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1. Introduction

The Nucleic Acid Database (NDB) [1] was estab-
lished in 1991 as a resource for specialists in the field of
nucleic acid structure. Its purpose was to gather all the
structural information about oligonucleotides that had
been obtained from x-ray crystallographic experiments
and to organize them in such a way that it would be easy
to retrieve the coordinates, the information about the
experimental conditions used to derive these coordi-
nates, and the structural information that could be
derived from these coordinates. It was clear from the
beginning that many of the users of these data would not
themselves be crystallographers, and that the informa-
tion provided by the database had to be presented in
such a way as to maximize its utility for various types of
modeling and structure prediction.

As the project progressed, many new technologies
developed that presented challenges and opportunities.
These include the development of the standard inter-

Certain commercial equipment, instruments, or materials are identi-
fied in this paper to foster understanding. Such identification does not
imply recommendation or endorsement by the National Institute of
Standards and Technology, nor does it imply that the materials or
equipment identified are necessarily the best available for the purpose.
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change format for handling crystallographic data, called
the Macromolecular Crystallographic Information File
(mmClIF), and the explosive use of the World Wide Web

(WWW).

2. Database Contents

Structures available in the NDB include RNA and
DNA oligonucleotides with two or more bases. These
oligonucleotides may be complexed with drugs and ions.
Structures of larger nucleic acid containing crystals,
including protein-DNA and protein-RNA structures, are
also curated and included in the archive. Table 1 shows
the current holdings of the NDB.

Current literature is scanned on a regular basis, and
structures suitable for inclusion in the NDB are noted.
Coordinates sets are retrieved from the Protein Data
Bank (PDB) [2] and are then filtered into the NDB
format. In the case of oligonucleotides not complexed
with proteins, coordinate sets submitted by the author
for submission into the PDB are processed. Starting in
January 1996, the NDB became a direct deposition site
for these oligonucleotide structures.
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In addition to coordinate data, information relevant to
the crystallographic experiment is abstracted from the
primary literature for inclusion into the database. These
include crystallization conditions, refinement statistics
and data collection statistics. Other derived information,
such as the distances, angles, torsion angles, and base
morphology parameters, is calculated from the coordi-
nate data and placed in the database. Tables 2a and 2b
list summarics of the information currently in the NDB.

Table 1. NDB holdings as of October 1995
408 structures (390 released)

Structure Type Number
A-DNA 51
DNA/RNA Hybrid I
A-RNA 10
DNA-Drug Complexes 93
B-DNA 66
RNA-Drug Complexes 19
Z-DNA 47
I-RNA 10
Unusual DNA 21
Protein-Nucleic Acid Complexes 66
Unusual RNA 14

Table 2a. Primary experimental information stored in the NDB

Structure summary’

Structural description®

Citation’

Crystal data’

Data collection deseripton’

Descriptor

NDB, PDB, and CSD names
Coordinates available (yes/no)
Modifiers (yes/no)
Mismatches (yes/no)

Drugs (yes/no)

Sequence
Structure type (A/B/Z/RH/U/P)
Description of modifiers of base,
phosphate, and sugar
Description of base mismatch
Name and binding type of drug
Description of base pairing
Description of contents of asym-
metric unit

Authors
Title
Journal
Volume
Pages
Year

Cell dimensions
Space group

Source of radiation

Data cotlection device

Radiation wavelength

Temperature

Resolution range

Total and unique number of re-
flections
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Table 2a. Primary experimental information stored in the NDB

— Continued
Crystallization description® Method
Temperature
pH value

Composition of solutions

Method

Program

Number of reflections used for re-
finement

Data cutoff

Resolution range

R-factor

Refinement of temperature factors
and occupancies

Refinement information®

Coordinate information® Atomic coordinates, occupancies
and temperature factors for
asymmetric unit

Coordinates for symmetry related
strands

Symmetry related coordinates in
unit cell (packing)

Orthogonal or fractional coordi-
nates

Table 2b. Derivative information stored in the NDB

Distances® Chemical bond lengths
Virtual bonds (involving

phosphorus atoms)

Torsions® Backbone and side chain torsion
angles

Pseudorotational parameters

Angles® Valence bond angles
Virtual angles (involving phos-

phorus atoms)

Base morphology® Parameters calculated by different

algorithms

? Reports can be generated in either ASCI or LATEX.

® Reports can be generated as an NDB or PDB coordinate file, a
Kinemage template, or as PostScript molecular graphics.

© Parameters can be displayed in both LATEX or ASCII tables, or as
a PostScript conformation wheel.

3. Data Processing
3.1 Data Entry and Integrity Checks

The scheme for data processing is given in Figs. 1a
and 1b. A set of filter programs have been developed
that allow this process of data entry and integrity check-
ing to be highly automated. A key feature of the system
is the use of a template based on mmCIF. A template
is a CIF data file that includes definition and example
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Fig. 1a, A schematic diagram of NDB data processing that illustrates
the central role of the NDB filter software in automating the exchange
of information between a variety of input formats and the mmCIF
template and data file archival format.
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Fig. 1b. Schematic view of the data flow in and out of the NDB
database as of October 1995. The figure illustrates the generation of
derived structural features by the NDBquery program using both
internal functions and encapsulated external programs. The collection
of report types created by NDBquery is also shown. All of these
reports are accessible via the NDB network server.
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information from the mmCIF dictionary which serve as
comments preceding each data category. The CIF
template is a skeleton file that is easily used with a text
editor. The NDB has created software tools to populate
the CIF template with data from a variety of file
formats. Items which cannot be loaded electronically
are flagged for later manual entry. This method allows
the NDB to work with a large variety of formats. For
example, all items that are fully parseable from the PDB
can be loaded into a template. The rest of the informa-
tion, provided in the manuscripts or in the text parts of
the PDB file, can be entered by a data curator. Files in
completely different formats can be handled by reorder-
ing the mmCIF tokens. After the template is completed,
new items that can be derived from the coordinate sets,
such as the DNA sequence, are added using the NDB-
filter programs. Checks are built into the filter programs
that ensure that the coordinates have standard ordering,
and that the nomenclatures of both the polymers and the
ligands are consistent. In addition, programs have been
written that allow many of the data items to be automat-
ically extracted from the commonly used refinement
programs for nucleic acids. The use of these filter
programs permits the data processing procedure,
including checking, to be completed in about 3 h per
structure. The rate limiting step is the gathering of
missing data items that are not included in any
of the standard computer files used as input into data
processing.

The result of these processes is a flat file in the NDB
format which is ready to be loaded into the database.

3.2 Database Management

Once the first level of checks have been made on the
data, they are entered into a relational database using
SYBASE as the database management system. Over 60
tables are created in the original raw data. A
simple menu driven program, NDBquery allows the user
to interact with the database using a natural language
rather than SQL. The same program manages the
calculation of derived quantities, including distances,
angles, torsion angles and base morphology parameters,
for each structure that are then loaded into the database.

4. Information Retrieval
4.1 Constraint Generation

The NDB uses a two phase system to query the data-
base. In the first pass, the structural features that are to
be considered are selected. Any of the data items stored
in the database can serve as a selection constraint. For
example, it is possible to select structures of a particular
type which have torsion angles in a particular range and
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which have been determined by a particular author.
Two examples of the use of structure selection con-
straints are presented in Tables 3a and 3b.

It is possible to use either the menu driven interface
to NDBquery or the WWW forms based system to gen-
crate selection constraints. The advantage of the latter
method is that it places no restrictions on the user other
than the ability to use the World Wide Web using either
Netscape or Mosaic. A sample query using the WWW

access is shown in Fig. 2.

4.2 Report Generation

Once the selection constraints are defined, a large
varicty of reports can be generated that describe any of
the properties that are stored in the database. The sim-
plest type of report is the list of coordinates for the
selected structures. In addition, the NDBquery program
produces reports in a wide variety of formats. Tabular
reports such as those shown in Fig. 3 can be produced
in cither ASCII or PostScript formats.

Graphical reports relating any two properties can be
generated. It is possible to produce scatter charts, his-
tograms, and pie charts that can be used to analyze the
properties of the structures contained within the data-
base. These report features were used to examine the
frequency distributions as well as the correlations of

torsion angles of the three classes of DNA duplexes.

In order to automate this type of survey, batch query
capabilities were built into the system. Examples of
graphical outputs are shown in Fig. 4.

The NDBquery program also produces molecular
graphics in a variety of formats. Structures can be
depicted using color codes for the properties of the
atoms or residues. Automatic packing pictures are
generated in PostScript format using NDBquery and in
raster form using NDBview [3]. Various types of repre-
sentations, including ball and stick and Van der Waals
spheres, are available (Fig. 5).

There are provisions for detailed formatting so that a
complete set of publication quality reports for a set of
structures can be produced. To simplify the query
process, some standard and commonly used queries are
saved and made available for the user. In addition, the
user may save her own queries to be used repeatedly for
a particular project.

The WWW forms based interface also allows for
report generation. Coordinates may be retrieved in
mmCIF, NDB or PDB format. It is also possible to
retrieve an Atlas page (see later) and to view the struc-
ture using a dynamic viewer. The latest version of the
WWW Interface can also create tabular reports based
on any of the features contained in the database.

Table Ja. Example 1: Structure selection of B-DNAS containing the residue sequence “C G C G ** without base modifiers, mismatches, or drugs

Table

Property Operator Operand Logical
structural_information structure_type ~ B AND
structural_information Sequence_of_Strand_A like %CGCG% AND
structure_summary base_modifier is null AND
structure_summary mismatch is nutt AND
structure_summary drug is null AND

Table 3b. Example 2 Structure selection of B-DNAs with resolution <1.9 A and R factors <0.17 by authors A. Rich, R. E. Dickerson, or

Q0. Kennard
Table Property Operator Operand Logical

structural _information structure_type - B AND
r_factor Up_Lim_Resol_Ref = 1.9 AND
'7"",’“" R_Value < 0.17 AND
citation authors like R. E. Dickerson OR
structyral_information structure_type - B AND
r_factor Up_Lim_Resol_Ref = 1.9 AND
rfh‘fm' R_Value < 0.17 AND
citation ) authors like A. Rich OR
structural _information structure_type - B AND
r_factor Up_Lim_Resol_Ref = 1.9 AND
r_f‘n?tor R_Valye < 0.17 AND
citation authors like O. Kennard
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NDB STRUCTURE SELECTION MENU

‘This application intesface has been designed 1o iently select structures
from the Nucleic Acid Database (NDB). The NDB isa nﬁnuan] databaee which
contains tables of both experimental and structural data. You may use the
navigations] tols provided by this interface 10 selert structures from the database
with a particuler set features. A variecy of output options are available for each
selected Aructure.

Options

Browse the contents of the NDB and select interesting
dats iRems you wish to include in your query.

Delete all of the current query conditions and begin a new query.
Execute Query
Process the current query and display the rtructure selection_

Exit
Return to the NDB Home Page.

Macicic Ack Database Project

, New Jersey

QUERY CONDITION MENU

Loe the following form to place a condition on the selected item. Sclect the
appropriate logical and comparison operators using the pull-down menus, and enter
the desired consraining value in the text box.

1 Main Mew 1 o | Sokaanes | Beret Query |
Sequence_of Strand_A

Sequence of renducs in the *A’ rand

Place 8 constrainin value

¢g CGCGCG)

Comperison Operator: { Aq Y

¥ multiple conditions are selected, select the the logical operation that will be used
10 join the conditions.

Current Query

No query conditions have beer aclected

iotsTane Coburon Sulmciion Munu -

TABLE SELECTION MENU

Sdmmdﬂkuﬂﬂnwlwhl»&qilycmumdmm
ens of the tal

COLUMN SELECTION MENU

Seiect one of the columns displayed below 10 place & query condition on this item.

| Main Menw | Tables | Rest Query | Excvuie Quety |

| Masn Meory 1 Reset Quary | Exsecnte Query |

GENERAL INFORMATION Columns in Table structural_information

« Length_of Strand_A Length of the firs strand (eg. 2, 3, 12, o}
« Sequence_of_Strand_A Sequence of residues in the "A” strand (eg.

o _structure_SUIUMALY General information and description about esch

wucwre B o CGCGCO)

-_cmmx_LB-Nm;np[-tndorm-M- Primary and secondary references _S_mugngummus.qmunum-m B srard {eg C

. Information status for all structures in NDB, GCGCG)

PDB, and CSD . Sequence of residues in the 'C” srand (eg C
GCGCG)
. Sequence of residues in the ‘D" strand (eg.
cococc)

STRUCTURE DESCRIPTION ot s (4 A .2, Untml) R

mununmu( Pmtdn/DN Corapiex

+ cell di QS Cell Emensions,sace wumwm(qmunu(mmx

SINGLE)

« Special_Remark Other description sbowt sructure type (g CYCLIC,
LOOPOLT)

« No_Of Strands_Per_Asym_Unit Numbes of strands in the

« structural_informatiqn Resdue sequence, information on structure
type
« _base_modifier Description of base modifiers

- ] Awﬂwmmﬁm arymmetric unit (eg. 1, 2)

. Dexcription of sugar modifiers « Si i 211k What portion of chainis in
« hybrid Description of DNA-RNA hybeids stymmetric wnit (eg Half, quarter, etc.)

o _qismatch Description of mismatches

COLUMN SELECTION MENU

Select one of the columns displayed below o piace a query condition on Uhis iter.

NDB STRUCTURE SELECTION

(Main Menw | Tatiny | Remt Quary |

Select ome of the following NDB strectares:

) Mt Mensy | Tubies | Reset Query | Executs Query !

Columns in Table structural_information

J.gnz!h_nLSmnd_Alnwdhﬁr!m(ul%llm)

Sequence of residues in the 'A” strand (eg.

coccca)
Sequence of residues in the B’ strund {e.g. C
“Gcaco)
.ccccc) Sequersce of residues in the 'C” strand (g C For dynassic reote displuy you may seed to type: shos sadbecrver rutgers rdu
. Sequence of residwes in the D’ strand (sg
_cecocq)

Yypd-mm(qA, B, 2, U (- Unumu), RH (=
mx Handed), P (= Protein/DNA Compiex))
» No_Strands.Sirgie or double helix {eg. DOUBLE (most often),
SINGLE)

ALK Other dexcription abowt structure type {eg CYCLIC,

LOOPOUT)

Init Number of strands in the

.

saymmetric unit (eg 1, 7)
. i Init What portion of chainis in
asymmetric unit (eg Half, quarter, esxc)

Nucheie Ackd Daesbrse Projecs
Ruegers Universty, Deperwrens o Chcmuey. New Irarmd, Kew fersey.

Fig. 2. Sequence for a simple query, i.e., choosing structures that contain the specific sequence ACGCG using the WWW Interface, version 2.0
(October 1995).

Beginning from the upper left:

a. The Table Selection Menu from the NDB Structure Selection f. A list of the NDB identifiers of the structures containing the
Menu is chosen. sequence ACGCG is presented. The user may now:
b. The Structural_information menu is selected from the Table Retrieve coordinates in NDB Format
Selection Menu. Retrieve coordinates and the bibliographic information in NDB
¢. Sequence_of Strand_A is selected from the Column Selection Format (Full Entry)
Menu.

d. The desired sequence, A C G C G, is entered in capital letters with
spaces separating each residue in the provided field. To move to
the next step, the Continue bar, is selected.

Retrieve coordinates in PDB Format

Display the structure using a remote viewer (launching RasMol
viewer on ndbserver)

e. Once all of the desired constraints are sclected, Execute Query Display the structure using a local viewer (launching your own
is pressed from the top of the Column Selection Menu. viewer)

Display the Atlas Entry for the structure
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Citations for Structures With Cuordinates by Author A.H.-J. Wang
Containing the Sequence CGCGCG

NDB ID

Citation

DDFo023

ZDFoot

ZDFo02

ZDFo28

ZDFBo3

A.H.-J.Wang, Y.-G.Gao, Y.-C.Liaw, Y.-K.Li ] .
Formaldehyde Cross-Links Daunorubicin and DNA Efficiently: HPLC and X-Ray Diffraction Studies
Biochemistry, 30, 3812-3815, 1991.

A.H.-J.Wang, G.J.Quigley, F.J.Kolpak, J.L.Crawford, .H.Van Boom, G.A.Van Der Marel. A.Rich
Molecular Structure of a Left-Handed Double Helical DNA Fragment at Atomic Resolution

Nature, 282, 680-686, 1979,

R.V.Gessner, C.A Frederick, G.J.Quigley, A.Rich, A.H.-J.Wang

The Molecalar Structure of the Left-Handed Z-DNA Double Helix at 1.0 Angstrom Atomic Resolution. Geometry,
Conformation, and Ionic Interactions of {CGCGCG)

J.Biol.Chem., 264, 7921-7935, 1989.

T.F.Kagawa, B.H.Geierstanger, A.H.-J.Wang, P.S.Ho

Covalent Modification of Guanine Bases in Double Stranded DNA: The 1.2 Angstroms Z-DNA Structure of
d(CGCGCQG) in the Presence of CaCl2

J.Biol.Chem., 268, 20175-20184, 1991.
S.Fujii. A.H.-J.Wang, G.A.Van Der Marel, J.H.Van Baom, A.Rich
Molecular Structure of (mSdC-dG)3: The Role of the Methyl Group on 5-Methyl Cytosine in Stabilizing Z-DNA

Nuclese Acids Res., 10, 7879-7892, 1982.

Page | 2100004 59 100 Naclele Acrd Detabase Project o0 Tos Asg 13 11:04:03 1908

Cell Dimensions for Structures With the Sequence A T G C

NDB ID | Descriptor/a b ¢ Alpha Beta Gamma SpcGrp Coord
ADH032 | 5-D(*AP*TP*GP*CP*GP*CP*AP*T).3', SPERMINE Pazat2 "
42.53 42.53 24.52 90.00 90.00 99.00
ADHO033 | 5"-D(*AP*TP*GP*CP*GP*CP*AP*T)-3', W/O SPERMINE Paz212 | *
42.41 4241 24.90 90.00 90.00 90.00
BDL007 | 5-D(*CP*GP*CP*AP*TP*AP*TP*AP*TP*GP*CP*G)-3' P12l ¥
23.54 38.86 66.57 90.00 $0.00 90.00
BDLO1S | 5™-D(*CP*GP*CP*AP*AP*AP*AP*AP*TP*GP*CP*G).-3’ Pa12121 Y
24.54 40.32 65.86 90.00 90.00 90.00
PDT019 | OCT-1 POU DOMAIN-DNA COMPLEX czzz1 | Y
97.30 89.80 %0.00 90.00 90.00 90.00
UDG028 | 5-D(*GP*CP*AP*TP*GP*CP*T).3' cz22 -|Y
22.52 $9.37 24.3% 90.00 90.00 90.00
ZDHO18 | 5-D(*CP*GP*CP*AP*TP*GP*CP*G)-3" P65 '
30.90 30.90 43.14 90.00 90.00 120.00
Page | 1rsatad by the Maclele Acid Databese Proajoct o8 Thas Aug L3 £1.00:48 1993
Structures With a G-T Mismatch
NDBID | ASteand | B Strand | Descriptor Caord
ADHole | G5 T-4 | 5-D(*GP*GP*GP*TP*GP*CP*CPC)¥ :
ADHO18 | T-4 G-5 | 5“D(*GP*GP*GP*TP*GP*CP*CP*C).3' :
ADHO13 | G4 T-5 | 5“D(*GP*GP*GP*GP*TP*CP*CP*C).3' Y
ADHOI8 |  T_§ G-4 | $“D(*GP*GP*GP*GP*TP*CP*CP*C).3" Y
:ggg:: G-3 T-6 | 5-D(*GP*GP*GP*GP*CP*TP*CP*C).3- M
AoHoLs 2:2 G~3 | S-D(*GP*GP*GP*GP*CP*TP*CP*C).3' Y
apLas G T--9 $-D(*CP*GP*CP*GP*AP*AP*TP*TP*TP*GP*CP*G)-3" Y
iddd - G4 $-D(*CP*GP*CP*GP*AP* AP*TP*TP*TP*GP*CP*G)-3' Y
G-2 T-5 | 5-D(*CP*GP*CP*GP*TP*G).3' -
| ZDFo13 | T.s G-1__| 5-D(*CP*GP*CP*GP*TP*G).¢ -
Page 1 creased by the Mociomt Acid Detobace Froj0ct oa Tue LITRIET}

(1693 1998

Fig. 3. Examples of Postscript reports created by NDBquery.
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a. b.
Z-DNA Distribution of Structures in the NDB

B 4-1ypenas (17.8%

B -Type NAs (25.7%)
Including Groove Binding
Complexes

Intercalated

Drug-NA Complexes
(17.1%)

Unusual NAs (9.4%)

8

Z-Type NAs (11.5%)

Protein-NA Complexes
(15.7%)

O m

t-RNAs (2.6%)

C5' - C4' distance

C. d.
B-DNA; Resol. < 1.9 A
B 300
+ 240
1 180 900
"0 60 120 180 240 300 360

g 180°
BDLOO1

Fig. 4. Examples of Postscript graphs created by NDBquery. (a) Histogram of the distribution of the C5'-C4' bond lengths in Z-DNA. (b) Pie chart
showing the distribution of structure types in the NDB. (c) Scatterchart of { vs B-torsion angles in successive residues of high resolution B-DNA
structures. (d) Conformation wheel of the observed torsion angles in the Dickerson dodecamer, BDLOOI [11].
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a. b.
Tk

BDJ025 (P212121)

C.

BDJ025(P212121) BDJ025 (P212121)

Fig. 5. Examples of Postscript molecular graphics created b i
A ' y NDBquery for the self-complimentary duplex d(C
(2) Ball and stick. (b) Stereotriptych [13]. (c) Four representative views. (d) Packing diagrams. S (CGATCGATCG), BOIOES [12)
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BDLO01 aver expected ranges for A-DNA.

180°

BDL0O01 over expected ranges for B-DNA.

BDLOO1 over expected ranges for Z-DNA.

Fig. 6. Torsion angle wheels for the B-DNA structure BDL0O!1 [11]. The expected ranges for A-DNA, B-DNA and Z-DNA are shaded. In this
example, all of the values for the torsion angles fall completely within the B-DNA range.

5. Structure Validation
5.1 Standard Dictionaries

A major goal of the NDB Project is to develop and
distribute methods to validate the structural features
of nucleic acids. The first step in this process was to
develop standard dictionaries of the valence geometry of
oligonucleotides. Various dictionaries had been used by
refinement programs, and it was felt that a new set of
standard numbers should be derived. This was done
by using very high resolution structures from the
Cambridge Structural Database (CSD) [4]. Very accu-
rate values were derived for the bases [5] and for the two
standard conformations of the sugars [6]. The limited
size of the small molecule sample made derivation of the
phosphate geometry less satisfying. Nonetheless, it was
possible to use these values and their standard deviation
to develop force constants that could be used with
X-PLOR {7]. Structures refined with these new values
yielded much reduced rms deviations between the
refined and the target geometries.

The NDB uses these standard values for the valence
geometry to check structures contained within the
database.

5.2 NDB Surveys

There are now a sufficient number of structures
contained in the NDB to be able to develop expected
values of various structural parameters. Surveys have
been done for all of the geometric properties, including
bond distances, bond angles, and torsion angles [8]. The
structures contained within the database had valence
geometries which, for the most part, did not deviate
from the small molecule results. Indeed, subtle features
related to the differences in valence geometry between
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the C3' endo sugar pucker found in A-DNA and the
C2' endo sugar conformation found in B-DNA were
reflected in the survey. The only features that showed
some differences between what was observed in the
small molecule sample and the oligonucleotides were
observed in the phosphodiester geometry. These effects
may be very real and it is possible that in the future these
values will be used to validate the phosphodiester
geometry.

The torsion angle survey [8] resulted in the first
experimentally derived set of ranges of torsion angles
for this class of molecules. These values may be of great
use in restrained refinement and in model building. The
NDB has also created a ‘‘scoring system’’ that allows
the conformation type of a DNA duplex to be assigned
and checked against the assignment by the author
(Fig. 6).

6. Distribution
6.1 World Wide Web

The NDB is available electronically via the World
Wide Web (http://ndbserver.rutgers.edu and http://
www.ebi.ac.uk/NDB/). In addition to providing direct
query access through the forms based interface, the
homepage (Fig. 7) offers access to a variety of other
information.

The NDB Archives maintain information about the
NDB Project, which include the Project Newsletters and
the NDBquery manual, as well as bibliographies of
review articles and research articles that cite the NDB
(Fig. 8). The Archives also furnish prepared reports
about the structures in the database, including citations,
structural features and cell dimensions. There are tables
contained in the database of information about the
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DB

The Nuclelc Acid Databas

The goal of the Nucleic Acid Database Project is to assemble and distribute structural
information about nucleic acids.

@ Search the NDB database

Create a personalized search of the database.

g A e

View prepared reports about the structures contained
in the database, the ftp server, refinement parameters,
Project Newsletters, and the NDBQUERY manual

Search the Atlas to view structural information
and pictures. Listed by NDB entry name.

a uctu and Dictionari

-Mgl omolecalar CIF Dictionaries
wll?,

Nudewc Aad Dazabase Project, Rutgers Unversity, Department of Chemistry, New Brunswick, New Jersey

Fig. 7. The NDB Homepage (available at hitp://ndbserver.rutgers.edu and is mirrored at the European
Bioinformatics Institute at http://www.ebiac.uk/NDB/).
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NDB Archives
NDB Projects

NDB Project Newsletters
On-line version of the NDBQUERY manual
The Nucleic Acid Database FTP Server

Bibliography of Nucleic Acid and Protein—Nucleic Acid Review Articles

List of Articles Citing the NDB
Prepared Reports

Names of structures in the NDB archive
Primary citations for NDB structures
Summary of structure features

Cell dimensions

Protein/Nucleic Acid complexes

t—RNA structures

Structures with bound drugs
Structures with modified phosphates
Structures with modified bases

Structures with mismatched base pairs

Nucleic Acid Dictionaries

e ldeal Geometries_
o X-PLOR Parameters

Fig. 8. The NDB Archives Page.
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various subcategories of structures, including DNA,
RNA, nucleic acid-protein complexes, and nucleic
acid-drug complexes. Nucleic Acid Dictionaries are
included in the NDB Archives, and feature X-PLOR
parameters and ideal geometries for DNA/RNA bases
and sugar phosphates [5-7]. The archives are updated
frequently, and can be accessed via the WWW or by
anonymous ftp.

Another feature of the NDB WWW site is the Atlas
of Selected NDB Structures (Fig. 9). Each Atlas entry
highlights the bibliographical, structural and experimen-
tal information about each structure, as well as provid-
ing pictures from different views and a link to the co-
ordinate file for the structure.

Also included on the NDB home page is the docu-
mentation for both the Dictionary Description Language
for Macromolecular Structure (DDL) [9] and the
Macromolecular Crystallographic Information File
(mmCIF) [10] For more information on the NDB
Project and other related sites, the General Information
page provides a brief summary of the information in this
article and useful links to other sites.

6.2 Newsletter

Published four times a year, the NDB Project
Newsletter provides a list of recently released structures
and any updates on the project itself. To subscribe, a
message should be sent to ndblib@ndbserver.rutgers.edu
with the subject “‘subscribe.”

6.3 Custom Queries

Specialized and custom queries that are unavail-
able through the forms based interface on the
WWW may be requested by sending mail to
ndbadmin@ndbserver.rutgers.edu.

These requests can be for tabular reports containing
the derived quantities available in the database, such as
bond lengths, valence angles, torsion angles, or base
morphology parameters. Molecular graphics, including
packing pictures, may also be requested.

7. Future

The NDB will continue to develop and expand its
scope. Most notable will be the full integration of
mmCIF into all aspects of data processing. The
NDB plans to provide more resource materials to
researchers in the field, as well as to casual “‘surfers’
who may want to learn more about nucleic acid
structure.
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7.1 Data Processing

The NDB Project has served as a test bed for the
method of data description embodied in the Macro-
molecular Crystallographic Information File (mmCIF)
and has employed mmCIF as an interchange format
using a locally developed dictionary. At each stage in the
evolution of the mmCIF dictionary, software tools have
been developed by the NDB to evaluate the extent to
which each dictionary would facilitate the automated
processing of data. The result of this development is the
collection of software tools called SIFLIB (Fig. 10).

In-Memory
Structural
Representation

mmCIF
DICTIONARY

Existing
Validation
Programs

Existing
Classification
Programs

Fig. 10. Functional diagram of SIFLIB illustrating the interaction of
this utility library with a variety of other applications. The figure
highlights the role of SIFLIB in encapsulating access to CIF Format
data and dictionaries from calling applications.

SIFLIB is a class library of tools which were de-
signed to encapsulate operations on CIF format files and
dictionaries. We have chosen to name this library using
the more general terminology Structure Information File
(SIF) to emphasize that these tools could be used with
dictionaries for experimental techniques other than
crystallography (e.g., NMR). SIFLIB was developed in
conjunction with the Dictionary Description Language
(DDL) Version 2.1 {9] on which the mmCIF dictionary
is based. Some of the functions performed by SIFLIB
include: reading and writing CIF format data files and
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dictionaries; reading and writing individual CIF data
items; data integrity checking of CIF data items; and
navigation through the CIF schema.

As the first version of the mmCIF dictionary nears
completion, the NDB is converting its data processing
system based on the mmCIF local dictionary to a system
which is based on the data representation in the mmCIF
dictionary. The core of this conversion is the integration
of SIFLIB into the NDB data processing scheme as
shown in Fig. 10. The key feature of this new data
processing scheme is that it takes full advantage of the
data description provided by the mmCIF dictionary
which now contains all of the information necessary
to perform detailed integrity checks for individual
data items as well as for the relationships between data
items.

7.2 Validation

As a result of the surveys of both the NDB and CSD
databascs, dictionaries of standard covalent geometries
and observed ranges of other structural features have
been compiled.

These dictionaries provide the foundation for the con-
tinued development of structural validation tools that
will be used as benchmarks to evaluate each structure
submitted to the NDB.

mmCIF provides a mechanism for standardizing the
encoding of structural standards and other lengthy
tabulations reference data in External Reference
Files (ERFs). Information stored in ERFs can be
accessed using the same software (SIFLIB) as other
CIF data. We plan to integrate structural ERFs
automatically into the NDB data processing scheme
(Fig. 10},

7.3 Information Retricval

The recently developed WWW interface to the NDB
database provides the structure selection features of the
mote robust menu-driven interface, NDBquery. An
enhanced version of the WWW interface that will
provide both structure selection as well as report gener-
ation has recently been released.

The WWW interface is shown schematically in
Fig. 1. The figure highlights the underlying use of a
CIF dictionary to describe the database schema for the
WWW interface.
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Www WwWw
Browser NDBQuery

sQL
Generator

Fig. 11. Schematic view of the NDB WWW forms based interface.
The WWW version of NDBquery is called by the WWW server and
provides the server with a description of the contents of the NDB
database, which is presented as a set of menu selections. The WWW
interface also manages the construction of SQL queries and all com-
munication with the NDB database.
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