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During in terac t ion  between a hybr id  p r o t e i n - c h o n d r o i t i n - k e r a t o s u l f a t e  (PCKS) b iopo lymer  
with procol lagen (acid-soluble  collagen) the packing densi ty  of the chains of this protein in 
the resu l t ing  p r o c o l l a g e n - P C K S  complex  is inc reased .  The p r o c o l l a g e n - P C K S  complex 
has  a g r e a t e r  capac i ty  than f r ee  procol lagen,  but less  than PCKS, for  absorb ing  water .  

The par t ic ipat ion  of acid g lycosaminoglycans  in the format ion  of col lagen and other  protein complexes  
and in the t r anspor ta t ion  of wa te r  and var ious  ions is due p r i m a r i l y  to the ex t r eme ly  high negat ive e lec t r ic  
cha rge  and the well  marked  hydrodphil ic i ty  of the i r  mac romolecu l e s  [2, 3]. More detailed invest igat ions of 
the phys icochemica l  p roper t i e s  of these b iopo lymers  and the i r  prote in  complexes  in this d i rec t ion a re  
essent ia l .  This paper  desc r ibes  the x - r a y  s t ruc tu ra l  ana lys i s ,  and determinat ion of the density and capa -  
ci ty for  absorb ing  wate r  of one of the mos t  impor tan t  and widespread  hybrid b iopolymers  in animal  t i s sues ,  
namely  p r o t e i n - c h o n d r o i t i n - k e r a t o s u l f a t e  (PCKS), and its complex  with procol lagen (acid-soluble  co l l a -  
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, galae- 
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 [i, 5, 6]. The content of PCKS in its complex with procollagen was 22-25%. 

For the x-ray structural investigations a type URS-55A apparatus with CuK s-ray source and nickel 
filter was used. The density of the preparations was measured at 25~ with an accuracy of 10 -5 g/cm 3 by 
the "electromagnetic float" method, using p-xylene as the medium [ii, 15]. The material was first freed 

from moisture in a vacuum at I0 -~ 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 95% and a temperature of 20~ [7]. 

EXPERIMENTAL RESULT 

The roen tgenogram of PCKS has a diffuse halo (d3 - d 4 ) a n d a  ve ry  low-intensi ty  ref lect ion dl, namely  
10.30 i ,  indicating the quas iamorphous  s ta te  of this b iopo lymer  (Table 1). X - r a y  s t ruc tu ra l  analys is  of 
procol lagen r evea l s  quas ic rys ta l l ine  (dl, d2, d5) and quas iamorphous  (d 3 - d4) s t ruc tu re s  of its molecule .  
This  is in a g r e e m e n t  with data in the l i t e ra tu re  [12]. In te r fe rence  of d t in the p r o c o l l a g e n - P C K S  complex  
is 9.64 A and its intensity is reduced,  indicating approximat ion  of the prote in  chain and d is turbance  of 
the i r  quas ic rys ta l l ine  o rde r .  In addition, i n t e r fe rence  of d2 d i sappea r s  comple te ly ,  fu r ther  evidence of 
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TABLE 1. Resul ts  of X-Ray  Structura l  Analys is  and 
Measu remen t s  of Densi ty  

Material 

PCKS . . . . . . .  
ProcoUagen . . . .  
Procouagen-PCKS �9 

10,30 
I 1,80 
9,64 

Interplanar distances 
(in A along the meridian 

5,10 4,10 
7~5 5,90 3.92 
-- 5.35 3,79 

Density 
(in 
g/cm s) 

1,62940 
2~-99 1,38400 
2,90 1,41287 
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Fig. 1. Absorpt ion of wa-  
t e r  by PCKS (3), p roco l la -  
gen (1), and the p roco l la -  
g e n - P C K S  complex (2). 
Absc i s sa ,  t ime  (in h); o r -  
dinate,  absorpt ion  of wa-  
t e r  (in %). 

a d is turbance of the quas ic rys ta l l ine  o rder  in the s t ruc tu re  of the p r o -  
col lagen par t  of the complex.  However ,  in the complex there  is an in-  
c r e a s e  in the intensi ty of the diffuse halo (d 3 - d4), due par t ly  to d i s t u r -  
bance of this s t ruc tu re  of procol lagen but mainly  to the addition of PCKS 
to it. 

PCKS has a re la t ive ly  high densi ty  (Table 1). The densi ty of p ro -  
col lagen is much lower than that of PCKS. The value of this index in the 
p r o c o l l a g e n - P C K S  complex is in te rmedia te  between the two values  m e n -  
tioned. 

PCKS has the highest  w a t e r - a b s o r b i n g  capaci ty  and procol lagen the 
lowest,  that of the p r o c o l l a g e n - P C K S  complex being in te rmedia te  (Fig. 1). 

The resu l t s  of x - r a y  s t ruc tu ra l  analys is  show that when it i n t e r -  
acts  e lec t ros ta t i ca l ly  with procol lagen,  the PCKS br ings  the protein m o l e -  
cules  c l o s e r  together  and a r r anges  them in a ce r ta in  manner ,  the reby  
faci l i ta t ing weak in te rac t ions  between them. As a resu l t ,  the dis tance be -  
tween the protein chains in the p r o c o l l a g e n - P C K S  complex  is reduced.  

The higher densi ty  of the p r o c o l l a g e n - P C K S  complex than of the or iginal  procol lagen is due to ad-  
dition of the PCKS to it and to the inc reased  packing densi ty of the procol lagen chains .  

Absorpt ion of wa te r  by PCKS, by procol lagen,  and by the complex,  if other conditions a r e  equal, in-  
c r e a s e s  with inc reas ing  densi ty  of the po lymers .  One of the main fac to r s  respons ib le  for  this p rope r ty  is 
the p resence  of groups capable  of fo rming  hydrogen bonds in the po lymer .  The high densi ty  of the PCKS 
is due not on ly to i t s  composi t ion and the s t ruc tu ra l  fea tures  of i ts  mac romolecu le ,  but a lso ,  probably ,  to 
the exis tence of hydrogen bonds between the individual chains of the chondro i t in -4-su l fa te  and k e r a t o s u l -  
fate  compos ing  this b iopo lymer .  The g r ea t e r  abil i ty of the p r o c o l l a g e n - P C K S  complex than of f ree  p r o -  
col lagen to absorb  wa te r  is due to the p resence  of the except ional ly  hydrophilic g lycosaminoglycan in 
this complex .  

Acid g lycosaminoglycans  thus provide a ce r ta in  essent ia l  content of wa te r  in the collagen complex,  
and under the conditions prevai l ing  in the t i s sues  this is an impor tant  fac tor  [13]. Invest igat ions [8, 10, 
14] have shown that wa te r  is incorpora ted  as a specia l  s t ruc tu ra l  e lement  in the col lagen helix.  The f o r -  
mat ion of complexes  of the co l l agen -g l ycos aminog lycan  (acid) type c r ea t e s  a gradual  hydrat ion gradient  
in the t i s sues  between collagen f ibers  and the i r  surrounding medium containing glycosaminoglycans  in the 
f r ee  fo rm [13]. 

The resu l t s  of the invest igat ion descr ibed  above a re  in full ag reemen t  with the fact  that r emova l  of 
all  g lycosaminoglycans  linked by e lec t rova len t  bonds f rom the col lagen bundles of the tendon cons iderably  
weakens the bond between the col lagen f ibers  and reduces  the i r  densi ty  [4]. 
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