation and 

verification methods, using Z-score and 3D-1D score, showed that these 3D models are of good and acceptable 

quality. 
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1 Introduction 

Arabidopsis thaliana, also known as thale-cress or mouse-ear cress, or simply Arabidopsis,is a small flowering 

plant belonging to the Brassicaceae family, a plant family comprising species such as radish and cabbage. 

Although not of agronomic importance, it is a widely known plant due to its use as a model organism in 

various genetic and plant biology studies. In addition, it is the first plant that had its genome sequenced. The 

prominent features of Arabidopsis are its small genome (135 Mb), rapid life cycle and ease of cultivation in 

laboratory conditions (The Arabidopsis Genome Innovative, 2000). 

In cells of eukaryotic organisms, including plants, the DNA is associated with histone proteins to form 

structures called nucleosomes. In nucleosomes DNA is wound around a group of eight histones, which makes 

the region inaccessible to transcription factors and therefore transcriptionally inactive. Histone 

acetyltransferases (HATs) are a group of enzymes which function in transcriptional regulation by means of 

histone modification. Specifically, they transfer acetyl groups from acetyl-CoA to specific residues in histone 
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tails, thereby lowering the affinity of histones for DNA and, accordingly, making the DNA more accessible to 

the transcription machinery. The process of acetylation is reversible, with the deacetylation being performed 

by deacetylase enzymes (Sterner and Berger, 2000). 

Based on sequence similarity, histone acetyltransferases have been organized into four families: GNAT, 

MYST, p300/CBP and TAFII250. The p300/CBP family is especially important since it acetylates not only 

histones, but also various other proteins, including CREB, p53, Stat3 and HIV-1 Tat protein (Sterner and 

Berger, 2000).This protein family in Arabidopsis thalianaincludes the following members: HAC1, HAC2, 

HAC4, HAC5 and HAC12 (Pandey et al., 2002). 

From the members of the p300/CBP family, HAC1 has the highest homology with the human and animal 

p300/CREB protein (Deng et al., 2007). Although the human p300/CREB is well characterized and has an 

experimentally determined crystal structure, little is known about its homolog in Arabidopsisthaliana. It has 

been found that it is located in the nucleus and exhibits, besides its acetyltransferase activity, also transcription 

cofactor activity. Furthermore, it is found to acetylate primarily histones H3 and H4 (Earley et al., 2007). 

The aim of this paper is to predict the best 3D model for the HAC1 protein in Arabidopsis thaliana, using 

homology modeling techniques by model comparison and evaluation of the predicted structures. 

 

2 Materials and Methods 

The protein sequence and information (Name and Origin, Protein attributes, General annotation and Entry 

information) of HAC1 was retrieved from the National centre of Biotechnology information (NCBI), in 

FASTA format, with the accession number NP_565197. Additional information were taken from the 

Arabidopsis Information Resource (TAIR), with the identification number AT1G79000. Secondary Structure 

Prediction of HAC1 protein was done by GOR IV server prediction server, based on the information theory 

(Garnier et al., 1996). There is no defined decision constant. GOR IV uses all possible pair frequencies within 

the window of 17 amino acid residues.  

The protein sequence was subjected for comparative homology modelling via SWIS-MODEL Server 

(Schwede et al., 2003) and PHYRE2 server (Kelley LA and Sternberg MJE, 2009). SWISMODEL software 

assured a better control of the homology modelling process and promoted a deeper understanding of various 

features of the protein structure meant to be modeled.Phyre2 is a major update to the original Phyre server with 

a range of new features, accuracy is improved, using the alignment of hidden Markov models via HH search to 

significantly improve accuracy of alignment and detection rate (Jefferys et al., 2010).For additional structural 

and comparative analysis, ESyPred3D (Cristophe et al., 2002) and  3DJIGSAW (Bates et al., 2001) online 

servers predicted the 3D structure of HAC1.  

Finally, once the 3D structures were generated, structural evaluation and stereo-chemical analysis was 

performed using different evaluation and validation tools. Backbone conformation of all models was evaluated 

by analysis of Psi/Phi Ramachandran plot using RAMPAGE program (Lovel et al., 2002). Energy calculations 

on a protein chain were performed by atomic empirical mean force potential ANOLEA (Melo et al., 1997). 

The program performs energy calculations on a protein chain, evaluating the "Non- Local Environment" (NLE) 

of each heavy atom in the molecule. A plot obtained from the Verify3D (Eisenberg, D., 1997) structure 

Evaluation Server that represented the average3D-1D profile score. Verify3D analyzes the compatibility of an 

atomic model (3D) with its own amino acid sequence (1D).  

 

3 Results and Discussion  

The most successful general approach for predicting the structure of proteins involves the detection of 

homolog’s of known three-dimensional (3D) structure—the so-called template-based homology modeling or 
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fold-recognition. Protein 3D structure is very important in understanding the protein functions, interactions and 

localizations (Denise Chen, 2009). In this study, for Arabidopsis thaliana histone acetyltransferase 1 protein , 

with 1697 amino acids, the best homolog found in all modeling programs, is the human p300 histone 

acetyltransferase (HAT), with protein data bank ID ‘3BIY’. The best homolog found in both modelers, 

Phyre2and SWISS modeler, with 45.8% sequence similarity, is a human p300 histone acetyltransferase (HAT). 

HAT1 regulates gene expression by acetylating histones and other transcription factors (Xu et al., 2001).  

The secondary structural analysis of the protein was done and random coil was found to be most frequent 

(54.63%), followed by alpha helix (28.87%). Extended strand (Ee) was found to be least frequent (16.50%) 

(Data not shown).The dominance of the coiled regions indicates the high level of conservation and stability of 

the protein structure (Neelamathi et al., 2009).The predicted models were visualized by PyMol software, in the 

mode of cartoon view, with the lines removed.  

 
 
 

 

 

 

 

 

 

 

 

Fig. 1 Predicted models of HAC1 protein by (A)ESyPred3D and (B)3D-JIGSAW servers. 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Predicted models of HAC1 protein by (A) Phyre2and (B) SWISS-MODEL servers. 
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Benchmark of 4 different homology modeling programs: 3DJIGSAW, Swiss-Model, EasyPred3D and 

Phyre2, has been performed used to transform the alignment to a 3D model. The difference between the 

programs is how the information contained in the alignment is used to build a 3D model.  

One of the most frequently used modelling programs; SWISS-MODEL generates the 3D models from a 

small number of rigid bodies, obtained from the core of the aligned regions (Blundell et al., 1987). The final 

three-dimensional (3D) structure was then confirmed by the Phyre2 server, an automatic fold recognition 

server for predicting the structure and the function of proteins based on homology modeling (Lawrence, 2011). 
Errors of the model are usually estimated either from the energy of the model or from theresemblance of a 

given characteristic of the model to real structures (Sippl, 1995). Predicted models of HAC1 (Figs. 1-4) are 

evaluated by ANOLEA and Verify3D tools (Table 1). 

 

Table 1 Model evaluation of proteins by using ANOLEA and Verfy3D tools. 

Protein 
Modeling 

program 

Evaluation 

program 

High 

energyzone  

(%) 

Z-score 
3D-1D 

profile 

 

AtHAC1 

ESyPred3D 
ANOLEA 88.27% 18.04 - 

Verify3D - - 0.68 

3DJIGSAW 
ANOLEA 51.67% 6.15 - 

Verify3D - - 0.72 

SWISS 

MODEL 

ANOLEA 36.95% 3.51 - 

Verify3D - - 0.71 

PHYRE2 
ANOLEA 36.95% 3.51 - 

Verfy3D - - 0.71 

 
 
Verify3D method assesses protein structures using three-dimensional profiles. This program analyzes the 

compatibility of an atomic model (3D) with its own amino acid sequence (1D). Each residue is assigned a 

structural class based on its location and environment (alpha, beta, loop, polar, apolar etc).The scores ranges 

from -1 (bad score) to +1 (good score) (Eisenberg, 1997). ANOLEA program performs energy calculations on 

a protein chain, evaluating the "Non- Local Environment" (NLE) of each heavy atom in the molecule (Melo et 

al., 1997).ANOLEA results (Tab.1) are shown as High energy (%) and pseudo Z-score. High energy zone 

(HEz) in the protein profile correlates with errors in the structure. Z-score is represents as pseudo energies of 

target protein sequences, where lower Z-score means higher reliability and vice versa.  

Energy calculations performed by ANOLEA, gave the Z-score of 3.51 in 3D models generated by Phyre 2 

and SWISS-MODEL server, indicating same quality of the models. While the HAC1 models obtained from 

EasyPred3D and 3DJIGSAW gave 18.04 and 6.15 Z-scores, two to six fold higher scores compared to SWISS 

Models and Phyre2 servers. The high Z-score obtained from EasyPred3D server is caused by the specific 

alignment method, obtained by combining, weighting and screening the results of several multiple alignment 

programs. Therefore the final three-dimensional structures is built using the modeling package MODELLER, 

which is not done in this study. 3D-1D profile scores, obtained from Verify3D, of HAC1 models is 0.71 

obtained from Phyre 2 and SWISS-MODEL servers. EasyPred3D and 3DJIGSAW homology modeler resulted 

in 0.72 and 0.68 respectively.  

The 3D structures generated in SWISS-MODEL and Phyre2 servers are identical, having the same number 
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of α helixes and β sheets. Z-score of SWISS-MODEL and Phyre2 modeler is much smaller compared to 

EasyPred3D and 3DJIGSAW server. Furthermore, the 3D-1D score of 0.72 (maximum is 1) indicates a good 

quality 3D model, compared to the human homolog model. Ramachandran plots analysis, generated by the 

RAMPAGE program (Lovel et al., 2002) for all four 3D models, shows all residues in the most favorable 

regions and disallowed regions (Fig. 3). 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
Fig. 3 A. Ramachandran plot of the ESyPred3D HAC1 model; B. Ramachandran plot obtained from the3D-JIGSAWserver; 
C. Ramachandran plot from the SWISS-MODEL server; D. Ramachadran plot of the PHYRE2HAC1 model. 

  
 

The number of residues in favored region in the ESyPred3D 3D model of HAC1 is 73.0% (Fig. 3A). 

Ramachandran plot analysis for 3DJIGSAW HAC1 model (Fig. 3B), resulted in 83.9% of all residues placed 

in favored regions. These two results confirm the model check analysis of Verify3D and ANOLEA, indicating 

that 3DJIGSAW and ESyPred3D servers predicted the models with insufficient residues in the expected 

favored region. However, SWISS-MODEL and PHYRE2 servers were capable to produce a good 3D structure 

of Arabidopsis thaliana HAC1 protein, having 95% of all residues located in expected regions in 

Ramachandran plot analysis (Fig. 3 C and D).  
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Although the high similarity of 45.8 with thep300/CBP HAT homolog from humans , with a well predicted 

X-ray crystallography structure and known function, it is difficult to attribute some the functional 

characteristics to our predicted AtHAC1(Arabidopsis histone acetyltransferase of the CBP family) just 

according the structural similarities, that are stated in this paper.  

The p300/CBP HAT protein from humans, with the sequence length of 2414 amino acids, is a bigger 

protein than HAC1 in Arabidopsis thaliana, with 1697 amino acids.  

For future research, structural prediction and conformations of other Arabidopsis thaliana members 

p300/CBP histone acetyltransferase proteins, this HAC1 structural analysis could be used to find out the other 

proteins that not yet have been identified in this pathway. Furthermore, interactome analysis of all HAC 

member of the CBP family is recommended in order to assign new functions to this family. 

 

4 Conclusion  

An attempt was made to predict the three-dimensional structure of Arabidopsis histone acetyltransferase 1 of 

the CBP family. The structural analysis approach was based on homology modeling, using SWISS-MODEL, 

Phyre2, ESyPred3D and 3DJIGSAW model servers. For 3D model validations, Verify3D and ANOLEA tools 

have been used. Additionally, Ramachandran plot analysis was performed in order to verify whether all 

residues of our predicted models lye in the most favorable regions. SWISS MODEL and Phyre2 servers 

computed the identical 3D structure. Validation and verification methods, using Z-score and 3D-1D score, 

showed that these 3D models are of good and acceptable quality. 
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