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The path of a protein chain can be approximated by the conformation
dictated by interpeptide ionic bridges
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A stereochemical simulation of the formation of ionic bridges between adjacent peptide groups along the polypeptide chain has been made, Such

jonic bridges constrain the amino-acid residues into eight conformations. It is shown that the path of any protein-chain fragment 10-15 residues

long can be approximated well by these conformations, This suggests that the conformations dictated by the ionic bridges can be used as blocks
in the formation of the spatial protein structure.

Tonic bridge: Bridge conformation; Prolein structure

1. INTRODUCTION

The attainment of the native conformation of pro-
teins both in vivo and in vitro occurs in the presence of
ions. At the same time it is known that a wide variety
of metals form complexes with amides, by interacting
with their oxygen and nitrogen atoms {1-4]. X-ray data
also indicate the existence of interactions between ions
and the polar atoms in the native structure of proteins
[5-7]. The question arises as to the role of interactions
between ions and the polypepiide chain during the for-
mation of the spatial structure of proteins,

2. BRIDGE CONFORMATIONS

We have begun consideration of this question with a
stereochemical simulation of the formation of ionic
bridges between neighbouring peptide groups along a
polyglycine chain, The ionic bridges O-1"-0, O-1"-N,
N-I"-0O and N-I"-N were considered. Here I" indicates
a monovalent or divalent cation of radius 0.7-1.3 A
(Na*,K*, Mg*, Ca*"), and O and N are the oxygen and
nitrogen atoms of a peptide group serving as ligands.
The nitrogen of a peptide group was considered az a
ligand because there are indications that this atom can
form complexes with cations. For example, a complex
of Ag™ linked to the nitrogen of N,N-dimethylacetamide
actually exists in aqueous solutions [3], The ab initio
computations {4] also show the possibility of the exis-
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tence, besides the classical cation—oxygen adduct, of a
second relatively stable product in which the cation as-
sumes a bridged position between the two heteroatoms
of the peptide bond.

Since the nitrogen atom of a peptide group can serve
as a ligand only in the pyramidal state [4], the I"-N
bond was oriented approximately at right angles to the
plane of a peptide group. Small departures from planar-
ity of a peptide group induced by the pyramidalization
of the nitrogen atom were ignored. Only those variants
of ionic bridges were considered in which dehydration
of the peptide NH-group is not observed, and where the
ion can be tetrahedrally and oc¢tahedrally coordinated
by ligands.

The ionic bridges satisfying the above requirements
are given in Table I. These ionic bridges constrain the
amino acid residues into eight different possible confor-
mations which can be divided into the symmetric groups
a, B, 7,pand ', §, 7, o’. The structure of the polypep-
tide chain will be called the ‘bridge’ structure or bridge
conformation if each residue is in one of these eight
conformations.

Analysis of the bridge conformations led to an unex-
pected result. It appears that the path of a protein chain
(the positioning of the C* atoms and orientations of
their C>-C” bonds) can be approximated by the bridge
conformations, for the most part composed of confor-
mations of the «, 8, 7 and p group (Figs. 1 and 2). It may
be seen from Fig. 2 that the path of a chain fragment
10-15 residues long in bovine pancreatic trypsin inhibi-
tor [8] (a popular protein with researchers, containing
a wide variety of amino-acid conformations) is well ap-
proximated by the bridge conformation. As a rule, the
distances between the C? atoms of the native structure
and the C? atoms of the bridge structure do not exceed
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Fig. 1. Bridge structures for bovine pancreatic trypsin inhibitor. The
native siructure is represented by the angles ¢ (deg) and y (deg).

3 A (the length of two C-C bonds), and the value
da=|a,~c,| is less than 40°, where a, is the angle be-
tween the bonds C*~C? and C%, ,-C%,, in the native struc-
ture and o, is the angle between these bonds in the
bridge structure. A similar agreement has been observed
for any chain fragment 10-15 residues long in all the
proteins so far examined, regardless of their type. The
following proteins (their Brookhaven Protein Data
Bank codes [9] are given in parentheses) were consid-
ered: avian pancreatic polypeptide (1PPT), crambin
(1CRN), lysozyme (1LYZ), ovomucoid third domain
(20VO0), ribonuclease A (SRSA), rubredoxin (1IRDG)
and scorpion neurotoxin (1SN3). The bridge conforma-
tions for the fragments of the protein chains have been
selected visually using a PS-390 computer graphics sys-
tem (Evans and Sutherland).

As to the conformations of individual residues, a
comparison of the angles ¢ and y of the native struc-
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Tonic bridges in the glycine dipeptide

lonic bridges Conformations of the glycyl residue which

are maintained by Lhe ionic bridges

l— " _l _go(des) Ails(odeg)

o [«4

0 +60 +50 o
—C—NAOf-C—N— ~90 (=70)* 180  p
H H - H +90 180 I
-90 (<70 0 7

o H @_ +90 0 7
S UV N A Y T VR Ty
) +90 -120 g

*Proline can only adopt the bridge conformations a, 8, 7, p with
@=-70inp, T and §.

£0
[V

FEBS LETTERS

May 1992

tures with the angles ¢ and i of the bridge structures
showed that on the average they differ from one another
by £35°. However, all values of the angles ¢ and i in
the bridge struciures can be made equal or close to the
native ones with a precision of 4a/2, where 4a is less
than 40° (see above). Achievement of this condition
requires a synchronous rotation of the peptide group
around the bonds C2-C; (y; angle) and N,-C%, (.,
angle), keeping the following rule: the changes in the
angles y; and ¢;,, should be equal in modulus but oppo-
site in sign. Such a rotation will be called a y,p;,, rota-
tion of a peptide group. Due to the parallelism of the
bonds C*~C}, N;,,~C%,, and the small distance (~ 1 A)
between them, the y,p,., rotation can be realized with-
out a change in the angle between the bonds C*~C? and
C% —C’,, and is accompanied by a displacement of the C,
atoms which does not exceed 1 A, i.e. the .., rotation
enables one to vary the angles ¢ and y over a wide
range, with practically no change in the path of the
polypeptide chain. It is precisely this property of the
W.,., rotation that enables one to change the values of
the angles y; and ¢,., in a bridge structure so that they
only differ from the native ones, as a rule, by 4a/2<20°,
In particular, the angles @ and v in the bridge siructures
can be made close to the averaged ones given in the
work of Rooman et al. [10].

3. DISCUSSION

The stereochemical stimulation shows that the native
conformation of a protein chain can bg obtained by
selection of the appropriate bridge structure and subse-
quent ¢, rotations within it. It is evident that such
a formal search for the native structure may will be close
to the real process uf formation of the spatial structure
of a protein. Indeed, it would be expected that the pro-
tein chain will be in different bridge conformations as
long as interactions between the amino acid residues
(intramolecular hydrogen bonds, hydrophobic con-
tacts, and others) are absent. The appearance of these
interactions will be accompanied by i@, , rotations and
destruction of ionic bridges in order to avoid dehydra-
tion of the polar atoms of peptide groups, immersion of
cations in a hydrophobic core, or to form interpeptide
hydrogen bonds, etc.

Ionic bridges cannot be formed at the surface of &
helices and 8 sheets. Cations at these surfaces cannot be
tetrahedrally or octahedrally coordinated by ligands be-
cause of steric restrictions. Ion bridges should not occur
in irregular protein regions either. Conformations of
most residues in these regions considerably differ from
the bridge ones. Therefore ywp,., rotations which de-
struct ionic bridges must occur in these regions. We can
thus presume that virtually all ionic bridges are de-
stroyed in the course of the formation of the spatial
protein structure.

The above arguments indicate that the interpeptide
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ionic bridges considered cannot be the elements stabiliz-
ing the protein 3D structure. Their main role is to form
bridge structures which can be used as blocks in organ-
ization of this structure,
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