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Abstract

The Nucleic Acid Database (NDB) distributes informa-
tion about nucleic acid-containing structures. Here the
information content of the database as well as the query
capabilities are described. A summary of how the
technology developed by this project has been used to
develop other macromolecular databases is given.

1. Introduction

Nucleic acids have distinctive chemical and structural
features. There are 12 conformation angles which
describe the bonds interconnecting the base, sugars and
phosphates, and 16 different parameters which describe
the geometry of the base pairs. This potential confor-
mational variability allows double-stranded DNA to be
flexible enough to be coiled in the cell and for single-
stranded RNA to fold into compact functional units.
Single-crystal nucleic acid crystallography began in the
1970’s, almost 20 years after the discovery of the double-
helical form of DNA by Watson and Crick (Watson &
Crick, 1953). By 1990, there were more than 150 struc-
tures of DNA and RNA oligonucleotides, t-RNA, and a
handful of protein—nucleic acid complexes. The sample
set was thus large enough to begin to ask questions
about the effects of sequence and environment on the
structures of these biological molecules. The vision
behind the creation of the Nucleic Acid Database
(NDB; Berman et al., 1992) was to establish a resource
which enables researchers to easily answer these ques-
tions and to facilitate, in general, research about nucleic
acid structures. This resource would be realised through
the creation of a database of information about nucleic
acids which would have robust query capabilities. Thus,
not only would the users be able to extract coordinates
for a particular structure, but they would also be able to
select groups of structures based on particular char-
acteristics and extract the experimental information and
derived features of these structures. In addition, it was
desired to be able to make correlations among different
characteristics of the structures so that eventually the
database would become a predictive tool.

At the time that the NDB was established, nucleic
acid structural information was found in both the
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Cambridge Structural Database (CSD; Allen et al.,
1979) and the Protein Data Bank (PDB; Bernstein ef al.,
1977). Containing small nucleotides and dinucleoside
phosphates, the CSD had a very robust query engine but
it did not provide the specialized information required
to understand nucleic acid structures. The PDB
contained the larger oligonucleotides, but lacked a
query interface; although it now provides a browser, it is
not possible to extract derived data about groups of
structures. The original scope of the NDB project was to
create a ‘value-added’ database containing structural
data for both RNA and DNA. The NDB is now the
direct deposition site for these structures and has
created a database with information about all nucleic
acid-containing crystals. The ways in which the NDB is
used to support research on nucleic acids are described
here. Additionally, we describe how we have applied the
technology developed by the NDB to other types of
macromolecular databases.

2. Information content of the NDB

In addition to coordinate data, the NDB contains
information about the experiments used to determine
the structures, including crystallization information,
data-collection information and refinement statistics.
The database also stores derived information such as
valence geometry, torsion angles, base morphology
parameters and intermolecular contacts. Further anno-
tation includes information about the overall structural
features. These include the conformational classes,
special structural features, biological functions, and
crystal packing classifications. Table 1 summarizes these
derived data and annotations. The organization of these
features into a database makes it possible to gain new
insights about structure using advanced techniques such
as data mining.

3. Validation procedures for nucleic acids

Structures are added to the database via two routes:
direct deposition (nucleic acids) and post processing of
PDB files (protein—nucleic acid complexes). All data are
transformed into mmCIF files which allows them to be
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Table 1. Summary of derived data and annotations

(a) Annotations stored in the NDB
Structural features

NDB, PDB and CSD identifiers
Availability of coordinates
Availability of structure factors
Sequence

Conformation type

Description of modifiers of base, phosphate and sugar
Mismatched base-pairs

Name and binding type for drug
Description of base pairing
Description of asymmetric unit
Description of the biological unit
Crystal packing motif

(b) Derived data stored in the NDB

Covalent bond lengths and angles

Nonbonded contacts

Virtual bonds and angles involving P atoms

Backbone and side-chain torsion angles

Pseudorotation parameters

Base morphology parameters

Valence geometry r.m.s. deviations from small-molecule
standards

Sequence pattern statistics

checked automatically against the mmCIF dictionary
(Bourne et al., 1997). This creates a uniform archive to
ensure reliable query results. Structure checking is
accomplished using a suite of programs that verify
torsion

valence geometry, angles, intermolecular

Depositor
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contacts and chirality. The dictionaries used for checking
the structures were developed from analyses of high-
resolution small-molecule structures from the CSD
(Clowney et al., 1996; Gelbin et al., 1996). The torsion-
angle ranges were analyzed from high-resolution nucleic
acid structures (Schneider et al., 1997). One important
outgrowth of this work was the creation of the force
constants and restraints that are now in common use for
crystallographic refinement of nucleic acid structures
(Parkinson et al., 1996).

4. The characteristics and uses of the database
4.1. Basic features

The core of the NDB project (Fig. 1) is a rela-
tional database in which all of the primary and
derived data items are organized into tables. At
present there are over 90 tables in the NDB, with
each containing five to 20 items. These tables contain
both experimental and derived information. Example
tables include: the citation table, which contains all
the items that are contained in literature references;
the cell_dimension table, which contains all items
related to crystal data; and the refine_parameters
table, which contains the items that describe the
refinement statistics. Interaction with the database is
a two-step process (Fig. 2). In the first step, the user

Fig. 1. Flow chart showing the
organization of the Nucleic Acid
Database project. The core of this

Terminal | _
interface |**|{ NDBQuery ND ooy
Graphical Reports b et
2D Plots I Asymmaetric, Biological Units
B EEE
Packing Diagrams .
Conformation Whesis |Fl-ll| WF o Report
Network Archive
WWW/FTP

project is the database.
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Table 2. Examples of the Boolean logic used to construct an NDB query

Structure selection of B-DNAs with resolution < 1.9 A and R factor < 0.17 by authors A. Rich, R. E. Dickerson or O. Kennard.

Table Attribute (Item)

structure_summary
structure_summary

Conformation_Type
Classification

r_factor Upper_Resol_Limit
r_factor R_Value
citation Authors

structure_summary
structure_summary

Conformation_Type
Classification

r_factor Upper_Resol_Limit
r_factor R_Value
citation Authors

structure_summary
structure_summary

Conformation_Type
Classification

r_factor Upper_Resol_Limit
r_factor R_Value
citation Authors

defines the selection criteria by combining different
database items. As an example, one could select aall
B-DNA structures with resolution better than 2.0 A,
R factor better than 0.17 and that they were determined
by Dickerson, Kennard or Rich. The logic for this
constraint is shown in Table 2.

Once the structures that meet the constraint criteria
have been selected, reports may be written using a
combination of table items. For any set of chosen
structures, a large variety of reports may be created. For
the example given above, a crystal data report or a
backbone torsion-angle report can be generated easily.
Or the user could write a report that lists the twist values
for all CG steps together with statistics, including mean,
median and range of values. The constraints used for the
reports do not have to be the same as those used to
select the structures.

The NDB can also be used to create graphical reports.
It is possible to produce pie charts, scattergrams and
histograms describing any aspect of a selected group of
structures. These capabilities were put to full use in
deriving the ranges of torsion angles for different types
of DNA helices (Schneider et al, 1997). Fig. 3 shows
some examples of the variety of reports one can make
about torsion angles.

rStructure Selection\

Quick Search
Simple searching
using a form

Search Results R

- ) Shows structure ID and descriptor.

Operator Operand Logical
= B AND
= DNA AND
<= 1.9 AND
< 0.17 AND
like R.E.Dickerson OR
= B AND
= DNA AND
<= 1.9 AND
< 0.17 AND
like A.Rich OR
= B AND
= DNA AND
<= 1.9 AND
< 0.17 AND
like O.Kennard

Another very popular and useful report is the NDB
Atlas report page. Atlas pages are created directly from
the NDB database for a particular structure and contain
summary, crystallographic and experimental informa-
tion about the structure, a molecular view of the biolo-
gical unit and a crystal packing picture (Fig. 4). The
Atlas section of the NDB WWW site contains Atlas
entries for all of the structures in the database organized
by structure type.

4.2. Query capabilities

4.2.1. Character menu. The most direct access to the
database is through the use of SQL commands.
However, given that this is a specialist language, a
character menu has been constructed which allows
access to all of the tables in the database. Queries and
reports are constructed menu by menu. Both query
and report constraints can be saved in a ‘command’
file which allows the user to access, revise and edit
these constraint and report definitions at any time.
These command files facilitate making multiple
reports about a particular set of structures quickly and
easily. This method is used to generate the summary

(" Report Generation\

Quick Report
Automatically
prepared reports

User can view Atlas Entry,
retrieve coordinates, or
view structure using RasMol.

([ Full Search

Complex queries built by
selecting tables of informatiol
\L and limiting items

L/

Full Report
Reports built by
selecting table items
1o be included
o v

Fig. 2. Flow chart describing the steps
involved in using the NDB: struc-
ture selection and report genera-
tion.
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Table 3. Structure Finder Quick Reports

These prepared reports can be created for structures selected from the following databases using Structure Finder (http://ndbserver.rutgers.edu/)

Structure Finder database
NDB

Report name

NDB Status

NMR Nucleic Acids

Proteins Plus

Cell Dimensions
Primary Citation
Structure Identifier
Sequence

NA Backbone Torsions

NA Backbone Torsions

Base Pair Parameters (global)

Base Pair Step Parameters
Groove Dimensions
DNA-Binding Protein Cell Dimensions
Primary Citation
Primary Citation
Descriptor

Cell Dimensions
Primary Citation
Structure Identifier
Sequence

Experimental Technique

(local)

Contains

Processing status information

Crystallographic cell constants

Primary bibliographic citations

Identifiers, descriptor, coordinate availability

Strand ID, sequence, strand length

Sugar—phosphate backbone torsion angles using NDB residue
numbering

Sugar—phosphate backbone torsion angles using PDB residue
numbering

Global base-pair parameters calculated using Curves 5.1
(Lavery & Sklenar, 1988)

Local base-pair step parameters calculated using Curves 5.1

Groove dimensions using Stoffer and Lavery definitions from
Curves 5.1

Crystallographic cell constants

Primary bibliographic citations

Primary bibliographic citations

Descriptor information

Crystallographic cell constants

Primary bibliographic citations

Identifiers, descriptor, coordinate availability

Strand ID, sequence, strand length

Descriptor and experimental technique

(a) (h)
360 75
300 -
g2 o z %0
l.'l. =
i ¥ 3
120 25
60
eu 60 120 180 240 300 360 0 60 120 180 240 300 360
g o (03-P-05-C5)) ==
BDJ0Z25 over expected ranges for B-DNA.
(d)
res_no res_name o B Y 5 € g X
1 C n.a. n.a. -57.492 133.531 -129.486 -166.699 -98.607
G -57.916 148.835 46.400 147.196 176.793 -108.109  -98.985
3 A -67.234 178.651 56.203 129.589 179.965 -89.203 -114.326
4 T -67.970 177.924 56.182 110.080 -175.340 -103.918 -120.950
5 C -54.816 170.042 54.928 105.671 -165.549 -82.277 -126.345
6 G -68.208 177.753 46.154 146.374 -141.504 -170.751 -89.892
7 A -55.095 154.781 42.811 139.174 -176.812  -97.391 -111.854
8 T -63.064 171.558 59.214 121.530 176.255 -101.698 -114.459
9 C -44.728 171.339 49.127 124.453 -174.926  -79.477 -106.938
10 G -72.496 -179.655 50.758 131.065 n.a. n.a. -86.621
**truncated**

Fig. 3. Examples of the different types of reports that can be generated from the NDB about torsion angles: (a) scattergram graph showing the
relationship of &(C4 —C3’'—0O3'—P) versus {(C3—03'—P—05’). The two clusters, BI and BII, are labeled; (b) histogram for o (O3’ —P'—
05’ —C5') for all B-DNA,; (¢) conformation wheel showing the torsion angles for structure BDJ025 (Grzeskowiak et al., 1991) over the average

values for all B-DNA; (d) a torsion-angle report for BDJ025.



HELEN M. BERMAN, CHRISTINE ZARDECKI AND JOHN WESTBROOK

1099

reports produced regularly for the NDB WWW there are several items, including structure ID, author,

Archives.

classification and special features, which can be

422. WWW interface. The WWW interface was limited either by entering text in a box or by selecting
designed to make the query capabilities of the NDB an option from the pull-down menu. Any combination
as widely accessible as possible. To highlight the of these items may be used to constrain the structure
special features of NDB, the interface operates in two selection. If none are used, the entire database will be
modes. In the Quick Search/Quick Report mode, selected. After selecting ‘Execute Selection’, the user
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Views of URXD3S
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Fig. 4. NDB Atlas page for URX035 (Scott et al., 1995) which highlights structural information that is contained in the database and provides

images of the biological unit, asymmetric unit, and crystal packing of the structure.
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will be presented with a list of IDs and descriptors of
the structures that match the desired conditions.
Several viewing options for each structure in this list
are possible. These include retrieving the coordinate
files in either mmCIF or PDB format, retrieving the
coordinates for the biological unit, viewing the struc-
ture with RasMol (Sayle & Milner-White, 1995), or
viewing an NDB Atlas page.

Preformatted Quick Reports can then be generated
for the structures in this results list. The user selects a
report from a list of options, and the report is created
automatically. For the structures in NDB, there are 12
different types of Quick Reports as shown in Table 3.
These reports are particularly convenient for being able
to quickly produce reports based on derived features
such as torsion angles and base morphology.

In the Full Search/Full Report mode, it is possible to
access most of the tables in the NDB and create more

Structure Selection using Full Search

THE NUCLEIC ACID DATABASE

complex queries. Instead of selecting from a limited
number of options, the user builds a search by selecting
the tables, and then the items, that contain the desired
features. These queries can use Boolean and logical
operators to make complex queries. An example Full
Search, finding transcription repressors that bind to
DNA containing the step T G, is shown in Fig. 5.

After selecting structures using Full Search, a variety
of reports can be written. The user selects the items that
are to be displayed in a report by going through the
tables that include the desired information. Multiple
reports can be generated for the same group of selected
structures; one report could list the DNA sequences, and
then another report could present the base morphology
of the bases in these sequences. Shortly, it will be
possible to draw scattergrams and histograms inter-
actively using JAVA applets to dynamically analyze the
structural features.

To select structures using the NDB Full Search, the user finds the "table" that contains the

information that is to be searched

and then selects and limits that item. A search for

transcription repressors that bend to DNA with TG steps is shown below.

Table Name Attribute (Item) Operator Operand
sequence Sequence "like any" T G
binding_mode_regulatory Type

Logical
AND

"like any" TRANSCRIPTION AND

FACTOR/REPRESSOR

After selecting the above items, select "Search Results" to view the list of structures that match
this requirement. For each structure in the list, the user may retrieve the coordinates in PDB and
mmClIF format, view the NDB Atlas entry, or view the structure using RasMol.

Report Generation using Full Report

Reports are created by simply selecting the desired items. The following tables could be used to
create a sequence report which would show the strand ID and the protein or nucleic acid

sequence.
Table Name Attribute (Item)
sequence Strand 1D
sequence Sequence

To view the report select "Display Report". This report can be printed or saved. Select "Reset

Report” to begin a new report.

The following tables could be used to create a base morphology report for the nucleic acid in the

structures selected:

Table Name
base_step_local_lavery

Attribute (Item)
step_number

base_step_local lavery step name
base_step local lavery shift
base_step_local_lavery slide

base_step_local_lavery rise
base_step_local_lavery twist
base_step_local_lavery tilt
base_step_local lavery roll

Then select "Display Report" to view the report. This report can be printed or saved. Select

"Reset Report” to begin a new report.

Fig. 5. Example of a complex query:
selecting structures with a TG
step from the NDB and gener-
ating reports.
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Another variation on this query would be to select the
protein-DNA complexes which contain a particular
sequence pattern, e.g. ACA, and then write a report
which gives the binding mode of these structures. A
report showing the binding mode demonstrates that
most of these structures are regulatory. To further refine
the report, the user can also include the type of regu-
latory protein. The report that is produced is shown in
Fig. 6.

Experimental features may be explored by
constructing a query to search for structures with cell
dimensions within a particular range. It is also possible
to search for some aspects of crystallization conditions,
although the information collected on crystallization by
the NDB is more limited than that found at the Biolo-
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gical Macromolecule Crystallization Database (BMCD)
(Gilliland et al., 1994).

5. NDB Archives

The NDB Archives contain a large variety of informa-
tion and tables useful for researchers. These include a
variety of prepared reports that are sorted according to
structure type (Fig. 7). The dictionaries of standard
geometries of nucleic acids are here as well as parameter
files for X-PLOR (Briinger, 1992). The ftp server
provides coordinates for the asymmetric unit and

File Edit View Go Communicator Help
| R R e : * % IM £
NDBQ Structure Finder | NDB Search
NDB Full Report Display
| Eull Search | Quick Search | Tables | Reset Report |
e e — T—
[PDROOL  |REGULATORY TRANSCRIPTION FACTOR/REPRESSOR
[PDROD2  |REGULATORY TRANSCRIPTION FACTOR/REPRESSOR
i_P R.O04 24 :mNSCRlFTION FACTOR/REPRESSOR
[PDROGS ~ |REGULATC RANSCRIPTION FACTOR/REPRESSO!
[PDROI1 |REGULATORY |TRANSCRIPTION FACTOR/REPRESSOR
[PDROIS ~ [REGULATORY |TRANSCRIPTION FACTORREPRESSOR i
PDR02Z  |REGULATORY |TRANSCRIPTION FACTOR/ACTIVATOR I
PR MA [REAINT 4TADY [T 4 NQADIBTIAN F4ATATIS ATIV S TAD I
- ! i e S R S
Flle Edt View Go Communicator 5B Help
B :
- 5?1:30211 ! 1 |AG/CT | 0190 |-0.890 | 3.280 [30.980 | -1.850 |
[PoROCL [ 2 [GT/AC | 0420 |-1300{3.550 [31510| 1160 | 1890 |
PDROOL | 3  |TA/TA | 0520 |-0670|3320 (35.970| 3.560 | -3710
{PDROOL 4 [AC/GT  |-1.140|-0740 3350 |35.270 | -2.370
PDROOL 5 fcara  [-0440|-1.090[ 3260 [235540 [ -1820 | 7780
(PDROOL ¢  |AATT [-0100 0.040 [3.470 [34.230 | 5410
PDRODL 7 |AATT | 0270 |-0720 | 3.220 [42360 | -3780 | 2340
PDROOL 8 [acior [0130 [-0730 3130 (36260 7380
PDROOI | 9  |CT/AG |-0130|-1.200|4.050 [33.980 | -0650 |
PDROOI | 10  |TT/AA | 0.010 |-0520[3.560 [39.630 -2.630 | 3.820
PDROOI | 11 TT/AA |-0370 |-1.100 | 3.200 |37.660 | -0.980 | 2350 Fig. 6. Reports created for protein—
PDROL | 12 |TC/GA | 0260 |-0800 355D (35420 1070 | -5.440 RIS ey ves
PDROOL | 13 [CT/AG |-0300(-0530 (3390 (39180 -2.%0 | : The top report displays the types
| PDROOL I 14 TT/AA [-0,430 %-0.140 I 2.660 530,190 : 0880 | of regulatory proteins that bind to
[PDROL | 15 |TG/CA | 0850 |-1.1403.500 |30730 | -0.750 the sequence ACA. (b) The
[prmnm [ 14 aTAC | n7an _nsan 2110 (28750 | _n3An bqttom report displays the nucleic
iE—' ' e e T i‘iﬁ' ﬂ@‘&l acid base morphology for the

DNA in these complexes.



1102

biological units in PDB and mmCIF formats, structure
factor files, and coordinates for nucleic acid structures
determined by NMR.

6. Other applications of NDB technology

The underlying technology of the NDB has also been
used to create relational databases for other classes of
macromolecules. The WWW interface, called Structure
Finder, is designed so that specific tables of information
can be turned on or off as appropriate for a particular
structural class. The decision to turn a table on or off
depends on two things: the quality of the underlying
data and the appropriateness of that table to the struc-
ture class in the database. Four databases created by the

THE NUCLEIC ACID DATABASE

NDB Project are described here and can be found under
Structure Finder at the NDB Biological Structure
Resource (http://ndbserver.rutgers.edu/). Tutorials for
all of the Structure Finder databases are also available at
this site.

6.1. Proteins Plus

This database is created from all the files in the
current PDB and is updated regularly. MAXIT (Feng et
al., 1997), a software tool developed by the NDB,
extracts data from PDB files which are loaded into the
database tables. A drawback of this database is that the
PDB format has changed over the years so that
abstracting information from these files is not entirely
reliable. To remedy this, the NDB and the Macro-

—r—r——

Fig. 7. Prepared Reports available
from the Archives section.
Reports are also available for A-
RNA with mismatches, modifiers,
and special features; RNA-drug
complexes; t-RNA; ribozymes;
single-stranded DNA and RNA;
parallel-stranded DNA and RNA;
DNA-RNA hybrids; DNA quad-
ruplexes; protein-DNA enzymes,
regulatory, structural, and other;

Ry o
File Edit View Go Communicator
Foea el i)
gl Strectire Ressuree | KODB
mlmmﬁfﬁ.&mlmm
nDB@®
Structure All Reports Listed Structure
Sl po By Type
Citations i i
Cell Dimensions A-DNA | Names | Citations | Cell Dimensions |
3 A-DNA with | Names | Cirations | Cell Dimensions |
Stucture Summaies  Mismatches 1 Structure Summary |
All Reports A-DNAwith | Names | Citadons | Cell Dimensions |
Listed By Modifiers | Base Modifier Summary |
StuctureTYP* A DNAwith | Nomes | Citations | Cell Dimensions |
Special Features | Structure Summarny |
B-DNA | Hames | Citatons | Cell Dimensions |
B-DNA with | Names | Cirotions | Cell Dimensions |
Mismatches | Syucture Summary |
B-DNA with | Names | Citations | Cell Dirnensions |
Modifiers | Base Modifier Summary |
| Ehosphare Modifier Swnmary |
B-DNA with | Names | Citotigns | Cell Dimenslons |
Special Features | Sgrucrure Summary |
Z-DNA | Names | Citorions | Cell Dimensions |
Z-DNA with | Names | Citations | Cell Dimensions |
Mismatches | Sructure Summary |
Z-DNA with | Names | Citations | Cell Dimensions |
Modifiers | Base Modifier Summary |
| Ehosphare Modifier Summary |
Z-DNAwith | Names | Citations | Cell Dimensions |
Special Features Srructure Sunmary |
DNA | Names | Citations | Cell Dimensions |
Groove Binder | Strucrure Sunmery |
Complexes
DNA I Names | Citations | Cell Dimensions |
Intercalation | Structure Summary |
Complexes
DNA | Nemes | Citetions | Cell Dimensions |
Complexes with | Structure Swmnmary |
Other Drug
Binding Motifs
A-RNA | Names | Cirations | Cell Dimensions |

protein-RNA enzymes, regula-

tory and structural.
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molecular Structure Database (MSD) group at EBI are
working to put the PDB files into a uniform format and
add any missing data items. In the cases in which files
have been recurated, the newly processed file is avail-
able from Proteins Plus. Once all the files have been
remediated, many additional tables will be available for
searching.

The Proteins Plus database can be searched using
Quick Search/Quick Reports and Full Search/Full
Reports, which are used in the same way as for the NDB.
An example of a Proteins Plus query and report session
might be to search for all myoglobin structures and then
to create a report of all crystal data or another which
lists the positions of the helices (Fig. 8).

6.2. DNA binding proteins

All proteins which bind to DNA have been fully
curated and annotated and placed into a database. The
database includes protein-DNA complexes as well as
proteins that bind to DNA but do not have DNA in the
crystal. The functions of these proteins are available as
both search targets and report content.

6.3. Nucleic acid NMR

This database contains all NMR structures that
contain nucleic acids. This database can be searched
using Quick Search/Quick Report. Further curation of
these structures is a future project.

Structure Selection: Myoglobin Structures
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7. Summary

The NDB Project has evolved over the years. The
original NDB contained fewer than 100 crystal struc-
tures of nucleic acids; there are now over 700. In addi-
tion, the project has created a suite of speciality
databases and technologies that will allow for the
evolution of these databases. The strength of the search
engines developed by this project is that they allow for
rapid selection of structures by a wide variety of criteria.
Once selected, the coordinates of these structures, along
with the tabular and graphical report capabilities of the
NDB, can be used to understand a large number of the
characteristics of these structures. The curated and
reliable files that are provided by the NDB can also be
used by other independent programs.

8. Access

The home for the Nucleic Acid Database can be found
on the NDB Biological Structure Resource Home page
(http://ndbserver.rutgers.edu/). On this page are poin-
ters to the NDB and Structure Finder, as well as to a la
mode (Clowney & Westbrook, 1997), which is a database
of ligands and monomer units, and to the mmCIF WWW
site. In addition to backup mirror sites at Rutgers
University, the NDB is mirrored at the European
Bioinformatics Institute (Europe), NIBH-AIST (Japan),
and San Diego Supercomputer Center (US), with
additional public mirrors currently in development.
These mirrors are kept synchronous by using software
tools developed by the project.

To search for myoglobin structures, use the Proteins Plus Quick Search to enter the word
"myoglobin” in the Descriptor field provided. Select "Execute Selection” to view the Search

Results list.

For each structure in the list, the user may retrieve the coordinates in PDB and

mmCIF format, view the NDB Atlas entry, or view the structure using RasMol.

Report Generation: Helical Report

Reports can be generated using either Quick Report or Full Report Search. For a list of possbile

Quick Reports, see Table 3.

To create a report on helices, use the Proteins Plus Full Report. First select the table "helix".
Then select the items Helix_id, Beg_res_num, Beg_res_name, End_res num, and End_res_name.
To view the report, select "Display Report”. This report can be printed or saved. Select "Reset

Report" to begin a new report.

Structure_ID Helix_id Beg _res_num Beg _res name End res num End res name

PDB1ABS A 3 SER 18
PDB1ABS B 20 ASP 35
PDB1ABS C 36 HIS 42
PDB1ABS D 51 THR 57
PDB1ABS E 58 SER 77
PDB1ABS F 86 LEU 95
***truncated* **

PDBSMBN G 100 PRO 118
PDB5SMBN H 124 GLY 149

GLU
SER
LYS
ALA
LYS
THR

ARG
LEU

Fig. 8. An example of a Proteins Plus
query and report.
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