
In chemistry, chirality is a property of some mole-

cules or their fragments of existing in two mirror-image

forms. A chiral molecule is non-superposable on its mir-

ror image. These two mirror images of a chiral molecules

are referred to as configurations (or stereoisomers) of the

molecule [1] whose interconversion requires the formal

breaking and making of covalent bonds. On the other

hand, polypeptide chains of proteins can form different

types of left- and right-handed helices [2, 3] and superhe-

lices [4] that are nonsuperimposable, although they are

not mirror images of each other as the L-amino acids are

not converted to the D-amino acids. In proteins, there

are also right- and left-turned α-hairpins and β-hairpins

[5, 6], right- and left-handed ϕ- and ψ-motifs [7-9], S-

like and Z-like β-sheets [10], etc. The two forms of these

structures are not real mirror images, and the left-handed

forms can be converted to the right-handed ones and vice

versa without breaking of chemical bonds (other than

hydrogen bonds) because these forms are different con-

formations of the polypeptide chain. Thus, this property

of protein structures will be referred to here as pseudo-

chirality – or handedness.

In this review, two kinds of handedness of protein

structures and several examples are considered and

described. It should be noted that many of these protein

structures have unique handedness. This property of the

polypeptide chain is of particular value in protein folding

and protein modeling, since it drastically reduces the

number of possible folds.

RIGHT- AND LEFT-HANDED FORMS

OF SECONDARY STRUCTURAL ELEMENTS

At the level of secondary structure, the right-handed

α-helix is the most energetically favorable and frequently

found structural element in proteins [2]. In the ideal α-

helix, there are 3.6 amino acid residues (a.a.) per turn, and

every residue has torsion angles ϕ = –57, ψ = –47. The

backbone of the α-helix can be represented as a square-

sectioned parallelepiped with a right-handed twist. Each

edge of the parallelepiped passes through Cα-atoms of

amino acid residues in position i, i ± 4, i ± 8, …, while the

faces are occupied by peptide groups. In theory, left-hand-

ed α-helix having the backbone twisted anticlockwise and

with residue torsion angles ϕ = 57, ψ = 47 can be formed.

The left-handed α-helix formed by any amino acid

residues except glycine is energetically unfavorable [11]

and occurs in proteins rather rarely. It is usually formed by

3-5 a.a. However, in an irregular region, one or two residues

in the sterically constrained αL-conformations occur very

often. Statistical analysis shows that approximately 80% of

residues having αL-conformations in proteins are glycines,

and others are residues with flexible side chains [12]. Right-
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handed 310 and π-helices are energetically less favorable

than the α-helix and rarely occur as helical structures.

However, in irregular regions of proteins, residues having

310 and/or π-conformations occur rather often.

Description of handedness of β-structure is more

complex. In 1973, Chothia showed that β-sheets in pro-

teins are almost invariably twisted in a right-handed sense

when viewed along the polypeptide chain direction [13].

To maintain a large contact area without disturbing

hydrogen bonds, β-strands must be coiled as well as twist-

ed in strongly twisted β-sheets. A strongly twisted and

coiled β-hairpin can form a right-handed double-helical

structure [6], while flat and moderately twisted β-hairpins

and triple-stranded β-sheets can form right- and left-

handed forms depending on the arrangement of β-strands

[6, 10] (see also below).

TWO KINDS OF HANDEDNESS

OF SUPER-SECONDARY STRUCTURES

In globular proteins, the polypeptide chain folds over

upon itself many times, and the elements of secondary

structure that are close together in the chain have a strong

tendency to be in close contact in three-dimensional

structure. Very often, α-helices and/or β-strands that are

adjacent along the chain form a few well-defined types of

super-secondary structures or structural motifs, which

frequently occur in both homologous and non-homolo-

gous proteins. Handedness of these protein structures can

be of two kinds. The first kind is the helical handedness of

3D-structures (Fig. 1a) such as different helices (α-, π-,

310-helices) and superhelices (these are Rossmann folds,

βαβ- and βαβαβ-units, etc.) [4]. The second kind is the

handedness of relatively flat 2D-structures such as β-

hairpins (Fig. 1b), S-like, and Z-like β-sheets (Fig. 1c).

The β-hairpins can be right-turned or left-turned

depending on whether the second β-strands runs on the

right or left relative to the first when viewed from the same

side (e.g., as viewed from the hydrophobic core). The

polypeptide chain runs from the N-end to the C-end in

the clockwise direction in the right-turned β-hairpin and

in the anticlockwise direction in the left-turned β-hairpin

(Fig. 1b). In the S-like β-sheet, the first β-hairpin is left-

turned and the second is right-turned. In the Z-like β-

sheet, the first β-hairpin is right-turned and the second is

left-turned (Fig. 1c). As seen, the handedness of relative-

ly flat structures is determined by mutual arrangement of

the elements, so this kind of handedness will be referred

to here as the handedness of arrangement.

HELICAL HANDEDNESS OF β-HAIRPINS

AND β-SHEETS

In proteins, β-hairpins and β-sheets are almost

invariably twisted in a right-handed sense when viewed

along the polypeptide chain direction [13]. The extent of

the twist observed in proteins varies; the average dihedral

angle between adjacent strands is close to –20° [13, 14]. In

strongly twisted β-sheets, the β-strands must be coiled as

well as twisted to maintain a large contact area without

disturbing hydrogen bonds [14, 15]. A strongly twisted

and coiled β-hairpin can be represented as a double-heli-

cal structure in which the strands are twisted and coiled in

a right-handed sense (Fig. 2, a and b). Such a double

superhelix has both concave and convex surfaces. A dis-

tinctive feature of this structure is that it is always formed

by the right-turned β-hairpin when viewed from the con-

cave side of the superhelix [6]. A similar superhelix is not

formed by the left-turned β-hairpin (Fig. 2d), and such

superhelices are not found in proteins. It should be noted

that the strongly twisted and coiled β-hairpin can be

arranged in a protein molecule so that its convex surface is

directed into the hydrophobic core. In this case, the β-

hairpin is left-turned if viewed from the hydrophobic core

but remains right-turned when viewed from the concave

side. Note that flat or moderately twisted β-hairpins can

be both right- and left-turned, and they are widespread in

proteins. Stereochemical analysis shows that in globular

proteins there is the definite relationship between struc-

ture and amino acid sequence of strongly twisted and

coiled β-hairpins [6, 16]. As shown, the “inside” positions

of the β-hairpins are preferably occupied by hydrophobic

residues and the “outside” positions by hydrophilic ones.

Glycines and alanines have a strong tendency to occupy

the “inside” positions in strongly twisted sites of β-

strands, while prolines occupy the “outside” positions.

There should be at least one glycine residue in the rela-

tively short loop connecting the β-strands. Note that the

interstrand S–S-bridges play an important role in folding

and selection of the right- and left-turned β-hairpins [17].

Two β-strands that are not connected by loops or

formed by rather distant regions of the polypeptide chain

Fig. 1. Two kinds of handedness of super-secondary structures.

The polypeptide chain is shown as a ribbon in superhelices (a) and

as arrows directed from the N- to C-ends in β-hairpins (b) and β-

sheets (c).

a b

c
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can form an antiparallel β-sheet stitched by hydrogen

bonds, which is very similar to the β-hairpin. Such two-

stranded β-sheets will be referred to here as ββ-pairs.

Like the β-hairpin, the ββ-pair can be right- or left-

turned when viewed from the same side, e.g. from the

hydrophobic core of a protein. Strongly twisted and

coiled ββ-pairs that are similar to the β-hairpin shown in

Fig. 2 (a and b), in which the loop is very long or absent,

can also be formed. Such two-stranded right-handed

superhelices are formed by the right-turned ββ-pairs

when viewed from the concave side.

It is rather difficult to find preference for the S-like or

Z-like β-sheets if they are compared as isolated flat or

moderately twisted β-sheets. The preference is observed at

the level of super-secondary structures of higher order that

include β-sheets or if triple-stranded β-sheet folds into a

three-dimensional structure itself. Thus, some higher

order structures include S-like and others Z-like β-sheets.

Figure 3 shows several intermediate and completed

protein structures that include S-like β-sheets. The βαS-

and Sαβ-units can be represented as combinations of S-

a b

“inside
residues” 

“outside
residues” 

Fig. 2. A ball-and-stick model (a) and a schematic representation

(b) of a strongly twisted and coiled β-hairpin. Large black balls

are “inside” side chains located on the concave surface of the

double superhelix, and open balls are “outside” side chains locat-

ed on the convex surface. A right-turned β-hairpin can be twist-

ed and coiled to form right-handed double superhelix (b and c),

but a left-turned β-hairpin (c and d) cannot.

Fig. 3. Schematic representation of some intermediate and complete protein structures that include S-like β-sheets. The β-strands are shown

as arrows directed from the N- to C-ends and α-helices as cylinders. In the βSβ- and βSα-superhelices, imaginary polypeptide chain rota-

tion axes at the sites where strands bend and pass from one layer to another are shown by lines with circular arrows.

βαS-unit H-subunit

βSβ-superhelix SH3-fold

βSα-superhelix OB-fold

Sαβ-unit Neurophysin (N-domain)

c d

S-like β-sheet
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like β-sheet and right-handed split βαβ-unit, which

occur rather often in proteins [10, 18]. Note that the split

βαβ-units in these combinations as well as most βαβ-

units in α/β-proteins form right-handed superhelices [4,

19, 20]. In βSβ-superhelix, the S-like β-sheet is flanked

by two right-handed β-bends. In accordance with the

definition [21], in right-handed β-bends the strands bend

through ∼90° in the right-handed direction when passing

from one β-sheet to the other. The overall fold of the

resulting structure can be represented as right-handed

βSβ-superhelix if the S-like β-sheet is replaced by one

imaginary strand. In the right-handed βSα-superhelix,

the S-like β-sheet is flanked by right-handed β-bend at

the N-terminus and by an α-helix at the C-terminus.

Some examples of proteins containing the βSβ- and βSα-

superhelices are shown in Fig. 3 (see also [10, 22]).

The main difference between S-like and Z-like β-

sheets is that the Z-like β-sheet can fold into a compact

structure of higher order itself. The 3β-corner is a struc-

tural motif that can be represented as Z-like β-sheet fold-

ed upon itself so that its two β-hairpins are packed

approximately orthogonally in different layers and the

central β-strand is bent by ∼90° when passing from one

layer to the other to form a half-turn of the right-handed

superhelix (Fig. 4, a and b) [23], similar to that in βSβ-

and βSα-superhelices (see Fig. 3) and β-bends [21]. Note

that S-like β-sheet is not able to fold upon itself into a

similar compact structure. It could fold into a compact

structure if the central β-strand forms a left-handed β-

bend when passing from one layer to the other, but this is

prohibited, and such structures are not found in proteins

[10]. On the other hand, Z-like β-sheet cannot be includ-

ed into structures similar to those that include S-like β-

sheet. For example, a compact βZβ-superhelix (Fig. 4e)

is left-handed, contains two prohibited left-handed β-

bends, and does not occur in proteins [10]. If the Z-like

β-sheet is flanked by two right-handed β-bends (Fig. 4d),

the resulting unfolded structure does not seem to be sta-

ble, and it also does not occur in proteins. The Zαβ-unit

shown in Fig. 4f contains the prohibited left-handed

βαβ-unit and does not occur in proteins [10, 18]. Thus, it

can be concluded that selection of allowed structures of

higher order, which include S-like and Z-like β-sheets,

depends on their handedness and compactness.

STRUCTURAL MOTIFS CONTAINING βαβ-

AND βββ-SUPERHELICES

The βαβ-unit or βαβ-superhelix is a two-layer struc-

ture in which the β-strands form a parallel β-sheet and

the α-helix is located in the other layer, so that the over-

all fold of the polypeptide chain represents a large cycle of

a right-handed superhelix (Fig. 5a). Rao and Rossmann

[4] were the first to observe and describe the βαβ-unit and

analogous structures later called Rossmann folds. The

βαβ-unit usually forms right-handed superhelix in

homologous and non-homologous α/β-proteins [4, 19,

20] although there are some left-handed βαβ-superhe-

lices (see below). The βαβαβ-unit (Fig. 5b), which is also

a commonly occurring folding unit in α/β-proteins, has

two turns of right-handed superhelix. There are seven

βαβ-units and consequently seven turns of the right-

handed superhelix in the so-called (α/β)8-barrels.

In three-layer α/β-proteins, there are two more

complex structural motifs composed of five (Fig. 5f) or

seven (Fig. 5g) elements of secondary structure folded

into βαβ- or βαβαβ-units [24]. It should be noted that all

the α/β-proteins and domains in which α-helices and β-

strands alternate along the polypeptide chain can be rep-

resented as combinations of βαβ-units that differ in the

number of βαβ-units and their arrangement in three-

dimensional space. In some subclasses of (α+β)- and

α/β-proteins, the βαβ-units form combinations with

other elements of secondary structure. For example,

addition of one more β-strand to the right-handed βαβ-

unit results in formation of the commonly occurring

structural motif called abCd-unit (Fig. 5, c and h) [24,

25]. Addition of a β-hairpin, S-like, or Z-like β-sheet to

the βαβ-unit results in formation of structural motifs

analogous to the abCd-unit (see, e.g. Fig. 5, d and i) that

are also widespread in proteins [18, 25]. The βαβ-units

and ψ-motifs can also form some combinations [26]. A

distinctive feature of these combinations is that the fre-

quency of occurrence of left-handed βαβ-units in them

(about 11%) is much higher than average in α/β-proteins

(see also below).

In most two-layer β-proteins with aligned β-sheet

packings, there is a four-stranded super-secondary struc-

ture referred to as the abсd-unit [24, 25, 27]. In the abcd-

unit, the β-hairpin formed by strands a and b is closed
Fig. 4. Allowed (a, b, c) and prohibited (d, e, f) structures that

include Z-like β-sheets. Designations are as in Fig. 3.

a

b

c

d

e

f
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into a large circle by superhelix bcd (Fig. 5, e and j). The

superhelix bcd is analogous to the βαβ-superhelix in the

abCd-unit (Fig. 5, c and h) and always occurs in right-

handed form in proteins. As seen, the abcd- and abCd-

units have the same overall fold of the chain but different

conformations of regions c and C [25]. The abcd- and

abCd-units having the direct chain orientation include

right-turned β-hairpins (Fig. 5, c and e), and those with

the reverse chain orientation include left-turned β-hair-

pins (Fig. 5, h and j). A complex variant of the abcd-unit

can include a Z-like β-sheet instead of strand c (Fig. 4c).

Apparently, the so-called parallel β-helices are the

largest superhelices formed by β-strands [28-30]. There

are two kinds of parallel β-helices, the right-handed β-

helix (RβH) and left-handed β-helix (LβH). Each rung

(or coil) of the canonical β-helix consists of three β-

strands connected by standard β-turns or loop regions.

The β-strands of the adjacent rungs form flat parallel β-

sheets whose close packing results in formation of trian-

gular β-helix. There are several types of β-helices that dif-

fer in number of β-strands and/or residues per rung. In

the right-handed β-helices (RβH), a rung can consist of

2-4 β-strands, and the overall fold of these β-helices

depends of the number of β-sheets. It is of interest that

there is a fold, which was named right-handed quadrilat-

eral β-helix, that exhibits size, shape, and electrostatic

similarity to the B-form DNA (Mfp, PDB ID 2BM4)

[31].

COMBINATIONS OF Π-LIKE MODULES

AND βαβ-UNITS, β-HAIRPINS, S-

AND Z-LIKE β-SHEETS

The overall fold of the Π-module can be represented

as β-strand–crossover loop–β-strand, which are

arranged so that they resemble the Greek letter Π or a

clip. In contrast to β-hairpin, the β-strands of the Π-

module do not form H-bonds between each other, but

then interact with another one or two additional β-

strands packed in between them in the β-sheet. Thus, the

Π-module can be represented as a split β-hairpin. The

crossover loop connects two β-strands of the Π-module,

crosses over the central β-strands of the β-sheet, and pro-

vides a reserve turn of the polypeptide chain. There are

right- and left-turned Π-modules. When viewed from the

crossover loop, the polypeptide chain runs from the N- to

the C-end in the clockwise direction in the right-turned

Π-module (Fig. 6a) and in the anticlockwise direction in

the left-turned Π-module (Fig. 6c).

Analysis of our database shows that in ϕ-motifs the

Π-modules are predominantly right-turned (>95%) [7].

In combinations of the Π-module with S- and Z-like β-

sheets (denoted as the SΠ- and ZΠ-motifs), all the Π-

modules are right-turned [32], but in combinations of Π-

modules and βαβ-units 34% of the Π-modules are left-

turned and 66% are right-turned [26]. A more detailed

analysis of this problem shows that selection of the right-

a b c d e

f g h i j

βαβ-unit βαβαβ-unit abCd-unit
(ββαβ)

Sαβ-unit abcd-unit

Five-segment

motif

Seven-segment

motif

abCd-unit
(βαββ)

βαS-unit abcd-unit

Fig. 5. Structural motifs containing βαβ- and βββ-superhelices. See also the text.
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or left-turned Π-module is determined by mutual

arrangement of the Π-module and the βαβ-unit as well as

by compactness and stability of the resulting combina-

tions. If the Π-module follows the right-handed βαβ-unit

along the chain and forms a compact closed structure as

shown in Fig. 6a, the right-turned Π-module is selected.

This combination denoted βαβΠ-motif occurs most

often. In the Πβαβ-motif, the right-handed βαβ-unit fol-

lows the Π-module along the chain, so the left-turned Π-

module is selected (Fig. 6c). Note that in the βαβΠ- and

Πβαβ-motifs the Π-module clips together the β-strands

of the βαβ-units, making the resulting structural motifs

more cooperative and stable. Addition of the left-turned

Π-module to the C-end of the right-handed βαβ-unit

results in formation of an unfolded and unfavorable struc-

ture in which the second β-strand of the Π-module does

not interact with the βαβ-unit (Fig. 6b). An analogous

unstable structure results if the right-turned Π-module is

added to the N-end of the right-handed βαβ-unit (Fig.

6d). For stabilization of these combinations, it is possible

to add β-strands shown by dotted lines or to transform the

Π-modules shown in Fig. 6, b and d, into β-hairpins, but

this is another story. Thus, there is a definite relationship

between mutual arrangement of the Π-module and the

βαβ-unit and their handedness in resulting combinations.

The structures of the crossover loops are rather differ-

ent in right- and left-turned Π-modules. Analysis shows

that 73% of right-turned Π-modules contain α-helices

(up to 2-3 turns) in the crossover loops, while only 7% of

left-turned Π-modules have α-helices in the loops. As a

rule, in the right-turned Π-modules the α-helix and the

second β-strand is connected by a small standard arch.

Thus, the overall structure of most right-turned Π-mod-

ules can be represented as β-strand–α-helix–arch–β-

strand. Such Π-modules are also widespread in other

structural motifs, for example, in combinations of Π-

modules and β-hairpins and in S-like and Z-like β-sheets

(Fig. 7) [7, 22, 26, 32, 33]. Structural alignment and com-

parative analysis of their amino acid sequences have

shown that the Π-modules found in unrelated proteins

and in different combinations have very similar sequence

patterns of the key hydrophobic, hydrophilic, glycine, and

proline residues [32, 34]. Apparently, the isolated Π-mod-

ule is not stable because its β-strands do not interact with

each other and its overall fold is not compact. However, in

combination with the S-like and Z-like β-sheets, β-hair-

pins, and βαβ-units, the Π-module fastens their β-strand

like a clip, which results in formation of compact and sta-

ble structural motifs that can act as nuclei and/or “ready-

made” building blocks in protein folding.

HANDEDNESS OF α-HELICAL STRUCTURES

In proteins, the packing of α-helices is restricted by

both the principle of close packing and the chemical nature

of the side chains. As a rule, α-helices are amphipathic and

pack so that their hydrophobic faces are buried in a

hydrophobic core and polar side chains are accessible to

water molecules or form hydrogen bonds and ion pairs

between themselves or with cofactors. The first detailed

model for helix-to-helix packing was proposed by Crick in

1953 [35]. In this model, a side chain from one α-helix

(knob) packs into a space surrounded by four side chains of

the opposite α-helix (hole), and vice versa. This model

gives two preferred orientations of closely packed α-

helices, Ω = 20° and Ω = –70° (Ω denotes the torsion angle

between the helix axes). If α-helices are long enough, while

packed at Ω = 20° they form a left-handed superhelix hav-

ing helical pitch of about 140 Å. There are such coiled-coil

structures in tropomyosin, α-keratin, etc. Note that in

these coiled-coil structures the right-handed α-helices

form left-handed superhelix. It was shown that amino acid

sequences encoding coiled-coil structures of this type have

so-called heptad repeats [36]. The seven positions of

repeats are conventionally referred to as a-b-c-d-e-f-g,

Fig. 6. Possible pathways of formation of combinations between

the right-handed βαβ-unit and the right-turned (a, d) and left-

turned (b, c) Π-module. Π-modules are highlighted in gray.

a b

c d

Fig. 7. Schematic representation of combinations of the Π-mod-

ule and the S-like β-sheet (a), the Z-like β-sheet (b), two β-hair-

pins that are the part of the cleaved ϕ-motif (c), a β-hairpin that

is a part of the ϕ-motif (d), and the βαβ-unit (e).

a b c d e
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where a and d positions are occupied by hydrophobic and

e and g positions by hydrophilic or charged amino acid

residues [36] (see also reviews [37, 38]). On the surface of

α-helix having heptad repeats, a hydrophobic stripe twist-

ed anticlockwise around the α-helical axis is formed. Close

packing of two or more α-helices having such hydrophobic

stripes to form a closely packed hydrophobic core results in

formation of a left-handed superhelix (or a coiled-coil) in

which α-helices are packed at Ω = 20°. The other wide-

spread repeat in α-helices is the so-called undecatad

repeat, the eleven positions of which are conventionally

referred to as letters a to k. In the undecatad repeat, posi-

tions a, d, and h are occupied by hydrophobic residues,

which produce a right-handed hydrophobic stripe on the

surface of the α-helix. Close packing of α-helices having

undecatad repeat gives rise to a right-handed superhelix or

supercoil (see, e.g. [39, 40]).

In globular proteins, both kinds of handedness are

observed in structures formed by α-helices. For example,

α-helical hairpins can be right- or left-turned when

viewed from one side, e.g. from the hydrophobic core. On

the other hand, two connected α-helices can be packed

approximately crosswise so that, in three dimensions, the

polypeptide chain passes through almost one complete

turn of a left-handed superhelix [41]. Variants of this

structure were initially found in two homologous protein

families, “EF-hands” in calcium-binding proteins [42]

and “helix-turn-helix” motifs in DNA-binding proteins

[43]. It was shown later that two-α-helical structures of

this kind referred to as αα-corners are widespread in both

homologous and nonhomologous proteins and are found

practically always in one form, as the left-handed super-

helix [24, 41]. Addition of other α-helices to the αα-cor-

ner gives rise to many higher-order structures, some of

which are superhelices having definite handedness (for

details, see [24, 41, 44]).

The three-α-helix bundle occurs in proteins in two

forms, as left-handed and right-handed superhelix. Below

a schematic representation of the right- and left-handed

superhelices viewed end-on is shown, where A, B, and C

are three α-helices, double lines are near connections,

and single lines are distant connections.

Four-α-helical super-secondary structures in proteins

can be of two types – type I and type II [45]. When viewed

from the N-end of helix A, the arrangement of four α-

helices A, B, C, and D in these bundles is as shown below.

Moreover, four α-helices adjacent along the

polypeptide chain can fold into a superhelix. For exam-

ple, this can be obtained by addition of a fourth α-helix to

a right-handed three-α-helical superhelix (see above).

Such two-layer α/α-superhelices, also called α-sole-

noids, can be formed by 3-4 up to 17-18 α-helices as, e.g.

in lipovitellin [46]. The arrangement of α-helices in the

α/α-superhelix can be schematically represented as fol-

lows.

Such α/α-superhelices have now been found in

some dozens of proteins, and most of them are right-

handed. The predominance of the right-handed form of

α/α-superhelices as well as the handedness of other

structural motifs are determined by several factors, but

essentially it is a result of the homochirality of L-amino

acid residues in proteins. It should be noted that the prob-

lem of selection of right- or left-handed three-α-helical

bundles, superhelices, α-hairpins, and four-α-helix bun-

dles of type I or II can be solved if their α-helices are con-

nected by short loops (see, e.g. [5, 41]).

The main conclusion of this work is that protein mol-

ecules have two very important properties, chirality and

handedness, which should be distinguishable. As described

above, there are two kinds of handedness in proteins – hel-

ical handedness and handedness of arrangement. Some

protein structures exhibit both the kinds of handedness.

Handedness is observed at all the levels of protein structur-

al organization, from α-helices, β-strands, hairpins, and

βαβ-units up to complex structural motifs, superhelices,

and supramolecular structures in fibrous and polymer pro-

teins. Some super-secondary structures such as β-hairpins,

Π-modules, and triple-stranded β-sheets can exist in two

forms, but at the level of higher order structures that

include them, only one form is selected. There are many

protein structures that have a unique handedness, for

example α-helices, αα-corners, βαβ-units, abcd-units,

and so on. This property of polypeptide chains is of partic-

ular value in protein folding and protein modeling since it

drastically reduces the number of possible folds.
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