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ABSTRACT
Summary: Protein structures and functions are essential for understanding all biological processes in living systems. Threedimensional protein structures, which provide the basis for protein
functions, are determined by protein amino acid sequences. With the
rapid progress of proteome sequencing, the experimental determination of protein structure and function lags well behind the demands
of the biological and drug discovery communities. To fill this gap,
SUNPRO provides structure and function predictions of tens of thousands of proteins from representative organisms that are commonly
studied by researchers. It employs the state-of-the-art structure
VMT
prediction algorithm TASSER -lite to predict the structures of all
sequences ≤ 600 amino acids in size from 10 representative proteomes; and the accurate sequence or threading/structure based function prediction approaches EFICAz, DBD-Threader and FINDSITE
for functional annotation and ligand virtual screening.
Availability: http://cssb.biology.gatech.edu/genome/index.html
Contact: skolnick@gatech.edu
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INTRODUCTION

Advances in gene sequencing technology have provided the sequences of hundreds of organisms (Adams, et al., 2000;
Mukhopadhyay, 2009; Venter, et al., 2001). These sequences have
made possible the large-scale studies of all genes and gene products in an organism(Stein, 2001). One common goal of these studies is to understand the function of all molecules in a cell using a
systems biology approach. Computational approaches that predict
the structure and functions of proteins can contribute significantly
towards this goal. For instance, sequence-based methods using
evolutionary relationships can provide insights into the enzymatic
function of about 50% of the ORFs in a given proteome(Tian and
Skolnick, 2003; Tian, et al., 2004). Since the three dimensional
structures of proteins are the basis for their functions and are also
useful for structure based drug discovery, protein design and engineering, the emerging new field of Structural Genomics seeks to
determine the three dimensional structure of every protein in a
given genome (Baker and Sali, 2001; Chandonia and Brenner,
2006; Skolnick, et al., 2000). This can only be accomplished by a
combination of experimental and modeling approaches(Baker and
Sali, 2001; Skolnick, et al., 2000). Our recently developed fast
version of protein structure prediction method, TASSERVMT-lite
(Zhou and Skolnick, 2012; Zhou and Skolnick, 2012) is such a
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modeling approach applicable for proteome scale structure modeling, with an accuracy comparable to the top methods in CASP9
(http://predictioncenter.org) (Zhou and Skolnick, 2012).
Given experimental or modeled structures, the next task is to utilize them for function inference and drug discovery. Recently,
effective approaches that can use modeled low-resolution structures for function inference and ligand virtual screening have been
developed,
such
as
the
threading/structure
based
FINDSITE(Brylinski and Skolnick, 2008), DBD-Hunter(Gao and
Skolnick, 2008) and DBD-Threader(Gao and Skolnick, 2009).
FINDSITE can not only predict function, but also predict binding
sites and perform ligand virtual screening. DBD-Hunter and DBDThreader predict DNA-binding domains and associated bindingsites if they exist. In addition to these structure based methods,
EFICAz is an accurate sequence-based enzyme function inference
method that provides good accuracy and precision in large scale
benchmarking(Arakaki, et al., 2009; Tian, et al., 2004).
In this note, we present the SUNPRO database that is result of the
application of TASSERVMT-lite, DBD-Threader, FINDSITE, and
EFICAz, to the Structure and fUNction predictions of Proteins
from 10 Representative Organisms. There are databases that provide a repository of modeled structures for many of annotated protein sequences and domains (Kiefer, et al., 2009; Ursula Pieper, et
al., 2004). However, SUNPRO distinguishes itself using one of the
most accurate structural modeling approaches and integrating
comprehensive functional annotation and virtual screening for all
targets whose structures are modeled. In our earlier work, we have
implemented an interactive server PSiFR that uses the same methodology and produces the same data and gives the user flexibility
of selecting methods(Pandit, et al., 2010). In this note, we have
updated the structure modeling approach from the previously used
METATASSER(Zhou, et al., 2007), that is relatively computationally expensive and not as accurate as TASSERVMT-lite and EFICAz to its latest version EFICAz2.5. For DNA-binding prediction, a
more general threading/structure based method DBD-Threader is
implemented. Most importantly, the pre-computed database saves
users the time of selecting methods and waiting for results. Users
can get all structure/function/virtual screening data for a given
target by a single search in seconds. For those targets absent in the
SUNPRO database, PSiFR can be used.
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METHODS

At present, included organisms in SUNPRO are: human, E. coli,
budding yeast, C. elegans, fruit fly, social amoebae, zebrafish,
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mouse, rat, and A. thaliana. The first two are commonly used organisms and the latter 8 organisms are NIH model organisms for
biomedical research (http://www.nih.gov/science/models/). All
proteome sequences, except for the social amoebae, are downloaded from ftp://ftp.ncbi.nlm.nih.gov/genomes/. Social amoebae sequences are from http://dictybase.org/. Currently, only sequences
whose size is ≤ 600 amino acids (AA) are predicted. Under this
length cutoff, about 70% of the sequences are covered for a typical
proteome. SUNPRO uses the recently developed TASSERVMT-lite
(Zhou and Skolnick, 2012) for structure modeling of Easy targets,
defined as those having a SP3 threading Z-score≥ 6.0 (Zhou and
Zhou, 2005). In a typical proteome, Easy targets constitute around
75% of the total number of proteins. For the other 25% of targets,
chunk-TASSER is applied(Zhou and Skolnick, 2007). Five models
are predicted for each target. For function annotations, we use the
latest update of sequence-based enzyme function assignment approach EFICAz version 2.5(Arakaki, et al., 2009)(trained with new
experimental data) to assign three field or four field EC numbers to
the target. DBD-Threader(Gao and Skolnick, 2009) is used to predict if a target is likely a DNA-binding protein and if so, then the
DNA-binding domains and sites are predicted. Finally, FINDSITE
is employed for ligand binding site prediction, Gene Ontology
(GO) term(Ashburner, et al., 2000) assignment and virtual screening against KEGG compound & drug libraries(Kanehisa, et al.,
2012) and the open compound database from the National Cancer
Institute. Predictions for all 10 organisms can be searched at
http://cssb.biology.gatech.edu/genome/index.html. Users can input
the NCBI gi ID or RefSeq ID, a keyword or a FASTA formatted
sequence to search results of the desired target. The results of the
top first hit will be returned as a link to retrieve the data. Available
data are the predicted first model quality in terms of the TMscore(Zhang and Skolnick, 2004) and RMSD; five structure models; list of top SP3 threading templates; target-template threading
alignments; DNA-binding data; EC number assignments;
FINDSITE binding pockets, GO term assignments and virtual
screening data. The predicted binding pockets can also be used by
users to search against their own compound libraries for drug discovery.
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DISCUSSION

SUNPRO provides proteomic scale structure and function annotation of commonly studied organisms. The structure models are
generated by a variant of an accurate comparative modeling approach TASSER(Zhang and Skolnick, 2004; Zhou, et al., 2007).
Functions are predicted by three state-of-the-art methods EFICAz2.5, DBD-Threader and FINDSITE. Furthermore, FINDSITE
also provides virtual screening data. These predictions should not
only be useful for biomedical studies but also facilitate drug target
and drug discovery. Possible updates of SUNPRO in the future
include modeling of the 30% larger (> 600AA) proteins, virtual
screening using the extended version of FINDSITE(Zhou and
Skolnick, 2012) and the addition of the proteomes of more organ-
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isms such as frog and chicken in the NIH model organism database.
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