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Three-dimensional protein structure prediction from amino acid sequence has been a thought-provoking
task for decades, but it of pivotal importance as it provides a better understanding of its function. In
recent years, the methods for prediction of protein structures have advanced considerably. Computational
techniques and increase in protein sequence and structure databases have influence the laborious protein
structure determination process. Still there is no single method which can predict all the protein structures.
In this review, we describe the four stages of protein structure determination. We have also explored the
currenttechniques used to uncover the protein structure and highpoint best suitable method for a given
protein.
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The structure of protein can be studied in four
stages (Figure 1) namely primary, secondary, tertiary and
quaternary. The number and sequence of amino acids can
be characterized by the primary structure of the protein.
Each chain has unique sets of amino acid which is formed
by the gene signaling. 5 Interaction between closer segments
of amino acid chain gives rise to the secondary structure
of protein. Two types of structures may be formed as a
result of these interactions, namely α-helices and β-pleated
sheet. In α-helices, there is formation of hydrogen bond
between C=O group of one amino acid and N-H group
of another amino acid that is four down the chain giving
rise to a helical structure, while the R groups of the amino
acids interact freely as they stick outward from the αhelix. Whereas, in β-pleated sheet, there is hydrogen bond
formation between two or more segments of a polypeptide
chain giving rise to sheet-like structure and the R groups
are present above and below the plane of sheet. Most of the
proteincontain both α-helices and β-pleated sheets, while
some may contain just one type or do not form either type

1. Introduction
Proteins are one of the most vital biomolecules required
for all biological function in our body. The paramount
importance of protein can be understood by its considerable
role in formation of genetic materials of the living
organisms. 1 Proteins are made up of a series of amino acids
coupled by the peptide bonds. Nearly 20 types of amino
acids are known to contribute to the formation of proteins. 2
The amino acids are linked by condensation of carboxyl
group of one amino acid to the amine group of other
amino acid. If 8-10 amino acids are joined in a sequence,
they are called as oligopeptides, whereas chain containing
more than 50 amino acids are known as polypeptides. 3 The
functional properties of protein can only be understood by
exploring the unique structure adopted by protein as both
are interrelated. 4
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of secondary structure. 6,7 Three-dimensional orientation of
protein molecules is called tertiary structure. Interactions
between the R groups of amino acids makes up the tertiary
structure. These interactions include non-covalent forces
like Vander Waals interaction, hydrophobic interactions,
electrostatic bonds. For example, R groups with like
charges repel each other, while those with opposite charges
can form an ionic bond. Similarly, polar R groups can
form hydrogen bonds and other dipole-dipole interactions.
Hydrophobic interactions also contribute to the tertiary
structure in which nonpolar, hydrophobic R groups cluster
together on the inside of the protein, leaving hydrophilic
amino acids on the outside to interact with surrounding
water molecules. Disulphide bonds are also important
as covalent linkages between the sulphur-containing side
chains of cysteines, are much stronger than the other types
of bonds that contribute to tertiary structure.The steric
correlation between amino acids closes enough in threedimensional folding is clearly depicted by the tertiary
structure 8,9 When several polypeptide chains come together,
they form quaternary structure. Each polypeptide chain
contributing to quaternary structure of protein is known as
a subunit. Non-covalent interactions along with disulfide
bonds lead to stable state of quaternary protein structure. 10
Proteins acquire native confirmation (most stable) by
natural automatic folding. Some proteins fold independently
while some utilize molecular chaperons. Predominantly, the
tertiary structure of protein is the most stable out of all four
structures mentioned above. 2,3

Fig. 1: Four types of protein structure

The intricacy of the protein’s structures makes its
determination very arduous even with the use of latest
advanced technology. It is a well-known fact that structure
and function of protein are profoundly inter-related.
Recognition, interaction and action power of proteins highly
depend on their conformations and bonds. Modification in
any region of protein structure might affect its function.
Therefore, determination of protein structure is extremely
important for gaining insights into various substantial
biochemical aspects of living organisms.

1.1. Structure determination of protein
Sanger 11 was the first person to sequence protein insulin
in 1955. Structure prediction begins at one-dimensional
model of target protein and terminates at three-dimensional
model. Protein structure determination involve multistep process. 4 All the protein samples need to be
investigated are purified using different chromatographic
techniques. 12 Column chromatography is most widely
used technique for fractionating proteins in a mixture.
Stationary phase containing solid matrix with multiple
microbeads is used for better separation of the sample.
The difference in affinity of sample for mobile phase
and stationary phase causes different flow rates and
thus varying result are obtained. After separation the
chromatogram can be visualized by ultraviolet detector
and then fractionated portion are collected in tubes
by fraction collector. 12 Currently advanced version of
column chromatography that is High Performance Liquid
Chromatography (HPLC) is being used. It involves passage
of mobile phase with a high pressure for faster separation
of the sample. 13 Proteins being charged moleculehave the
ability to interact with the oppositely charged particles.
This property of protein is advantageously used in Ionexchange chromatography. Electrostatic attraction between
the stationary phase (charged immobilized solid matrix)
and protein sample is used for its separation. 14 Likewise,
reverse chromatographic technique can be used for the nonpolar moiety of the protein. Non-polar molecule may be
embedded in the stationary phase matrix and the weak
interaction between the latter and the non-polar protein
residues helps in separation of the sample. The amount and
orientation of non-polar amino acid guides the separation
in reverse chromatography. 15 Another technique named gel
permeation chromatography fractionates molecules on the
basis of their size. The gel used has beads with pores
which help in the penetration of small molecules only.
Two compartments containing aqueous solutions are used,
internal compartment is situated inside the bead (accessible
by small molecules) and external is situated outside the
bead (accessible by both small and large molecules). 16
Affinity chromatography is also employed sometimes for
purification of proteins. This method depends on the
inclination of protein molecules towards specific ligands
according to their individual characteristics. Affinity beads
suspended in an aqueous buffer are formed by attachment
of the small beads to the ligand. These affinity beads are
added to column and the sample solution is then passed
through the column. According to the fondness between
sample protein and ligand the attachment takes place.
Separated proteins can be recovered when beads are washed
with buffer solution at lower pH. 12 Recombinant DNA
technology is also being used to develop DNA that encodes
for particular protein. This technique is a modification of
the affinity chromatography and is immensely useful. 17 At
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isoelectric point, proteins exist as zwitter ions, this property
is used in protein electrophoresis techniques for separation.
A polyacrylamide gel saturated with buffer solution is used
as a migration medium, charged proteins migrate under the
influence of electric field according to the nature of their
charge. The electrodes are connected to power source at one
end of gel (to produce electric field) and the protein sample
is applied at the other end. The migration rate is directly
proportional to the net charge on protein and inversely
proportional to the size. By altering the pH, isoelectric point
can be reached. At this point, the proteins cannot migrate
due to net charge zero. In this way different proteins are
obtained and one clear band is observed in case of pure
proteins. Protein electrophoresis may be regarded as an
effective way for fractionation of protein. 12–18

1.2. Primary structure of protein
The first step in determining the primary structure of protein
is to identify which amino acids are present and the molar
ratio of each. A purified mass of protein is subjected
to acid or alkaline hydrolysis to get individual amino
acids. The amino acids are separated using chromatography
and molar ratio of each amino acid is determined used
amino acid analyzer. Next, the disulfides bridges are broken
down using oxidation followed by peptide mapping which
involve enzymatic break down of protein into smaller
fragments. Finally, the proteins can be sequenced using
Edman degradation method or Mass spectroscopy. 19,20
Edman degradation is one of the most widely used
method for determination of primary structure of protein.
In 1950, this method was proposed by Pehr Edman and
is carried out manually. Briefly, a sequence of chemical
reactions is used to cleave the amino acid residue present at
the N-terminus of polypeptide chain. This extraction results
in exposing of another amino acid residue with free αamino group. Reduplication of same reactions yields all
the amino acid residues one by one. Eventually, all the
residues are analyzed and structure is predicted. Thus, this
method involves cleavage, separation and identification of
one amino acid at a time from amino end of a peptide. 20,21
In 1967, Edman and Begg automated this method using
an instrument known as sequenator. 22 Further advancement
was use of solid phase-based method by Laursen in which
the chains were covalently bound to the solid matrix.
The method had an advantage of reduced loss of small
residues during degradation process as they got stuck in
the matrix. 23 Hewicket al. in 1981 devised modification
of sequenat or known as gas phase sequenator. 24 Now a
days, Edman degradation is carried out automatically using
overlap method to determine amino acid sequence. Specific
enzymes are used for chopping the proteins into fragments.
For example, trypsin cleaves at arginine and lysine residues
leading to formation of numerous fragments. By tracing
the two overlapping fragments from the cleaved sequence
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the order of chain can be determined. 25 Although, Edman
degradation serves a significant purpose but it is a longwinded process and has some shortcomings. It targets the
amino acid residues on N-terminus which is hindered in case
the amino acid residue is modified. Also, if the peptide is
obstructed at the N-terminus then the Edman degradation
cannot be carried out.
A modern approach which can surmount all these
disadvantages is Mass spectrometry (MS) in which the
charged fragments get separated under the influence of
electric and magnetic field in vacuum based on their mass
to charge ratio. It is a rapid technique which helps in
fractionating fragments within seconds, whether the protein
is pure or partially pure. Briefly, the purified protein is
subjected to gel electrophoresis and the bands containing
fragments are cut down. The fragments are dissolved
using chemicals or enzymes and the obtained peptide
fragments are separated by chromatography followed
by MS. 26 Various modified technologies are available
for ionization of sample for e.g., ElectrosprayIonization
(ES) and Matrix-Assisted Laser Desorption/Ionization
(MALDI). ES method has several advantages such as
fragile molecule can be easily ionized, proteins with
higher mass can be separated and at times the noncovalent interactions can be maintained. In MALDI, solid
matrix is used for carrying sampleand laser lights are
used for ionization. Moreover, it is uninfluenced by
impurities, buffers and additives with rapid activity.MS
is highly sensitive therefore a minute quantity of protein
sample is required for the sample analysis. 27 Fourier
Transform Ion Cyclotron Resonance (FT-ICR) and Time
Of Flight (TOF) are employed in conducting whole
protein mass analysis. 28,29 The MALDI-TOF instrument
is most frequently used for mass analysis of proteins
as they help in attaining peptide mass fingerprints. 30
Additionally, Quadrupole Ion Trap and Multiple Stage
Quadrupole-Time-Of-Flight methods are also employed. 31
Tandem mass spectroscopy can be used to sequence to
20 to 30 amino acids in length. This method involves
ionization of polypeptide and the first mass spectrometer
separate these charged peptides by their mass-to -charge
ratio. These peptides then enter a collision chamber and
split into smaller fragment which are then measured at
second mass spectrometer. The resultant spectrum can
determine the peptide sequence by differences in mass of
the fragments. Accuracy and speed for fragmentation can
also be obtained by Tandem mass spectrometry. 32 Presently
two approaches are used for mass fragmentation: Top-down
and Bottom-up. Top-down approach uses whole protein
mass for ionization which makes it difficult to characterize
due to complexity of whole protein mass. In contrast,
bottom-up approach uses fractioned mass for ionization
hence, it is more efficient and accurate as characterization
takes place at peptide level due to initial fragmentation. 33
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Protein identification by MS takes place either by peptide
mass fingerprinting method or de novo sequencing. In
case of peptide mass fingerprinting, database search is
performed to compare and find match of the sample protein
fragments. 34 De novo sequencing uses mass comparison of
known proteins and sample protein. 35 Three-dimensional
structures of proteins can be investigated in various
ways using MS for e.g., Hydrogen-deuterium exchange
type MS has been used since a long time especially
for proteins with complex structure. 36 Proteins posttranslational modifications, associated subunits, interactions
and proteomics studies are also possible by this explosive
method. 26 In short, we can say that MS serves in
multidimensional ways in the case of protein structure
determination.

1.3. Secondary structure of protein
Generally, two methods are used to characterize the
secondary structure and stability properties of protein
namely, Circular Dichroism (CD) and Fourier-Transform
Infrared Spectroscopy (FT-IR).
Circular Dichroism (CD) is an unequal absorption
of left-handed and right-handed circularly polarized light.
When this circularly polarized light passes through an
asymmetric or chiral environment (as present in proteins)
illumination can be observed. CDis based on the excitation
of electronic transition in amide groups due to exciton
interactions. This result in different types of secondary
structures with differential absorption in the far-ultraviolet
region of the spectrum (180-250 nm). This helps in
deciphering the protein backbone as well as side chains. 6,7
Fourier-Transform Infrared Spectroscopy (FT-IR)is
based on the vibrations of the molecules in the sample.
Generally, IR spectrum of protein displays nine amide bands
due to vibrations of protein backbone a well as amino acid
side chains. Absorptions caused due to C=O bond stretching
are termed as amide I and the one due to N-H bond
bending are termed as amide II. As N-H and C=O bonds are
responsible for the formation of hydrogen bonds the locatio
ns of these amide bonds are very important for finding out
secondary structure conformation of protein. In comparison
to the intrinsic width of the band, the shifts in amide I bands
are usually lower. This leads to formation of a broader
peak in place of chain of resolved peaks for specific type
of secondary protein. Second derivatives, band-curve fitting
and fourier self-deconvolution are the mathematical tools
that help in resolving the peaks overlapping peaks. 37–39
Overall, FT-IR has been a sensitive and versatile method for
secondary protein structure determination.

1.4. Tertiary structure of protein
Proteins try to fold themselves to attain the most stable
conformation which is termed as its native state. The Gibbs

free energy is very low for folded conformation compared
to the unfolded one. Various protein conformations
carry approximately similar energy therefore the proteins
constantly keep wavering between these conformations. 40
Currently X-ray crystallography and Nuclear Magnetic
Resonance (NMR)spectroscopyare the most commonly
used techniques for tertiary structure elucidation. Apart
from that cryogenic Electron Microscopy (cryo-EM) and
Dual Polarization Interferometry (DPI) techniques are also
being used.

X-ray crystallography undoubtedly remains one of the
most used method for rigid protein structure determination
(Figure 2). Protein Data Bank (PDB) is a unique storehouse
of three-dimensional protein structure, nucleic acids and
their complexes with small molecules. Nearly ninety percent
of PDB structures have been investigated through X-Ray
crystallography. 41 Once the protein is purified, the next
step is to form crystals of sufficient quality to collect highresolution data for structure determination. An intense Xray beam is exposed to protein crystal. The atoms present
in protein diffract the X-ray beam to form a diffraction
pattern in the form of spots. These spots are analyzed later
for detection of structure. 42 The process of crystallization is
generally slow, resource-intensive step with a low success
rate which is attributed to poor protein quality. Therefore,
it is necessary to assess the quality of a protein as well
as optimize conditions such as pH, temperature, salt and
protein concentrations, and cofactors before performing
experiments. Crystallization is also done using automated
technologies using small protein sample volumes and also
increases the efficiency for the screening crystallization
conditions. 43 Now a days, experiments are carried out in
parallel using the second-generation crystallization robots,
utilizing nanoliter-sized drops of protein sample to screen
for the optimal conditions. Additionally, they are equipped
with inbuilt image capture and analysis systems, which
monitor the drops and look for the appearance of crystals
using edge-detection methods. 44 Detectors used are singlephoton counters, photographic film, image plates and
area detectors. Another rate-determining stepis the manual
intervention required for the crystal mounting and alignment
in the X-ray beam. 42 A novel method for automatic
mounting, optical crystal alignment, and the data collection
has been reported recently. It exhibits the same range
of accuracy as the manual process and allows the data
collection using conventional X-ray systems. In addition,
the number of high-brilliance synchrotron X-ray beam
lines dedicated to macromolecular crystallography has been
increased significantly, and thus data collection time at these
facilities are dramatically reduced. 44,45 The major drawback
of X-ray crystallography lies in the inability to probe the
flexible protein conformations which are not able to form
crystals. 42
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Fig. 2: Protein structure determination by X-ray crystallography

Nuclear Magnetic Resonance (NMR) spectroscopy has
proved to be an outstanding technique not only for
investigating protein structure (Figure 3) but also to
determine its functional dynamics for better understanding
of macromolecules. Fortunately, this technique doesn’t
degrade the sample during the experiment which builds
a trust of obtaining the accurate information regarding
the protein structure. For NMR, solution form of sample
is required whereas for X-ray crystallography crystalline
forms are mandatory. However, the determination of
structure by NMR is currently limiteddue to size
constraints and the lengthy data collection and analysis
time. Nevertheless, the NMR spectroscopy still plays the
significant role in the structural proteomics even with
its current limitation. Proteins containing amino acid
residues 100 or less have been rewardingly characterized
by NMR spectroscopy. Briefly, a suitable sample containing
1 mM protein in 500 mL is prepared and subjected to
radiofrequency waves and external magnetic field. For
protein samples with molecular mass more than 10 kDa,
enhancement with 13C and 15N isotopes is required to
resolve spectral overlap in proton NMR. The NMR spectra
obtained after suitable data processing gives information
about the protons present in the sample. Variation in the
chemical shift due to varying conformations plays a very
important role in deriving the structure. 46 In addition, the
sensitivity of the acquired NMR data relies strongly on the
performance of the NMR probe, a sophisticated electronic
device used to detect NMR signals. 47 Finally, the NMR
structure can be refined using the conformational energy
force fields. Correlation spectroscopy (COSY), a type of
two-dimensional spectroscopy, is used for homonuclear
NMR spectroscopy. Different modification of COSY like
Total correlation spectroscopy (TOSCY) and Nuclear
over hauser effect spectroscopy (NOESY) are also used
extensively. The transient magnetization technique is used
in these methods to determine the interactions between
different atoms in a protein. Especially NOESY serves to
depict the proton pairs as neighbors in the form of graph
even if they are far apart in the primary structure 48,49 2D and 3-D NMR are preferred over 1-D NMR due to
occurrence of multiple overlapping lines in 1-D NMR.

Fig. 3: Protein structure determination by NMR spectroscopy

As we know, the major challenge in NMR spectroscopy
is the reduction of data collection time required for the
structure determination. Deuteration of protons provides
samples with improved signal-to-noise ratio results in
sharper line widths and longer transverse relaxation time. 50
NMR has largely been able to characterize only the
structure of small proteins due to excessive overlapping
peaks obtained in case of large proteins. Moreover,
there is less time for signal detection due to rapid
relaxation of magnetization for large proteins. Transverse
relaxation optimized spectroscopy (TROSY) based on
selection of the slowly relaxing NMR transitions provides
significant sensitivity enhancement for the large proteins. 51
Recently, various computerized techniques are being used
for automated structure determination from the NMR
spectra such as UNIO AND FLYA. 52 Another approach
is NOESY-Jigsaw, in which sparse and unassigned NMR
data are used reasonably and accuratelytoalign and assess
secondary structure. The information obtained is thus
useful to predicts and analyze folds before full structure
determination. 53 In addition, complete automation with
visual verification capacity has also been possible by using
APES, PONDEROSA 54 etc. Another important parameter
needs to develop involves automated analysis of NMR data.
The various design of cryogenic probes will definitely assist
in reducing thetime required for data collection in the NMRbased structural proteomics. Some automated programs like
NOAH, AUTOASSIGN, ARIA, ANSIG, TATAPRO, and
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SANE, hold great promise in reducing for the amount of
time and automated analysis of NMR assignments and 3-D
structures of the proteins up to 200 amino acids. 55 These
technologies together provide the basis for high-throughput
NMR, and they are particularly valuable for samples with
limited stabilities and low solubilities.
X-ray crystallography and NMR spectroscopy are
indeed the best techniques benefitting the scientists to
decipher the structure and conformations of protein
even at the atomic level. But the incapability of X-ray
crystallography to detect the structure of flexible proteins
and inability of NMR technique to investigate large
proteins have been the key obstacle in elucidating protein
structure perfectly. An advanced technique known as cryoelectron microscopy (cryo-EM) has been successful in
subduing these problems. Cryo-EM is used for the protein
structure determination and biological macromolecular
assemblies. Electron microscopic technique provides
sufficient resolution to produce atomic models of the
proteins. Specifically, the single- particle cryo-EM has been
proved to be a boon in analyzing heterogenous,large and
dynamic conformations effectively with resolution less
than nanometer. Computational averaging of numerous
two-dimensional projection images is used to form three
dimensional conformations of non-crystalline samples
using single-particle cryo-EM. 56 Like the purity of protein
and crystal formation were chief concern in obtaining a
good diffraction pattern in X-ray crystallography, similarly
here the sample purity plays an important role in obtaining
perfect data. Therefore, if the sample is heterogenous then
it needs to be made homogenous before performing the
experiment. Although gel-permeation chromatography is
used for partitioning and decreasing heterogeneity but the
outcome is not very suitable. Advantageously negative
staining method serves as a good option for rapidly
optimizing the heterogenous sample formation. In negative
staining, the sample is attached to the EM grid and exposed
to high electron density. Due to difference in electron
density a high contrast is obtained. Where the density of
particle is less, the electrons are scattered at lower pace
making it visibly darker and vice-versa. Negative staining
cannot provide very good resolution but is of paramount
importance in preparing the sample for heterogenous kind
of particle analysis 57,58 cryo-EM has also been reported to
avoid dehydration of sample after being placed in vacuum
of electron microscope. Native structure is well maintained
using flash-freezing method. Its usefulness can be seen
when high resolution images are obtained by this freezing
technique. 59 Two-dimensional micrograph processing is
most time-consuming step, regulating the electron beam
trajectory is one effective way to overcome this problem,
although some comatic aberrations may develop. Collection
of images using phase plates has drawn interests owing to its
property of improving image contrast. For example -volta

phase plate has produced high resolution structures of some
protein samples. Recently, high-intensity laser technology
is being used to form new phase plates for better resolution.
In single particle cryo-EM, the three-dimensional structures
are made by joining pieces of two-dimensional micrographs
and image transformation is based on the projection-slice
theorem. 60 Conclusively, we can say that cryo-EM is a
revolution in the pathway of probing protein structure and
has helped extensively.
Dual polarization interferometry (DPI) is anovel
advancement in science which provides real-time
characterization of protein structure by monitoring the
crystal formation. It uses electromagnetic evanescent laser
beam wave for probing the molecular layer adsorbed to
the waveguide surface. Protein adsorption studies at solidliquid interface as well as measurement of refractive index
and thickness of the film can be done using this method. It
is based on the interactions between small molecules and
proteins aided with biosensors. Protein-ligand interaction
knowledge can also be gained by using DPI. 61

1.5. Quaternary structure of protein
X-ray crystallography is also commonly used for quaternary
structure determination. Targeted cross-linking mass
spectroscopy (TX-MS) has also found application in
determination of quaternary structure of protein. Chemical
cross-linking forms the basis of this method. MS helps in
developing signals for targeted cross-linked peptides which
are studied using computerized techniques. 62 Recently,
Forster resonance energy transfer (FRET)technique has
shown beneficial results in detecting the protein quaternary
structure. FRET is based on the non-radiative energy
transfer between excited donor molecule and unexcited
acceptor molecule. Donor quenching, increased emission
of the donor and decreased time of donor life act as
pillars for probing FRET-based imaging. Alternations
in conformations and interaction between molecules of
proteins involved in movement and adhesion of cells was
analyzed by Parsons et al using FRET technique. G protein
coupled receptors oligomerization was investigated using
time-resolved FRET by Albizu and co-workers. Fortunately,
FRET can be used for size and shape determination of
protein samples effectively. 63
ROSETTA is a computational tool for determination of
the protein structures. The protein structure is extracted
from the PDB, which consist of information of each
coordinate of every atom in a protein. Conventionally, the
FASTA file (stores one letter code for every amino acid in
the sequence) is used for representation of primary structure
of protein. BLAST (Basic local alignment search tool) is
used for aligning the FASTA file to all possible known
sequences to find the common sequences present in the
protein. BLAST is a beneficial tool which does comparison
between target protein and all proteins present in the
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database for detecting the common amino acids present
in the sample. This helps in finding out the structure of
unknown protein with the use of known protein. Subsequent
to BLAST data generation, various programs for secondary
structure prediction are run to configure the sequences
belonging to alpha-helix or beta strand. For example-JUFO,
PSIPRED (both use artificial neural networks) and SAM
(uses Hidden Markov Models) are used for secondary
structure predictions. Next step is to generate fragments.
The program repeats every overlapping three and nine
residue stretch of the chain of interest, then finds similar
stretches of chain resulting in fragmentation, from the
proteins having structures determined experimentally, and
selects two hundred such fragments structures for every
location in the chain. Further fragment database is formed
by storing these fragments in the form of a file. Finally,
rosetta program is run for prediction of fifty-thousand
structural model for individual proteins in the benchmark
set. Root mean square deviation (RMSD) values are used for
testing the structural models produced by rosetta method.
The closeness of a produced structure to its native structure
can be determined by its RMSD value. 64,65
2. Conclusion
The eventual goal of protein structure determination is to
know about the function of protein as both are interrelated.
Protein structure determination methods play an important
role in the generation of full structural proteome maps, but
many challenges remain. Now a days, experimental methods
are coupled with computational methods to determine
protein structure fast and accurately. X-ray crystallography
is the most common methodology applied to the structural
genomics by automating nearly every stage of the process.
NMR methods are used for obtaining structural information
on macromolecules and molecular complexes. The accurate
models generated using Rosetta correlate best with the
complexity of the sequence length and the protein topology.
Electron microscopy combined with cryo-technology aids
in producing high resolution images of biological specimens
that provides detail information about their assemblies.
Although above-mentioned methods have advantages and
disadvantages, the information generated by them is used
collectively to elucidate the protein structure.
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