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1. Introduction

In contrasi to most vertebrate collagens which have
the molecular composition [al(l)], o2, cartilage col-
lagen has been sh-~wn 1o be largely composed of mole-
cules which contaan three similar & chains, designated

a1(1I), giving a molecular composition [el{ll)l, [1-3].

The former is known as Type 1 collagen and the latter
Type 11. Neuiral collagenases are known to be active
against Type I collagens and at temperatures below
27°C have been shown to cleave the collagen molecule
into two fragmenis commenty called TC, :(%) and
TCx (3) 14—6). However, its is not clear whether this
attack is specific for Tvpe 1 collagen. Although previ-
ous studizs had shown that human neutral collagenase
degraded pieces of intarct cartilage [7, 8] it has recent-
1y been reported that soluble cartilage collagen is re-
sistant to gingival and - aDlymmphonuclear lencocyte
collagenase [9)]. We have therefore examined the ef-
© fect of purified human skin collagenase on sohible
cartilage collagen and report hers the susceptibility

of Type 11 collagen to attack by a nentral collagenase.

2. Maie: nals and met}mis

2 1. }b-eparm‘wn of Fazgnan skm ro]lagenase .

. 3kin- explams were cultored in Dulbecco s mod,ﬁe&
© Eagle’s medium at:37 °C for up to 10 days as previons-

‘L deseribed 6l Th° neutral collagenase released into.

- the culiure: medizin was. punfied using a proaedme
, bas.d on gel ﬁhra .mn mfh Sephadex GQOO and

B North Follandfublxs}-mg Company Amsrerdam

- G-100 superfine, and ion exchangs chromatography -

employing Sephadex QAE, A-50. Non-specific prote-
ase activity was found io be totally absent in the final
enzyme preparation as judged by its failure to degrade
casgin, ["**Ilhemoglobin and [***1]boyine serum al-
bumin [10}; activity iowards the synthetic peptide
pZ—Pro—Leu—Gly—Pro—DArg, {(Fluka Chemicals)
was also absent {10, 11].

2.2. Cartilage collagen

Collagen was extracied and purified from the sternal
cartilage of 3 week old lathyritic chicks as described by
Miller [2]. The molecular coraposition fa1{I1)]; was
checked by amino acid analysis and polyacrylamide
elecirophoresis in sodinm dodecyl sulphate {SDS).

2.3. Viscometry

Viscosity measurerents were made using Ostwald
vispometers of 1.0 ml capacity with water fiow times

~at 25.0°C of 25—30 ssc. The reaction mixtors of 1.0

ml contained 0.73 mg collagen dissolved as tropocol

“lagen molecules in a solution contzining 0.17 M NaCl,
- 0.005 M CaCl, and 0.02 M Trzis1IC), p‘% 7.6. The col-
7 lagen solutions were brought *o 25 0°C and incobation

was started by adding either trypsin {Sigma, Type D
bacterial zollagenaae (me 1, Advance Biofachires

Corp., ] N.Y) or purified skn mﬂl,:.ngerrza.s;*:5 teaCh mssolv-"

edin ihe same buffer. o

o o2er
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2.4, Disc gel electrophoresis

- iCollagen cleavage products were examined in poly-
acrylamide gels containing SDS according to the meth-
od of Weber and Osborm [12).

3. Results and discussion

When lathyritic Type 11 cartilage collagen was in-
cubated with skin collagenase a significant reduction
in viscosity was observed as shown in fig. 1. The reac-
tion was almost complete after 5 hr at 25.0°C and the
final reading after 24 hr represented a 60% reduction
in the original viscosity. Bacterial collagenase produced
A reduction in viscosity amounting to approx. 95%.
The collagen solution was resistant to non-specific
protease activity and reastion mixtures containing
iry psin consistenily showed a reduction in viscosity
of less than 5% after 24 hr of incubation.

In order to stuiy the products of the reaction of
skin eollagenase with cartilage collagen at 25°C, the
solution was examired by disc gel elecirophoresis. A
reaction mixture incubated for 24 hr and applied to
polyacrylamide gels containing SDS produced two
major components {fig. Z). These two protein bands
represented molecular weights of approx. 70 000 and

o t . . e
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Fig. 1. Effect on viscosity of chick cartilage collagen solations
a1 25°C of human skin collagenase, bacterial collagenase and
frypsin. The reaction mixiures of 1.0 ml contained D.73 rag
collagen in 0.17 M NaCl, 0.005 M CaCly and 0.02 M Tris-HCl,
7H 7.60, with 70 pg trypsin (2-—s—&), 0.16 mg purified
~skin collagenase | (O—D—D) and 5 umts bacaenal coﬂagenase
; (a———o——o) :
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. for 24 hr at 25°C. The reaction produects represent approx. :
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25 000 daltons when [caﬂ‘culéte-ﬂ from SDS polyacryl-
amide gels chlibrated with cyanogen bromide-cleaved

" collagen peptides of known molecalar weight. The

products therefore represent approx. 5 andj length
fragments of the intaci coliagen molecule and are

probably analogous to the TC, and TCy products

70,000

o '_ Fig. 2. Dis¢ gelelectrophbresis in' 10% polyacrylamide contain.

ing SDS of cartilage collagen after €xposure to skin mnagena',e

.Llui'

and g ; length fragments of the collagen molecule, Leit: 'sub

o _rstzate a]one, nght substrate and em.yme.
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Fig. 3. Thermal denamration of the reaction prodicts obiain-
ed from cartilage collagen and skin collagenase inl:ibition at
25°C determined by viscometzy. After inhibiting the epzyme
the residnal specific viscosities were obtained duiing stepwise
inereases in temperature. Results of two similar experiments
are shown in which the Tm for the ;3;-:3 product; was approx.
38°C.

commonly reported for coliagenase-cleaved Type I
collagens [4—6].

When the reaction between the skin collagenase
znd coliagen was complete after 24 hr at 25°C EDTA
was added to a final conca. of 0.01 M to inhibit the
enzyme. The temperature of the reaction mixture was
then elevated stepwise in incremenis of 1 or 2C° and
each temperatnre maintained for 15 min after which
tim< the viscosity was read. Fig. 3 she s that the mid-
point melting ternperatuze < Tm) of the rsaction prog-
ucis determined in this way was approx. 38°C. This
Tm for the § : 5 products of the chick cznilage collagen
is very similer to that reposted for intact collagen mol-
ecules of chick and bovine articelar cariilage [1, 2] but
is about 3°C higher than the Tm reported for TC, and
TCp fragments of Type 1 guinea pig skin collagen j47.
‘Whether or not this disparity is accounted for by col-
lagen type or phylogenetic differences has still 1o be
examined.
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Although it seems clear from the electrophoretic

~ sdies that skin collagenase will take to completion

the cleavage of the Type il collagen monomers inito
targe and small fragmenis, we have some prelirninary
gvidence that the rate of cleavage differs with the
Type 1 and 11 collagens, the former being more rapidly
attacked than the laiter. _ )

“In any event, unlike the reported resisiancs of
pepsin-soiubilized cartilage collagen to gingival and
polymorphonuclear leucocyte collagenases [9], the
absence of an a2 chain and the primary structure of
the a1{II) chain do not apparently prevent purified
human skin enzyme from cleaving the molecul: in a
manner similar 1o that for Type 1 coliagen.
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