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Summary. In this investigation, we attempted to study the backbone

geometry of amino acids in peptides using C0 deviation. Diameters of

distribution were used to describe the various atomic structures, and

scatter graphs provided visual evaluation. The length of peptide frag-

ments and the secondary structure of amino acids in the central posi-

tion of the peptide fragments were also analyzed. The results showed

that the atomic distribution of the central amino acids of five-residue

peptide fragments was much more restricted than that of their correspond-

ing three-residue peptide fragments. In identical three-residue fragments,

atoms of central amino acids with different secondary structures, were

distributed in distinct areas.
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Introduction

It is well established that the conformation of polypep-

tides and proteins are determined by their amino acid

properties (Esposito et al., 2000a). Recent studies on the

geometry of amino acids in peptides usually calculated

the deviation of backbone torsion angles fðN � CaÞ
and �ðCa� C0Þ (Petrescu et al., 2000) or backbone bond

angles tðN � Ca� C0Þ (Esposito et al., 2000b). The

tðN � Ca� C0Þ bond angle deviation from tetrahedral ge-

ometry was correlated with the change in conformation of

the backbone torsion angles fðN � CaÞ and �ðCa� C0Þ
(Malathy Sony et al., 2006). In this study, we attempted

to use C0 deviation to study the geometry of amino acids

in peptides.

For each amino acid, N, Ca, and C0 are on the backbone

of the polypeptide, and they lie on two neighboring pep-

tide planes (Fig. 1). N and Ca lie on the same peptide

plane together with Ca�1, C0
�1 and O�1 from the previous

amino acid in the linear sequence of the peptide. Ca, C0

and O, together with Nþ1 and Caþ1 from the next amino

acid, are on the same peptide plane. Currently, the dihe-

dral angle between two neighboring peptide planes could

be described by backbone torsion angles ðf;�Þ or bond

angle ðtÞ. The relative distribution of atoms in the same

peptide plane is highly restricted. On each peptide plane,

besides backbone torsion angles ðf;�Þ or bond angle ðtÞ,
the distribution of C0 relative to that of the previous peptide

plane could also reflect the dihedral angles between these

two peptide planes directly.

Three-dimensional structures of proteins are determined

by their amino acid sequences (Anfinsen, 1973). Much work

has been done to study the relationship between peptide

fragments and their configurations (Kabsch and Sander,

1984; Chothia and Lesk, 1986; Bystroff et al., 1996;

Frishman and Argos, 1996; Crooks et al., 2004). In this

investigation, we employed C0 deviation to study the struc-

tural diversity of central amino acids in small peptide

fragments. The structural diversity of the amino acid in

the center of five-residue peptide fragments and their cor-

responding three-residue fragments was studied by com-

paring the distribution of C0. In identical three-residue

peptide fragments, central amino acids with different sec-

ondary structures were also studied. Our results showed

that the distribution of C0 of the central amino acids from

five-residue peptide fragments was much more restricted

than that from their corresponding three-residue peptide

fragments which constitute the cores of the five-residue

fragments. In identical three-residue fragments, atoms

of central amino acids, which have different secondary



structures, were restricted to distinct areas. This study

confirms that local sequence similarity could affect struc-

tures of amino acids greatly.

Materials and methods

Dataset

The dataset that we used was a non-redundant subset of the Protein Data

Bank (PDB) (Berman et al., 1998). The similarity between any two se-

quences in the dataset was less than 40%. Three-dimensional structures of

proteins in PDB were mostly determined by X-ray crystallography (Smyth

and Martin, 2000) or nuclear magnetic resonance (NMR) spectroscopy

(Kay, 2005). X-ray crystallography is currently the most favored tech-

nique for structure determination of proteins and biological macromole-

cules. Many programs, such as X-PLOR (Badger et al., 1999), SHELXL,

NUCLSQ, have been developed to refine the structure data from X-ray

crystallography or NMR spectroscopy. X-PLOR seemed to be the best

in ‘‘comparison of the programs NUCLSQ, PROLSQ, SHELXL93 and

X-PLOR’’ carried out by Schuerman (Schuerman et al., 1996). In order to

counteract the errors in different structure determining methods, 1217

structures in the dataset were all determined by X-ray crystallography

and refined by X-PLOR.

A fragment library was created to store all the three- and five-residue

peptide fragments extracted from the dataset. Information on the second-

ary structure of central amino acids of these fragments was also deposited

in the library.

Transformation of coordinates

Coordinates of C0 need to be transformed in conformity with the relative

coordinates of the previous peptide plane which is selected as the refer-

ence plane. The reference plane contains two atoms ðN;CaÞ from the

same amino acid containing C0, and three atoms ðCa�1;C
0
�1;O�1Þ from

the previous amino acid. Ca�1;C
0
�1, and O�1 are selected as the frame

of reference for transformation of coordinates, because not only Ca�1,

C0
�1, and O�1 are on the same peptide plane with N and Ca, but also

because this could reflect the relative distribution of these two neighboring

amino acids in the peptide (Fig. 1). The transformation could be divided

into three steps:

1. Use Ca�1 as the new origin.

2. Use Ca�1 to C0
�1 as the new X axis.

3. Use Ca�1, C0
�1, O�1 as the new X–Y plane.

Since N and Ca are on the same peptide plane with the frame of ref-

erence, coordinates of this two atoms were highly restricted after trans-

formation (Fig. 2). The transformed coordinates are based on the coordi-

nates of the previous amino acids, so they also reflect the interrelationship

between these two amino acids.

Results

Fragment length

Peptide fragments longer than five amino acids were

infrequent in the library. Hence we compared the structure

Fig. 1. Peptide plane and the frame of reference. Here Ci means atom

C from residue i in linear sequence, and Ci�1 means atom C from the

previous one of residue i. The origin of the frame of reference is

Ca�1, the X axis is from Ca�1 to C0
�1, and the X–Y plane is Ca�1,

C0
�1, O�1

Fig. 2. Distribution of atoms ‘‘N’’ and ‘‘Ca’’ of the central amino acid ‘‘K’’ in the fragment ‘‘AKN’’. It is evident that both ‘‘N’’ and ‘‘Ca’’ show very

restricted areas of distribution. a Distribution of atom N from residue ‘‘K’’ in fragment ‘‘AKN’’; b Distribution of atom Ca from residue ‘‘K’’ in

fragment ‘‘AKN’’. Units: angstrom
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of the central amino acid in three- and five-residue peptide

fragments to study how fragment length affects the struc-

ture of central amino acids. Figure 3 demonstrates that

structure diversity in five-residue peptide fragments was

remarkably less than that in the corresponding three-resi-

due peptide fragments. Table 1 shows the diameters of C0

distribution of central amino acids in five amino acid

fragments and that in their corresponding three amino

acid fragments. Obviously, the distribution of C0 was

more restricted in five amino acid fragments than in

three amino acid fragments.

Secondary structure

The central amino acids in identical fragments with dif-

ferent secondary structures have distinct distribution areas.

Since the central amino acids in identical five length frag-

ments mostly have the same secondary structures, we

therefore used three-residue peptide fragments to study

the relationship between secondary structure and struc-

ture diversity. Figure 4 shows the distribution of C0 of

central amino acids in several three amino acid fragments.

Obviously, the distribution of C0 in HELIX is remarkably

different from that in SHEET.

Fig. 3. Distribution of atom C0 from central amino acids. It is obvious that the distribution is much more restricted in five residue peptide fragments

than that in their corresponding three residue peptide fragments

Table 1. Diameter of C0 distribution of central amino acids in five- and

three-residue peptide fragments

Secondary

structure

Fragments

(Five)

Diameters

(Å)

Fragments

(Three)

Diameters

(Å)

HELIX AAAEA 0.2112 _AAE_ 2.7725

HELIX AAVEE 0.5656 _AVE_ 2.6150

HELIX AIGYA 0.4176 _IGY_ 0.4530

HELIX AKNLR 0.0296 _KNL_ 2.0848

HELIX EELKA 0.2930 _ELK_ 2.2541

HELIX ELVAI 0.5771 _LVA_ 2.1709

SHEET ELVAI 1.0941 _LVA_ 1.6316

HELIX GAKNL 0.0264 _AKN_ 1.1608

HELIX IEILR 0.2555 _EIL_ 1.7253

HELIX ILRDE 1.1555 _LRD_ 1.8089

HELIX KAAAE 0.2828 _AAA_ 2.7725

HELIX KNLRE 0.8889 _NLR_ 2.3901

HELIX LNKLL 0.3109 _NKL_ 1.6926

HELIX LREAI 0.2063 _REA_ 2.6121

SHEET VKVGD 0.9309 _KVG_ 2.2458

HELIX YADSV 0.0131 _ADS_ 2.2324
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Discussion

C0 deviation, a new method to study the backbone ge-

ometry of amino acids in peptides was illustrated in this

paper. The structural diversity of amino acids could be

easily analyzed by comparing the distribution of atom

C0. The results are more evident visually and more tangi-

ble than backbone torsion angles (f and �) or backbone

bond angles t.

Relationships between fragment length as well as sec-

ondary structure and structure diversity of single amino

acids were studied in this paper. Longer length of peptide

fragments could restrict the distribution of atoms to a

greater degree, probably because longer length leads to

more stable local structural environment and local inter-

action. The atoms of central amino acids in identical frag-

ments with different secondary structures show distinct

Fig. 4. Distribution of C0 from the central amino acids with different secondary structures. Mostly, the distributions show distinct patterns. Yet

sometimes, like the last one, distribution areas might overlap
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distribution areas though with some exceptions – some-

times their distribution areas could overlap (last one in

Fig. 4). This situation might be due to insufficient repre-

sentation of non-local interaction when secondary struc-

ture only is taken into account. Some of the non-local

interactions, such as –S–S–, are very complicated, and

their effects on the structure of amino acids need to be

analyzed further more.

The results indicate that the structure of central amino

acids would be greatly restricted if the similarity between

two peptide fragments is high enough. This conclusion

would be quite useful for protein structure prediction. A

new prediction method is under development base on it.
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