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Thermal Gelation of Pig-Skin Tropocollagen 

Comparisons of thermal gelation curves for un- mal gelation curves by increasing the  lag phase 
treated pig-skin tropocollagen with identical and the time required for maximum gelation. 
samples treated with either pepsin, trypsin, chy- However, each of the enzymes affected gelation 
motryps,in, or elastase were made. In general, the  differently, indicating tha t  cleavage of the tropo- 
enzyme treatments altered the shape of the ther- collagen molecule occurred a t  different sites. 

Tristram e t  al. (1965) have studied the effects of ther- 
mal denaturation upon soluble calf-skin collagen. Rubin 
e t  al. (1965), Drake e t  al. (1966), and  Kuhn e t  al. (1966) 
have shown that  proteolytic enzyme treatments alter the 
aggregation properties and the  a -  and P-component ratios 
of calf-skin tropocollagen. Crevasse e t  al. (1969) working 
in our laboratory verified the effects of proteolytic en- 
zymes upon thermal gelation of calf-skin collagen. They 
demonstrated t h a t  prevention of thermal gelation was 
greater in the case of elastase followed in order by chymo- 
trypsin, trypsin, and pepsin treatments. Since no infor- 
mation is available on thermal gelation of pig-skin tropo- 
collagen, the present study was undertaken to investigate 
its thermal gelation properties as altered by t reatment  
with trypsin, pepsin, chymotrypsin, and elastase. 

MATERIALS AXD METHODS 
Acid-soluble pig skin was extracted and purified accord- 

ing to  a modification of the  procedure utilized in prepara- 
tion of calf-skin collagen by Rubin e t  al. (1965) as  modi- 
fied by Crevasse e t  al. (1969) with the following excep- 
tions: (1) the precipitate of acid-soluble collagen (fraction 
2-A) was redissolved and  reprecipitated seven times; ( 3 )  
the  KCl precipitate (fraction 2-B) from the supernatant of 
the acid-soluble collagen preparation was redissolved and 
centrifuged for long periods of t ime and  then reprecipitat- 
ed against 2% NaC1. The  precipitate was redissolved in 
0.05% acetic acid and centrifuged a t  25,OOOg for 24 hr. 
This  was repeated several times, but  the supernatant still 
remained slightly cloudy. After dialysis against 2% NaC1, 
the sample was frozen and stored. 

Enzymatic reactions with pepsin, trypsin, chymotryp- 
sin, and elastase were carried out  as  outlined by Crevasse 
e t  al. (19691, excNEpt that  the substrate concentration was 
5.8 mg/ml. Furthermore, the protein was not lyophilized 
after precipitation, but  instead was dialyzed free of salts 
against distilled water and stored a t  4". Before analysis, 
the samples were dialyzed against 0.05% acetic acid. Ni- 
trogen determinations were made by the micro-Kjeldahl 
procedure (Crevasse et al., 1969) and hydroxyproline anal- 
ysis by the method of Woessner (1961). 

Short- and long-term thermal gelation was monitored a t  

230 nm in a Beckman DU-2 monochronometer using a 
Gilford automatic cuvette positioner and a n  absorbance 
converter connected to a recorder as  described in more de- 
tail by Crevasse (1967). 

RESULTS AND DISCWSSION 
Figure 1 shows thermal gelation curves for untreated 

acid-soluble pig-skin collagen and  samples after treatment 
with pepsin, trypsin, chymotrypsin, and elastase. The un- 
treated sample and the pepsin-treated sample showed 
similar maximum gelation values. However, untreated 
collagen had a very short lag phase and maximum gela- 
tion had  occurred within 10 min. Although pepsin-treated 

1.7 

2 . 4  

¶ . I  

1 . I  

i 1 . S  

I . I  

0 . 9  

0 . 6  

0 . a  

Figure 1. Thermal gelation curves for enzyme-treated and solu- 
ble pig-skin collagen. Thermal gelation was at 33" using 0.1 M 
phosphate buffer at pH 7.4: (sc) untreated pig-skin collagen; 
( p )  pepsin treated; ( t )  t ryps in  treated; (e)  elastase treated; (c)  
chymotrypsin treated. 
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collagen reached similar maximum gelation values, appre- 
ciable gelation did,not occur until 20 min and the maximum 
was not reached until about 30 min. The trypsin-treated 
sample had about an 8-min lag phase but  then proceeded to 
gel rapidly, reaching a maximum a t  about 12 min. However, 
the maximum amount of gelation in the trypsin-treated 
sample was decidedly less. 

Elastase and chymotrypsin had the greatest affect upon 
polymerization of pig-skin collagen, essentially preventing 
gelation. After long periods in 0.6 M phosphate buffer, 
there was some slight fiber formation in chymotrypsin- 
treated pig-skin collagen, bu t  essentially none in the elas- 
tase-treated samples. The results of this study indicate 
that  aggregation or gelation of acid-soluble pig-skin colla- 
gen is prevented by enzyme treatment with the following 
order of effectiveness: elastase > chymotrypsin > trypsin 
> pepsin. This order is identical with that  reported earlier 
for the gelation of acid-soluble calf-skin collagen (Crevasse 
et al., 1969), suggesting tha t  the tropocollagen molecules of 
both species are altered in a similar manner by the en- 
zyme treatments. The differences in the gelation patterns 
of pig-skin collagen treated by the different enzymes 
suggest that  they cleaved the molecules a t  different sites 
and/or a different number of times. 
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