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SUMM4RY: In medium from cultured chick embryo fibroblaatr a specie8 of 
collagen molecule wa8 found which contained chain8 that were like 
but were larger and contained cyeteine. 9' Pepsin treatient or reduct on 
of dlsulfide linkages was required for separation of the component8 of 
this species. l'he pepaln treatment gave rise to a siaed collagen chains 
and this suggests a triple helical collagen structure for the original 
smterial. 

Cultured fibroblastr secrete an appreciable portion of recently 

made nstive collagen into the culture medium where it remains in solu- 

tion (1). In 8ae of the molecule8 unknown internal cross links hold the 

constituent chains together and these molecule8 have been proposed as 

collagen precursors (2). We report here that these molecule8 contain 

disulfide linkages and on reduction yield pro al type chains which contain 

cysteine. Precursor collagen molecule8 containing chain8 larger than 

alpha chains have been reported (3,4,5,6,7) and 8ome contain cysteine (8,g). 

Our finding8 imply one function for the cysteine. 

EEPEBIMEBYAL: Confluent layers of second passage chick embryo fibroblasts 

were cultured as described prwiouely (1). lwenty-four hours before label- 

ling fresh complete medium containing lOOug/ml ascorbic acid was added. 

Cells were incubated with radioactive amino acid8 (5-25uC/ml of 53H proline 

3Wmh or 14C(U) proline loplc/mW, or 3B cystine 3.9 C/mM) for 24 hr. in 

fresh medium with ascorbic acid but without se-. The medium from the 

culture8 was exhaustively dialyzed at 4" against 0.5M CR3COOli and then 

against 0.16~ CB~CCID~?~, adjusted to pB 4.8 with C$COOH. 

Carboxymethylcellulose (CMC) chromstographp was carried out by the 

method of Pie8 et al. (10) modified by Inclusion of 6M urea in all bufferr. 
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v* CMC chromatograms of equal aliquots of culture medium labelled 
with H proline for 24 hr: (a) before and (b) after digestion with pepsin. 
Rat tall tendon collagen, 7 mg, was added to each sample and gave the 
optical density patterns shown. Control experiments with isolated 
chick al and 

8 
showed that these eluted in the indicated positions relative 

to the rat co1 l gen chains. Radioactivity of 0.5~11 aliquots of each lOm1 
fraction was measured by scintillation counting (cpm/dpm - 0.4). The 
ordinate values in a) are ((cpm/ml, measured) x (0.72/0.58)) and the 

t- ordinate values of b) are without correction. In experiment (a) 58s of 
the initial ratiosctivity was recovered in the total chromstogram, and 
72$ in experiment (b). (0) cpm/ml; (----) O.D. 23Onm. 

To the sample three volumes of deionized 8M urea solution were added. 

The pH value was adjusted to 4.8 and the mixture was heated to 40” for 

30 min. Chrcmstograms (Fig.h)shcw peaks corresponding to al and a2 

collagen chains and a prominent peak following the a2 peak. This peak, 

designated p, is not ccmpletely resolved from the cg peak. This material 

elutes in the same position on rechromatography. Collagen is the prime 

constituent of w since It has a high hydroxyproline content (( Hyprof 

(Hypro + Pro) - 0.40)). It is consistently made both by confluent and 

non-confluent cultures under a variety of conditions. 

Digestion of the culture medium, dialyzed into 0.5M CgCOOH, with 

100 ug/ml pepsin at 15" for 6 hr. abolishes peak p (Fig.h) and causes 

transfer of its radioactive msterial to the al and ~42 regiona of the chraau- 

tograms, approximstely in proportion 2:l (Table 1). Acrylamide gel 
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TABLE 1 

u (h region a, region 

(a) untreated 4.36 2.3 1.75 

c o l 67~ +a1 
0*33waa, L, 2.9 1.45 

expected 5.2 3.2 

(b) pepsin treated - 5.3 3.6 1 
Radioactivity (cpm x 10-L)) found in the different regions of CMC 

chromatograms shown in Fig. la end lb is given in rows (a) and (b). 
The effect of redistributing the radioactive materiel of peak p between 
regions al and a2 in an expected proportion of 2:l is shown. 

electrophoreeie (10% l crylemide, 0.5s sodium dodecyl sulfate, 6~ uree, 

pH 8.8 modified from (11)) h e owe these products to migrate with a chains. 

Peek p is also abolished if the dialyzed culture medium is treated with 

@-mercaptoethanol (HSXi2CH20H) (l2), or with lgOug/ml WsBH4 in phosphate 

buffer pR 7.5, at 22” for 18 hr. Both reectione were follaued by carboxy- 

methyletion with excess ICH2COOH. Controls showed thet cerboxymethyletlon 

alone, without reduction, has no effect on the chromstographic pattern end 

that the material was unaltered after being kept at pli 8.6 for 24 hr. at 22’. 

Reduction of chronmtographlcelly isolated p with liSCH2CH20H or NaBH4 

follaued by carboxymethylation and CRC chrometogrephy shows that the u peek 

is replaced by two peaks: one is coincident with al snd the other is in 

the u2 region (Fig&!). We denote these msterials es pseudo alpha 1 ($a.~) 

and pseudo alpha 2 ( $a2) to Indicate their chromatographic similarity to 

al and UQ. Acrylamide gel electrophoreeie of $a1 together with markers 

labelled with another isotope shows that it behevee as a lsrger polypeptide 

then “1 end migrates like pro al collagen chains prepared from chick 

calvaria (3) ,(Fig.3). 

CMC chromatography of media from cultures lebelled with % proline 

and 3 H cyetine shows incorporation of cyetine into p, but not into al and 

% peeks. The ‘H cyetine lebelled msteriel frcm the p region was passed 
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Fig. 3. 

Finure 2. Nsterial from the p region of a chromatogram such as Pig. la 
was pooled and divided into equal parts. One was reduced with DSCII, 
the other with NaBH 

i 
(b), and after carboxymethylation and addition o 

OH t&s 

rat tail tendon co1 agen both were ahrafkatographed as before on CMC. 
(0) cpm/ml; (----) O.D. 23Cnm. 

Acrylamide gel electrophoretograms of pa (‘Ii) (o), together 
Parker collagen chains (014 (a) a#&)iaoiated from culture 

medium as in Fig. la; (bJ p ro al\ Cjiaolated from chick calvaria. Gels 
were 12 cm long and were divided into 87 equal f  acti 3 “8ri Radioactivity 
measurements were corrected for overlap between H and C diaiutegrationa. 
Radioactivity was only found in the first 23 fractions. Arraua fndicate 
positions of bramophenol blue nmrker. 

through a molecular sieve column of 6$ agarose (Biogel A-5m, 6M urea, O.&M 

acetate, pH 4.5). A teat sample of @ cbltgen chains eluted just in the 

void volume of this column. The 3H cyatine labelled material in the void 

volume was reduced with HSCD2CH20H, carboxymethylated and rechromstographed 

on CMC with carrier collagen. A small but definite peak of %i material 

appeared in the al region, but there was insufficient radioactivity to deter- 

mine whether or not the cG re g ion also contained cyateine. Further 3~ cysteine 
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containing material was eluted from the CMC column upon increasing the NaCl 

concentration of the eluting buffer to 1M. 

DISCUSSION: We conclude that: (a) $a1 chains contain cystelne, (b) that 

probably there is other cysteine containing material in W, and (c) that one 

or more disulfide linkages are essential to the stability of p. The major 

portion of p is resistant to pepsin before denaturation and this may indicate 

a native, triple helical collagen structure composed of two $a1 chains and 

one $I+ chain. The (py chain of p has the same molecular size as a known 

collagen precursor which can be extracted from calvaria: pro al (3,8), and 

both chains contain cyateine. bl differs from pro al, however, in that 

it co-chranatographs on CMC with al. Prior to reduction of disulfide 

linlcages #al is totally absent from the aI region of CMC chromtograms. 

A relation of p to early forms of collagen is also suggested by its 

presence in extracts of cells, and In culture medium after only 40 min. 

Incubation with radioactive label. Flbroblasts begin to secrete radio- 

active collagen at this time (1). 

Collagen may be associated with other msterials within the cell. 

Enveloped pa&ages of collagen (13,lk) and microtubular transport of 

collagen (15,16) have been suggested. A ccmplex of three collagen chains 

with such another material could be p. An extra material carrying more 

positive charge than $a, and $a, i s required if the behavior of p on 

ion exchange chromatography is to be an average of its components. 

(Contralo showed that reduction and carborgmethylatiox has very little effect, 

if any, on the CMC chramtographic propertiea of pro al obtained frm 

calvatia and of IX,,. and o+ fraa cell cultures). Such an extra component of 

W might be found in the 3H cysteine containing material which was isolated 

with W, but which behaved, after cleavage of p, as more positively charged 

material than $%, $9 or p. Such material could, of course, ato be 

held to collagen in other ways than by disulfide linkage. Linhagee based 

on aldehydes, such as are found in other forms of collagen, are unlikely 
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both because NaBHa aplita p and because its formation Is unaffected by 

addition of the lathyrogen NH2CH2CH2CN to cell cultures. 
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