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ABSTRACT Two single-method servers, SPARKS
2 and SP?, participated in automatic-server predic-
tions in CASP6. The overall results for all as well as
detailed performance in comparative modeling tar-
gets are presented. It is shown that both SPARKS 2
and SP? are able to recognize their corresponding
best templates for all easy comparative modeling
targets. The alignment accuracy, however, is not al-
ways the best among all the servers. Possible factors
are discussed. SPARKS 2 and SP? fold recognition
servers, as well as their executables, are freely avail-
able for all academic users on http:/theory.med.
buffalo.edu. Proteins 2005;Suppl 7:152-156.
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INTRODUCTION

Comparative modeling and fold recognition predict un-
known structures of proteins based on solved structures of
proteins. This is done by detecting close (comparative
modeling) or remote (fold recognition) sequence homology
between two sequences with inherent structural similar-
ity. The template-based modeling approach will become
increasingly useful for solving structures of proteins as
more protein structures become available. One way to
detect structural similarity is to identify close or remote
sequence homology via sequence comparison. Advances
have been made from the pairwise'~” to multiple sequence
comparison,®'? and from sequence-to-sequence, sequence-
to-profile®®-13 to profile-to-profile comparison.'%14~17 An-
other way to detect structural similarity is via sequence-to-
structure threading.'®~2® More recent work attempts to
optimally combine the sequence and structure information
for a more accurate/sensitive fold recognition.”?*=36 For a
recent review, see Godzik.?” SPARKS (version 2)3¢ and
SP? (Zhou and Zhou®®) are two fully automatic single-
method servers that attempt to locate the best match
between an input sequence and a known structure (single-
template) from the template library of protein structures
by optimally combining the sequence and structure infor-
mation.

METHODS

Details about methods used in SPARKS®¢ and SP? (Zhou
and Zhou®®) have been published elsewhere. Here, we give
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a brief summary for completeness. Both servers are single-
method servers. They also use sequence as well as struc-
ture information for fold recognition alignment to the
query sequence. The sequence information is taken from
the sequence profiles of the input and template sequences
that were generated from PSIBLAST.® The structure
information is represented by a secondary structure profile
(predicted versus actual secondary structures), structure-
based profile-energy scoring (used only in SPARKS), and
structure-derived sequence profile (used only SP?). The
total alignment score is optimized by local-local dynamic
programming®® with secondary structure—dependent gap
insertion/deletion. The matches to different templates are
ranked by an empirical criterion based on normalized
Z-scores and reverse alignment scores. Only one template
is used in each match. SPARKS 2 is an upgraded version of
SPARKS,?¢ in which the methods for parameter optimiza-
tion, dynamic programming, and template ranking are
from those used in SP2.3® The weight factors for various
terms in the alignment score function and gap penalties in
both SPARKS 2 and SP? are obtained by optimizing their
respective performance in ProSup alignment bench-
mark.*® The models for the top five matches ranked by
SPARKS 2 or SP® are built by using MODELLER*!
without side-chain and loop refinement. It usually takes
30 min to a few hours to complete the fold recognition of a
sequence (depending on the size of the query protein and
the load of the server computer). It should be noted that
both SPARKS 2 and SP? automatically make a weekly
update of template and sequence libraries (i.e., based on
new releases from the National Center for Biotechnology
Information (NCBI; sequences) and the Protein Data Bank
(PDB; structures), respectively.
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TABLE I. Results for T0269-1 by Several Top-Performing Servers

Method Template (rank) RMSD(A)(Cov)? GDT-score® TM-score” ALO_P*
SPARKS 2 1prxA (1) 2.15 (100%) 0.86 0.91 0.92
Sp3 1prxA (1) 2.28 (100%) 0.85 0.90 091
SFST 1prxB (1) 2.39 (100%) 0.85 0.89 0.89
ROBETTA 1prxA (1) 2.60 (100%) 0.86 0.88 0.90
2 RMSD, GDT score, and correct alignment ALO_P from the official CASP6 evaluation.
> From the Zhang—Skolnick evaluation.*?

TABLE II. Results for T0279-2 by Several Top-Performing Servers
Method Template (rank) RMSD(A)(Cov)? GDT-score® TM-score” ALO_P*
SPARKS 2 1jr2A (D 2.64 (100%) 0.69 0.76 0.79
Sp3 Lr2A (1) 2.60 (100%) 0.69 0.76 0.74
PROTINFO Lr2A (1) 2.72 (100%) 0.69 0.76 0.74
ACE 1jr2A (1) 2.77 (100%) 0.67 0.75 0.68

2 RMSD, GDT score, and correct alignment ALO_P from the official CASP 6 evaluation.

b From the Zhang—Skolnick evaluation.*?

RESULTS
Overall Performance

SPARKS 2 and SP? have been used to build the top five
models for all CASP6 targets (43 comparative modeling
targets and 44 fold recognition and new fold targets). The
overall ranks of SP® and SPARKS 2 for all targets among
all automatic servers are 3 and 4 (behind only metaservers
ACE and ROBETTA), respectively, based on either total
Global Distance Test (GDT) score of the first model given
by CASP6 evaluations*? or the total Template Modeling
Score (TM-Score) of the first model given by the Zhang—
Skolnick evaluation.*® For comparative modeling (CM)
targets, SPARKS 2 and SP? are ranked as 2 and 3 by either
the total GDT score or the total TM-Score, respectively
(behind Eidogen-EXPM only). The official ranking method
for servers in comparative modeling is, however, based on
combined Z-scores with penalties to those models with
severe atomic clashes. Based on this ranking method,
SPARKS 2 and SP? were ranked as the most accurate
servers (1 and 2) among all servers (including metaserv-
ers) because their models have significantly fewer atomic
clashes than Eidogen-EXPM. Analysis of CASP6 results
indicates that SPARKS 2 and SP? do not always generate
the best models for the comparative modeling targets.
Thus, it is necessary to analyze what makes the methods
successful in some targets and less so in other targets.

T0269-1 (CM/Easy)

Target T0269 is a two-domain protein, and T0269-1 is its
first domain, with residues ranging from 2 to 159. Both
SP? and SPARK 2 built the models for the whole protein.
The results for Domain 1 is shown in Table I. It is clear
that the top-performing servers picked either chain A or
chain B of the homodimeric protein 1prx (PDB ID) whose
sequence identity with T0269-1 is 27%. Thus, the key
difference between different servers is in the alignment
between the query sequence and the 1prx sequence. In-
deed, as suggested from percent of correct alignment
(ALO_P), SPARKS 2 has the best alignment, which lead to

the smallest root-mean-square deviation (RMSD; 2.15 A)
from the native structure.

T0279-2 (CM/Easy)

T0279-2 is Domain 2 of the target T0279. The results of
several top-performing servers are shown in Table II.
Similar to T0269-1, all top-performing servers selected the
same template, chain A of 1jr2 with 17% sequence identity
with the target sequence. Again, the alignment accuracy is
what made the modeling accuracy of SP? and SPARKS 2
come out slightly ahead of that given by the metaservers
PROTINFO and ACE.

T0232 (CM/Hard)

The above two targets are CM/Easy targets according to
the CASP6 classification. Target T0232, on the other hand,
is a CM/Hard target. It is also a two-domain protein. Table
III compares the results (in term of TM-Score**) for T0232
and its constituting domains given by several top-
performing servers. SPARKS 2 gives the highest TM-Score
(0.78) for T0232-1 but only a moderate TM-Score of 0.43 for
T0232-2 (ranked 13) and 0.61 for T0232 as a whole protein
(ranked 7 in TM-Score among all servers). Clearly, the
poor performance in T0232-2 is the main reason for the
moderate accuracy for the whole structure of T0232.
Results from SP? are similar. On the other hand, the
difference between the results of Domains 1 and 2 given by
either LOOPP or ROBETTA is significantly smaller. It
suggests that LOOPP and ROBETTA may have a better
alignment score function for this target.

Another interesting observation is that different servers
used different templates for T0232. This indicates that
similar results can be achieved with different templates.
Indeed, combinatorial extension (CE) structural align-
ment*® between the native structure and template struc-
tures indicates that there are many “high-quality” tem-
plates. There are at least six templates whose Z-score >
6.5 and 19 templates whose Z-score > 6.0 in our template
library. (Typically, proteins with a similar fold will have a
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TABLE III. Results for T0232 by Several Top-Performing Servers

Top Template TM-score
Method PDB ID CE Z-score® T0232 T0232-1 (1-86)° T0232-2 (91-236)°
SPARKS 2 1f3aA 6.6 0.61 0.78 0.43
Sp? 1glgA 6.7 0.61 0.73 0.45
LOOPP 1pgtA 6.7 0.71 0.71 0.61
ROBETTA law9 6.2 0.69 0.71 0.61

a Z-score from CE structural alignment between the template and the native structure of T0232. A higher

Z-score indicates stronger structural similarity.
P Residue ranges of Domains 1 and 2.

Fig. 1.
panel shows that Template 1v8g_A (in magenta) has a near perfect fit to Domain 2 (in green); the right panel
displays the fit of Template 1017 A (in magenta) to Domain 1 of T0233 (in blue).

Z-score of 3.5 or better.*®) The highest structural align-
ment Z-score is 6.7. The Z-scores for 1f3aA (SPARKS 2),
1glgA (SP?), 1pgtA (LOOPP), and law9 (ROBETTA) are
6.6,6.7,6.7, and 6.2, respectively. Thus, all top-performing
servers have selected “high-quality” templates. 1aw9 is in
our template library but is not ranked in the top five.
1pgtA is not in our library. There are two other templates
(1lokta and lduga) with a Z-score = 6.7 in our template
library. 1duga was ranked as second in both SPARKS 2
and SP3.

T0233 (CM/Easy)

T0233 is designated as a two-domain protein. The
residue ranges for Domains 1 and 2 are 14-79 and 93-362,
respectively. Domain 2 is substantially larger than Do-
main 1. As mentioned early, SPARKS 2 and SP? use only
one template for one target. The template 1v8g_A (ranked
1 by both SPARKS 2 and SP?) yielded the best server
model for Domain 2, with an RMSD of 1.9A from the native
(see Fig. 1, left). However, the accuracy of this model for
Domain 1 is ranked significantly lower than that from
many other servers. On the other hand, template 1017_A
(ranked 3 by both SPARKS 2 and SP?) produced the best
server model for Domain 1, with an RMSD of 0.995 A from
the native (see Fig. 1, right). This example illustrates the
importance of using multiple templates and/or domain
prediction for accurate structure prediction.

T0235-1 (CM/Easy)

SPARKS 2 and SP? do not perform as well as other
servers such as SFST and SAM-T99 for T0235-1, as shown

Domains 1 and 2 of the native structure of T0233 are shown in blue and green, respectively. The left

TABLE IV. Results for T0235-1 by Several
Top-Performing Servers

Method Template GDT-score® TM-score®
SAM-T99 1nbfA 0.69 0.81
SFST 1nbfA 0.67 0.78
Sp3 1nb8A 0.49 0.68
(InbfA)° (0.59)° 0.77)°
SPARKS 2 1nb8A 0.50 0.68
(1InbfA)° (0.58)° (0.76)°

2 GDT-score from the official CASP6 evaluation.
* from the Zhang—Skolnick evaluation.*?
¢ The result if 1nbfA replaces 1nb8A as the template.

in Table IV. The latter two have used the template 1nbfA,
whose sequence identity with T0235-1 is 12%. The tem-
plate used by SPARKS 2 and SP® is 1nb8A. It turns out
that 1nb8A and 1nbfA share 93% sequence identity. This
is why 1nbfA was not in our template library, which is
based on a 40% sequence identity cutoff. However, we
found that 1nbfA is a better structural template than
1nb8A, because the latter has many more missing coordi-
nates than the former. If 1nbfA were in the template
library, SPARKS 2 would yield a structure with signifi-
cantly higher accuracy based on TM and GDT scores
(increased by 12% and 16%, respectively). However, it is
still not as accurate as those of SFST and SAM-T99.
Similar results are obtained for SP?. This indicates that
there is room for further improvement of the alignment
accuracy of SPARKS 2 and SP? for this target.
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T0246 (CM/Easy)

T0246 is another CM/Easy target. SPARKS 2 and SP?
used lcnzA as the template (sequence identity: 55%) and
achieved an RMSD of about 2.1 A (100% coverage) from
the native structure. This is slightly worse than the best
server result (RMSD of 1.4A, 98% coverage) given by
3D-JIGSAW server. The latter used 1lcnzB as the tem-
plate. 1ecnzA and lenzB are two chains of a homodimer.
However, their structures are not identical. The RMSD
between the two structures is 1.5 A. If 1cnzB is used as the
template in SPARKS 2 or SP?, the accuracy of predicted
model is 1.6 A, with 100% coverage. This demonstrates
that even different chains of a homodimer can produce
results with significantly different accuracy. We found
that the total temperature B-factor of chain B (37,610) is
significantly smaller than that of chain A (58,850). Thus,
chain B is more rigid and its corresponding structure is
likely more accurate. This explains why a more accurate
model was yielded from chain B as template. It is noted,
however, that the template ranking score in SPARKS 2
still ranks lcnzA slightly above 1cnzB. This suggests that
when the difference between the ranking scores of two
templates is insignificant, the respective quality of the
template structures themselves may be more important.

DISCUSSION
What Went Right?

The good performance of SPARKS 2 and SP? in CM
targets is due to the consistent, high success in recognizing
the best templates. For easy targets, it was nearly 100%
successful in locating the best or near-best template. The
only exception is T0240. SPARKS 2 (SP?) ranked 1tol_A as
second (third), although it is a better template (with a
Z-score of 4.1 in CE structural alignment) than lihr_A
(ranked as first by SPARKS 2 and SP? but with Z-score of
only 2.3 in CE structural alignment). This exception is
caused by the fact that 1ihr_A (73 residues) and T0240 (90
residues) share an identical sequence of 73 residues. Thus,
the empirical template rank method based on reversed
alignment, normalized Z-score and bonus score for struc-
turally similar templates works well for easy targets. For
harder targets, fold recognition and new fold targets, in
particular, template ranking, are still challenging issues.
Another reason behind the performance of SPARKS 2 and
SP? in CASPS is their improved alignment. This may be
attributed to the optimization of parameters in SPARKS 2
and SP? by using an alignment benchmark.3¢-33

What Went Wrong?

The results presented here demonstrate the importance
of choosing the right representative structures among
homologous templates. 1InbfA is obviously better template
than 1nb8A, because the latter has more missing coordi-
nates. The fact that 1cnzB is a better template than its
homodimeric chain, lcnzA, may be associated with its
significantly lower total temperature B-factor. Thus, in
addition to using a cutoff of sequence identity, one should
carefully select the template based on its structural qual-
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ity among homologous proteins. An update for template
library for SPARKS 2 and SP? is currently in progress.

Results from multidomain protein T0233 reveal that
multiple templates and/or domain separation prior to
structure prediction will likely further improve the accu-
racy of structure prediction. Two different templates are
found to be the best match for different domains of T0233.
Incorporation of domain prediction and multitemplate
model building, a technique already used in some servers,
such as ROBETTA and Eidogen-EXPM, will be part of the
next version of SPARKS and SP3.
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