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Abstract: I-TASSER  (lterative  Threading
ASSembly Refinement) is a composite pipeline for
protein structure prediction and structure-based
protein  function annotation. Starting from
sequence of a target protein, structure templates
are identified by threading from the PDB. Full-
length target structure is then constructed by
fragment re-assembly simulation. The final
structure model is further compared to entries in
BioLiP structure-function database for biological
function interference. Recently, I-TASSER is
implemented as an XSEDE science gateway, which
helped >14,000 users to decipher structure and
function of >38,000 proteins in the last 12 months.
The |I-TASSER gateway is available at
http://zhanglab.ccmb.med.umich.edu/I-TASSER/.

1. Introduction

The gap between the overwhelming number of
protein sequences and the slow accumulation of
experimentally characterized protein structures is
increasing. As of May 2017, for example, there
are >85 million protein sequences deposited in the
UniProt database, while >41 thousands of them
have experimentally characterized structures in the
PDB. The lack of structures for the vast majority of
protein  sequences significantly hinders our
understanding of their biological functions. To
address this issue, I-TASSER (Iterative Threading
ASSembly Refinement) [1] has been developed for
automated protein structure prediction. It has been
consistently ranked as one of the best servers in the
most recently CASP community-wide protein
structure prediction experiments [2].

In order to understand the biological function
of proteins, including their Gene Ontology (GO)
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terms, Enzyme Commission (EC) numbers and
Ligand Binding  Sites, two algorithms,
COFACTOR [3] and COACH [4], are developed
and integrated into the I-TASSER protocol for
function annotations. Both algorithms are ranked
as the top webservers in CASP9 and the CAMEO
community-wide protein  function prediction
experiments [5], respectively.

To make these state-of-the-art structure and
function prediction algorithms accessible to the
biological community, the I-TASSER science
gateway is developed to provide an integrated
platform for the biologists in the community. The
I-TASSER gateway is unique compared to other
webservers for protein structure prediction [6-8]
and function annotation [9-11] for the tight
integration of structure and function modeling, and
feature-rich  result webpage that facilitates
biological interpretation. Since its integration with
the XSEDE-Comet computer cluster in October
2016, the gateway has been used by 14,503
researchers around the world (Fig. 1.).
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Fig. 1. Distribution of I-TASSER science gateway
users among 132 countries.
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2. Protein Structure and Function
Prediction in I-TASSER

The I-TASSER protocol implemented by I-
TASSER gateway consists of two major stages:
protein structure prediction and structure-based
protein function annotation.

In the structure prediction stage, the target
sequence provided by a user is mapped to structure
templates in the PDB database using LOMETS
[12], a meta-server combining 10 different state-
of-the-art threading programs [13-21]. Continuous
fragments are excised from the template structures
identified by each threading programs. These
template fragments areto be assembled into full-
length structural models by replica-exchange
Monte Carlo simulation. The force field guiding
the REMC simulations consists of inherent
knowledge-based energy terms, contrained by the
external contact and distance restraints calculated
from the threading template structures. To select
models, the “decoy” structures generated by the
REMC simulations are clustered by SPICKER [22]
according to their structural similarity, where the
centroids of the top five biggest clusters, which
correspond to near-native structures with low-free
energy, are further refined by fragment re-
assembly simulations. The re-assembled structure
models are refined at atomic-level by FG-MD [23]
to generate the final structure models.

The function annotation stage of the I-

TASSER protocol relies on two algorithms:
COFACTOR and COACH. In COFACTOR, TM-
align [24] is used to compare the I-TASSER
structure model with template structures in the
BioLiP [25], a database of known protein structure
and function associations. Biological insights,
including GO terms, EC numbers and ligand
binding sites are inferred from the template
structures identified by local geometry matching
and global structure similarity. In COACH, the
ligand binding site prediction is further improved
by combining the COFACTOR prediction with
four other programs: TM-SITE [4], S-SITE [4],
FINDSITE [26] and Concavity [27].

Upon job completion, a link of the result
webpage is sent to the user through email. The on-
line result page includes comprehensive report of
structure  template  identification,  structure
modeling quality estimation, final structure models,
and predicted biological functions. Each section of
the report is organized in a detailed manner with
interactive applet to facilitate visualization of the
protein structures (Fig. 2).

3. Conclusion

I-TASSER science gateway is a feature-rich
and unified platform for high-resolution modeling
of protein structure and function. The webserver
interface is designed with specific emphasis on
biological interpretation of modeling results. The
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Fig. 2. An excerpt of a result from the I-TASSER webserver. The structure model (grey) in complex with
the predicted ligand (light green) is shown in an interactive applet on the left. The predicted ligand binding
residues are highlighted in blue on the left and listed in the table on the right.



computationally expensive simulations of |-
TASSER are sped up by Comet cluster provided
by XSEDE [28], which enables to serve a broader
community of biological and medical researchers.
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