INTERACTION OF A HYBRID PROTEIN -~ CHONDROITIN —
KERATOSULFATE COMPLEX WITH PROCOLLAGEN
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During interaction between a hybrid protein ~chondroitin—~keratosulfate (PCKS) biopolymer
with procollagen (acid-soluble collagen) the packing density of the chains of this protein in
the resulting procollagen—PCKS complex is increased. The procollagen—PCKS complex
has a greater capacity than free procollagen, but less than PCKS, for absorbing water,

The participation of acid glycosaminoglycéns in the formation of collagen and other protein complexes
and in the transportation of water and various ions is due primarily to the extremely high negative electric
charge and the well marked hydrodphilicity of their macromolecules [2, 3]. More detailed investigations of
the physicochemical properties of these biopolymers and their protein complexes in this direction are
essential. This paper describes the x-ray structural analysis, and determination of the density and capa-
city for absorbing water of one of the most important and widespread hybrid biopolymers in animal tissues,
namely protein—chondroitin —keratosulfate (PCKS), and its complex with procollagen (acid-soluble colla-
gen), ‘

EXPERIMENTAL METHOD

PCKS was used as the potassium salt, isolated from the cartilaginous rings of the bovine trachea
{5, 6]. The preparation of PCKS used in the work contained (in percent of dry weight): nitrogen 4.1, galac-
tosamine 22.2, glucosamine 3.7, sulfate sulfur 4,3, hexuronic acid 24.0, sialic acid 2.4. The predominant
components of its protein moiety were aspartic and glutamic acids and threonine. The procollagen was
isolated from the skin of albino rats [9]. The methods of obtaining the complex of procollagen with PCKS
are described elsewhere [1, 5, 6]. The content of PCKS in its complex with procollagen was 22-259,.

For the x-ray structural investigations a type URS-55A apparatus with CuK e-ray source and nickel
filter was used. The density of the preparations was measured at 25°C with an accuracy of 1075 g/crn3 by
the "electromagnetic float" method, using p-xylene as the medium [11, 15]. The material was first freed
from moisture in a vacuum at 10 mm Hg. The water-absorbing capacity of specimens dried over phos-
phoric anhydride was determined from the increase in weight after they had been kept at a relative humi-
dity of 959 and a temperature of 20°C [7].

EXPERIMENTAL RESULT

The roentgenogram of PCKS has a diffuse halo (d; — d,) anda very low-intensity reflection d;, namely
10.30 A&, indicating the quasiamorphous state of this biopolymer (Table 1). X-ray structural analysis of
procollagen reveals quasicrystalline (d;, dy, d5) and quasiamorphous (dy — d,) structures of its molecule.
This is in agreement with data in the literature [12]. Interference of d; in the procollagen —PCKS complex
is 9.64 A and its intensity is reduced, indicating approximation of the protein chain and disturbance of
their quasicrystalline order, In addition, interference of d, disappears completely, further evidence of
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TABLE 1. Results of X-Ray Structural Analysis and
Measurements of Density

. Interplanar distances Density

Material . A 1 he idian) (in
(in A along the meridian o /cmd
PCKS .. ... .. 10,20 — | 5,10 | 4,10 — 1,62940
Procollagen . . . .| 11,80 | 7,85 | 590 | 3,92 2,99 1,38400
Procollagen—~PCKS . 9,64 — 5,35 3,79 2,90 1,41287
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Fig. 1. Absorption of wa~
ter by PCKS (3), procolla-
gen (1), and the procolla~
gen—PCKS complex (2).
Abscissa, time (in h); or-
dinate, absorption of wa-
ter (in %)'.

a disturbance of the quasicrystalline order in the structure of the pro-
collagen part of the complex. However, in the complex there is an in-
crease in the intensity of the diffuse halo (d; — d,), due partly to distur-
bance of this structure of procollagen but mainly to the addition of PCKS
to it.

PCKS has a relatively high density (Table 1). The density of pro-
collagen is much lower than that of PCKS, The value of this index in the
procollagen—PCKS complex is intermediate between the two values men-
tioned.

PCKS has the highest water-absorbing capacity and procollagen the
lowest, that of the procollagen—PCKS complex being intermediate (Fig.1).

The results of x-ray structural analysis show that when it inter-
acts electrostatically with procollagen, the PCKS brings the protein mole
cules closer together and arranges them in a certain manner, thereby
facilitating weakinteractions between them. As a result, the distance be-

tween the protein chains in the procollagen —PCKS complex is reduced.

The higher density of the procollagen—PCKS complex than of the original procollagen is due to ad-
dition of the PCKS to it and to the increased packing density of the procollagen chains.

Absorption of water by PCKS, by procollagen, and by the complex, if other conditions are equal, in-
creases with increasing density of the polymers. One of the main factors responsible for this property is
the presence of groups capable of forming hydrogen bonds in the polymer. The high density of the PCKS
is due not onlytoits composition and the structural features of its macromolecule, but also, probably, to
the existence of hydrogen bonds between the individual chains of the chondroitin-4-sulfate and keratosul~
fate composing this biopolymer, The greater ability of the procollagen—~PCKS complex than of free pro-
collagen to absorb water is due to the presence of the exceptionally hydrophilic glycosaminoglycan in
this complex. '

Acid glycosaminoglycans thus provide a certain essential content of water in the collagen complex,
and under the conditions prevailing in the tissues this is an important factor [13]. Investigations [8, 10,
141 have shown that water is incorporated as a special structural element in the collagen helix. The for-
mation of complexes of the collagen—glycosaminoglycan (acid) type creates a gradual hydration gradient
in the tissues between collagen fibers and their surrounding medium containing glycosaminoglycans in the
free form [13].

The results of the investigation described above are in full agreement with the fact that removal of
all glycosaminoglycans linked by electrovalent bonds from the collagen bundles of the tendon considerably
weakens the bond between the collagen fibers and reduces their density [4].

LITERATURE CITED

. M. Bychkov, Dokl. Akad. Nauk SSSR, 75, 83 (1950).

. M. Bychkov, Uspekhi Sovr. Biol., 56, No. 3, 305 (1963).

. M. Bychkov, Uspekhi Sovr. Biol., 65, No. 3, 323 (1968).

. M. Bychkov, 8. S. Nikolaeva, and V. N. Kharlamova, Dokl. Akad. Nauk SSSR, 132, 1428 (1968).
. M. Bychkov and A. I.Khazanova, Biokhimiya, 30, 141 (1965).

. M. Bychkov and V. N. Kharlamova, Biokhimiya, 33, 840 (1968).

S Ul B WP
NN nninn

1270



7. G. L Burdygina, I. M. Fridman, P. V. Kozlov, et al., Vysokomolekulyarnye Soed., 11, 118 (1969).
8. N. G. Esipova and Yu. N, Chirgadze, in: The State and Role of Water in Biological Objects [in Rus~
sian], Moscow (1967), p. 60.
9. V. I. Mazurov and V. N, Orekhovich, Biokhimiya, 24, 33 (1959).
10. M.I. Millionova and N, 8. Andreeva, Biofizika, 3, 259 (1958).
11. N. V. Mikhailov, E. Z. Fainberg, and M. Kozler, Vysokomolekulyarnye Soed., 2, 1031 (1960).
12, A, A. Tustanovskii, Z. L. Zaides, G. V. Orlovskaya, et al., Dokl. Akad. Nauk SSSR, g?_, 121 (1954).
13. J. Finean, Biological Ultrastructure, New York (1967).
14. M. Huggins, Ann, Rev, Biochem., 11, 27 (1942).
15, 8, H. Mhatre and J. M. Preston, J. Textile Inst., 40, 1831 (1949),

1271



