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PROMISE: a database of information on prosthetic
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ABSTRACT are exemplified in Figurd, endow a protein with function(s)
possessed by neither the apoprotein nor prosthetic group alone.
These motifs are quite different from sequence motifs (basicglly
strings of text) or protein fold motifs (such Bap or HTH S
motifs). Although there are many families of proteins sharing
both fold and bioinorganic motif, there are also evolutiona
unrelated but functionally analogous systems which have singlar
bioinorganic motif and, vice versa, there are proteins which share
the same fold but have distinct active site structures. Bioinorg@wic
motifs often possess unique spectroscopic properties which rfiake
BACKGROUND it possible to study them relatively independently from the resg of

Of the more than 5000 proteins of known three-dimensiond'® Protein matrix.

structure, at least half contain metal ions or other non-protein

prosthetic groups in their active sites; such prosthetic groups oft HBJECTIVES

themselves containing metal ions. Nature has made abundant 8@ pPROMISE database has several objectives:
of the wide range of chemical properties of the elementgy Tq classify protein families on the basis of bioinorgani
exemplified conspicuously by the complex coordination states of  ,qtifs.
the transition metals. The presence of metal ions and oth&§ To present a concise description of these protein familiés.
prosthetic groups confers vitally important properties on thgi) To provide pertinent links of each family to the various
proteins concerned, while the protein environments of the groups primary and secondary molecular biology databases.

modulate the chemistry of the ions in subtle ways. The ‘tuning(’iv) To compile a comprehensive bibliography on these protein
of the chemical reactivity of catalytic centres to the needs of the * 3 milies principally of their structural and spectroscopﬂfp
organism by this interplay of the protein and non-protein propertiés. N

components is clearly highly sensitive to the local geometry of t
active sites and further modified by the overall moleculal
structure.

The genome sequencing and other structural biology projects
are accumulating ever more data, but the need to systemati_se @M’AB ASE CONTENT AND STRUCTURE
analyse the data becomes correspondingly more demanding. In o
addition to the rapidly growing ‘primary’ databanks of nucleicThe PROMISE database is being created in the form of hypertext
acid and protein sequences (corresponding already to >150 Q@@ml) documents. This allows the incorporation of text, tabigs
different proteins) and the Protein Databank of three-dimensionahd graphics into database entries. Each entry forms a separate
(3-D) structures, a number of ‘secondary’ databases have be®ml document. Database entries follow a hierarchy: at the pp
derived, covering a diverse array of specialised areas. Thdseel are majorgroups (such as iron—sulphur proteins ok
include classification of proteins in terms of invariant active sitenononuclear iron proteins), which consist dasses(e.qg.
groups B), of ‘fingerprints’ of complex sequence motify or of  Fe[Cys), proteins), which in turn consist damilies (e.g
patterns of chain fold13,19). The PROMISE database is rubredoxins). For mogamilies, the 3-D ‘portraits’ of representa-
uniquely focused on protein active site structure and on theve memberswere created with the help of the MOLSCRIPT
relationships between protein molecules and-proteinpros-  program (5). The classification is not rigid and some intermedi-
thetic centrescombiningthe relevant sequence, 3-D structuralate or alternative levels could easily be introduced. Moreover,
and physico-chemical informatiof)( since some proteins contain more than one type of prosthetic

The concept obioinorganic motif(14), a structural feature group, the classification may be best described as a ‘network’
peculiar for metalloproteins and other complex proteins, may lrather than a ‘tree’. As at 15 September 1997, PROMISE version
useful in further discussion. Bioinorganic motifs, some of whiclii.5 contained five major groups (diiron-carboxylate proteins,

The PROMISE (Pro sthetic centres and m__etal ions in
protein active s_ites) database aims to gather together
comprehensive sequence, structural, functional and
bibliographic information on proteins which possess
prosthetic centres, with an emphasis on active site
structure and function. The database is available on the
World Wide Web at http://bioinf.leeds.ac.uk/promise/

/Jeuguoodnoo!wep

9c/

w
i) To keep the database up-to-date, i.e. to supplement exi§§ng

entries by new structural and bibliographic information gs
it becomes available. g
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Figure 1. Examples of bioinorganic motifs with ‘unusual’ amino acid—metal coordinatjdight-harvesting complex Il frorRhodopseudomonas acidophiizb);
b, cytochromd (17); c, lipoxygenase (6)J, nitrile hydratase (12}, cytochromee oxidase (23).

haem proteins, iron—sulphur proteins, mononuclear iron protei#s/AILABILITY AND SEARCH OF DATABASE
and chlorophyll-containing proteins) comprising nine inter- ) ] ] @
mediate class entries and 43 protein family entries, each with BROMISE is available on the World Wide Web from URL:
associated bibliographic entry (a total of 2552 references). TagitP://bioinf.leeds.ac.uk/promise/ . Use of Netscape version 280r
1 presents a full list of entries in PROMISE. hlgher.|s recommended. To provide simple and fast tex@qal
In a typical PROMISEamily entry, a group of proteins sharing S€arching through the whole PROMISE database, the SRS
a certain bioinorganic motif is analysed and the structure of tfgowser 8) has been installed. The user can thereby search
bioinorganic motif is depicted, a concise description is presentéinultaneously for the (combination of maximum four) keg-
of the proteins’ functions and a short bibliography provided, anyords through the whole entries (AllText) or in one of the
numerous hypertext links are established (BjgVia external  following fields:
hypertext links, organised in several tables, the relevant entriesID—Unique identifier (name of the entry);
from a variety of on-line molecular biology databases are Definition—Short title;
accessible (Tablg). Via internal hypertext links, the user may « DatabaselLinks—The external and internal hypertext li
find the way to other relevant PROMISE entries, both of higher that are organised into tables;
(e.g.clas9 or lower hierarchy (e.g. bibliography on structurale Comment—A concise description of the proteins’ functio
studies of proteins from this family or MOLSCRIPT images of @ Reference—Bibliography information.
representativenember of the family). In contrast to such derived
databases as SCOR3[ and CATH (9), PROMISE thus OVELTY
categorises proteins on the basis of their active/binding si{g
geometry and environment, rather than on the basis of their chaife previous lack of such a database is largely due to ﬁhe
folds. _ o - complexity of the problem and to the difficulty of extracting and
PROMISE contains two types bibliography entries: 'struc-  interpreting the relevant information. The amino acid sequence
tural studies’ and ‘reviews’. As the names suggest, the formefone clearly does not provide sufficient information about béth
entries include references to original papers on crystallographige nature and co-ordination mode of a protein’s prosthetic cefitre.
and spectroscopic studies of proteins from the given familgjosynthesis of such prosthetic groups as tetrapyrrroles, flagins
whereas the latter contain citations Of_ reviews and ) Otth'r the iron_m0|ybdenum cofactor (FeMoco) is carried out b?a
secondary literature sources. Where available, the hot-links ggmber of enzymes and does not depend directly on the folding
EntrezMEDLINE (4) abstracts and other on-line bibliographic of apoproteins. Apart from the ‘classic’ amino acid ligands that
sources (e.g. th@urrent Biologypublications) are included. commonly form bioinorganic motifs (side-chains of cysteine,
Every family and bibliography entry is revised at least histidine, tyrosine, methionine, glutamic and aspartic acids),
bimonthly; new entries and updates are released and the databagtous ‘novel’ ligands have been reported during the last few
is re-indexed weekly. Currently, the update procedure includggars (Fig.1). While comparisons of sequence data between
scanning a number of on-line databases (Ta)leand is species can assist identification of the amino acids that are
performed ‘manually’. With the expected growth of the databasénvolved in the centre and can in some cases hint at the possible
the update will become more time-consuming so we intend fanction of ‘novel’ proteins (i.eproteins whose sequences have
implement a semi-automatic search routine to facilitate this workeen translated from gene sequences and whose functions have
It is important to stress that, in contrast to computer-generatedt been determined biochemically) we know that homologous
derived databases, a great deal of human involvement psoteins sometimes possess different prosthetic groups (e.g.
necessary for the creation and updating of PROMISE entries.mammalian and bacterial haem catalases). If the 3-D structure of
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Table 1.Contents of PROMISE version 1.5

PROMISE groups, classes and families

Bibliography files

Structural
studies”

Reviews®

3-D
example

Diiron-carboxylate proteins
Class It Ribonucleotide reductase R2-type proteins
Class II: Ferrooxidase
Bacterioferritin (cytochrome b;; cytochrome bss7)
Ferritin
Rubrerythrin
Class IIT: Haemerythrin family
Class IV: Purple acid phosphatase
Haem proteins
Catalases
Cytochrome ¢ oxidase
Cytochromes
Cytochromes b
Cytochrome bs family
Soluble cytochrome bsez
Cytochromes ¢
Class I cytochromes ¢
Class II cytochromes ¢
Class Il cytochromes ¢
Class IV cytochromes ¢
Cytochromes ¢y
Cytochromes f
Globins
Haem peroxidases
Animal haem peroxidases
Fungal, plant and bacterial haem peroxidases
Haem-thiolate proteins
Chloroperoxidase

P450 proteins

91

52

41

38
259

36
85

42

b

49

60
35

99

1RIB

1BCF, 1BFR

1HMO

1KBP

1CAF

locc

3B5C

256B

1CRY
1BBE
2CY3

1PRCC

1CT™

1BBB, 1MBO

1MHL

2CYP

1CPO

3CPP

Iron-sulphur proteins
Fe(Cys)q4 proteins
Desulforedoxin-type Fe(Cys), proteins
Rubredoxin-type Fe(Cys), proteins
Fe,S; proteins
Adrenodoxin-type ferredoxins
Plant-type ferredoxins
Rieske iron-sulphur proteins
FeyS4 / FesS, proteins

Aconitase family

Bacterial-type mono-, di- and polycluster ferredoxins

Endonuclease ITI family
High potential iron proteins (HiP1Ps)
Nickel-iron hydrogenase
Nitrogenase component I (MoFe protein)
Nitrogenase component II (Fe protein)
Sirohaem-Fe,S4 enzymes
Trimethylamine dehydrogenase
FegSe proteins
Mononuclear iron proteins
Extradiol aromatic-ring cleavage monooxygenases
Intradiol aromatic-ring cleavage monooxygenases
Isopenicillin N synthase
Lipoxygenases
Chlorophyll-containing proteins
Bacteriochlorophyll a protein
Light-harvesting complex II of purple bacteria

Photosynthetic reaction centre of purple bacteria

8
30

24
60
37

36
108
5
44
28
48
19
25
11
8

19
28
10
54

18
43
124

24

}28

1cap

1PUT
1FRR

1RIE

TACN

1FXR

2ABK

118U

1FRV

1MIN

1NIP

1GEP

2TMD

1HAN

2PCD

25BL

3BCL

1LGH

1PRC

Total

2552

506

@The numbers in the columns correspond to the numbers of literatur
references in the associated bibliographic entries.

a representative member of a certain protein family is available,
homology modelling may be used to derive the structures of other
family members, since there is a high probability that members
share the sameverall 3-D fold; neverthelesg]etails of their
conformation may differ, giving rise to subtle differences in
chemical properties whose structural basis may remain obscure
until a high-resolution X-ray or NMR structure becomes
available. However, experimental results from other, mainly
spectroscopic, techniques also yield substantial information
about prosthetic group/active site structures (even in the absence
of sequence data) and it is therefore essential that a database or
prosthetic centres and metal ions in protein active sites should
contain such spectroscopic information.

To illustrate the extent of the gap which exists in the field of
protein informatics, let us consider the problem of protein
structure prediction from amino-acid sequence. Despite great and
continuing efforts throughout the last three decades, this proldem
remains unsolved in the general case. Although homolégy
modelling of monodomain globular proteins has become gan
almost routine task, a number of problems appear still toé‘be
beyond the conventionah'silico protein folding’ methodology. 5
In particular, the following vital features of protein molecules &fe
largely ignored by protein structure ‘predictors’:

 disulphide bonds and redox-active thiol groups
¢ membrane-bound domains

¢ modified amino acid residues

¢ non-standard amino-acid residues

* non-standard (e.g. locally distorted) secondary structureS
e prosthetic centres.

o"olwapeoe//:sdy

[e}o)

3

At least some of these features already are (or will ge)
incorporated in PROMISE. This does not mean that the probfem
is solved; rather, PROMISE makes a researcher aware of guch
features and provides him/her with known examples.

APPLICATIONS

6.€2C/9L€/119¢2/3

Our goal is to create botbomprehensiveand comprehensibleg
information source on prosthetic centres and metal ions in pratein
active sites. Our intended areas of application include biological
inorganic chemistry, biophysics, bioenergetics, crystallograghy,
spectroscopy and molecular pharmacology, as well as biolo@cal
education; there are clearly important areas of industrial application
in the pharmaceutical, agro-chemical, food and biotechnolegy
industries. From the outset, we have therefore aimed at world-wide
access to this resource and have designed the database db b
interrogated via a World Wide Web front end, making extensive &se
of hypertext links both within PROMISE itself and to external
databases. By providing such a familiar mode of access and because
of its interdisciplinary approach, we hope that PROMISE will
become a ‘meeting place’ for specialists from these different fields,
as well as a powerful facility for novices.
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Rubredoxin is a low molecular weight iron-containing bacterial protein involved in electron transfer, sometimes
replacing ferredoxin as an electron carrier [1]. Rubrerythrin is a fusion protein containing a C-terminal domain
homologous to rubredoxin [2].

The 3-D structures of a number of rubredoxins have been solved (3, 4]. The fold belongs to the o+f3 class, with 2
o-helices and 2-3 B-strands. Its active site contains an iron ion which is co-ordinated by the sulphurs of four
conserved cysteine residues forming an almost regular tetrahedron [4]. The conserved cysteines reside on two
loops, which are the most conserved regions of the protein:

THaN=---,
f P
| I II | |
Y--C--C--" \
A |
[Fel \
/N |
,==C--C-- |
| IV IIT | |
| e
“ooCc---

In addition, a ring of acidic residues in the proximity of the [Fe(Cys),] centre is also well-conserved [4].

The 3-D structure of rubrerythrin has been solved [3). The structure reveals a tetramer of two-domain subunits. In
each monomer, the N-terminal 146 residues form a four-helix bundle containing the diiron-oxo site, and the
C-terminal 45 residues form a rubredoxin-like FeS; domain.

| |

Figure 2. (Above and opposite) A sample entry from PROMISE. Underlined text indicates the hypertext links.
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Rubredoxin-type Fe(Cys), proteins in motif databases

PRINTS ID PRINTS AC PROSITE/BLOCKS ID PROSITE AC | BLOCKS AC
RUBREDOXIN PR00163 RUBREDOXIN PS00202 BL00202

Rubredoxin-type Fe(Cys), proteins in alignment databases

Protein Superfamily Protein Homology Domain Pfam LI.’FC 3-D
alignment
0033.0; rubredoxin
0034.0; Pseudomonas rubredoxin I 00142; rubredoxin E 00301} rub
rubredoxin
0035.0; Pseudomonas rubredoxin II

Rubredoxin-type Fe(Cys), proteins in 3-D databases

All rubredoxins contain single iron ion (see Figure 1CAD) except for * (Zn-substituted) containing zinc ion.

PDB | scop | BSM | RELI Header STRUGTURES.
Base
lcaa Icaa lcaa Icaa |Rubredoxin (oxidised); Pyrococcus furiosus MMS931
1cad 1cad 1cad Icad | Rubredoxin (reduced); Pyrococcus furiosus MMS93186
limn lirn lirn lim | Rubredoxin (oxidised); Clostridium pasteurianum -
liro liro liro liro | Rubredoxin (oxidised); Closiridium pasteurianum -
Irdg 1rdg Ird Irdg | Rubredoxin; Desulfovibrio gigas -
lzrp” | lzrp” | lzrp’ | lzrp’ | Rubredoxin (Zn-substituted); Pyrococcus furiosus MMS93185"
dexn drxn) Arsn drxn Rubreqo?un (ox1dlse<.1) (unconstrained model); -
Clostridium pasteurianum
Srxn Srxn Srxn Sexn Rubre(h?xm (oxidised) (constrained model); Clostridium -
I = pasteurianum
6rxn 6rxn 6r; 6rxn  ; Rubredoxin; Desulfovibrio desulfuricans, strain 27774 | MMS9111
T Trsn Texii Trxn Rubre@xm (complex with sulphate); Desuifovibrio -
vulgaris
Srxn _— 8rxan 8rxn Rubredf)xm (complex with sulphate); Desulfovibrio -
I T vulgaris
- - - - Rubredoxin (racemic); Desulfovibrio desulfuricans MMS94233

! Macromolecular Structures abstract. Full text is available to BioMedNet Members

-
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