
409 

Journal of Chromatography. 230 (1982) 409414 
Biomedical Applications 
Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands 

CHROMBLO. 1276 

Note 

High-performance gel permeation chromatography of collagens 

Z. DEYLf and K_ MACEK 

Znstitute of Physiology. Czechoslovak Academy of Sciences, Videilskai 1083, 14220 Prague 4 
(Czechoslovakia) 

M. ADAM 

Research Institute for Rheumatology, Prague (Czechoslovakia) 

and 

M. HORAKOVA 

Institute of Physiology, Czechoslouak Academy of Sciences, VideiEsk& 1083.14220 Prague 4 
(Czechoslovakia) 

(Received February 4th, 1982) 

Gel permeation chromatography appears to be a widely used tool in the 
characterization of different collagen polypeptide chains [I,21 _ Considerable 
progress in the efficiency of separation of interstitial collagens was achieved by 
introducing reversed-phase high-performance liquid column chromatography 
(HPLC). Fallon et al. [3] used bonded cyanopropyl support columns for the 
separation of human type I, II and III collagens. In a previous report [4] we 
attempted to separate collagen type I and III polypeptide chains by means of 
HPLC using Separon HEMA 1000 Glc gel. Thougb a good quality of separa- 
tions was achieved, the process was not governed solely by gel permeation as 
long as molecular entities of identical relative molecular mass were separated. 
This may be of advantage in the separation of certain collagen mixtures, but 
causes considerable difficulties when gel permeation separations &e used for 
the investigation of complex mixtures of different collagen polypeptide chains 
and their fragments_ ‘We attempted, therefore, to abolish the secondary inter- 
actions during separation as much as possible and to establish a high efficiency 
procedure in which gel permeation would be tbe only mechanism involved. 
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EXPERIMENTAL 

Chromatographic techniques 
Chromatography was carried out using a Pye-Unicun liquid chromatograph 

LC 20 equipped with UV detector LC 3 set at 230 nm. A stainless-steel column, 
500 X 8 mm, packed with Separon HEMA 1000 Glc (12- -17 pm; Laboratory 
Instrument Works, Prague, Czechoslovakia) was used. The apparatus was 
operated at a flow-rate of 1.5 ml/min (1.5 MPa overpressure). The sensitivity of 
the detector was set at 0.04, chart speed was 0.25 cm/min. The whole separa- 
tion lasted less than 30 min. Several solvent systems were checked to obtain 
maximum separation according to relative molecular mass of individual poly- 
peptide chains_ Finally, isocratic elution with a solution containing 0.2 M 
NaCl-2&f urea-Q_05 M Tris - HCl buffer (pH 7 -5) was used. 

Coilagen standards 
Samples of individual types of collagen polypeptide chains were prepared by 

established methods from rat skin, bovine renal glomerular basement mem- 
brane and mouse EHS sarcoma. Detailed procedures can be found in the ori- 
ginal literature listed in Table I_ 

In order to avoid problems arising from the high UV absorbancy of mercap- 
toethanol, in UV light, S-S bonds were cleaved, where necessary, with concen- 
trated formic acid, and to that 30% hydrogen peroxide was added to a final 
concentration of 2%. The reaction mixture was left for 2 h at room tem- 
perature and then loaded onto the cohumn_ 

Individual isolated collagen polypeptide chains were checked for purity by 
their amino acid composition [lo] , sodium dodecyl sulphate (SDS)-polyacryl- 
amide slab gel electrophoresis [ 111, and those originating from basement mem- 
branes also by immunoprecipitation test 1123 _ 

RESULTS AND DISCUSSION 

The applicability of the present procedure is demonstrated by the following 
examples_ Clear-cut separations are obtained with a-chain polymers (Fig. 1) and 
rapid information can be obtained about S-S bond cleavage in collagen 
type III (Fig_ 2) The separation efficiency is sufficient to distinguish between 
o1 (IV) and a2 (IV) collagen polypeptide chains, a result that has not before 
been visualized by gel permeation chromatography (Fig. 3). 

A general picture of the retention times of individual collagen species and 
some of their fragments is given in Table I. The retention times decrease with 
increasing relative molecular mass; however, the decrease is not strictly linear in 
the logarithmic scale as would be expected (Fig_ 4)_ No separation of collagen 
polypeptide chains of identical relative molecular mass but originating from dif- 
ferent collagen types was observed_ It has been communicated before that sorp- 
tion plays an important role in high-efficiency gel permeation chromatography 
[43 _ Indeed, in our previous communications we have observed the separation 
of, for example, al (I) and oI (III) on the same sorbent that has been used in 
the present experiments when isocratic elution with 0.05 M Tris - HCI, pH 7.5 
(2 M with respect to urea) was used. This was ascribed either to differences in 
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Fig_ I_ HPLC separation of collagen type I -chain polymers_ 

0 0 8 12 16 20 24 28 32 3b 40 41 68 52 tin 

Fig. 2. Chromatographic behaviour of collagen type III preparation before (upper panel) and 

after (lower panel) S--S bond cleavage. 
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Fig_ 3. Separation of Q, (IV) and Q, (IV) collagen polypeptide chains. 

TABLE I 

RETENTION TIMES OF DIFFEREPU’T COLLAGEN CHAINS, THEIR POLYMERS AND 
FRAGMENTS 

Retention times represent data obtained from five independent runs of the same prepara- 
tion_ The c+,(I) polypeptide chain served as intemai standard. 

Type of coliagen Reiative Retention Principle of Literature reference 
chain molecular time preparation (description of the 

mass (mW preparation proce- 
dure) 

1 Q*(I), -,(I% 100,000 
%m) 

2 cr,(IV) 140,000 
3 &(IV) 160,000 

4 a(I) 200,000 
5 7(I) 300,000 

6 Ia,(III)l, 
7 Q,(w) BM 160,000 
8 a,(IV) BM 180,000 

9 C, fragment 120,000 
(110,000 

to 140,000) 
10 C fragment 95,000 
11 50 K fragment 50,000 
12 Ql--3(V) 110,000 

13 7s 360.000 
14 7scoli 225,000 

42.0 

38.5 
37-O 1 

34.0 
14.0 1 

37.0 EHS tumor, limited 
34.5 1 pepsin digestion 

41.0 

43.0 
50.0 1 
41-5 

4.0 
29.0 1 

Rat skin, cartilage and 
calf skin, limited pepsin 
digestion 
Mouse tumor and human 
placenta, limited pepsin 
digestion 
Human placenta, limited 
pepsin digestion 

Minces of whole 
placental tissues, limited 
pepsin digestion 

Human placenta, limited 
pepsin digestion 
Mouse tumor basement 
membrane, limited 
pepsin digestion 

hydrodynamic volumes of matching collagen polypeptide chains originating 
from different species [l] , or adsorption and/or partition interactions of the. 
separated protein molecules [Z] , or, findy, to the possible weak affinity of 



413 

I...... * _ . . . . . 
0 4 8 12 16 20 24 28 32 36 40 44 48 52 

Relenlioa lime (min) 

Fig. 4. Retention time vs. relative molecular mass relation for different polypeptide chains of 
the collagen family. Numbers correspond to listing of individual polypeptides in Table I. 

Fig_ 5_ Changes in retention of a,(I), a=(I) and a,(III) with increasing NaCl molarity in the 
mobile phase. (Note that the three separated collagen achains are of identical relative mole- 
cular mass_) 

collagen chains to the glucose-coated macroporous adsorbent causing respec- 
tive retention differences of otherwise similar molecules. 

It is now evidenced (Fig, 5) that an increase in ionic strength of the eluant is 
capable of completely abolishing the interspecies differences at least between 
collagen I, III, IV and V_ The same result can be achieved either by adding 
sodium chloride to the eluting solvent or by increasing the concentration of the 
Tris buffer to 0.5 M_ The separation conditions can be selected in such a way 
that. gel permeation is the only mechanism governing the separation. Still the 
non-linearity of the retention time vs. log mol. wt. relation indicates that some 
other effects, though minimal&d, still persist throughout the separation ef- 
fected on Separon HEMA 1000 Glc. 
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