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Abs1ract. Homogenates of subcutancous rheumatoid nodules 
(SR N) arc capablc of clcaving acid-soluble tropocollagen at 
neutral pH. Viscometry, polarimetry and polyacrylamide gel 
electrophoresis revealed that SR N homogena tes (a) reduced 
the viscosity of acid-soluble tropocollagen without affecting 
its triple helical s1ructure at 27°C, a temperature well below 
that rcquired for collagen denaturaiion: (b) decreased the 
stabil ity against heat of the tropocollagen fragments produced 
1hus lowering their melting temperature (T

.,
) by about 8° ; 

(c) cleavcd tropocollagen at spccific loci along the macro­
molecule. The data suggest that a multienzyme system might
be involved in the necrobiosis of lhc nodules.

Several studies using tissue culture technique 

demonstrated the presence of collagenase activity in 

synovial tissues (2, 9) as well as synovial fluid (5) 

from patients with rheumatoid arthritis. The enzyme 

from both materials was isolated and reasonably 

purified. However, studies on subcutaneous rheuma­
toid nodules are few. 

In histological scctions the center of subcutaneous 

rheumatoid nodules show collagen degeneration, 

commonly called fibrinoid degeneration or necro­

biosis (10). 

The pos�ibility that proteolytic activity or specific 

collagenolytic activity may play a role in such tissue 

necrosis was investigared in this study. In the present 

communication we report the presence of collageno­

lytic act1vtty 111 homogenates of subcutaneous 

rheumotid nodules. 

MATERfALS AND METHODS 

Subc11ta11eo11s rhe11111atoid 11od11/es. Three subcutaneous 
rheumatoid nodules (SRN) were removed surgically from the 
arms and elbows of rheumatoid arthritis patients hospitalized 
at the Memphis V. A. Hospital-the clinicat history of these 
patients is described elsewhere (7). After subcutaneous fat 
and normal collagen were removed, the rest of thc nodule 

was scctioncd and cither used separately or pooled with other 
nodules which had been similarly lreated. 

Preparalion of homogenate s11pemata11t. Individual or 
poolcd nodules wcre homogenized in a ground-glass 
homogenizer al 0-4'C with aboul five limes lheir volume of 
0.05 M Tris-HCl/buffer, pH 7.6, containing 0.04 M CaCI,. 
The homogena res were then centrifugcd at 30 000 g for 30 
minutes al 4°C. Quantiiative determination of protein utilized 
ultraviolet absorption of the supernatant at 280 nm or 
Lowry's me1hod (11) with bovine serum albumin as a 
standard. 

Preparation of substrate. Uniformly labeled 14C-proline in 
t wo doses of 25 11Ci each was injected intraperitoneally imo 
randomly bred white guinea pigs. The animals were killed 
by dccapilation 48 hours after the injeclion. The skin was 
removed and subcutaneous tissue was scraped off mech­

anically. Neutral salt-soluble collagen was extracted by the 
method of Gross (4). The final products were lyophilized and 
stored at 20'C. 14C-proline was obtained from Schwarz/ 
Mann. Orangeburg, N,Y. 

Preparation of incubation mixwre. Reconstituted collagen 
was prepared from lhc 11C•prolinc incorporatcd, lyophilizcd 

salc-soluble collagen. according 10 the me1hod or Nagai 
et al. (12). Aliquots or 0.5 ml of 1he collagen solution (0.2 %} 
were pipel!ed into plastic centrifuge tubes and allowed to gel 
in a 37°C water bath for at least 12 hours. Prior to admixture 
with the tumor homogenate, the collagen gel was disrupted 
with a stcel needle in order to insure a good con1ac1 with the 
homogenate (12), after which 0.2 ml of the supcrnatant of 
the pooled homogenate (crude enzymc solution) was added 
to each wbe. All tubcs wcre incubated al 3TC for 18 hours 
with constant agitation. After the incuba1ion, tubes were 
centrifuged at 59 000 g at room temperature for 30 minutcs 
to sediment undissolved collagen. An 0.5 ml aliquot of the 
supernatant was added to 10 ml of lnsta-Gel (Packard), and 
the radioactivity was countcd in a liquid scintillation spcctro­
meter. 

Tropocol/age11 preparatio11. Purified acid-soluble calf skin 
tropocollagen was prepared according to the me1hod of 
Rubin et al. (14) as modified by Dabbous ct al. (I). Frac1ions 
2 A and 2B were used. 

Viscomerry. Viscosity of the reaction mixture wa� measured 

at timed intervals during incubation at 27'C ± 0. I' in a 
temperature-regulated water bath. Measurements were 
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Table I. SRN col/agenolytic and caseinolytic activities 

011 salt-extracted, proli11e-"C labeled g11i11ea pig skin 

collagen 

Tissue 
protein 
(mg/ 
0.5 ml 

Subcutaneous 
rheumafoid 

nodules 
(SRN) 800 /fg 

4.7 Normal skin 

CPMa 
solu• 
bilized 
(above 
blank) 

500 
60 

Collagen 
gel 
lysed 
(%) 

11.3 
1.4 

% Lysis 
mg 
protein 

13.1 
0.3 

Casein-
olytic 
activityb 

6.7 
3.0 

"' Total radioactivity of incubation mixture for SR and the 
normal ,kin was 4 305 cpm. 
b Expressed as 11g trypsin equivalenl/mg crude enzyme 
protein. 

carried out using Omvald viscometers with flow limes for 
water of 75-90 seconds. The rcaction mixture consisted or 
-4-5 mg of lyophilizcd acid-soluble calf skin tropocollagen
{as prepared above) in 3 ml of 0.05 M Tris-HCI buffcr, pH
7.6, containing 0.04 M CaCI, and 1.0 ml of supernatant
�oluiion of SRN homogcnates. The reaction mixtures were
incubated at 27° C±0. l O and the viscosity was measured aftcr
various periods of incubalion. The enzyme action was 
terminaied by lowering the pH of the reaction mixture to 
3.5-3.8 with acetic acid and adding EDTA to a final eon•
centration of 0.01 M.

Polyacry/amide gel electrophoresis. Collagenolytic activity 
of the homogenates on acid-soluble calr skin tropocollagen 
was analysed by electrophorcsis on polyacrylamide gels. 
The method of Nagai cl al. (13) as modified by Dabbous et al. 
(I) was used.

Optica/ rotation a11d melting curves. Optical rotation was
measured in a Carl Zeiss Polarimeter equipped with a hy• 
drogen light source (365 nm) using water-jacketed I-dm 
polarimcter tubes. The conccntration of acid-soluble calf 
skin tropocollagen solutions was calculated from the optical 
rotation measurements obtained for denatured samples with 
-460° as the specific optical rotation of dcnatured gelatin. 
Meltiog curves were obtained by monitoring the optical
rotation of samples to which EDT A was added to a final
<:oncentration of 0.01 M (to terrninate the enzyme action),
at pH 3.8, as the temperature was increased from 27' to
45°C; before cach measurement the samples were allowed to
stand at that temperature for 20 minutes.

RESULTS 

Release of radioactivity. Collagenolytic activity of 
the pooled homogenate supernatant of th.ree SRNs 

was calculated in terms of counts per minute of 

solubilized collagen gel, percentage lysis of col!agea 

gel, and percentage lysis of collagen gel per milligram 

tissue protein (Table I). Collagenolytic activity of the 
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normal skin control was also tabulated similarJy 
(Table l). It was noted that the collagenoJytic 
activity of SRNs is significantly higher than that of 

the normal skin control. For example, percentage 

lysis of collagen gel per milligram tissue protein of 

SRNs was 13.J, whereas that of the normal skin 

control was 0.4 (Table 1). Caseinolytic activity of the 

SRN supernatant as expressed in mg trypsin equiva­

lent per mg tissue protein was 6.7, while that of 

the normal skin control was 3.0 (fable I). 

Viscometry. Jncubation of acid-soluble calf skin 

collagen with the 30 000 g supernatant of SRN 

homogenates resulted in a decrease in its viscosity. 

At 27°C, the specific viscosity of dilute tropocollagen 

solutions at pH 7.6 decreased by 15% (SRN-1) 

and by 54% (SRN-2) after 16 hours of incubation. 

Fig. I shows tbe progress of loss of specific viscosity 

of tropocollagen as a function of time during 

incubation. In both samples (SRN·l and SRN-2) 

a lag was observed which was followed by a con­

tinuous loss of viscosity for a certain period but a 

limiting value seemed to be reached within 16 to 
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Fig. I. Viscosity change during incubation of the supernatant 
of SRN hornogcnates with acid-soluble calf skin collagen 
(I ml/4 ml reaction mixture) at 27±0.1°. The collagen con­
centration was 0.1 % in 0.05 M Tris-HCI containing 0.04 M 
CaCI,, pH 7.6. The percentage loss in specific viscosity is 
plotted as a function of time. Curves (0-0) and C•-•l 
represent two different SRN homogenates, dcscribed in the 
text. 
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24 hours (varied from one samplc to another). 

However, <luring the following 48 hours of incuba­

tion a continuous but relatively slow loss of viscosity 

was also observed, indicating a continuous break­

down of the products of incubation at a ternperature 

well below that of t.ropocollagen denaturation. 

During one experiment, a loss of 70% of the original 

specific viscosity of tropocollagen was obtained after 

55 hours of incubation with SRN-1. 

lvlelting curve. Iocubation of acid-soluble collagen 

with SRN-1 or SRN-2 at 27°C for 24 hours did not 

result in any detectable change in optical rotation. 

This indicated that the tropocollagen macromolecule 

was not denatured to any significant extent <luring 

this treatment. However, the negative optical rota­

tion of the treated tropocollagen solutions was 
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Fig. 2. Melting curves of acid­
soluble calf skin tropocollagen 
(0-0) and SRN-treated tropo­
collagen (•-•). Samples were 
dissolved in 0.05 % acetic acid 
and the temperature was raised 
gradually as describcd under 
Materials and Methods. 

gradually decreased <luring the stepwise increase in 

temperature of the reaction mixture above 28°C, 

as shown in Fig. 2. The deoaturation temperatu,e 

midpoint (melting temperature, Tm) of native tropo­

collagen (40°C) dropped by about 8-9° as a result 

of incubation with the supernatant of rheumatoid 

nodule homogenates. 

Disc e/ectrophoresis. Denatured tropocollagen 

solutions gave the normal electrophoretic pattern; 

the fast-moving c,:2 and c,: 1 chains, respectively, 

followed by the P-bands (/Ja and /Jn, respectively) 

with intermediate mobility and then the slow moving 

y- and higher molecular weight aggregates (H) (close

lo the top of the upper separating gel layer) as shown

in Fig. 3 (gels A). The electropboretic pattern of

SRN-treated tropocollagen similarly denatured after

,A B B 

}/,H-{ 

fJ11
,,.-.--

...

/312 
OGl --- ..... 
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Fig. 3. Disc electrophoretic patterns of denatured control 
tropocollagen (A) and SRN-treated tropocollagen (B), which 
has been incubated with the supernatant of SRN homo­

genates at 27°C for 24 hours (a) or at 32'C for 15 hours, 
respectively (b). 

b 
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incubation (Fig. 3a) (gels B) showed that only !race 

amounts of :x-, {J- and ;,-chains were present. The 

major dense bands marked ;,x, {JX and °'x represent 

breakdown products of the original y-, (3- and a­

chains, respectively. The relative intensities of the 
bands corresponding to the {J7. and yx components 
indicated that these are the major products. The 

intensities and number of bands with mobility 

faster than that of the :x-components suggested that 

the latter had undergone multiple cleavage <luring 

incubation with the supernatant of SR N homoge­

na tes, thus leading to several peptide fractions 

with mo)ecular weights less than that of the cx-chains. 

When the temperature was raised to 32 C during 

incubaiion for 15 hours and the products wcrc 

subjected to disc electrophoretic analysis the pattern 

shown in Fig. 3b was obtained. The major bands 

represent degradation products witb molecular 

weights less than that of a-chains. Bands correspond­

ing lo the normal ex-, ,8-and y-chains were not detecL­

able. Trace amounts of products with molecular 

weights less than ;,- and less than /J- are represented 

by the bands marked yx and {Jx, respectively. In 

general, the relative intensity of the bands indicated 

an extensive degradation, ccrtainly more than that 

produced at 27°C. 

DlSCUSSION 

The first demonstration that collagenase was pro­
duced in vivo without tissue culture techniques was 

described by Harris et al. (5) in synovial fluid. 

Recently Yamanishi et al. (I 5) reported the presence 

of collagenase activity in homogenates of basal cell 

epithelioma of the skin. The present study provides 

evidence for the presence of collagenolytic activity 

in subcutaneous rheumatoid nodule homogenates 

(SRN-homogenates). The amount of radioactivity 

solubilized from "C-labeled reconstituted collagen 

gels incubated with SRN-homogenates was signifi­

cantly higher than that rcleased from similar gels 

incubated with normal skin tissue homogenates. 

This indicated that a relatively higher lcvcl of 

collagenolytic activity was present in vivo in the 

SRN homogenates. Viscometric studies showed that 

the supernatant solution of SRN-homogenates is 

capable of reducing the specific viscosity of acid­

soluble collagen to a value which varied from one 

specimen to another. 

Under conditions which maintain the native eon­

formation of tropocollagcn, thc decrease in specific 
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viscosity was not accompanied by any significant 

loss of negative optical rotation. This indicated that 

the supernatant of SRN-homogenates contained 

col lagenolytic enzyme(s) which cleaved tropocollageo 

without detectable denaturation of the triple helical 
structure of the macromolecule. However, there was 
a. significant decrease in the stability against heat

of the cleavage products in solution. The observed

decrease in the melting temperature (Tm) of SRN­

treated tropocollagen suggested that the amounts

of stabilizing structures in the molecule, for example

cross-linkages, were decreased as a result of this

treatment. In this respect the SRN collagenolytic

enzyme(s) behaved in a manner similar to those

reported earlier for other tissue collagenases (2 5, 8-9,

15). However, the melting profile indicated a gradual

loss of helicity with an average midpoint near 32°C.

Disc electrophoresis of the reaction products showed
that tropocollagen was cleaved to produce mainly

several small peptides migrating faster than the 

normal cx-chains in addition to a few discrete bands

which appeared to mjgrate along the electrophero­

gram with a mobility slightly faster than that of the

usual {JA and yA, the 75 % pieces of {l-chains, and of

tropocollagen molecules, respectively. This was 

further supported by electron microscopic data (7) 

which showed that the SLS crystallites obtained from

the reaction mixture showed mainly fragments with

54 % the length of tropocollagen from the A end

and 20 % pieces from the B end. Furtherrnore, the
fragments cleaved along the {J� locus (at 3/4 the

length of the molecule from the A end) showed

chewing and progressive degradation at their end

(7). T n view of the rare detection of 75 �o pieces,

the denaturation data and disc electrophoretic

analysis, it is reasonable to speculate about the

possibility of multiple enzyme activities in the 

supernatant of SR N-homogenate, for example,

nonspecific proteases which further degrade the

collagen moleculcs initially cleaved by specific

collagenase aciivity at {J� locus. This is in agreement

with a recent finding by Harris et al. (6) in tissue

cultm:es of SRN of a collagenase and a protease.

Although our data support their observation we

have noted that incubation of tropocollagen with

the supcrnatant of SRN-homogenates at 32°C for

15 hours resulted in extensive degradation rather

than a more or less limited cleavage, as shown by the

disc electrophoretic analysis of the reaction products.

Harris et al. (6) reported that the products obtained

by incubating denatured collagen (gelatin) with the



SRN enqme preparation were mainly TCA and TC0 

(in appro>.imatcly 60 °
0 yield). They concluded that 

thc site of cleavage of tropocollagcn by the SRN 

enqme preparation is unrclated to the secondary 
structure of native collagen. The obscrved differences 

in the data presented here may be duc to thc fact 
that in the present investigation only a crude cnzyme 
preparation was used while the abovc authors used 

a partially purificd preparation. This possibi I ity 

seems to be a more likely explanation sincc pre­

hminary observations in our laboratory (unpublished 

data) have shown a more spccific clcavage of sub­

strate during the purification or the enzyme activity. 

Moreover, the question of identity or non-identity 

of enzymcs from tissue cultures and from homo­

gcnates remains to be e>.amined. Partial purification 

and characlerization of the collagenolytic enzyme 
activiiy in SRN homogenates are bcing studied at 

present in our laboratory. 

The significance of demonstrating collagenolytic 

activity in the homogenatcs of SRN is obvious in 

relation lo tbe mechanism of connective tissue 

destruction in rhcumatoid diseases. Ultrastructural 

cvidence of this is described in the second paper of 
this series (7). 
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