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Collagen is an important protein, that has an interesticgrsgary and tertiary structure. Three
protein strands wind around each other, conserving theecondary structure. Here we explore
theoretically the experimentally known thermodynamicpanties of amino acid triplets on the

triple helix structure. Gibbs free energy values are in detepaccordance with experiments.
Sarcosine (N-methyl glycine) also seems to stabilize ipeethelix.

1 Introduction

Collagen is an important extracellular protein, it prowa@e quarter of the proteins in our
body. Tropocollagen is the well-known triple helix formegthree protein chains wound
around each othér.In each chain, glycine must be in every third place, and tidmees
are displaced with one residue in each cHa@ollagen chains contain amino acid residues
only in one conformation, which is characterized by the diaé anglesp = —70°,

Y = 150°, and is sometimes called,.! Interestingly, the X-ray structure of polyglycine-II
has the amino acids in the same conformation. Accordingtpravious results the most
stable conformation for the glycine amino acids — whereyeaearnide bond is having two
hydrogen bonds with two neighboring amide bonds — isapisFor amino acids having an
alkyl side chain, thes-pleated sheet is the most stable conformafiditis is the building
block of amyloid, and of other plaques also, that are knowsatese conformation diseases
and so dementid.Furthermore, it has been discovered recently that seveotgips are
able to form such plaques (e.g. myoglobin), after some enwiiental treatmerft.There-
fore plaque formation seems to be the inherent nature oém®t As a consequence, to
prevent its every protein turn into@pleated sheet plaque, nature uses several strategies.
For collagen, this strategy might be the conservation ofteatcssecondary structure (the

EL).

2 Methods

18 (3*6) residue containing collagen and triple strandquleated sheet models were cre-
ated as described bef8reFor all calculations the Gaussian®sbftware was used. The
structures were optimized with the “tight” criteria and safuent frequency calculations
were carried out, both at the B3LYP/6-31G(d) level of theoRrequency calculations
allow us to obtain entropy and Gibbs free energy data. Theasatiscussed here contain
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(i) only glycine amino acids (called GGG),
(i) glycine and alanine (called AAG),
(i) glycine and sarcosine (N-methyl glycine) (called $&3,
(iv) glycine and proline (called PPG),
(v) glycine and proline and hydroxyproline (called POG).

The reference values of the enthalpy and Gibbs free enemgyytseare the sums of the
enthalpies (Gibbs free energies) of the three individuatipe strands, 6 residues long
each.

3 Results

Enthalpy and Gibbs free energy values of the triple heliolhgen mimicking structure
and the triple stranded-pleated sheet for each amino acid composition can be seen on
Table 1.

AH (kcal/mol) AG (kcal/mol)
triple helix  -pleated sheet triple helix  3-pleated sheet
GGG -30.9 -68.5 27.2 -16.4
AAG -29.0 -70.1 19.5 -29.3
SaSaG| -60.7 -44.3 -15.9 -2.9
PPG -40.6 -9.9 0.3 21.8
POG -40.6 -15.7 -1.3 13.1

Table 1. Enthalpies and Gibbs free energies of the tripliedlednds-pleated sheet models.

For the GGG and AAG models, the sheet is the most stable steicthe Gibbs free
energy of the triple helices are much higher than that of #ia bheet and also than that of
the individual strands. Regarding the enthalpy valuedriple helices are more stable than
the individual strands, however, thiepleated sheet is much more stable. Experimental
result§ show that these triplets indeed destabilize the triplexh&or the SaSaG, PPG and
POG triplet containing models both the enthalpy and Gibbe &nergy results indicate
the stability of the triple helix over thg-pleated sheet. However, a very interesting result
can be seen: for the PPG and POG maodels the triple helix, &eemgh it is more stable
than theS-pleated sheet, has the same amount of energy as the ingiwttands. On
the contrary, the SaSaG triple helical model is quite stalitle respect to the individual
strands. Unfortunately there are no experimental resoitshe SaSaG triplet in a triple
helix, however it is shown that PPG and POG stabilizes thiageh.

4 Conclusions

In concordance with experimental results we can say thataloulations have also shown
that the GGG and AAG triplets destabilize and the PPG and P@&ts stabilize the
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collagen triple helix. For our great surprise sarcosinbikz&s the triple helix in a much
greater extent than proline and hydroxyproline. Therefopessible strategy for collagen

to “prevent itself* from plaque formation is to eliminateettwo NH amide hydrogen per
three amino acids that are not included in internal hydrelgemd formation. This can be
done simply by applying a methyl group instead of the hydmd@aSaG). Indeed, here the
triple helix is more stable than th&pleated sheet, in a much larger extent than in the case
of PPG and POG. It is very interesting, as the triple helibititing effect of the proline
and hydroxyproline is known for a long time. An other inteéir@g point is that these Gibbs
free energy results are in complete accordance with expetehstability data, contrary to
the simple energy difference resélts
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