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ABSTRACT: Diffraction Precision Index (DPI) database provides the DPI value for all the
macromolecular structures available in its archive, Protein Data Bank (PDB). It also provides the
atomic coordinate error for each atom of the chosen three-dimensional structure. Further, the
database has an option for the users to compute the above values for non-redundant structures or a
group of structures. The database provides a modified PDB file which contains the DPI value for
the given structure and the computed atomic coordinate error for each atom. The proposed DPI
database allows the user to easily access all the entities available in the PDB or categorize the
structures based on the experimental methods, resolution and DPI values. The database will be
updated weekly, hence enabling users to access up-to-date information available in the PDB. DPI
database 1s freely available round the «clock and can be accessed through

http://pranag.physics.iisc.ac.in/dpi_db/.
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1. INTRODUCTION

More than 100,000 macromolecule structures have been determined from crystalline samples using
X-ray crystallography, thus providing valuable information for understanding the biological
processes at atomic level [2, 10, 20]. In principle, proteins unveil their functions in aqueous
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environment, but their structures are more frequently examined inside crystals [15, 18]. It is well

understood that proteins are not static structures [3], rather they are highly dynamic molecules,
thereby governing most of the biological functions [7, 5, 17]. However, X-ray crystallography can
only provide a single (or sometimes alternative) position for each atom [6, 24, 26] and further, it
was found that the structures of the same protein exhibited coordinate differences of 1 A or greater,
by independent research groups. Thus, such disparity in the coordinate positions can be considered
as ‘coordinate uncertainties’ or ‘positional uncertainties’, which may reflect on the actual flexibility
of the protein structure [4, 9, 19]. Therefore, it is important to estimate the uncertainty in the atomic
positions, which is crucial to identify genuine features or differences between the structures. The
DPI database has been developed based on the experimental crystallographic parameters and is
made available to acquire the experimental precision of the atomic coordinates of macromolecules.
Using the calculation, derived earlier by our group [8, 14], the expected positional uncertainty for
every atom in the macromolecule is predicted from the pertinent information present in the Protein
Data Bank (PDB). The study performed by our group is the first of its kind to provide the error in
the atomic coordinates and this in turn is useful to compute more reliable hydrogen bond distances.
Thus, this is the only database available to estimate the DPI of macromolecules and the atomic
coordinate error for each atom.

2. MATERIALS AND METHODS

2.1. Features of the database

DPI database encompasses a total of 122,480 macromolecules including DNA, RNA and protein
structures and the numbers are illustrated in Table 1 [1, 29]. Also, the number of structures
determined according to the experimental method and the percentage of non-redundant (ranges from
20% to 95%) structures are provided in the “About DPI” section (Fig. 1). DPI database comprises
three search options, (a) Cut-off parameters, (b) Single structure and (c) Multiple structures. The
“Cut-off parameters”, allows the user to either select the non-redundant structures ranging from 20%
to 95% or include all the structures known till date, under the “dataset” option. In addition, the
search can be restricted to specific experimental methods, such as X-ray diffraction, Hybrid (X-ray
diffraction and Neutron diffraction), Neutron diffraction and Electron crystallography. There is
another option that can be used to filter the search by quality criteria cut-offs, such as resolution,
crystallographic R factor and DPI. Using the second option, users can provide a PDB-id and the
resulting page displays a set of vital parameters such as experimental method, resolution, Ryork, Rfree,
DPI etc. The atomic coordinates of the macromolecular structure can be viewed by clicking “Display
DPI added file”, along with the calculated DPI value and coordinate errors of all the atoms, which
are printed in red color and can be downloaded as text and pdf formats. The three-dimensional
structure of the macromolecules can be visualized by choosing the appropriate options provided on
the right-hand side of the “results” page, using the visualization plug-in, JSmol. The “Multiple
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Structures” option allows the user to provide a list of PDB-ids to download the respective PDB files

that have been modified to accommodate the computed DPI values and the atomic coordinate errors.

Table 1. Data-set statistics as on September 13, 2018

Macromolecules No. of structures available in
DPI-Database

DNA 770

RNA 758

Protein 115066

DNA & RNA 225

DNA & Protein 4424

RNA & Protein 2280

DNA, RNA, & Protein | 339

DPI DATABASE

DPI (Diffraction Precision Index) database is a warehouse of DPI values calculated for macr lecular structures using Cruikshank DPI formula. It provides the
atomic coordinate errors for each atom of the given PDB-ID and an overall DPI value. The purpose of the database is to provide unique scientific resource and
confer precision value for protein crystal structures.

Macromolecular Structures Data

* Total number of PDB structures in RCSB : 144211
* Total number of PDB structures available in DPI database : 122480

Experimental Data Count Number of Non-Redundant Structures 21788
30029

28970

28100
27282
26536
19701
17549
14942
11570 I
20% 30% 35%  40%  50%  60% 5%  80% 85% 90% 95%

122262

Frequency of occurence
Frequency of occurence

69
52
. g
HYBRID!

X-RAY NEUTRON ELECTRON
DIFFRACTION DIFFRACTION  CRYSTALLOGRAPHY

70%

Experimental Method Percentage of Non-Redundant Structures

Fig. 1. The number of structures determined according to the experimental method and the
percentage of non-redundant (ranges from 20% to 95%) structures.

2.2. System specification and database implementation

The front end (user interface) of the DPI database has been developed using CGI-PERL, HTML,
JavaScript, jQuery and CSS, thus making the page more dynamic and easy for the users to
effectively access and operate the database. The back end (calculation and data processing) has been
created using PERL, MySQL and CPAN modules in order to harness the data. The computing engine
has been designed on a high end processor, Intel-based CentOS 7 operating environment (Intel (R)
Xeon (R) 10 core CPU E5-2630 V4 @ 2.20 GHz high end server class board with 32 GB main
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memory) in order to facilitate speed and enrich the efficacy. The in-house PDB server, used by the

computing engine, is being updated weekly with new entities from the parent PDB server (RCSB,
University of California, San Diego). Thus, researchers can easily access all the macromolecular
structures available in its archives. The graphical view of the chosen macromolecular structure is
enabled by visualization plug-in, JSmol.

3. RESULTS AND DISCUSSION

The enormous availability of protein crystal structures in the PDB exhibits that most of the entities
share a sequence and structure similarity. Therefore, while doing data mining studies, it is imperative
to select a representative structure from a pool of similar or highly homologous structures to obtain
unbiased results. In principle, the parameters like sequence identity, resolution and Rwork assist in
the selection of the finest quality model to be used as a reference model. Subsequently, a study [9]
stated that the resolution alone cannot be used as a criterion to select a representative protein
structure and is considered to be only one of the quantitative measures. Therefore, the DPI value
computed based on the dynamic crystallographic parameters would be a more effective quality
criterion parameter to select a representative model. To illustrate this, two examples have been
discussed below.

3.1. Identifying a structure from a set of homologous structures

To expose the significance of DPI, specifically to a protein, a case study has been demonstrated (Fig.
2), using four calmodulin structures [16, 25, 27, 28], having identical resolutions of 2 A each.
Amongst the four structures, the PDB-id 5J03 [25] has the least DPI value, thereby being the
representative structure that could be used as a reference structure to compare with the rest of the

three structures. It is worth noting that the Rwork for the chosen structure is also the lowest.
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PDB-Ids

Fig. 2. The DPI value for the selected four calmodulin structures, each having Resolution =2 A,
has been plotted. The data label represents the Rwork.
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To further illustrate this aspect bovine pancreatic phospholipase A> [13, 21, 22, 30] was selected, a

previous mining study done on a total of 25 bovine pancreatic phospholipase A2 [12] has been
referred too. In this study, the structural and functional role of water molecules in these structures
have been examined, for which a fixed or reference molecule had to be selected. The structure, PDB-
id 1G4I [23], with the largest number of water molecules and the lowest values for resolution and
Rwork was selected as the reference molecule. Interestingly, among all these structure, 1G41 possesses
the lowest DPI value = 0.012 A. Thus, it is clear that instead of manually correlating various
parameters to arrive at the best reference structure, it can be achieved merely by considering only
the DPI value.

3.2. Selecting structures for data mining study from 25% non-redundant structures

Here, a more elementary scenario has been described. In many data mining studies, it is a common
practice to use structures from the 25% non-redundant or non-homologous dataset, which consists
of 6,401 structures (with Ryork <= 20% and Resolution <=2 A). However, when the parameter, DPI
<=0.5 A was used, the number of structures reduced to 6,349. When the DPI cut-off was made more
stringent, <= 0.1 A, the number of resultant structures further reduced to 3,764, thus yielding a more
accurate set of protein structures. This difference in the number of structures undeniably exemplifies
the power of DPI used to obtain a true and more accurate set of non-redundant structures for data
mining studies, among the 25% non-redundant dataset, given the desired cut-off values. From these
case studies, the emphasis that DPI is a vital parameter for selecting the representative model for
further unbiased structural studies is clearly seen.

4. CONCLUSION

DPI database is an open-access knowledgebase with up-to-date structural information on the
macromolecules available in the PDB. It provides the DPI for a given structure and also offers
pivotal information on the atomic coordinate error for each atom in the three-dimensional structure.
As is evident from the case studies, considering only the conventional parameters for filtering out
relevant structures for data mining studies would most definitely lead to a misleading or biased
dataset. Thus, the incorporation of DPI is of utmost importance to obtain a more unbiased and truly
representative dataset. Undoubtedly, the proposed DPI database will serve as a highly focused
knowledgebase to the scientific community studying three-dimensional protein structures,
especially structural biologists and bioinformaticians.
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