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Abstract. Protein, one of the most basic structures of biological molecules, have its own four
level structure that corresponds with its function. The structures make every protein unique and
diverse. Studies of protein must be based on the understanding on protein's structure. Thus,
methods must be applied to predict the protein structure. Old methods include homology
modeling that are both expensive and time consuming. With the development of modern
technology, new methods such as Foldit and AlphaFold was invented. The report would
introduce these methods and comparisons would be made between these methods.The
introduction aims to improve the understanding about protein prediction for relative
researchers.
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1. Introduction
Homology modeling is the only method to predict protein molecular structure in practice [1]. Studies
suggest that proteins with similar sequence may have originated from a common ancestor with similar
structure and functions. General homology modeling uses homologous proteins based on one or more
known structures as templates. Predict the 3 D structure of the unknown structure protein (target
protein). This approach relies on a PDB (Protein Data Bank) that now contains more than 80,000
structures [2]. But out of the more than 80,000 structures. Many are multiple variants of a protein, with
only about 4,000 structural families of these structures. Protein sequences with more than 30% general
homology can establish quite accurate structure. The higher the homogeneity of the sequence, the
higher the accuracy of establishing the model structure. Therefore, homology modeling can infer
sequence-similar target structures based on the amino acid sequence of known structures.

The following six steps are required to infer the protein structure by homology modeling: 1. Search
for template protein; 2. sequence comparison between target protein and template protein; 3. backbone
structure modeling; 4. ring region modeling; 5. side chain modeling and optimization; 6. Overall

Proceedings of the International Conference on Modern Medicine and Global Health (ICMMGH 2023)
DOI: 10.54254/2753-8818/6/20230263

© 2023 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).

306



structure optimization and evaluation. These steps can be done with different programs, or by using
the homology modeling server or the automatic modeling program module. Currently, there are many
servers available on the Internet that can predict protein structures using homology modeling
techniques, such as SWISS-MODEL (Geneva), 3D-JIGSAW (London), FAMS (Tokoy) and SDSCI
(San Diego), among which SWISS-MODEL network modeling server is the most widely used [3].

2. AlphaFold
Alphafold is a newly invented programs used for protein structure predicting developed by Deepmind
[4]. It is a deep learning system, capable of learning from a training set and generate new results from
a new input. Deep learning system uses multiple layers to process the original input, and eventually
generate the final output. AlphaFold uses a large amount of training set of 29000 proteins, which
ensures it to generate reliable result.

2.1. AlphaFold version 1
AlphaFold 1 tries to determine the correlation between residues in a protein. The residues might not be
attached on the main sequence. The changes and correlation suggest that there are interaction and
contant between the two residues in the protein's 3d structure. Thus, a contact map could be drawn to
show the interaction between residues. The algorithm was later developed to determine the possible
distance between the two residues.

2.2. AlphaFold version 2
AlphaFold 2 was developed in 2020 [5]. The new version fixed the problem of overfitting in the old
algorithm. The old algorithm has modules that was trained independently. Thus, the algorithm would
generate more secondary structure than the structure in the reality. The version 2 of the AlphaFold
involves the training of all modules together, and eliminating the overfitting of AlphaFold 1.

3. Foldit
Foldit is a multiplayer online game for protein structure prediction, which is invented by a program of
Baker's team, UWashington [6]. Hard protein prediction problems can be solved by everyone whether
they are scientists or not.

Foldit players interact with protein structures using direct manipulation tools and user-friendly
versions of algorithms from the Rosetta structure prediction methodology, while they compete and
collaborate to optimize the computed energy.

It shows that top-ranked Foldit players excel at solving challenging structure refinement problems
in which substantial backbone rearrangements are necessary to achieve the burial of hydrophobic
residues.

4. Comparison

4.1. Prediction speed
The speed of protein prediction is an important factor when evaluating different methods of protein
prediction. A faster speed of prediction could enable researchers to quickly apply the results of
prediction into research, making the process of research more efficient.

4.1.1. Homologous modelling. The speed of homology modeling prediction depends on various
factors, such as the size and complexity of the target protein, the quality of the template structure, and
the computational resources available to run the modeling software. In general, homology modeling
can be a relatively fast process that takes several hours to several days to generate a predicted structure.
However, the accuracy of the predicted structure can also vary depending on the quality of the
template structure and the alignment between the target sequence and the template sequence.

Proceedings of the International Conference on Modern Medicine and Global Health (ICMMGH 2023)
DOI: 10.54254/2753-8818/6/20230263

307



Therefore, it is important to carefully evaluate the quality of the predicted structure before undergoing
further analysis or experimental validation.

4.1.2. AlphaFold 2. AlphaFold 2 predicts at a much higher speed compared to any other algorithms
like Rosetta Fold. With only a conventional GPU, a quick prediction could be made. The algorithm is
capable of predicting the results of a chain with 256 residues within only 0.6 minute, 384 residues in
1.1 minute, and 2.1 hours at 2500 residues [7].

4.1.3. Foldit. Because of its principle, Foldit isn’t as fast as orther predicting methods. The structures
are predicted by players through puzzles and games, so it is amateur. Besides, not all the structures,
which were made by players, are definitely correct. Due to all these problems, the speed of prediction
is not fixed, and can’t be computed accurately.

In conclusion, AlphaFold 2 is better when the factor of speed is compared among the three methods
of protein prediction.

4.2. Cost
The cost of prediction is also an important factor to be considered when evaluating different methods
of protein structure prediction. Different methods of prediction would require different resources
which include apparatus, equipment, and even active players. A lower cost of prediction could foster
the application of the methods in research as well as other areas.

4.2.1. Homology modelling. Homology modeling often requires substantial computational power, and
it can be expensive to maintain. However, there are many publicly available protein structure
databases that serve as templates for homology modeling, which can reduce the cost of the process.

4.2.2. AlphaFold 2. AlphaFold 2 could be operated with only CPU [8]. Though the speed of
prediction is rather slow using CPU for prediction, it shows how low the entry cost of predicting a
protein structure using AlphaFold. It could be used productively when a consumer level GPU is used.
Supercomputer owned by universities could also speed up the prediction. Also, there are no extra cost
of predicting more protein structure. The cost of AlphaFold methods of prediction only include the
cost of the computing device and the cost of maintenance. With all the factors mentioned above, a
database covering a wide range of protein structure could thus be created with a supercomputer used.
The data produced by AlphaFold in the database could thus be used by researchers around the world
with no cost.

4.2.3. Foldit. Being as a multiplayers online game [9], Foldit isn’t the costliest way of prediction.
Though the game system needs to be operated and fixed, it costs less than the traditional method.
Moreover, this way of prediction doesn’t have to use any apparatus except computers. Compared with
the value that created by players of Foldit, the cost seems to be insignificant.

4.3. Reliability
The reliability of protein structure prediction methods should also be considered by researchers. As the
prediction of protein structure would be used in research, the accuracy should be the most important factor when
evaluating different methods.

4.3.1. Homology modelling. The results of homology modeling are very reliable and, in general, it is a
highly reliable method to predict protein structure when there is a high-quality template structure and
the target and template sequences are highly similar. However, as the similarity of the target sequence
to the template sequence decreases, the reliability of the predicted structure also decreases.

4.3.2. AlphaFold 2. The ideal reliability of data about protein structure are 100%. However, without
the analysis of protein structure in real life, a protein predicting methods could never reach exactly
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100%. As an algorithm that only relies on the input of residue chain, AlphaFold 2 have considerably
high reliability in respect to the actual structure of the protein [10]. According to an article published
on nature, the AlphaFold algorithms could generate results that have a median backbone accuracy of
0.96 Å r.m.s.d.95 [11]. The analysis on the known protein structure have shown that the data generated
by AlphaFold is trustworthy and could be used for research purposes. However, the actual structure of
the protein could never be certain without the analysis on the structure of real protein structure. There
are possibilities that the AlphaFold generates data that are inconsistent with the real structure [12]. The
possibilities could never be eliminated through the change in algorithms since the nature of machine
learning. The research team of the machine learning algorithms adjust the algorithm by evaluating the
output of algorithms under a specific input. They have little knowledge about how the inputs are
processed to form the output in the algorithms. Limitations should be acknowledged by all researchers
who might use the data from AlphaFold database.

4.3.3. Foldit. The reliability of Foldit depends on diversified factors. The most dependent element is
the precision of the atom or molecule models, which is based on the underlying scientific principle,
used for predicting protein structures. What’s more, the quality of the input data provided by the
players is also important. And the capabilities of the players to precisely interpret and manipulate the
protein structure also carry weight. Although Foldit has been shown that it does have the ability to
generate high-quality protein structures in some cases, the reliability of the predicted structures can
also be affected by the technical limitations of the physics-based models and the potential errors of the
input data or players’ interpretation and manipulations. Besides, the function of collaboration in Foldit
can also give rise to the variability into the structures’ prediction. For example, different players might
view the same problem from different perspectives or have different levels of knowledge. As a result,
it is important to carefully assess the quality of the prediction produced by Foldit using diversified
verify methods, such as Ramachandran Plots, Energy Minimization Method, and the comparison with
the corresponding experimental structures if available [13]. To sum up, Foldit has had the great
potential so far, to be one of the most useful and successful methods to predict protein structures. But
on account of relying on some specific circumstances and the evaluation, it still has a lot of room for
improvement.

5. Conclusion
In conclusion, protein prediction algorithms play a crucial role in the study of protein structures and
functions. Homology modeling, AlphaFold, and Foldit are three different methods of protein structure
prediction, each with its own advantages and limitations. Homology modeling is a reliable method that
requires a high-quality template structure and a highly similar target sequence. AlphaFold is a newly
invented program that uses deep learning technology and has a high prediction speed and reliability.
Foldit is an amateur method that involves players solving puzzles and games to predict protein
structures. Overall, the choice of protein prediction method depends on the specific research needs,
available resources, and desired level of accuracy. It is important to carefully evaluate the quality of
the predicted structure before undergoing further analysis or experimental validation.
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