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We have carried out a DSC research of acid diluted procollagen of rat tail, which mainly contains
type I collagen. The research was conducted within pH interval of 1.5 to 3.9 in presence of NaCl with
physiological concentration. It is shown, that the melting process of procollagen in pH interval of
3.9-2.1 has two stages, and the melting process shifts to lower temperatures with decrease in pH, with

minor changes in melting enthalpy (AHm). The melting parameters of procollagen at pH3.9 is Tlfl =
32.6°C, T:= 36.7°C and AHm = 17.5+1 cal/g. Within pH interval of 1.7-1.5, the melting process has

one stage, and at pH1.5 the melting parameters are: Tm = 28.2°C, ATm = 1.5°C, and AHm = 15.2+0.9
cal/g. Decreasing in AHm by 2 cal/g is in correlation with the dependence AHm = f(t) that is commonly
used for proteins. Thus, correspondence of the melting at pH1.5 with the melting enthalpy at pH3.9
and the high cooperativity of collagen melting process indicate that the individual triple helix chains
of rat tail procollagen at pH1.5 preserves its native conformation. These results directly indicate that
it is recommended to extract the procollagen at pH1.5 when collagen solubility is at least 10 times
higher than at pH3.9. The abovementioned features of the rat tail procollagen, the physico-chemical
parameters of which is close to all mammalian procollagens, and nativeness at pH1.5 are important
as for pharmaceuticals so for food industry. © 2022 Bull. Georg. Natl. Acad. Sci.

DSC, procollagen

Collagen is the major insoluble fibrous protein in
the extracellular matrix and in the connective
tissue. In fact, it is the single most abundant protein
in the animal kingdom. There are, at least, gene-
tically distinct 29 types of collagens. 80-90 percent
of the collagen in the body consists of types I, Il and
III. These collagen molecules pack together to form

long thin fibrils of similar structures. All collagens

contain three polypeptide a-chains, and position of
the polyproline II initiates right-handed supercoil
conformation. Each polyproline chain has a
repeating Gly-X-Y triplex which are held together
by interchain hydrogen bonds [1]. A remarkable
difference of collagen from globular proteins is the
fact that, at increase in temperature above critical

level, its regular structure breaks and the chains of

© 2022 Bull. Georg. Natl. Acad. Sci.
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collagens separate and fold into random coils that
do not have any residual structures [2]. The thermal
stability of collagen expressed in its melting
temperature (Tm) significantly depends on amino
and amino acid composition, pH of solution, and
presence of neutral salts in the solution [3-7].
This happens because collagen has both positive
and negative charges. In a salt-free solution,
procollagen melting proceeds in one stage with
Tm=39+1°C [7]. However, in close to phy-
siological conditions, in presence of 0.1M NaCl
ion force of the solution, the melting process has
2 stages with T, =33.0°C and Ty =37.8°C. This
process was studied at pH3.9 only [7,8]. It is worth
mentioning that the thermodynamical stability of
procollagen in presence and absence of NaCl 0.1M
at pH3.9 is well studied, but the influence of various
pH values on melting curve profiles and their
thermodynamic parameters are not studied yet. In
this work, we enlarged pH interval from 3.9 to 1.5
in order to better understand the procollagen
unfolding process, which is important from both
fundamental so practical viewpoints.

Materials and Methods

In this work, we studied collagen extracted from the
healthy rat tail tissue. Using the methods described
in publication [7,8], the procollagen solutions were
filtered through G-5 glass filter and centrifuged
during 60 min at 20,000 x g. For clearing of colla-
gen from polysaccharides, an additional treatment
of the preparation was performed with chloroform.
In our experiments, 0.1% solution of procollagen
was centrifuged with 17,000 x g for 40 mins using
centrifuge Prism R. In total, 96 DSC measurements
were conducted on diluted procollagen solutions in
0.1 M NacCl with the pH range of 1.5 — 3.9. For
evaluation of the isolated collagen, an absorption
spectrum measurement in the wavelength range
200 to 300 nm was performed. The absence of
absorption within the region 265to 290 nm
indicated absence of the globular proteins in our
solution. The DSC investigation have been carried
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out with the DSC devise with sensitivity 0.5 pW
[9]. The operative volume of measuring cells was
0.150 ml.

Results and Discussion
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Fig. Dependence of heat absorption on temperature for
type 1 procollagen solutions at various pH values
(pH = 3.9, 2.1, 1.8, and 1.5), calculated for gram of
collagen dray mass.

As it is shown in Figure, decreasing in pH
causes shifting of the heat absorption integral curve
towards lower temperatures. In addition, we can
observe redistribution of heat between the heat
absorption peaks. In particular, the melting process
at pH3.9 proceeds with two clear temperature
intervals with T.=32.6°C and T.=36.7°C with
transition enthalpies AH! =9.0 cal/g and AH =

8.4 cal/g, accordingly, while in case of pH1.8, there
is only one peak at 29.1°C and a shoulder at 30.0°C.
This happens so because the high temperature peak
shifts toward lower temperatures more effectively
than the lower one, and only deconvolution of the
curve makes it possible to define AH_ of these
transition stages. At pH1.5, the process has one

stage in a narrow temperature interval with
transition parameters T = 28.2°C, AT =1.5°C, and

AH_=15.2 cal/g. Taking into consideration the

well-known dependence of protein melting
enthalpy on temperature (including procollagen
and collagen solutions in case of reasonable protein
concentrations), the calculated AH_= 15.2cal/g for

PHL.5 is in a good agreement with the dependence
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AH_ (t) [2]. So, correspondence of the melting at
pH1.5 with melting enthalpy at pH3.9 and the high

cooperativity of collagen melting process indicate
that the triplex structure of procollagen type I of rat
tail is native at pH1.5. According to the published
data [4, 10], those results directly indicate that

extraction of procollagen is advisable at pHI1.5
where collagen solubility is at least 10 times more
than at pH3.9. The determined fact about the rat tail
procollagen nativeness on pH1.5 (parameters of
which are close for all mammalian procollagens) is

important for cosmetics and medical industry.
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9dbGH®sgdgos M93magbgdmmos pH1,5-%g, GmEglsg 3memsagbol blbsmds dobodmd 10-xg6 ds-
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306m 06MLiEM0sd0.
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