
Immunoglobin/Major Histocompatability Complex Proteins. The original PROSITE pattern 
IG_MHC (PS00290) had a number of matches that were not immunoglobins. SSP15290 
improves on this pattern.

PROSITE PS00290:[FY]-x-C-x-[VA]-x-H.**  
Precision: 98.71% (993/1006) , Sensitivity: 70.78% (993/1403) (SCOP Family: B.1.1.2) *

SSPsite SSP15290: [FPV]-x(9,20)-[FILVY]-x-C-x-[AILMTV]-x(1,2)-[DGFILVY]-x(1,3)-[DPS]-
x(1,5)-[AILMV]-x-[FILMTV]-x-[FLWY]-x(19,31)-[AFLWY]-x(5)-[AFGLTV]-x-[FILMSTVY]-
x(5,11)-[FHILVY]-x-C-x-[ALMV]-x-[FHNSY].
Precision: 100% (1319/1319) , Sensitivity 94.01% (1319/1403) (SCOP Family: B.1.1.2) *
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Example 1: Immunoglobin/Major Histocompatability Complex ProteinsExample 1: Immunoglobin/Major Histocompatability Complex Proteins

A. Space-filled model of residues in protein 3frua from PROSITE signature, PS00290; B. Space-filled model of residues in 
3frua from SSPsite signature SSP15290 residues; C. Ball & Stick model of residues in 3frua from SSPsite signature 
SSP15290 residues; D. Structural alignment of 25 proteins with signature SSP15290, colored by RMSD.

A. Space-filled model of residues in protein 3frua from PROSITE signature, PS00290; B. Space-filled model of residues in 
3frua from SSPsite signature SSP15290 residues; C. Ball & Stick model of residues in 3frua from SSPsite signature 
SSP15290 residues; D. Structural alignment of 25 proteins with signature SSP15290, colored by RMSD.

PROSITEPROSITE

Germin-Like Protein (GLP) Family.  The original PROSITE pattern was overly specific and 
had a high false negative rate.

PROSITE PS00725: G-x(4)-H-x-H-P-x-[AGS]-x-E-[LIVM].**
Precision: 100% (1/1) , Sensitivity: 1.64% (1/61) (SCOP Family: B.82.1.2) * 

SSPsite SSP59821: [HQS]-X-[AHNSTY]-X(3,4)-[EFLQV]-X(10)-[FILV]-X-[ILMV]-X(16,39)-[FIQW]-
X-[FILV]-[PQ]-X-[AGNS]-X(2)-[FHVWY]-X-[ILMQV].
Precision: 100% (57/57) , Sensitivity: 93.44% (57/61) (SCOP Family: B.82.1.2) *
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Example 2: Germin (Cupin) Family ProteinsExample 2: Germin (Cupin) Family Proteins

PROSITEPROSITE
SSPsiteSSPsite

A. Ball & Stick model of residues in protein 1f12a from PROSITE signature PS00725; B. Model of residues in 1f12a from 
SSPsite signature SSP59821; C. Structural alignment of 10 proteins with signature SSP59821, colored by RMSD.
A. Ball & Stick model of residues in protein 1f12a from PROSITE signature PS00725; B. Model of residues in 1f12a from 
SSPsite signature SSP59821; C. Structural alignment of 10 proteins with signature SSP59821, colored by RMSD.
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AbstractAbstract
Proteins that share a similar function often exhibit conserved 

“sequence patterns” or “signatures” or “motifs”. Such sequence 
signatures are derived from multiple sequence alignments and 
have been collected in databases such as PROSITE, PRINTS, and 
eMOTIF. Recent research has shown that these domain signatures 
often exhibit specific three-dimensional structures (Kasuya et al., 
1999; Mondal et al., 2003). We, therefore, hypothesized that 
sequence patterns derived from structural information would have
superior discrimination ability than those derived by other 
methods.

Here we show how to start with a sequence signature and 
use it to design meaningful sequence-structure patterns (SSPs) 
from a combination of sequence and structure information. Given a 
seed signature from one of the current databases, a set of 
structurally related proteins was generated via a pattern search of 
the protein structures compiled at the ASTRAL web site. After 
performing a multiple structure alignment based on the pattern 
residues, improved SSPs were obtained by including aligned 
positions containing either a single conserved residue or a context-
specific substitution group (Wu and Brutlag, 1996). The patterns 
were further enhanced by looking for association rules generated
by application of the APRIORI algorithm to the sequence alignment. 
These association rules indicate structurally adjacent residue 
positions in the protein that are mutually constrained and therefore 
correlated.  By focusing on small core regions of the protein in
which a high packing density constrains the substitution of one 
residue for another, we generated improved SSPs that 
outperformed existing profiles in the identification of a number of 
functional domains. The quality of our improved SSPs were 
evaluated by computing the sensitivity (TP/TP+FN) and precision 
(TP/TP+FP). Several examples of the resulting SSPs are discussed. 
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ResultsResults

SSP AlgorithmSSP Algorithm

Based on our experience with several protein families, our improved 
SSPs for several PROSITE-style signature patterns :
Contained more residues covering a greater length of the protein
sequence,
Contained a larger number of variable length gaps,
Contained higher contact order (CO) patterns , and
Exhibited higher sensitivity (TP/TP+FN) and precision (TP/TP+FP) .
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ConclusionsConclusions

SSPsiteSSPsite Online:Online: www.www.cscs..fiufiu..eduedu//sspsitesspsite

Input: A PROSITE-type sequence pattern, P, of length m.
A Database of protein structures, and associated 
sequences, N.

Output: One or more SSPs.
a. Find list C of candidate proteins in N that contain sequence 

pattern P and that align structurally at the pattern residues.
b. Create a sequence alignment and a structure alignment for 

the list C.
c. Compute a sequence-structure pattern (SSP) consisting of 

residues in positions that align well in the sequence 
alignment and in the structure alignment and that satisfy the 
following criteria:
i. The majority of the residues at the aligned position are 

conserved, i.e., they are of the same type (e.g. all Gly), or 
the majority of the residues at the aligned position belong 
to a “substitution group” (Wu, Brutlag 1996).  

ii. Every residue interacts with one or more other residues 
in the pattern and occupy a connected three-dimensional 
region.

iii. The residues have similarly oriented side chains. 
iv. The residues in question have a small RMSD value when 

aligned with a template for this pattern.
v. The pattern has at least five residues and is present in at 

least 80% of the candidate proteins C.
d. Evaluate the SSP by computing precision and sensitivity.
e. Improve the SSP by deleting or adding residues in order to 

increase its precision and sensitivity.
f. If necessary, split the SSP into more than one fragment to 

improve precision and sensitivity.
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A. 1het: SSP09052 residues;    C. 2nac: SSP09062 residues; 
B. SSP09052 alignment;   D. SSP09062 alignment.
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Protein Family DistinctionProtein Family Distinction

One motif (Strand-Helix-Strand), resulting in 2 SSPs.
Alcohol/glucose dehydrogenases: SCOP Family C.2.1.1 
SSP09052: [CFLV]-x-[FV]-x-[AG]-x(1,2)-G-[ACGP]-x-G-x(2)-[AGSV]-[ACIV]

-x(2)-[AC]-x(3,4)-G-A-x(1,2)-[ILV]-x-[ACGV]-x-[ADGV]. 
Precision: 100% (138/138), Sensitivity: 100% (138/138) *

Formate/glycerate dehydrogenases, SCOP Family C.2.1.4 
SSP09062: [ALV]-x-[IVT]-x(2)-[AFGLTVY]-G-x(2)-G-x(2)-[AFCLV]-[AGILM]

-x(2)-[AFLM]-x(4)-[AFMV]-x-[ILV]-x-[AFGITY]-x-[DSE]. 
Precision: 100% (71/71), Sensitivity: 100% (71/71) *
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D1HETA2 181   GSAVKVAKVT QGS-TCAVFG L-GGVGLSVI MGCKAA-GAA RIIGVDINKD 
D1JVBA2 161   RAVRK--ASL DPTKTLLVVG AGGGLGTXAV QIAKAVSGAT -IIGVDVREE 
D1JQBA2 1157  HGAE-LADIE MGS-SVVVIG I-GAVGLMGI AGAKLR-GAG RIIGVGSRPI 
D1E3JA2 159   HAC-RRAGVQ LGT-TVLVIG A-GPIGLVSV LAAKAY-GA- FVVCTARSPR 
D1KOLA2 176   HGA-VTAGVG PGS-TVYVAG A-GPVGLAAA ASARLL-GAA VVIVGDLNPA 
D1QORA2 136         YEIK PDE-QFLFHA AAGGVGLIAC QWAKAL-GA- KLIGTVGTAQ 
D1CDOA2 182   GAAVNTAKVE PGS-TCAVFG L-GAVGLAAV MGCHSA-GAK RIIAVDLNPD 
D1E3IA2 185   GAAINTAKVT PGS-TCAVFG L-GCVGLSAI IGCKIA-GAS RIIAIDINGE 
D1HT0A2 181   GSAVKVAKVT PGS-TCAVFG L-GGVGLSVV MGCKAA-GAA RIIAVDINKD 
D1D1TA2 181   GAAVKTGKVK PGS-TCVVFG L-GGVGLSVI MGCKSA-GAS RIIGIDLNKD 
D1YKFA2 157   HGAE-LADIE LGA-TVAVLG I-GPVGLMAV AGAKLR-GAG RIIAVGSRPV

D2NACA1   188   D-LE------ ----AMHVGT VAAGRIGLAV LRRLAPFDVH LHYTDRH--- 
D1QP8A1   121   L-IQ------ ----GEKVAV LGLGEIGTRV GKILAALGAQ VRGFSRT--- 
D1MX3A1   171   R-IR------ ----GETLGI IGLGRVGQAV ALRAKAFGFN VLFYDPY--- 
D1DXY_1   141   KELG------ ----QQTVGV MGTGHIGQVA IKLFKGFGAK VIAYDPY--- 
D1GDHA1   144   K-LD------ ----NKTLGI YGFGSIGQAL AKRAQGFDMD IDYFDTH--- 
D1PSDA1   148   E-AR------ ----GKKLGI IGYGHIGTQL GILAESLGMY VYFYDIE--- 
D1PJCA1   158   L-LGGVP--- -GVKPGKVVI LGGGVVGTEA AKMAVGLGAQ VQIFDIN--- 
D1L7DA1   159   A-FPMMMTAA GTVPPARVLV FGVGVAGLQA IATAKRLGAV VMATDVR--- 
D1B3RA1   209   M-IA------ ----GKVAVV AGYGDVGKGC AQALRGFGAR VIITEIDPIN 

A. B. C. D.

* ASTRAL SCOP 1.63 PDB SEQRES records (Current); ** PROSITE Release 18.0 of 12-Jul-2003 (Current).* ASTRAL SCOP 1.63 PDB SEQRES records (Current); ** PROSITE Release 18.0 of 12-Jul-2003 (Current).

Protein Family ConsolidationProtein Family Consolidation

Ferredoxins: SCOP Families  D.58.1.1, D.58.1.2, D.58.1.3, D.58.1.4
SSP02198: [ADEKNQSV]-C-[AEGIKV]-[AENPRS]-[AEILV]-x(4,5)-[IFHLY]-

x(18,31)-[AC]-x(3)-C-P. 
Precision: 100%  (61/61), Sensitivity: 100% (61/61) *
SSPs can also be used to group together structurally diverse 
groups such as the Ferredoxins. Although functionally related 
proteins may vary in residue composition, they often have specific 
regions with close residue side chain conformation.  This allows
the group as a whole to be characterized by an SSP.
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regions with close residue side chain conformation.  This allows
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A. B. C.

A. 1h98 (SCOP D.58.1.2): SSP02198 residues;  B. 1vjw (SCOP D.58.1.4): SSP02198 
residues; C. SSP02198 alignment.
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