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ABSTRACT 

This paper discusses the development of a database driven web-site 

with search and visualization facilities for a special class of protein 

structures called coiled-coils (StableCoil Coiled-Coil Identification 

Database, http://sc3id.ucdenver.edu/). The coiled-coil database has 

a user-friendly Web-based interface that can be used by biochemists 

and health scientists to query it on any question concerning se-

quence relationships that contribute to our understanding of the 

relationship between protein structure, stability and function. The 

coiled-coil database was created using the  StableCoil algorithm.  

The StableCoil algorithm uses only experimentally derived and 

quantitative data based on coiled-coil stability.  StableCoil is the only 

program in existence that is based on experimentally derived stabil-

ity data for coiled-coils.  

1 INTRODUCTION  

This paper discusses the development of a database driven Web-site with 

sophisticated search and visualization facilities for a special class of protein 

structures called coiled-coils. A coiled-coil is a structural motif in which 

two or more !-helices are coiled together like strands of a rope. The coiled-

coil database has a user-friendly Web-based interface that can be used by 

biochemists and health scientists to query it on any question concerning 

sequence relationships, (e.g., hydrophobic and electrostatic interactions) 

that contribute to our understanding of the relationship between protein 

structure, stability and function of coiled-coil proteins. The database was 

created (Brinkmann, 2003; Nandoor, 2005; Deshmukh, 2008) using the 

StableCoil algorithm (Tripet and Hodges, 2001). The StableCoil algorithm 

uses only experimentally derived and quantitative data based on coiled-coil 

stability (Tripet et al, 2000; Wagschal et al, 1999b; Zhou et al, 1994c). A 

Web-site has been developed so that it is accessible to biomedical research-

ers in their attempt to understand which proteins contain potential coiled-

coils, the type of interactions in those coiled-coils that contribute to stabil-

ity and function, and to use the improved understanding to solve significant 

problems in human health.  

2 COILED-COILS IN BIOLOGICAL 

INFORMATICS 

2.1  Coiled-coils in nature 

!-Helical assembly motifs, comprised of two to five amphipa-

thic !-helices that twist around each other to form a supercoil, are 
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abundant in proteins (Kohn et al, 1997a; Kohn and Hodges, 1998). 

It has been estimated that approximately 3% of all helical se-

quences are coiled-coils (Wolf et al, 1997), a testament to the di-

verse array of functions of such motifs in nature.  Indeed, recent 

inspection of the Brookhaven Protein Data Bank (PDB) has re-

vealed 552 high-resolution protein structures containing the coiled-

coil motif, out of 29,509 protein entries that have been solved by 

X-ray crystallography and NMR. 

The diverse array of functions carried out by coiled-coils in-

clude, for example:  (i) structural roles in cytoskeletal proteins, 

such as !-keratin, human vimentin, laminin and tetrabrachion; (ii) 

oligomerization roles for  motor proteins, such as myosin, kinesin 

and dynein; (iii) a conformational switch role in muscle regulation, 

tropomyosin; (iv)  pH-dependent switches, such as found in 

macrophage scavenger receptors and the influenza virus; (v)  viral 

fusion in coronaviruses such as that responsible for severe acute 

respiratory syndrome (SARS); and (vi) molecular recognition, e.g., 

so-called SNARE proteins and (vii) DNA regulation via transcrip-

tion proteins such as the well-studied GCN4.  Overall, the coiled-

coil motif represents an effective universal oligomerization do-

main. 

2.2 Coiled-coil structure 

Figure 1.  Left, space-filling model of the two-stranded !-helical coiled-coil.  The 

polypeptide backbone atoms of one !-helix are white and the other yellow.  Each 35-

residue chain consists of five times the heptad repeat Ile-Glu-Ala-Leu-Glu-Ala-Lys, 

also designated a-b-c-d-e-f-g.  The hydrophobes at positions a and d are dark green, 

isoleucine; brown, leucine.  The charged residues at positions e and g are: red, glu-

tamic acid and blue, lysine.  Five interchain electrostatic attractions between Glu and 

Lys residues are observed on each side of the coiled-coil (g to e").  Right, the yellow 

!-helix has been separated from the white helix and rotated 90o to expose the hydro-
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phobic surface created by the isoleucine and leucine residues at positions a and d in 

the 3-4 hydrophobic repeat (Hodges, 1992). 

The two-stranded !-helical coiled-coil structure, the most com-

mon type of coiled-coil motif, was first proposed by Crick (1953). 

This simple protein folding motif consists of two amphipathic, 

right-handed !-helices that adopt a left-handed super coil, analo-

gous to a two-stranded rope where the non-polar face of each !-

helix is continually adjacent to that of the other helix (Figure 1). 

Tropomyosin (TM), a thin filament protein found in striated 

muscle, was the first !-helical coiled-coil protein to have its amino 

acid sequence determined (Hodges et al, 1972; Sodek et al, 1972).  

From this sequence, a 3-4 or 4-3 hydrophobic repeat responsible 

for the formation and stabilization of the coiled-coil structure was 

identified:  NXXNXXXNXXNXXXN..., where N is a non-polar 

residue.  This repeating sequence of seven amino acids is denoted 

(abcdefg)n, where positions a and d are occupied predominantly 

by hydrophobic/non-polar residues (Figure 2).  Thus, the hydro-

phobic a and d residues form the hydrophobic core of the coiled-

coil.  The e and g positions are often occupied by charged residues 

that flank the hydrophobic interface, pack against the residues of 

the hydrophobic core, and participate in interhelical g-e" , g"-e  

ionic interactions (Figures 1 and 3).  Hodges and coworkers using 

peptide synthesis were the first to design and demonstrate that a 

repeating heptad with only hydrophobes at positions a and d 

formed a stable coiled-coil (Hodges et al, 1981).  Interestingly, it 

was not until 1991 that the first high-resolution X-ray structure of a 

coiled-coil was determined (O’Shea et al, 1991). 

 

Figure 2.  The repeating heptad sequence where N are non-polar residues responsible 

for the formation and stability of coiled-coils; X denotes any residue.  The lower 

heptad repeat is the sequence shown in Figure 1 where position a is Ile and position d 

is Leu and e and g positions are Glu and Lys, respectively, which participate in i to i" 

+ 5 interchain electrostatic/ionic interactions (Figure 3). 

The relatively simple nature of the coiled-coil motif has made it 

an ideal model to study factors which stabilize coiled-coils specifi-

cally and globular proteins in general, e.g., (i) polypeptide chain 

length (Lau et al, 1984; Su et al, 1994; Fairman et al, 1995; Li-

towski and Hodges, 2001; Kwok and Hodges, 2004a), (ii) stability 

contributions from residues in the hydrophobic core (a and d posi-

tions) (Wagschal et al, 1999ab; Tripet et al, 2000); (iii) interchain 

and intrachain electrostatic interactions (Kohn et al, 1995ab, 

1997b, 1998; Zhou et al, 1994ab; Lumb and Kim, 1996; Lavigne et 

al, 1996); (iv) side-chain helical propensities (O’Neal and De-

Grado, 1990; Zhou et al, 1994c; Chakrabartty et al, 1994; Monera 

et al, 1995); (v) N-and C-terminal helix capping effects (Aurora 

and Rose, 1998; Tripet and Hodges, 2002); (vi) control of oli-

gomerization state (O’Shea et al, 1993; Harbury et al, 1993; Gon-

zales et al, 1996abc; Tripet et al, 2000); (vii) control of parallel 

and antiparallel orientation of !-helices in coiled-coils (Monera et 

al, 1993, 1994, 1996; Zoetewey et al, 2003); (viii) control of 

homo- versus hetero-dimerization in coiled-coils (Zhou et al, 

1994a; Tripet et al, 1996; Chao et al, 1996, 1998; Litowski and 

Hodges, 2002; Chana et al, 2002, 2005; De Crescenzo et al, 2003); 

and (ix) the effect of the presence of clusters of hydrophobic side-

chains (“hydrophobic clusters”) along the polypeptide sequence 

(Kwok and Hodges, 2003; Lu and Hodges, 2004; Kwok and 

Hodges, 2004ab). 
Figure 3.  A cross-section of one heptad of a coiled-coil is shown (top).  Positions a 

and d are buried in the hydrophobic interface of the two !-helices that make up the 

coiled-coil (the interactions are indicated by the open arrows, a to a"  and d to d"); 

positions e and g lie close to the hydrophobic interface and are often occupied by 

oppositely charged residues to form interchain electrostatic interactions between 

residue g and e"  or i to i" + 5 along the chain that further bury the hydrophobic inter-

face; positions b, c, and f are residues on the outside of the coiled-coil and are gener-

ally hydrophilic (polar) or charged residues and can involve intrachain electrostatic 

interactions of i to i+3 or i to i + 4.  Bottom panel shows a heptad repeat from tropo-

myosin with an abundance of intra-chain (brackets) and interchain electrostatic inter-

actions (arrows) where 5 out of 7 residues in the heptad are charged residues. 

 

2.3  Applications of de novo designed coiled-
coils 

In addition to protein folding and stability studies, the relative 

simplicity of the coiled-coil motif also makes it useful for protein 

de novo design for a wide range of applications (Hodges, 1996). 

Thus, Chao et al. (1996, 1998) engineered a heterodimeric two-

stranded coiled-coil that was applied as a dimerization and capture 

domain for biosensor-based applications and used in an expres-

sion/detection/affinity chromatography system.  Tripet et al. 

(1996) engineered a de novo-designed coiled-coil heterodimeriza-

tion domain for the rapid detection, purification and characteriza-

tion of recombinantly expressed peptides and proteins. 

2.4 Community Served by the Database 

 Coiled-coils are a universal oligomerization domain 

found in diverse proteins unrelated in structure and function.  Thus, 

all research scientists studying proteins that oligomerize will utilize 

this web-based database to search whether their protein of interest 

has a coiled-coil and search the location of that coiled-coil. 

3 DATABASE RATIONAL AND 

SOFTWARE DEVELOPMENT 
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The key to the relationship between protein structure and func-

tion is understanding protein stability.  Though science has not 

been able to predict protein stability from amino acid sequence, we 

believe this goal is achievable with coiled-coils.  The advantage of 

studying !-helical coiled-coils is that their rod-like structure makes 

the prediction of protein stability a one-dimensional problem rather 

than the 3-dimensional problem in globular proteins.  Globular 

proteins also contain a diversity in secondary structural elements: 

!-helix, #-sheet, #-turns and loops.  The coiled-coils contain only 

one-type of secondary structure (!-helix) and the rod-like nature 

makes the intra- and inter-helical interactions much easier to un-

derstand.  If we can identify all of the non-covalent interactions 

that stabilize homo-stranded parallel and in-register coiled-coils 

and quantify these interactions, overall coiled-coil stability should 

just be the additive sum of these interactions along the coiled-coil.  

Coiled-coils have been studied extensively and the vast majority of 

interactions involved in protein stability have been identified and 

quantified. Lastly, coiled-coils vary in length from as short as 21 

residues to well over 1,000 residues per polypeptide chain.  The 

polypeptide chains can be parallel or antiparallel or multi-stranded 

from two to five polypeptide chains per coiled-coil. This diversity 

in structure allows one to systematically advance our knowledge 

from parallel two-stranded coiled-coils of short length to longer 

coiled-coils, then to compare parallel versus antiparallel orientation 

and finally predict protein stability of multi-stranded coiled-coils. 

The advantage of structure-function studies on individual pro-

teins is invaluable.  However, the protein sequence database adds a 

new dimension to structure-function studies.  It allows one to in-

vestigate the importance of interactions based on statistical occur-

rence in a similar group of proteins by computer before carrying 

out any experiments.  This approach can avoid extensive and time-

consuming structure function studies on interactions that may be of 

no general relevance. The most rapid advancement in protein 

chemistry can come from first studying the most relevant interac-

tions in any single group or class of proteins. A sequence database 

of all proteins containing coiled-coils and a sequence database of 

all the individual coiled-coils in these proteins would be invaluable 

for researchers.   

3.1   Algorithms for Coiled Coil Prediction 

Traditionally, the three dimensional structure of a coiled-coil has 

been determined by X-ray crystallography and NMR spectroscopy. 

Not only are these methods very expensive, but they can also be 

very time consuming. Furthermore, it is highly improbable for a 

single group of researchers to apply these methods to all the natu-

rally occurring proteins known to man. A better way to approach 

this problem is through the use of predictive algorithms, which 

provide the researchers with answers to questions like: Which 

proteins contain coiled-coils? Which coiled-coils are more/less 

stable due to the type of residue in the a and d positions or the 

number of electrostatic attractions/repulsions? Protein structure 

analysis was thus born out of the desire to determine protein char-

acteristics without conducting laboratory experiments or using 3-

dimensional structure determination. 

The COILS Algorithm (Lupas et al, 1996), an enhanced version 

of the Lupus Algorithm (Lupas et al, 1991) compares a given 

amino acid sequence to a database of known parallel two stranded 

coiled-coils. The program calculates a probability that a sequence 

will adopt a coiled-coil. PAIRCOILS (Berger et al, 1995) classifies 

coiled-coils using a statistical approach. It determines conditional 

probabilities that two amino acids are found in any two heptad 

positions. These frequencies are then normalized and used to de-

termine the probability that a certain pair of amino acids appears at 

a given heptad repeat. The SOCKET (Walshaw et al, 2001) pro-

gram finds the knobs-into-holes mode of packing between alpha-

helices that is characteristic of coiled-coils. It unambiguously de-

fines the beginning and end of coiled-coil motifs in protein struc-

tures and assigns a heptad register to the sequence, to automati-

cally collect statistics on frequencies of amino acids at each of the 

heptad positions (abcdefg) of the sequence/structure motif.  

It is interesting to observe that although all of these algorithms 

predict coiled-coils in proteins, using statistical approaches, none 

of them stores the data to allow users to perform customized 

searches. All of the above algorithms require the user to enter a 

protein sequence or a file in a certain format to produce the desired 

results. Not only is this approach inconvenient, it is also time con-

suming, particularly if the users want to run large set of data.  

In the project reported in this paper, our goal is to help research-

ers study in detail the role that various amino acid residues play in 

coiled-coils. We improved the performance, accuracy, and user 

friendliness of the first rendition of the StableCoil Algorithm.  Our 

database, as of November 29, 2008, has 89,724 proteins that con-

tain coiled-coils and 144,927 coiled-coils in these proteins.  This is 

a wealth of information on coiled-coils. 

 

3.2   StableCoil Algorithm 

In 1999/2000, Dr. Hodges and his team designed a model coiled-

coil protein and substituted all 19 amino acids excluding cysteine 

in the hydrophobic core positions (positions a and d of the heptad 

repeat (abcdefg)n) responsible for the formation and stability of 

coiled-coils (Wagschal et al, 1999a and 1999b; Tripet et al, 2000).  

The experimental data provided for the first time quantitative sta-

bility coefficients for all amino acid residues at positions a and d 

of coiled-coils.  They had previously experimentally derived a set 

of !-helical propensity values for all twenty amino acid residues 

(Zhou et al, 1994c; Monera et al, 1995). 

This combined information allows us to predict the location of 

coiled-coils in any protein sequence using a combination of !-

helical propensity values for positions b, c, e, f and g of the heptad 

repeat positions and stability coefficients for positions a and d.  

The added advantage of StableCoil is the ability to predict stability 

fluctuations along the length of the coiled-coil using a 7-residue 

window width (“stability profile”).  The value of this program was 

dramatically shown when we obtained the 1255-residue sequence 

of the SARS-coronavirus spike protein.  We were able quickly to 

locate the two coiled-coil regions denoted HRN (residues 882-

1011) and HRC (residues 1147-1185), synthesize the coiled-coils 

and demonstrate which parts of the coiled-coils were involved in 

six-helix bundle formation responsible for membrane fusion and 

virus entry (Tripet et al, 2004).  We then designed template-based 

coiled-coil antigens to elicit neutralizing antibodies to the SARS-

Coronavirus (Tripet et al, 2006).  We then were able to design 

potential peptide inhibitors to block virus entry (Yan et al, 2006).  

These rapid developments would not have been possible without 

the StableCoil algorithm. 

To populate the coiled-coil database, we chose first to locate all 

proteins containing coiled-coils where the coiled-coil is 42 residues 
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or longer.  These longer coiled-coils are dramatically different 

from short coiled-coils.  They seem to have alternating clusters of 

large hydrophobes (Val, Ile, Leu, Met, Phe or Tyr) in the a and d 

positions which we refer to as stabilizing residues separated by 

clusters of what we refer to as destabilizing clusters made up of the 

following 12 amino acid residues or destabilizing residues (Gly, 

Ala, Cys, Ser, Thr, Asn, Gln, Asp, Glu, Arg, His, Lys) in the a and 

d positions.  Clusters are defined as 3 or more stabilizing residues 

(large hydrophobes) in a row in the a and d positions or 3 or more 

destabilizing residues in a row in the a and d positions (Kwok and 

Hodges, 2003; Lu and Hodges, 2004; Kwok and Hodges, 2004ab).  

Thus, the coiled-coil database must not only locate the coiled-coil 

sequence but once found denote the clusters of stabilizing and 

destabilizing residues in the hydrophobic core of coiled-coils (Fig-

ure 4). 

 

Figure 4.  Two regions of the tropomyosin sequence are shown to emphasize the 

alternating clusters of stabilizing and destabilizing residues in the hydrophobic core.  
Black boxes are stabilizing clusters and the open boxes are destabilizing clusters 

(Kwok and Hodges, 2004b). 

 

Our database uses a window width of 42 residues shifting by one 

residue throughout the sequence to define the coiled-coils and 

length of the coiled-coil.  To be defined as a coiled-coil we have 

developed a stringent cut-off value to eliminate false positives.  

Since coiled-coils contain repeating heptad sequences, on any 

given protein sequence we do not know the reading frame.  That is, 

there are seven different possible start positions to any coiled-coil 

sequence (a, b, c, d, e, f, or g).  Thus, we calculate the overall sta-

bility of the 42-residue window starting with seven different read-

ing frames.  The reading frame with the highest score value of all 

seven reading frames defines the reading frame of that coiled-coil 

and locates the large hydrophobes at positions a and d as would be 

expected.  It is interesting that our database even with the stringent 

cut-off value defines 144,927 coiled-coils in the sequence data-

base.  Having defined this large number of coiled-coils, we had to 

develop a convenient and user-friendly Web-based interface to 

query the database to address the questions listed below in gener-

ated reports and search programs. 

3.1 Database  

We create the database in MySQL 5.0 since it has become the 

database of choice for a new generation of applications built on the 

LAMP stack (Linux, Apache, MySQL, PHP/Perl/Python). There 

are several reasons for the popularity of MySQL: it is fast, easy to 

set up, use and administer. A feature of MySQL that is favorable to 

this project is that it supports stored procedures. Stored routines 

can provide improved performance because less information needs 

to be sent between the server and the client.  

Figure 5: Core Database Schema 

The database was developed and populated in two stages. The 
first stage consisted of the basic tables need to identify and store 
coiled-coils. Figure 5 shows the core database schema. We popu-
late it by getting data from SWISS-PROT and updating it every 
week with their update files, run the StableCoil Algorithm, identify 
the coiled-coil regions and populate the core tables. The second set 
of tables store electrostatic interactions among the amino acids in a 
single coil (intrachain) or cross-coil (interchain). The two sets of 
tables are used for providing answers to protein researchers. A part 
of the E-R diagram for the second stage is given in Figure 6. 

3.2 Developing Database Reports 
Our program generates various kinds of useful reports to give in-

sight regarding the distribution of amino acids in various positions 
of the heptad repeat. Below we provide examples of reports we 
generate: 

• Frequency of occurrence of amino acids in each position of 

the heptad repeat (abcdefg)n 

• Salt-bridge occurrences in coiled-coils 

• Amino acid pair occurrences in coiled-coils 

• Cluster count vs. coiled-coil length. 
We develop at least a dozen additional reports; we don’t have 

the space to discuss most here.  

3.4.1 Frequency of occurrence of amino acids in 
each position of the heptad repeat (abcdefg)n 
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Frequency analysis of amino acids in different positions in the 
heptad repeat can provide useful insights. Frequency analysis may 
clarify doubts and sharpen arguments regarding stability of coiled-
coil motifs.  It is useful for a biochemistry researcher to be able to 
query the database and obtain fine-grained frequency counts in 
different contexts. For example, one would expect the large hydro-
phobes (L, I, V, M, F and Y) to occur most often in positions a and 
d of coiled-coils since these residues provide the necessary hydro-
phobicity to stabilize the coiled-coil structure.  In our database, 
these amino acids occur 1,357,286 times out of 2,016,512 total 
occurrences at these positions (67.3%). All other amino acid resi-
dues are also found at these positions which demonstrates that 
nature uses these “destabilizing residues” (G, A C, N, Q, S, T, D, 
E, K, R and H) to, for example, modulate stability of the coiled-
coil for function, to control the oligomerization state of the coiled-
coil or polypeptide chain orientation (parallel vs. antiparallel).  If 
too many destabilizing residues are used in the hydrophobic core, 
the coiled-coil would not form. Another example of frequency of 
occurrence information and its importance is the occurrence of Val 
in positions a and d of coiled-coils.  In our database, Val occurs at 
position a 143,650 times almost twice the preference at position d 
(77,177 times). This result is verified by the fact that #-branched 
amino acids pack better in the coiled-coil interface at the a posi-
tion. As a last example, Asp has a very low occurrence in the a and 
d positions of coiled-coils. At position a there are only 5,909 oc-
currences compared to Leu at position a of 224,544 occurrences.  
This result suggests that it is worthwhile to investigate all the 
coiled-coil sequences with Asp at position a since it may have a 
very unique role in controlling function.  

These few examples show the wealth of information that can be 
obtained from frequency of occurrence data alone. We can also 
look at frequency of occurrence of amino acids at positions a and d 
of coiled-coils related to location in the coiled-coil, i.e., N-terminal 
heptads vs. central heptads vs. C-terminal heptads. 

3.4.2 Salt-bridge occurrences in coiled-coils 

The database we have created provides a total of 2,224,132 salt 
bridges in all types of interactions involving attractions and repul-
sions; these can be evaluated to understand electrostatics in coiled-
coils. We are able to evaluate what residues occur in the heptad 
sequence of a given type of salt bridge to look for significant corre-
lations.  For example, we can explore the type of electrostatic in-
teractions in interchain positions i to i" + 5, intrachain positions i to 
i + 3, intrachain positions i to i + 4,  attraction or repulsion between 
different positions, salt bridges involving any two residues of R, K, 
E and D, salt bridge start location (position a, b, c, d, e, f or g). 

As an example, in the database, if we search for all i to i" + 5 
electrostatic interchain attractions involving E at position g and K 
at position e"  we find 34,888 occurrences of the total number of 
170,892 (20.4%). 

E . . . . K  34,888 
K . . . . E  28,412 
D . . . . K  14,256 
K . . . . D  12,040 
E . . . . R  29,124 
R . . . . E  26,708 
D . . . . R  13,708 
R . . . . D  11,756 
Total   170,892 
This example shows that electrostatic attractions in general in-

volve K and E or R and E in either orientation for a total of 
119,132 (69.7%) and that D is found much less often in salt 

bridges 51,760 (30.3%). This is an insight that we can try to con-
firm with physical experiments.  

3.4.3 Amino acid pair occurrences in coiled-coils 

This search helps us understand the relationship of any two posi-
tions in a coiled-coil.  For example, what pair of amino acids in 
position a and position d occur most often? In the database, there 
are 959,875 a and d pairs, with the L-L combination occurring 
most often at 58,835 times, whereas the less hydrophobic pair A-A 
occurs only 3,622 times, while G-G is only found 249 times.  The 
program is flexible to search for any pair of amino-acids at any two 
positions of the heptad sequence to discover correlations that we 

can relate to our understanding of the structure of coiled-coils. 
Figure 6: E-R Diagram Detailing the Relationship Between tblSaltBridge 

and tblSplitHeptadCoils 

3.4.4 Cluster count vs. coiled-coil length 

This database report presents a tabulation of the number of 
coiled-coils of lengths <50, between 50 and 59, 60 and 69, 70 and 
79, 80 and 89, 90 and 99 and >100 residues and the average num-
ber of stabilizing and destabilizing clusters per coiled-coil of a 
given length. A related report tabulates the stabilizing cluster dis-
tribution in coiled-coils of different lengths. We can examine the 
number of stabilizing clusters of length 3, 4, 5, 6, and 7 or more. 
Similarly, we can tabulate the destabilizing cluster distribution in 
coiled-coils of different lengths.  Understanding stabilizing and 
destabilizing clusters in long coiled-coils is key to understanding 
their stability and function. Our examination showed that of 
144,927 coiled-coils in the database, there are only 1,937 coiled-
coils of 100 residues or longer which contain 2,649 stabilizing 
clusters of 3 large hydrophobes in a row compared to only 756 
stabilizing clusters of 6 large hydrophobes in a row. These same 
1,937 coiled-coils contain 1,197 destabilizing clusters of length 3 
compared to only 4 destabilizing clusters of length 6.  This imme-
diately shows that the frequency of destabilizing clusters at any 
given length is much less compared to stabilizing clusters of the 
same length. 
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3.5 Database Searches  

We have implemented associated database search programs to 
allow for many different kinds of searches of the database con-
tents. Examples of searches are 

• Protein-related searches 

• Coiled-coil related searches 

• Coiled-coil motif searches, etc.  

The front end was developed in PHP and uses Fusion Charts to 
create dynamic Flash charts based on XML codes. The MySQL 
database serves as the backend. Each search pages provides op-
tions to export the data in HTML or Microsoft® Word or Micro-
soft® Excel formats. Each page also includes a help option de-
scribing what the page does. The searches are highlighted to pro-
vide easy visual recognition of the data. The searches are stored 
per user between different sessions. Each search page contains a 
link allowing users to reset the search criteria. 

The users can search variations in proteins, coiled-coils and the 
salt bridges and also provide summary queries that describe 
anomalies or points of interests in the dataset. The summary que-
ries create materialized views, which are based on SELECT state-
ments and use the JOIN statement to combine two or more tables. 
The following sections describe the different pages of the website 
and the search parameters associated with these pages.  

3.5.1 Protein related search 

We can search for a given sequence in all the proteins in the da-
tabase that contain coiled-coils.  A given sequence could be found 
in the coiled-coil domains of the protein or in the non-coiled-coil 
domains.  There are 89,724 proteins that contain coiled-coils in the 
database.  The best way to understand our approach to sequence 
searching in the database is to use an example of a novel discovery 
we made on tropomyosin, a two-stranded !-helical coiled-coil.  
We can search for an amino acid sequence in coiled-coil regions of 
proteins. For example, if we search for the sequence R L A T A L 
Q in the protein related search, we locate 26 proteins of which 25 
are tropomyosins from different species. This shows that the indi-
vidual heptad is unique to tropomyosin and only found once in 
another protein of the 89,224 coiled-coil containing proteins or in 
other coiled-coils (144,927). 

3.5.2 Coiled-coil related search 

If we search for the sequence R L A T A L Q in the coiled-coil 
related search, we locate 25 proteins, all of which are tropomyosins 
(14 of which are unique sequences and others are from different 
species having the same sequence).  We can also search for vari-
ants of the R L A T A L Q.  For example, __L A T A L__ search, 
we find 2 mutations that are allowed in the tropomyosin sequence:  
R to Q and Q to T (the underscores allow any residue at this posi-
tion in the search sequence).  On the other hand, if we search for R 
L A T __  L Q to see how important the Ala residue is at position d 
of this sequence, we find no other residues at this position.  If we 
search the sequence R L A T A __ Q, only Leu at position e is 
found.  We then searched for R L A T __ __ Q and discovered that 
AL is highly conserved in the context of this sequence and only 2 
sequences out of 400 possibilities were found and only in 2 differ-
ent proteins. These studies show the importance of the database to 
suggest an experimental path to make important discoveries on 
coiled-coils. 

3.5.3 Coiled-coil motif search 

This is coiled-coil start offset search.  For example, the R L A T 
A L Q heptad sequence could start in a coiled-coil sequence at any 
position a, b, c, d, e, f or g.  If we search with a start position g, we 
find again 25 coiled-coil proteins containing this sequence.  How-
ever, this sequence is not found starting at any other position other 
than g, which puts Leu 2 and Ala 5 in the a and d positions of the 
coiled-coil. 

4 CONCLUSIONS AND FUTURE WORK 

This paper has discussed the design, development and use of a 
database of coiled-coil proteins. The database has been used to 
generate reports that are useful to biologists, biochemists and 
health scientists. It also provides several useful search facilities. 
Below, we provide some research and development avenues we 
intend to pursue to make the database even more useful and func-
tional. 

Evaluation: We intend to evaluate the prediction of coiled-coils 
by comparing our results with databases that provide actual struc-
tures of proteins such as PDB.  

Window Size: Currently, we use a window size of 42 in the Sta-
bleCoil Algorithm. We intend to change the window size to other 
multiples of 7, to determine what impact it will have on the predic-
tion of coiled-coils? It will be useful if we can determine the best 
window size automatically.  

Cutoff Value: The StableCoil algorithm uses a stringent cutoff to 
eliminate false positives, but this may exclude real coiled-coils that 
are less stable than our cut-off value. What is the best cut-off point 
to use? The cutoff must be correlated to experimental results in 
protein chemistry. 

Prediction Score: StableCoil uses a conservative technique to 
predict coiled-coils. We intend to develop prediction scores that 
can be used to rank the coiled-coils that are predicted in terms of 
overall stability.  

Comparing Algorithms: We intend to implement the other algo-
rithms such as COILS, PAIRCOILS, and SOCKET, compare their 
performance with ours. Is it possible to combine the predictions of 
these different algorithms in provide better results than any single 
algorithm? 

Beyond Two Coils: The StableCoil algorithm was developed 
from stability data from two-stranded coiled-coils. One of our 
goals is to develop program enhancements to predict the oli-
gomerization state of multi-stranded coiled-coils. For example, 
Lupas (1997) discusses the prediction of the structure of the 5-
stranded coiled-coil called COMP.  

Visualization: We intend to explore programs such as RASMOL 
(Sayle and Milner-White, 1995), WebMol (Walther, 1997), Poly-
view (Porollo et al, 2004) or CHIMERA 
(http://www.cgl.ucsf.edu/chimera) to provide more sophisticated 
visualization of coiled-coils.  

Machine Learning Techniques: We intend to explore the use of 
machine learning techniques in predicting coiled-coils. Our goal is 
to use a widely used and powerful machine learning tool such as 
Support Vector Machine (SVM) Abe 2005, Müller et al, 2001; 
Kecman, 2001;  Joachims, 2002; Alpaydin, 2004) for supervised 
learning. SVM is attractive due to its high generalization capability 
and its ability to handle high-dimensional input data. Compared to 
neural networks or decision trees, SVM does not suffer from the 
local minima problem, it has fewer learning parameters to select, 
and it produces stable and reproducible results. We have been suc-
cessful in using SVMs in several contexts such as named entity 
recognition in biomedical domains (Habib and Kalita, 2009; Habib 
and Kalita, 2008; Habib, 2008), in co-evolutions of game playing 
programs (Kotnik and Kalita, 2003), in classification problems 
(Kolcz et al, 2002), etc. Habib has developed schemas and associ-
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ated programs and routines that incorporate SVM inside a database 
with efficiency and performance (Habib, 2008; Habib and Kalita, 
2008) better than any publicly available implementation including 
Joachims (2002, 2005, 2006, 2008). 
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