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Expectations from structural genomics
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Abstract: Structural genomics projects aim to provide an exper-the domains were from a protein for which a structure had already
imental structure or a good model for every protein in all com-been solved from a different species, and 14% were new proteins
pleted genomes. Most of the experimental work for these projectfor which there was a known structure of a homolog in the same
will be directed toward proteins whose fold cannot be readilyfamily. In sum, more than 85% of the new protein domain struc-
recognized by simple sequence comparison with proteins of knowtures experimentally determined were in the same SCOP family as
structure. Based on the history of proteins classified in the SCOR protein already in the PDB. Generally, relationships between
structure database, we expect that only about a quarter of the eartlgese proteins could have been recognized by sequence compari-
structural genomics targets will have a new fold. Among the re-son, and it should have been possible to structurally model the
maining ones, about half are likely to be evolutionarily related toprotein domains by computational methods. Presumably, these pro-
proteins of known structure, even though the homology could noteins were experimentally studied because of the need to obtain
be readily detected by sequence analysis. detailed structural information or knowledge of the domain’s con-
text. As the categorization in Figure 1 was recognizable from
sequence in advance of structure determination, the distribution
reflects the interests of the experimental structural biology
community.

Figure 2 shows what was discovered from the proteins lacking
significant pairwise sequence similarity to those already in the
Structural genomics projeciim, 1998; Sali, 1998 are being  protein database. For these proteins, classification in SCOP re-
driven by two fundamentally antithetical goals. One aim is to yield quires knowledge of the structure; sequence would fail to predict
a complete representative set of protein folds. The other is tahese categories. In 1997, fewer than a quarter of such protein
provide insights into the function of genome-encoded proteinsdomains had a new fold, compared with about a half in 1990. Even
principally by recognizing homology between two structures with when more sensitive sequence comparison methods are used, like
the same fold, but whose similarity could not be detected by sePS|-BLAST in Figure 3, only 26% of unrecognizable sequences
guence analysis. To what extent are each of these goals likely to hepresent new folds. This suggests that the 459 protein folds in the
fulfilled? A study of the protein structures solved in recent yearsmost recent SCOP incorporate a majority of the frequently occur-
(Orengo et al., 1994; Holm & Sander, 1996; Brenner et al., 1997 ring globular structures. From this trend, it might seem that all of
can help answer this question. the most common folds may soon be known. However, several

The SCOP databas@Murzin et al., 199% organizes proteins analyses suggest that the frequency of different folds is highly
according to their structural and evolutionary relationships. Fig-skewed, so that new structures will continue to be found, albeit
ure 1 shows how SCOP 1.40s classifies protein domain structurdacreasingly rarely, for a very long time to coniBrenner et al.,
submitted to the Protein Data BafRDB) (Bernstein et al., 1997  1997; Wang, 1998; Zhang & DelLisi, 1998; Govindarajan et al.,
between 1987 and 1997. Even as the number of domains studierthg9. Moreover, we still know little about those structures—such
has grown dramatically, the nature of the sequences studied hasg membrane proteins—that are difficult to characterize structurally.
been comparatively constant. Slightly more than half of the protein  Although finding a new fold is exciting, it typically needs to be
domains submitted to the PDB in 1997 represent a new experimerfugmented with further experimental information to provide func-
on a protein sequence identical or nearly identical to one already ifional insight. Of the proteins submitted to the PDB in 1997 with-
the database, perhaps with some mutations, under different condyut significant sequence similarity to proteins in the database,
tions, in a larger complex, or with bound ligands. A further 20% of about a quarter have an existing fold but do not appear homolo-
gous to proteins already in the database: these define a new
superfamily. A much larger fraction—about half, depending upon
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Fig. 1. Experimentalists’ selection of proteins. The figure describes the category of new information, as described by SCOP 1.40s,
provided by protein domains experimentally solved and submitted to the PDB in 1987-1997. Data for 1997 are not yet complete, as
release holds mean that 189 PDB entii#8%) have not been classified. Obsolete PDB entries were classified in the same way as
domains of their superseding entries. Only proteins in the main cléss@sof the SCOP classification were considered, and only a
single representative of domains in a given PDB entry with identical classificagogs homodimers or crystallographically related
molecule$ was included. Each entry is taken as a separate experildenNumber of domains considered for each year.

B: Classification of new protein domains each year according to SCOP. The relative number of proteins in each category has been
relatively constant, despite the immense growth in the absolute number.

valuable in elucidating function of an otherwise uncharacterizeddetermination has been strongly biased in the past, these biases
protein in cases such as these, when it reveals that two proteins apeobably have little correlation with the probability of a protein
distant evolutionary relatives. Because the two proteins came frorhaving a new fold versus showing homology to another protein,
a single ancestor, it is likely that they retain some similarity in because it is impossible to recognize these categories before the
function (Martin et al., 1998; Hegyi & Gerstein, 199Moreover,  structure is solved.
the structure may provide the information necessary to evaluate Because experimental structural genomics projects will focus on
whether the functional site characteristics are indeed conserved. Amoteins whose structure cannot be recognized by sequence anal-
shown in Figures 2 and 3, the fraction of proteins in this categoryysis, the results in Figure 3 suggest that perhaps a quarter of the
has grown from almost none in 1987 to about half in 1997. structures solved will have novel folds, and that this fraction will

A large fraction of proteins in completed genomes cannot beslowly decrease. Most importantly, it is likely that structure deter-
effectively characterized by sequence comparison, so these praaination will reveal that nearly half of the proteins are homolo-
teins will be candidates for experimental work in structural ge-gous to a protein already in the database, despite absence of
nomics projects. We expect that the information to be learned fronsignificant sequence similarity. Consequently, structure determina-
these proteins will be similar to that for those in Figure 3. Both setstion promises to be an increasingly effective and efficient means of
of proteins have no significant sequence similarity to proteins ofdetecting homology, and thus suggesting molecular function for
known structure. Although selection of proteins for experimentalproteins.



What will structural genomics reveal? 199

A 300
2
S 250
5§ 200
©
5 150 |
8 100
g 50 1
P4
0
B 100% -
90%
80%
70%
60% -
50% -
40% -
30%
20% | New family,
homologous to known superfamily
10% - —
0% 1997
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 }
(Partial)
New fold 13 8 14 26 24 29 35 38 69 70 60
New superfamily 2 6 8 19 17 23 30 55 61 64 58
New family 1 4 4 9 20 26 59 91 81 134 147

Fig. 2. What was learned from proteins without significant pairwise sequence similarity to known structures? Protein domains without
sequence similarity to those already in the PDB are shown according to the degree of novelty revealed by their solved structures. The
proteins considered here roughly correspond to those in the “new family, superfamily, or fold” category in Figure 1; they were selected

if they were in the ASTRAL(Brenner et al., 2000set of sequences from SCOP 1.4Ds., classes 1-7 and having sequences more

than 20 contiguous residues with few ambiguitiesd they did not have a pairwise BLASTPGP 2.(A8ischul et al., 1997 E-value

score of=0.01 to any other such sequence presently in the PDB on the accession date. Obsolete entries were not considered for this
analysis. The family level in this graph incorporates all proteins that were homologous according to SCOP even if they were classified
at a more specific leveA: Number of domains considered for each y&arThe fraction of new folds has shrunk over the years, while

the number of homologs detected by structure detected has grown greatly.
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Fig. 3. What was learned from proteins without significant PSI-BLAST sequence similarity to known structures? More sophisticated
comparison methods permit the detection of additional homologs by sequence alone. When PSI-BLAST is used to select proteins
without significant sequence similarity, the number of new folds and superfamilies stay effectively the same, while the number of
evolutionarily related proteins detectable only by structure is reduced by about a third in years since 1994. Nonetheless, nearly half of
the proteins not found similar already to known structures by PSI-BLAST can be recognized as homologous to another protein when
using structure. The analysis was performed by searching each ASTRAL sequence from SCOP 1.40s against SHE®dittoed

1994 SWISS-PROT, TREMBL, and updates through April 14, 198&iroch & Apweiler, 1999 with BLASTPGP 2.0.9 for 10
iterations or until convergence, with a matrix inclusion threshold of4.€The output checkpoint files were then used to search the
ASTRAL sequence database, and matches B4ttalue=0.01 to domains already in the PDB were considered significant and excluded
from this graph. An elaboration of the analysis in Brenner etl&98 determined that this procedures provides accuracy comparable

to the pairwise BLASTPGP 2.0.8B-value score 0f=0.01 (S.E. Brenner, unpubl. obsused in Figure 2A: Number of domains
considered for each yedB: Fractions of proteins, not appearing similar to existing proteins of known structure with PSI-BLAST,
whose structure reveals them to be a new fold, superfamily, or family.



