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Several genetic variants of the connective tissue protein collagen are known 
El]_ ‘Ij~pes I, II, and III coltagens are collectively designated as interstitial 
collagens and type IV collagen is designated as basement membrane collagen. 
Type I collagen is the predominant type, and is found in tendon and bone, 
while cartilage collagen is termed type II. Types I and III collagens are found 
together in several tissues (skin, intestine, liver, hmg, aorta, and uterus). The 
functional significance of cokzgen p+morphism is not known. However, 

changes in the relative distribution in &sues of the different collagen types 
with age 121, and in several diseases [3 ] have been documented. 

Type III collagen molecule contains about 30% more hydroxyproline than 
type I collagen molecule [3] _ Therefore, totaI collagen determination for 
tissues containing both Apes I and III collagens cannot be made accurately 
using hydroxyproline values unless the relative proportion of the two collagens 
in the specimen is known [ 3;. Separation procedures [ 2,4] involving differen- 
tial salt precipitation of pepsin-solubilized collagens, fouowed by molecular 
sieve and/or ion-exchange chromatography, resuIt in very pure fractions of col- 
lagen ty-pes suitable for structural studies. However, because of the Low recover- 
ies of collagen, which in certain tissues may be as low as 20% 121, the above 
methods are not suitable for quantitative investigations involving analysis of 
multiple tissue samples of limited availability. Recently we reported a simple 
procedure for the separation of types I and III collagens by differential renatu- 
ration [5] . About 85% of the pepsin-solubiliz& hydroxyproline was recovered 
as collagens by this procedure. The present paper describes the chromatogra- 
phic separation and quantification of types I and III collagens with 96-100% 
recoveries_ 

*Address for correspondence: Dr_ J. ChandraRajan, 511 Weam Building, University Hospi- 
tals, Cleveland, Ohio 44106, USA_ 
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EXPERE?&EN’FAL 

Pepsin sobbilizcrtion of coikzgetzs 
Skin (I g) fiorn a l-week-old rat was finely minced with scissors, extracted 

overnight with chloroform-methanol (2:1, v/v) and then with methanol for 
6 h at 4”.. The defatted tissue was suspended (10 mg/m.E) in 0.5 i?I acetic acid. 
Crystelhne pepsin (Worthington Biochemical Corp., Freehold, NJ., U.S.A.) was 
added at a concentration of 1 mg/ml [4] and the mixture was stirred for 24h 
at 8”. The pepsin digest was centrifuged at 30,000 g for 1 h at 4”. The skin resi- 
due was redigested overnight with additional pepsin and centrifuged as before. 
The supernatauts were pooled and dialyzed overnight againat 4 1 of 0.02 M 
Na,HPOi and the resultant collagen precipitate was separated by centrifugation 
at 30,000 g for I h at 4”. 

Denatumtion of pepsin-solubiiized coilagens. The collagen precipitate was 
suspended (2-10 mg/ml) in 2 M guanidine-HCl containing 0.05 M Tris-HCl (pH 
7.5), and was denatured by heating to 45” for 30 min. The resultant solution 
was centrifuged at 30,000 g for 40 min at 22” and the supernatant containing 
the denatured collagens was obtained after filtration through glass wool. 

Chromatographic separation of types I and III col.lagetzs_ Two glass columns 
(1.6 cm diameter) were connected via a flow adapter and packed with Sepha- 
rose CL&B (Pharmacia Pine Chemicals, Pkcataway, NJ., U.S.A) to provide a 
total bed length of 210 cm. A 5-ml ahquot of the denatured collagen solution 
was applied to the molecular sieve cohumn which was equilibrated and eluted 
with 2 M guanidine*HCL containing 0.05 M ‘DisHCL (pH 7.5), at 22”, with a 
flow-rate of 20 ml/h. The absorbance of the eluent at 230 nm was continuously 
monitored with a Fracto-Scan ultraviolet monitor (Buchler Instrument, 
Nuclear Chicago, Fort Lee, NJ., U.S.A.) and fractions of 3 ml were collected 
automatically. The ultraviolet-absorbing fractions for each peak were pooled, 
dialyzed against deionized water until free of salt, and then lyophilized. 

Determination of relative purity of collagen fMctions 
Polyacrylamide gel electmphoresis. Polyacrylamide gel electrophoresis of the 

collagen samples was carried out in 5% cylindrical gels (85 X 7 mm), containing 
0.3% N,N’-methylene-bisacrylamide 153. Gel and electrode buffers were 0.1 M 
Pris-borate (pH 8.5) containing 0.1% sodium dodecyl sulfate (SDS). The gels 
were preelectrophoresed at 2 mA/gel, 50 V, for 60 min. Collagen samples (25- 
100 pg) were incubated at 60” for 5 min with gel buffer containing 1% SDS and 
1 M urea. Aliquots of the samples were also reduced with dithiothreitol (DTT) 
and applied to the gels. After electrophoresis at 2 mA/gel, 50 V, for 190 min, 
the gels were stained with Coomassie Blue R-250 [S] _ All gels after removal of 
excess stain were scanned at 550 nm in a Gilford recording spectrophotometer 
equipped with a linear gel transport. 

Proline:hydroxyproline ratios. Aliquots of the collagen samples were hydrol- 
yzed in constant-boiling HCl and assayed for proline 171 and hydroxyproline 
[S] _ The ratio of proline to hydroxyproline was used as an additional index of 
the identity and relative purity of the separated types I and 111 cohagens [5,9]. 
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Qztmti+tin of types I and III wkgens 
Etom a&sor&tztzce at 230 nm. The relative quantities of pepsirt~~ubilized 

Apes I and III callagens were determined by &acing the Sepharose CL6B 
column &u&ion patterns cm paper, cutting cut the traced out&~ and weighing 
the appropriate izxiiviciual pieces of paper [9]. 

Bbrn hydrozyprdne The relative amounts of tBpe I and type III co&?gens 
were also calctited assuming types I and 111 contain 13.7 and 17.9%. of 
hydroxyproline, respectively [5,9]. 

RESULTS ANDDTSCUSSXON 

SolubilLzation of collagen 
The amormt of collagen solubilized by digestion with pepsin varies with the 

m of tissue, age, and patiological state of the donor. We have been able to 
solubilize 92-95% of tbe total co&en expressed as hydrosyprofine from 
young rat dermis (Zig. 1) and fetal human &in [5] after two digestions with 
pem- 

Kemual of pep& 
A small amount of pepsin always coprecipitat.ed with collagen when pepsin 

digests of tissues were dialyzed against 0.02 M Na$iPO+ [5] (Fig. 2a). Heat 
denatur&ion in 2 M guakiine-HCl removed the cant - t pepsin 85 precipi- 
tate. O&her den&x&q agents such as CaCl, or urea which are used for solubik- 
ing collagen were found to be unsuitable because they &o solubilized 
dekured pepsin (ChandraEiajan, unpublished results). 

Chromatography of the denatured collagens on a calibrated Sepharose CL-6B 
column (E’ig. 3) separated t@pe III collagen (7 component, mol. wt. 285,000) 
from type I collagen (Q chains, mol. wt. 95,000). The use of a longer cohunn 
(210 cm) of the cross-linked agarose was necessary to obtain separations com- 
parable to those obtained on a shorter (115 cm) column of agarose [S]. How- 
ever, becanse of the greater stability of the cross-iink& aguose in 2 M gumi- 
dine-H(=l, and the increased flow-rate, the separation time remained essentially 
the same. 

Churactekxtion of the se-ted collagen iyps I azzd 111 
The iden- and relative purity of each of the kvo cbromatographic frac- 

tions were confirmed from their respe&ve proEne:hydroxyproline ratios 
(E’ig. l), by SDS-polyacryiamide gel electrophoresis (pig. 2), and by cyanogen 
bromide peptide analysis (not shown) accordtig to the method of Benya et al.. 
WI - 

Quinrfiflcdiion of types Iand .LV collagens 
E&in&ion of .the relative proportions of type I and Qpe Iii co-ens in 

L-week-Id rat dermjs fjtom absorbance at 230 nm or hydroxyproline content 
of the sep.arated fractions gave essentially the same results (71% type I and 29% 
tvpe m, Fig- 1). Eiecame types I and XII colkgens contain different amounts of 
hydroxyproline [I], appropriate fizctors [5,9] must he used for c&uMing the 
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Fig. 1. CluG.ne of the procedure for the separation and determination of relative proportions 
oftypesI.andEIicoUagensinmtdermis. R indkates recovery of collagen fkom de&t’& skin 
expressed as hydroxyproline. Molar ratio cf proline to hydroxyproline was c&xl&ed as an 
index of the identity and relative purity of the collagen types. Relative amounts of Qpes I 
and III collagens were determined fkaru: (A) hydroxypmline, assuming types I and III con- 
tain 13.7 and 17.9% of hydroxyproline, respectively; and (B) from Azt~rm of Q (type I) and 
-y (type III) peaks on Sepharose Cl&B column (Fig. 3). 

Fig_ 2. SDS-polyacrylsmide gel electrophoresis of pepsinsolubilized collagens. (a) Collagens 
precipitated by diakyk against 0.02 M Na,lZ?O,; (b) type I collagen (Q peak); (c) type III 
collagen (7 peak) obtained after mo!ecuJar sieve cbromatagmphy (Fig. 3); (d) same as (c) 
but redu& with dithiothreitol. lPle gels were stained for protein with Coo&e Blue and 
twamx& at 560 Elm. 
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Fig- 3.Sepzation oftypeI(a)andtypeIII(~)collagensbymokcularsievecbromatography 
on a ~ph.rosc CL-GB coiumn(210 x 1.6 cm). The sampleplsseluted with2Mguani&e- 
HCi-O.05 di Tris-HCI (pH 7.5)atroom tempe=t=e. Theabsorbanceat 230nmofthe 
elnentwapmonitoredwntiououslyarrd3-mlfractiortgwerew~~~. 

amounts of collagen from hydroxyproline v&&es. Otherwise, type IH coJlagen 
which contains more hydroxyproline would be overestimated. A recently re- 
ported method 1111 for the quantitative assay of types I and III collagens from 
proline plus hydroxyprohne total radioactivities would be subject to similar 
error because the amount of prolline plus hydroxyprohae for type I is 662 resi- 
dces per molecule while it is 711 residues for type ID collagen [I] _ 

For the ultraviolet absdmnce to be a rehab~e index of the amount of 
collagen, it was found necessary to def&t the tissues prior to digestion with 
pepsin. Because ukraviolet-absorbing lipids elute from molecular sieve columns 
approximately in the region of the y component (type XII collagen), failure to 
remove lipids from samples would also res& in overestimation of type Iii 
collagen, The success of separation and estimation of types I and III cohagens 
&ng the method described by Adam et al. [I21 depended on the preliminary 
removal of ultraviolet-absorbing proteoglycans during several steps of fkactiond 
precipi%ion arzd/or DEAEcellulose cohmm chromatography, No interference 
4&m proteogiycans was ob5er~~~I while usiug the present procedure for the e&i- 
mation of collagen types I and EL 

Recom-ies 0 f collagen 
Ninety-two per cent of the defatted skin collagen (96-199% of the pepsin- 

soWGIized collagen) expressed as hydroxyprohne was recovered after mokc- 
ular sieve chromatography (Fig. 1). Multiple precipitation steps to remove 
pepsin kom pepsin-solubihxed collsgerls usually resulted in low (26%) m%~er- 
ies of collagen [2I, wh3e a single denaturation step has been shown by IIS [5 1 
to remove the contaminant pepsin without loss in collagen, Therefore, the 
major advantage of the present procedure is the high recoveries without a 
_mduc:tion in relative purity of the types I and III collagen fractions. 
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