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Abstract

Detailed analyses of protein structures provide an opportunity to understand conformation and function in terms of amino acid sequence
and composition. In this work, we have systematically analyzed the characteristic features of the amino acid residues found in a-helical
coiled-coils and, in so doing, have developed indices for their properties, conformational parameters, surrounding hydrophobicity and
flexibility. As expected, there is preference for hydrophobic (Ala, Leu), positive (Lys, Arg) and negatively (Glu) charged residues in coiled-
coil domains. However, the surrounding hydrophobicity of residues in coiled-coil domains is significantly less than that for residues in other
regions of coiled-coil proteins. The analysis of temperature factors in coiled-coil proteins shows that the residues in these domains are more
stable than those in other regions. Further, we have delineated the medium- and long-range contacts in coiled-coil domains and compared the
results with those obtained for other (non-coiled-coil) parts of the same proteins and non-coiled-coil helical segments of globular proteins.
The residues in coiled-coil domains are largely influenced by medium-range contacts, whereas long-range interactions play a dominant role
in other regions of these same proteins as well as in non-coiled-coil helices. We have also revealed the preference of amino acid residues to
form cation—m interactions and we found that Arg is more likely to form such interactions than Lys. The parameters developed in this work

can be used to understand the folding and stability of coiled-coil proteins in general.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

A classical coiled coil is a bundle of right-handed «-
helices coiled about one another to form a left-handed
superhelix. The hallmark of this structure is the distinctive
packing of apolar amino acid side chains in the core of the
bundle, in which a residue from one helix packs into a space
surrounded by four side chains of the facing helix. Recently,
the structures of several proteins containing coiled-coil
domains have been solved at high resolution and these have
been reviewed by Lupas [1].

Several experimental and theoretical investigations have
been carried out to understand the structure and function of
coiled coils and to predict the domains in proteins that have
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such a conformation. It has recently been shown, for
example, that a-helical coiled-coil domains are ubiquitous
in most of the members of collagen superfamily [2] and
have an important role in assembly. Lupas et al. [3] have
assessed those residues most likely to lie in coiled coils by
comparing their flanking sequences with those from known
coiled-coil proteins. Berger et al. [4] have also proposed a
method, this time based on pairwise residue correlations, for
discriminating a-helices in coiled coils from those not
present in this conformation. In another approach, Wolf et
al. [5] implemented a multidimensional scoring approach
for identifying and distinguishing trimeric and dimeric
coiled coils. Further, various other widely used methods
for predicting the coiled-coil domains have been analyzed in
detail by Lupas [6].

The packing of amino acid residues in a hydrophobic
core plays an important role in stabilizing all protein
structures. In the case of coiled coils, however, there is an
underlying seven-residue (heptad) periodicity in the se-



96 MM. Gromiha, D.A.D. Parry / Biophysical Chemistry 111 (2004) 95103

quence that results in a characteristic packing of the apolar
residues along the hydrophobic axis of the rope-like struc-
ture thus formed. For sequences displaying a discontinuity
in their heptad repeats, Brown et al. [7] and Strelkov and
Burkhard [8] have analyzed the consequential local distor-
tion of the coiled-coil geometry. Liu et al. [9] investigated
the role of core packing by determining the conformation
and stability of coiled-coil mutants. Further, the stability of
coiled coils has been studied with conformational sampling
and energy minimization, molecular dynamics simulations
and structural analysis of coiled coils [10—12]. Recently,
Smith et al. [13] modelled a-helical coiled-coil interactions
by taking in to account the full three-dimensional geometry
of the molecules.

Structural analysis of coiled-coil proteins can provide an
important insight into their folding stability. In our earlier
work, we have systematically analyzed the characteristic
features of amino acid residues in different folding types of
globular and membrane proteins. These analyses were
subsequently used successfully to predict the secondary
structure, solvent accessibility, folding rates and stability
of similar proteins [14—22].

In our current work, we have extended our studies to
include coiled-coil proteins. Similarities and differences
between coiled coils and globular/membrane proteins can
readily be identified and characterized. From these analy-
ses, we have derived numerical indices for each of the
amino acid residues relating to their properties, conforma-
tional state, surrounding hydrophobicity and flexibility. As
expected we found that the residues Ala, Glu, Lys, Leu
and Arg all show a high preference for coiled-coil
domains. Less expected, however, the results that the
hydrophobic activity of residues in coiled-coil domains
was significantly less than for residues in non-coiled-coil
domains, and that coiled-coil domains are more stable than
other regions in the same class of proteins. Further, the
role of medium- and long-range interactions in stabilizing
coiled coils has been delineated and the influence of
cation—m interactions in coiled-coil structures has been
estimated.

2. Materials and methods
2.1. Data set

A database of coiled-coil proteins was derived using
published three-dimensional structures [1]. For each protein,
only one structure was selected from the Protein Data Bank
(PDB) for subsequent analysis. The criteria for selection
were as follows:

(1) where a structure had been determined using both X-ray
diffraction and NMR the former data set was preferred,

(ii) the X-ray structure having the highest resolution was
used,

(i) where only an NMR structure was available the
minimum average structure was used, and

(iv) priority was given to proteins lacking ligands and
mutants.

These criteria resulted in a set of 22 coiled-coil protein
structures. Further, we have included two other structures,
1D7M and 1FE6, which have been reported recently. All 24
structures have been solved by X-ray diffraction methods.
The PDB codes of the coiled-coil proteins used in the
present study are, 1BGW, 1BMF, 1COS, 1D66, 1D7M,
1FE6, 1FOS, 1G6N, 1GCB, 1GCL, 1GCM, 1GRJ, THTM,
IHUP, 1KLN, 1LBI, IMOF, 1PYI, 1ROP, 1IRTM, 1SRS,
1SRY, 2TMA and 2ZTA. Details about the residues within
the coiled-coil domains of each coiled-coil protein were
obtained from Lupas [1]. Further, the residues in the coiled-
coil domains have been verified with reference to the
sequences in SWISS-PROT [23] and their respective
three-dimensional structures in PDB [24]. Table 1 lists the
coiled-coil domains in each of the proteins studied along
with the number of residues in these domains. The total
number of residues in each proteins used in these analyses
are also listed.

2.2. Development of conformational parameters
A conformational parameter set for the 20 amino acid

residues in coiled-coil proteins has been developed as
follows: we have both computed the frequency of occur-

Table 1

List of coiled-coil domains in 24 coiled-coil proteins

PDB N Nee Coiled-coil domains
Ibgw 680 44 1006—1027, 1127-1148
Ibmf 122 108 1-44,209-272
lcos 29 29 1-29

1d66 57 15 50-64

1d7m 101 101 243-343

1fe6 52 52 1-52

1fos 60 37 162—198

1gbn 200 21 112-132

lgeb 452 11 51-61

lgcl 31 31 1-31

lgem 32 32 1-32

legrj 151 56 8-37,46-71

Thtm 114 66 40-105

Thup 141 21 88-108

1kIn 595 49 549-572, 622—-646
11bi 296 19 338-356

Imof 53 33 46-78

Ipyi 38 19 76-94

Lrop 56 49 4-28,32-55

Irtm 149 30 74-103

Isrs 84 19 161-179

Isry 421 84 26-58, 67-98, 164182
2tma 284 270 10-279

2zta 31 31 1-31

Ni: total number of residues; N.: number of residues in coiled-coil
domains.



M.M. Gromiha, D.A.D. Parry / Biophysical Chemistry 111 (2004) 95-103 97

rence of amino acid residues in a coiled-coil domain (f;) and
in the protein as a whole (f;). The conformational parameter
(Conf) is calculated using the equation:

Conf; = (fe);/ (f); (1)

where 7 represents each of the 20 amino acid residues. These
parameters have been normalized using the ratio between
the total number of residues in the coiled-coil domains and
all those in the considered proteins.

2.3. Computation of surrounding hydrophobicity

The surrounding hydrophobicity for a residue was com-
puted by the procedure described by us earlier [14,25,26].
Firstly, the residues in a protein molecule are represented by
their a-carbon atoms. Using the C, coordinates, a sphere of
radius 8 A is then fixed around each residue and the residues
occurring in this volume are identified. It has been shown
that the influence of each residue over the surrounding
medium extends effectively only up to 8 A [27] and this
limit is sufficient to characterize the hydrophobic behavior of
amino acid residues [25] and to accommodate both the local
and nonlocal interactions [21]. Further, an 8 A limit has been
used in other studies, including that involving the folding
rate of two-state proteins [19,28], protein stability upon
mutations [17], thermal stability [18] and the transition state
structures of two-state protein mutants [29]. Residues sur-
rounding a given residue are assigned their respective
hydrophobic indices [30,31] as obtained from thermody-
namic experiment. The surrounding hydrophobicity of the
central residue ), is thus taken to be the sum of these
hydrophobic indices:

H; = X nyh; (2)

where n;; is the total number of surrounding residues of type 7
around the jth residue of the protein, and #; is the experi-
mental hydrophobic index of residue type i [30,31]. The
computation was repeated for all the amino acid residues in
all proteins. The surrounding hydrophobicity is the average
parameter set for each of the 20 amino acid residues.

2.4. Estimation of medium- and long-range contacts

For each residue, we have computed the composition of
residues that surround it within a sphere of radius 8 A as
described above. The composition of surrounding residues
is analyzed in terms of the location at the sequence level.
Contributions from residues less than three residues apart
are treated as short-range contacts, those three or four
residues apart are defined as medium-range contacts and
those greater than four residues apart are treated as long-
range contacts [21,32]. Short-range contacts mainly depict
the influence of sequence and hence we have concentrated
our studies on an analysis of medium- and long-range
contacts.

2.5. Temperature factor of residues

The temperature factor of each residue in our data set of
coiled-coil proteins has been evaluated by determining the
average value of the normalized B-factors (i.e. B'-factors)
for all of the atoms in that residue [22,33]. The use of B'-
factors is justified because B-factor values in protein crystal
structures vary not only as a result of genuine physical
differences but also from the refinement strategies used
[34,35]. Hence, it is difficult to compare B-factors from
independent structures (there are usually large variations in
their values even when X-ray structures obtained at high
resolution are compared [33]). The B'-factor for an atom is
calculated using the following equation:

B =(B—(B))/o (3)

where B is the temperature factor given in the PDB file for
the corresponding atom; and (B) and ¢ are the mean and
standard deviation, respectively, for the temperature factors
corresponding to the protein atoms.

2.6. Cation—m interactions in coiled-coil protein structures

We have obtained information about the residues that are
involved in cation—7 interactions in coiled-coil proteins
using the program CAPTURE, developed by Gallivan and
Dougherty [36], and which is available at http://capture.cal
tech.edu. This method employs an energy-based criterion to
delineate cation—m interactions in protein structures and has
been widely used for the analysis of cation—m interactions
[37,38].

3. Results and discussion

3.1. Conformational parameters for the 20 amino acid
residues in coiled-coil domains

The conformational parameters have been computed
using Eq. (1) and the numerical indices for the coiled-coil
domains are presented in Table 2. We found that the residues
Ala, Glu, Lys, Leu and Arg have an above average prefer-
ence for coiled-coil domains. This is in line with earlier data
for two- and three-stranded coiled coils [39,40]. This result
shows that the preference of residues in coiled coils is a
complex combination of hydrophobic, positively and nega-
tively charged residues. The aromatic residues show less
preference for coiled coils whereas these residue types are
among the most highly preferred for membrane spanning o-
helices and strands in membrane proteins [15,41,42]. Fur-
ther, the Chou—Fasman [43] method shows a high propen-
sity for Phe and Trp in a-helical segments. Interestingly,
Arg and Ser have a higher preference for a-helical coiled
coils than for helical segments in globular proteins as well
as those in globular and membrane proteins. Pro has the
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Table 2

Conformational parameter for the 20 amino acid residues

Residue Nee Nom N, Conf
Ala 127 237 364 1.22
Asp 62 162 224 0.97
Cys 4 43 47 0.30
Glu 187 237 424 1.54
Phe 17 104 121 0.49
Gly 23 188 211 0.38
His 16 63 79 0.71
Ile 69 194 263 0.91
Lys 133 214 347 1.34
Leu 180 317 497 1.26
Met 27 72 99 0.95
Asn 40 136 176 0.79
Pro 7 136 143 0.17
Gln 52 128 180 1.01
Arg 86 167 253 1.19
Ser 69 166 235 1.02
Thr 51 167 218 0.82
Val 45 174 219 0.72
Trp 4 37 41 0.34
Tyr 28 110 138 0.71

N, and Ny, are, respectively, the number of residues in coiled-coil domains
and other regions, and N, is the total number of residues in coiled-coil
proteins.

The lowest and highest conformational parameters are bold.

lowest preference in coiled-coil proteins (0.17). It is, of
course, well known that Pro is not a favored residue in an «-
helical conformation unless located within the first turn of
the a-helix [41,43—45].

We have further analyzed the relationship between the
propensity of each amino acid residue in coiled coils and
non-coiled-coil helices. Kawashima and Kanehisa [46]
developed a database of amino acid indices (numerical
values for the 20 amino acid residues) of various physi-
cal—chemical, energetic and conformational properties of
amino acids. This (AAindex) database contains a collection
of 437 amino acid indices including 18 helical propensities
reported by various methods in the literature. We have
computed the correlation between the helical propensity in
a coiled coil (obtained in this work) and each of the helical
propensities in non-coiled-coil helices (available in AAin-
dex database), and the results are presented in Table 3. We
observed that the correlation lies in the range of 0.5 to 0.7,
indicating the similarities and differences between the
propensity of each amino acid residue in coiled-coil and
non-coiled-coil helices. This result is reasonable that the
similarities might be due to the fact that both the segments
are in o-helical conformation and the differences are due
to coiled coils. As an example, we have plotted in Fig. 1
the propensity of 20 amino acid residues in coiled coils
and typical Chou—Fasman parameters [43]. In this figure,
the straight line indicates the correspondence between
these two propensity scales. The residues, Glu, Leu, Asp,
Thr, Tyr, Gly, Ile, Gln, Ala, Asn and Lys have similar
behaviors in both coiled coil and non-coiled-coil helical
segments whereas Trp, Phe and Met have significantly

Table 3
Correlation coefficient between propensity scale in coiled-coils and non-
coiled-coil helical segments

Propensity scale r Reference
Beghin and Dirkx 0.54 [50]
Chou and Fasman 0.66 [43]
Geisow and Roberts 0.60 [51]
Isogai et al. 0.67 [52]
Kanehisa and Tsong 0.72 [53]
Levitt 0.63 [54]
Maxfield and Scheraga 0.68 [55]
Nagano 0.53 [56]
Palau et al.” 0.61 [57]
Palau et al.® 0.69 [57]
Prabhakaran 0.63 [58]
Qian and Sejnowski 0.62 [59]
Robson and Suzuki 0.63 [60]
Tanaka and Scheraga 0.68 [61]
O’Neil and DeGrado 0.58 [62]
Blaber et al. 0.55 [63]
Koehl and Levitt 0.59 [64]
Burgess et al. 0.54 [65]

? Data set of 44 proteins.
® Data set of 33 proteins.

higher propensity for non-coiled-coil helices than for
coiled coils.

3.2. Hydrophobic character of amino acid residues in
coiled-coil proteins

Hydrophobicity plays an important role in stabilizing
coiled-coil proteins [47,48]. The surrounding hydrophobicity
indices for each of the 20 amino acid residues in coiled-coil
domains and other regions of coiled-coil proteins have been

1.6

Chou-Fasman

0.4
0 0.4 0.8 1.2 1.6

Coiled coil

Fig. 1. Relationship between the propensities of 20 amino acid residues in
coiled-coil domains and non-coiled-coil helical segments, reported in Chou
and Fasman [43]. Solid line indicates the correspondence between these
two propensity scales. Two thin lines accommodate the residues, which
have a propensity difference of less than 0.2.
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Fig. 2. (a) Surrounding hydrophobicity of the 20 amino acid residues in
coiled-coil domains (shaded bars) and other regions (unshaded bars) of
coiled-coil proteins. (b) Surrounding hydrophobicity of the 20 amino acid
residues in coiled-coil domains (shaded bars) and non-coiled-coil helical
segments (unshaded bars).

computed using Eq. (2) and the results are displayed in Fig.
2a. In this figure, the surrounding hydrophobicity of each
residue was subtracted from the average value for compar-
ison (10.3 and 12.8 kcal/mol, respectively, in coiled-coil
domains and other regions). The former value is similar to
that seen for the aqueous part of membrane proteins [42].
From Fig. 2a, we observed that the deviation of the surround-
ing hydrophobicity for all the amino acid residues (except
Gly and Pro) from their average value is less in coiled-coil
domains than for other regions of the coiled-coil proteins.
Residue-wise analysis shows that Pro has the highest
surrounding hydrophobicity in coiled-coil domains whereas
in other regions, it has a hydrophobicity value lower than
average. In contrast, the aromatic residues, Phe, Trp and Tyr
have higher surrounding hydrophobicity than average in both
the coiled-coil domain and in other regions. Hydrophobic
residues, Ala and Val have reduced hydrophobicity in coiled-
coil domains. In contrast, Thr gained hydrophobicity in a
coiled-coil conformation with a value higher than average.
Ponnuswamy et al. [49] computed the surrounding hy-
drophobicity of the 20 amino acid residues in helical seg-
ments of globular proteins as described in Materials and
methods. The comparison between the surrounding hydro-
phobicity of amino acid residues in coiled-coil domains and
non-coiled-coil helical segments is shown in Fig. 2b. We
observed that Glu, Met and Thr have similar behaviors in

both coiled-coil domains and non-coiled-coil helical seg-
ments. The hydrophobic character of Asp, His, Lys, Asn,
Gln, Arg and Ser are less than average in both types of
helices. However, the hydrophobic activity of Asp, Gln and
Arg are highly reduced in non-coiled-coil helical segments.
Cys, Phe, Ile and Leu have higher surrounding hydropho-
bicities than average in both coiled-coil and non-coiled-coil
helical segments. Interestingly, Ala, Gly and Val are less
hydrophobic in coiled coils and more hydrophobic in non-
coiled-coil helical segments than their respective averages.
Pro, Trp and Tyr have significantly higher surrounding
hydrophobicities than average in coiled-coil domains but
are less hydrophobic in non-coiled-coil helical segments.

3.3. Short-, medium- and long-range contacts in coiled-coil
proteins

We have computed the short, medium- and long-range
contacts in coiled-coil domains of our data set and the
results are presented in Table 4. We observed that the
average number of short-range contacts is close to four in
all the coiled-coil domains. The average number of medi-
um-range contacts varies from three to four in all these
domains except in 1GCB. Considering the long-range
contacts, 1GCB has an average of 3.6 contacts whereas
the residues in other proteins have the average contacts
between zero and two. Several proteins (67%) have less

Table 4

Medium- and long-range contacts in coiled-coil domains of 24 proteins
PDB Ncc <N=> (Nm> <Nl>
Ibgw 44 4.000 3.886 1.591
1bmf 108 3.889 3.722 1.472
1cos 29 3.793 3.517 0.000
1d66 15 3.800 3.133 0.133
1d7m 101 3.941 3.861 0.020
1fe6 52 3.885 3.692 0.038
1fos 37 3919 3.811 0.000
1gbn 21 4.000 3.905 0.476
lgceb 11 4.000 0.455 3.636
lgel 31 3.806 3.548 0.000
lgem 32 3.813 3.563 0.063
lgrj 56 4.000 3.732 1.571
Thtm 66 3.955 3.848 0.576
Thup 21 3.857 3.571 0.238
1kIn 49 4.000 3.694 1.939
11bi 19 3.947 3.526 0.158
Imof 33 3.909 3.727 0.121
1pyi 19 4.000 3.842 0.474
1rop 49 3.980 3.735 1.306
1rtm 30 3.967 3.733 0.200
Isrs 19 4.000 3.789 0.684
Isry 84 4.000 3.845 1.381
2tma 270 3.993 3.978 0.026
2zta 31 3.806 3.548 0.000
Total 1227

Average 3.945 3.759 0.599

N¢e: number of residues in coiled-coil domains; (Ng), (M) and (M) are,
respectively, average number of short-, medium- and long-range contacts.



100 MM. Gromiha, D.A.D. Parry / Biophysical Chemistry 111 (2004) 95103

Table 5
Average number of medium- and long-range contacts for the 20 amino acid
residues in coiled-coil domains and other parts of coiled-coil proteins

Residue  (Nmec) (Nimotn) (Nindifs) (Niee) (Niow) (Niaifr)

Ala 3.75 2.35 —1.40 0.69 4.11 3.42
Asp 3.81 1.80 —2.01 0.48 2.50 2.02
Cys 4.00 1.95 —2.05 2.00 5.77 3.77
Glu 3.83 1.95 —1.88 0.21 2.32 2.11
Phe 3.76 2.05 —1.71 1.00 4.48 3.48
Gly 3.43 1.76 —1.67 0.43 3.72 3.29
His 3.88 1.89 —1.99 0.81 3.19 2.38
Ile 3.83 1.85 —1.98 0.64 4.55 3.91
Lys 3.87 2.00 —1.87 0.40 2.07 1.67
Leu 3.74 221 —1.53 0.84 3.82 2.98
Met 3.63 2.17 —1.46 1.15 4.19 3.04
Asn 3.75 2.00 - 1.75 0.30 2.85 2.55
Pro 2.86 1.29 —1.57 1.71 3.40 1.69
Gln 3.81 2.20 —1.61 0.46 2.48 2.02
Arg 3.67 2.28 —1.39 0.45 3.01 2.56
Ser 3.70 1.85 —1.85 0.46 3.09 2.63
Thr 3.69 1.65 —2.04 0.86 3.67 2.81
Val 3.62 1.48 —2.14 0.82 5.68 4.86
Trp 3.50 1.81 —1.69 1.75 4.41 2.66
Tyr 3.82 1.62 —-2.20 1.50 4.88 3.38

(Ninee) and (Npmom) are average number of medium-range contacts in coiled-
coil domains and other regions, respectively. (Npditr) = (Nmoth) — (Nmce)-

(Niee) and (Nyoq,) are average number of long-range contacts in coiled-coil
domains and other regions, respectively. (Naqite) = (Mioth) — (Nice)-

The topmost three differences in both medium- and long-range contacts are
shown in bold.

than one long-range contact and 33% of the proteins have
one to two long-range contacts.

On average, the residues in coiled-coil domains have an
average of 8.3 contacts/residue and the average short,
medium- and long-range contacts are, respectively, 3.95,
3.76 and 0.60 per residue. On the other hand, residues in
other regions of coiled-coil proteins have an average of 9.5
contacts/residue. The contribution due to short, medium-
and long-range contacts are, 3.97, 1.93 and 3.56, respec-
tively, per residue. We noticed that the average number of
medium-range contacts is appreciable in coiled-coil domains
while that of long-range contacts are less in these domains.

We have compared the average short, medium- and long-
range contacts in coiled-coil domains and non-coiled-coil
helical segments. We observed that the contribution due to
short and medium-range contacts are similar in both types of
proteins and the number of long-range contacts in non-
coiled-coil helical segments is higher than those in coiled-
coil domains. The average number of short, medium- and
long-range contacts in non-coiled-coil helices are, respec-
tively, 3.98, 3.52 and 2.09, and the total number of contacts
is 9.6 per residue.

3.4. Medium- and long-range contacts for the 20 amino
acid residues

The inter-residue contacts between all pairs of amino acid
residues in both coiled-coil domains and other regions of

coiled-coil proteins have been computed and the average
number of contacts for each of the 20 amino acid residues is
presented in Table 5. We observed that each amino acid
residue in the coiled-coil domain has an average of three to
four medium-range contacts whereas residues in other
regions have one to three contacts. Cys and Pro have the
highest and lowest number of medium-range contacts,
respectively, in coiled-coil domains. In other regions, Ala
has the highest number of medium-range contacts followed
by Arg. However, Tyr, Trp and Cys are the three residues,
which display the greatest difference between the average
number of medium-range contacts in a coiled coil and in
other regions.

Considering the long-range contacts, each residue in the
coiled-coil domain has an average of zero to two contacts
and in the other regions, each residue has an average of
three to five contacts. Cys and Val have the highest number
of contacts in a coiled coil and other regions, respectively.
Val, Ile and Cys are the residues which show the greatest
difference between the number of long-range contacts
between the residues in coiled-coil domains and other parts
of coiled-coil proteins.

We have also calculated the medium- and long-range
contacts for the 20 amino acid residues in the helical
segments of non-coiled-coil proteins and the results are
presented in Table 6. The comparison between the medi-
um-range contacts in coiled-coil and non-coiled-coil helical
segments showed that most of the residues have similar
levels of contacts in both types of proteins. However, the
negatively charged residues, Asp and Glu have more medi-

Table 6
Average number of medium- and long-range contacts for the 20 amino acid
residues in coiled-coil domains and non-coiled-coil helical segments

Residue {Nmee) (Numher) (Nice) (Niner)
Ala 3.75 3.53 0.69 2.43
Asp 3.81 3.26 0.48 1.24
Cys 4.00 3.85 2.00 3.53
Glu 3.83 3.32 0.21 1.30
Phe 3.76 3.62 1.00 2.50
Gly 3.43 3.43 0.43 2.78
His 3.88 3.67 0.81 1.51
Ile 3.83 3.71 0.64 2.62
Lys 3.87 3.49 0.40 1.53
Leu 3.74 3.68 0.84 2.62
Met 3.63 3.55 1.15 2.76
Asn 3.75 3.54 0.30 1.55
Pro 2.86 2.72 1.71 1.62
Gln 3.81 3.56 0.46 1.46
Arg 3.67 3.53 0.45 1.67
Ser 3.70 3.38 0.46 1.68
Thr 3.69 3.42 0.86 1.81
Val 3.62 3.63 0.82 2.76
Trp 3.50 3.74 1.75 2.13
Tyr 3.82 3.60 1.50 2.54

(Nmee) and (Npperyare average number of medium-range contacts in coiled-
coil domains and non-coiled-coil helices, respectively.

(Niee) and (M) are average number of long-range contacts in coiled-coil
domains and non-coiled-coil helical segments, respectively.
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Table 7
Normalized temperature factors for the 20 amino acid residues in coiled-
coil proteins

Residue B’cc B’other B/cc - B’mher
Ala —0.11 —0.21 0.10
Asp 0.03 0.41 —0.38
Cys —0.31 —0.18 —0.13
Glu 0.25 0.41 —0.16
Phe —0.42 —0.38 —0.04
Gly -0.17 0.00 —0.17
His —0.15 0.13 —0.28
Ile —0.45 —0.12 —0.33
Lys 0.07 0.39 —0.32
Leu —0.31 —0.30 —0.01
Met —0.06 0.09 —0.15
Asn -0.07 —0.01 —0.06
Pro 0.91 —0.06 0.97
Gln —0.01 0.28 —-0.29
Arg 0.28 0.33 —0.05
Ser 0.02 0.15 —0.13
Thr —043 —0.15 —0.28
Val —0.20 —0.23 0.03
Trp —0.73 —0.51 —-0.22
Tyr 0.05 —0.44 0.49

B and By, are, respectively, the normalized temperature factor for the
residues in coiled coils and other parts of coiled-coil proteins.

um-range contacts in coiled-coil domains than in non-
coiled-coil helices. On the other hand, all the residues
except Pro have less long-range contacts in coiled-coil
domains than non-coiled-coil helical segments.

We have performed statistical tests to verify the signif-
icance of the results reported in the present study and we
observed that the average values obtained in the analyses are
within 95% confidence level.

3.5. Temperature factors for the amino acid residues in
coiled-coil proteins

The normalized B'-factors for all the 20 amino acid
residues in coiled-coil domains and other parts of coiled-
coil proteins have been computed and the results are
presented in Table 7. We observed that in coiled-coil
domains Trp, Ile and Phe are highly stable whereas Pro is
not. In other regions of coiled-coil proteins, the aromatic
residues have the highest stability. Comparing the B'-factors
of amino acid residues in coiled-coil domains and in other
parts of coiled-coil proteins, we found that 16 residues were
more stable in coiled-coil domains than in other regions.

3.6. Cation—m interactions in coiled-coil proteins

We have delineated the cation—m interactions in coiled-
coil proteins using the program CAPTURE [36]. We
observed that most of the potential cation—7 interactions
are not in the coiled-coil domains. Among the 40 cation—m
interactions calculated for coiled-coil proteins, only one pair
lies within the coiled-coil domain, 34 are in other regions
and 5 lie between the residues in coiled coils and other

regions. The fewer occurrences of cation—7 interaction
pairs in coiled-coil domains might be due to the lower
preference of aromatic residues in coiled-coil domains
(Table 2). We have further noticed that the Arg plays a
dominant role in the contribution of cation—m interactions
as observed also in globular and membrane proteins
[36,38].

4. Conclusions

Detailed studies using the known three-dimensional
structures of coiled-coil proteins have provided new insight
on the folding and stability of these structures. The residues
Ala, Glu, Lys, Leu, and Arg have a clear preference for
coiled-coil domains, and this is in contrast to that for the
aromatic residues. The hydrophobic character of amino acid
residues in coiled-coil domains is less than that in other
regions. However, Pro has a significantly high surrounding
hydrophobicity when in a coiled-coil domain. The analysis
of temperature factors revealed that 16 of the 20 amino acid
residues are more stable in a coiled-coil conformation than
they are in other regions of the proteins. The residues in
coiled-coil domains are dominated by medium-range inter-
actions whereas the long-range interactions are dominant in
other regions as well as in non-coiled-coil helical segments.
The results obtained in the present study will be useful for
understanding the folding and stability of coiled-coil pro-
teins and for predicting the occurrence of these domains in
other proteins of unknown structure.
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