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Sequence coverage and model completion using template-based protein structure
prediction with and without de novo structure prediction protocols.
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Protein 3-dimensional structure prediction is very critical in most of the biomedical research scenarios
in order to understand various biological processes at the molecular level. However, the challenge has
been the prediction of the accurate 3D models using various model prediction servers such as the
SWISS MODEL server (builds 3D models using existing templates), ROSETTA server (builds 3D
models using templates as well as de novo prediction wherever necessary), etc. In this study, two protein
FASTA sequences were taken and were used for 3D model building with both servers. Full length 3D
models were predicted by both servers for cystic fibrosis transmembrane conductance regulator
(CFTR) protein due to the availability of full length templates. The SWISS MODEL server was unable
to predict the full length 3D model for homeobox-B13 (Hox-B13) protein but the ROSETTA server was
able to predict the full length structure of Hox-B13 protein. Our findings suggest that in the absence of
a full length template, it is better to use the servers with de novo structure prediction capability such as
the ROSETTA server. We conclude that in the presence of a full length template, no major structural
deviations were observed between the predicted models of CFTR by both servers.
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Figure 1. Overview of protein structure prediction performed in this study.
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Protein homology modeling has become an
integral tool for most of the biomedical research
these days in spite of the rapid structure
determination using various structural biology
techniques. There are several online servers that
can predict the 3-dimensional structures of
various protein sequences using different
algorithms. Some of these algorithms are
computationally intensive that require cluster
computing and are beyond the capabilities of a
typical startup laboratory. Hence, server-based
calculations became more popular where one
can submit the job online and have the results
delivered to the email inbox conveniently
without building servers. Recently we have used
the SWISS MODEL server [1] to predict the 3D
models of several mutants of the SARS-CoV-2
spike protein in order to understand the
mutation induced conformational changes and
related consequences [2].

The accuracy in the model prediction is very
important because the function of a protein is
highly dependent on its 3D structure.
Homology-based structure prediction servers
such as the SWISS MODEL [3-19] often
accompany several quality checking parameters
such as the Ramachandran plots, etc. in order to
evaluate the quality of the predicted structures
with respect to the overall stereochemistry,
amino acid side chain orientations, etc.
However, sometimes, due to lack of a full length
template, the predicted model could be partial
that may or may not explain the biological
function in detail. In such cases, de novo
prediction is needed. In this study, we built the
homology models of two proteins, the cystic
fibrosis transmembrane conductance regulator
(CFTR) protein and the homeobox-B13
(Hox-B13) protein (Figure 1). We used the
SWISS MODEL server as well as the
ROSETTA server to build the models and
analyzed all four models for their completeness
and overall quality of the 3D structure predicted
by the servers. Full length models were built for
the CFTR protein sequence by both the servers
but not for the Hox-B13 protein.

Figure 2. Predicted 3D model of the CFTR protein.

Results & Discussion: As shown in Figure 2,
the 3D full length predicted model of the CFTR
protein looks the same irrespective of the server
used for the prediction of the model. This is due
to the availability of a full length template for
this protein. The models were built for both the
wild type and the ΔF508 mutant variants of CFTR
protein as shown in Figure 3.

Figure 3. Wild type (panel A) vs. ΔF508 mutant (panel B) of
the CFRT protein.
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Figure 4. Partial model of Hox-B13 protein.

As shown in Figure 4, the SWISS MODEL
server was unable to build the full length model
for the Hox-B13 protein but yielded a partial
model instead. However, when the same
sequence was fed into the ROSETTA server, the
full length model was built for the Hox-B13
protein (Figure 5).

Figure 5. Full length model of the Hox-B13 shown as a
cartoon model (panel A) and surface diagram (panel B). This
model was obtained using the ROSETTA server.

In conclusion, our studies demonstrate that
one can obtain the full length model of the
desired protein by using an appropriate server
that can combine both the template-based
prediction and the de novo prediction
algorithms. Partial models are often incomplete
to explain the relevant biological functions of
the proteins with inconclusive results.

Materials and Methods: The national center
for biotechnology information (NCBI) was used
to obtain the FASTA sequences of CFTR and
Hox-B13 proteins with reference numbers
NP_000483.3 and NP_006352.2, respectively.
Three-dimensional structures were predicted by
submitting the FASTA sequences to the SWISS
MODEL server (https://swissmodel.expasy.org/)
or ROSETTA server [20]. The final models
were downloaded and analyzed using PyMol
molecular graphics software.
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