Netsu Sokutei 34 (4) 152-158

FRREEEE R R E R EEEE R R REEEE R

5
E‘ 77
it

— 5
= &
=)

EIE R EE R R E R EEE E R R EEE EEEEE

OF—4 L D=ASEBEDIHLTTEMEIC KIT T KFNDTIR

va SRR, NI, MRERR

(5ZHLH @ 20074E6 H30 H, =HIH : 200747 A26 H)

Effect of Hydration on the Thermal Stability
of the Collagen Triple Helical Structure
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4(R)-Hydroxyproline (Hyp®) is often found in natural collagen in spite of being a rare
amino acid in proteins overall. It has been known that Hyp® residue contributes to the thermal
stability of the collagen triple helical structure. Intensive studies to investigate the stabilizing
mechanism of the collagen triple helical structure have been performed by using a series of
polytripeptides (X-Y-Gly)io [X, Y: Pro, Hyp®, or 4-fluoroproline (fPro)]. The thermodynamic
parameters determined by DSC analyses of these model peptides indicate that the enthalpy term
contributes predominantly to the thermal stability of (Pro-Hyp®-Gly)io, whereas the entropy
term is primarily responsible for the enhanced stabilities of (Pro-fPro®-Gly)io and (fPro$-Pro-
Gly)io. Based on the comparison of molecular volumes observed in solution with intrinsic ones
from the crystal structure, the difference comes from the difference of hydration on these peptides.
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Fig.1 Temperature dependence of apparent molecular
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Fig.2 Structure of 4(R)-hydroxyproline (HypF).
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Fig.3 A proposed model of the conformation of the
pyrrolidine ring desirable for stabilizing the triple
helix by Zagari and co-workers.!?
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Table 1 Summary of the structures of collagen model peptides.

peptide structure¢ T12b1C ref peptide structure T12b1C ref
(Pro-Pro-Gly)1o t 34 5
(Pro-Hyp®-Gly)io t 61 8 (Pro-fPro®-Gly)io t 80 12
(Pro-HypS-Gly)io S <4 (Pro-fPros-Gly)io s <2 14
(Hyp~-Pro-Gly)1o S <4 10 (fProR-Pro-Gly)io s <4 22
(Hyp$-Pro-Gly)io S <4 (fPro$-Pro-Gly)io t 58 22

« At 4C; t=triple helix, s =single chain.

b Ty is defined as the temperature where the transition is half-completed.
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Fig.4 Molar heat capacity curves of (a) (Pro-Pro-Gly)o,
(b) (Pro-Hyp~&-Gly)io, (¢) (Pro-fPro®-Gly)o, and
(d) (fPros-Pro-Gly)io as a function of the

temperature.
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Table 2 Thermodynamic parameters of the transition of collagen model peptides.

peptide Tipe Ti? AH(Tw'")¢ —Tn"AS(Tw")* AAH(Tw")? — T AAS(Tw™)?
/C /C / kJ mol ! / kJ mol ! / kJ mol —! / kJ mol -!
(Pro-Pro-Gly)io 31.4 71.9 108.1 —108.1 0 0
(Pro-Hyp~#-Gly)1o 62.2 92.3 147.1 —138.8 39.0 —30.7
(Pro-fProR-Gly)io 77.0 126.7 85.7 —=72.0 —22.4 36.1
(fProS-Pro-Gly)io 54.5 116.7 65.9 —58.0 —42.2 50.1

@ Ty is the temperature where the transition is half-completed.

b Ty is the temperature where Gibbs free-energy change associated with the transition (AG) equals zero.

¢ Tw™ is the Ty of (Pro-Pro-Gly)io.

4 AAH(Tw") and AAS(Tw") are estimated by subtracting AH(Tw") and AS(Tw") for (Pro-Pro-Gly)io from those for

each peptide, respectively.

Table 3 Observed partial specific (V ), observed partial molar (Vobs), calculated (Veae), and hydration volumes (Vhya)

of the triple helical collagen model peptides at 10 C.

peptide V/cm3 g-! ‘70bs / cm3 mol —1 4 Veae / cm3 mol —1 @ Vhya / cm3 mol -1 @
(Pro-Pro-Gly)io 0.6692 169.4 179.0 —9.6
(Pro-Hyp®-Gly)1o 0.6120 164.7 183.3 —18.6
(Pro-fProk-Gly)io 0.7337 199.4 181.5 17.9

a Expressed per tripeptide unit.
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Fig.5 Concentration dependency of the density for (Pro-
Pro-Gly)io at 10°C.
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