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3.6. CLASSIFICATION AND USE OF MACROMOLECULAR DATA
Example 3.6.3.1. Speciﬁcation of the three distinct components
of the crambin structure.
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of a macromolecule can often only be reached by using interactive
molecular graphics software.
The mmCIF dictionary provides several ways for describing the
structure. The PUBL categories can be used to record text describing the structure. The complete list of atomic coordinates may be
used as input for visualization programs that allow a range of wireframe, stick, space-ﬁlling, ribbon or cartoon representations to be
generated based upon inbuilt heuristics and user interaction. However, most importantly, the mmCIF approach also offers a large
collection of categories which are designed to provide descriptions
of the structure at different levels of detail, and the relationships
between data items in different categories permit the function of
an individual atom site at any particular level of detail to be traced.
Before beginning the detailed description of the full mmCIF dictionary, it is helpful to demonstrate how it is used to describe the
structure of a biological macromolecule. Fig. 3.6.3.1 shows the
small protein crambin, which is a single polypeptide chain of 48
residues. The molecule co-crystallizes with a molecule of ethanol,
although this is not thought to have any biological effect. Almost
a quarter of the residues have side chains that adopt alternative
conformations, and there is sequence heterogeneity at positions 22
(Pro/Ser) and 25 (Leu/Ile). Three disulﬁde links stabilize the structure.
The highest level of the description of the structure uses
data items from the STRUCT category group. The crystallographic asymmetric unit contains one protein molecule, one cocrystallization ethanol molecule and a water solvent molecule.
These are described with data items from the STRUCT_ASYM category (Example 3.6.3.1).
Each entry in this list assigns a label to a discrete component of
the asymmetric unit and associates it with an entry in the entity list
that deﬁnes each distinct chemical species in the crystal (Example
3.6.3.2).
The biological functions of the components of the crystal structure are described using data items in the STRUCT_BIOL and related
categories. For crambin, the biological function is still unknown
(see Example 3.6.3.3). This example also shows how the biological unit is generated from speciﬁc discrete objects in the asymmetric unit. In this case the relationship is trivial, but it will often be
much more complex.
The secondary structure of the protein is described using data
items in the STRUCT_CONF category (and in the STRUCT_SHEET
category where relevant). The beginning and end labels for each

Fig. 3.6.3.1. A representation of crambin (PDB 3CNR) with a co-crystallized
ethanol molecule.

(vii) Data items should be present for describing the characteristics and geometry of canonical and non-canonical amino acids,
nucleotides, sugars and ligand groups.
(viii) Data items should be provided that permit a detailed
description of the chemistry of the component parts of the macromolecule to be given.
(ix) Data items should be present that provide speciﬁc pointers
from elements of the structure (e.g. the sequence, bound inhibitors)
to appropriate entries in publicly available databases.
(x) Data items should be present that provide meaningful threedimensional views of the structure so as to highlight functional and
structural aspects of the macromolecule.
(xi) Data items speciﬁc to an NMR experiment or modelling
study would not in general be included in version 1. However, data
items that summarize the features of an ensemble of structures and
permit a description of each member of the ensemble to be given
should be available.
(xii) A comprehensive set of data items for providing a higherorder structure description (for example, to cover supersecondary
structure and functional classiﬁcation) was considered to be
beyond the scope of version 1.
Based on the above, the ﬁrst version of the mmCIF dictionary
with approximately 1700 data items (including those data items
taken from the core CIF dictionary) was developed and ofﬁcially
approved in October 1997. Subsequent revisions have increased
the number of data items to over 2000. It is not expected that all
the data items will be present in every mmCIF data ﬁle. Instead, the
goal was to provide a wide range of data items from which users
can select those that best suit the structure they wish to describe.

3.6.3. Overview of the mmCIF data model
Example 3.6.3.2. Speciﬁcation of the distinct chemical entities in
the crambin structure.

The solution and reﬁnement of a macromolecular structure is
complex and often difﬁcult, as there are a large number of
atoms in a typical macromolecule, the molecular conformation
can be complex and it can be difﬁcult to model included solvent
molecules. However, even when a satisfactory structural model
has been derived, describing the structure can be a considerable
challenge. Using diagrams can help, but two-dimensional projections are often inadequate for illustrating important features
and a complete understanding of the three-dimensional structure
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