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Studies of Alcaptonuria : Collagenase Degradation of Honiogentisic- 
T a n n e d  H i d e  Powder Collagen.* (26574) 

ROBERT AUSTIN MILCH (With the assistance of Richard A. Murray) 
Division of Ort hopaedic Surgery, Thc Johns Hopkins University School of Medicine 

and The Johns Hopkins Hospital, Baltimore, M d .  

Studies in this laboratory on the patho- 
genesis of alcaptonuric arthritis, the third of 
the 3 temporally related, characteristic com- 
ponents of the alcaptonuria syndrome (homo- 
gentisic aciduria, or alcaptonuria; ochronosis ; 
alcaptonuric, or ochronotic arthritis) have 
been concerned primarily with the interac- 
tions of various homogentisic acid solutions 
with collagen. Since it had been shown previ- 
ously( 1 )  that homogentisic acid does not in- 
teract with unbound chondroitin sulfate, it 
followed logically that interactions with col- 
lagen, the other and major component of car- 
tilage, as well as the other connective tissues, 
necessarily was implicated. 

Indeed. i t  was later shown(2,3) that ho- 
mogen tisic acid autoxidation polymers 
(HGA-OP) , in diametric oppositior. to unoxi- 
d izd ,  monomeric homogentisic acid solutions 
(HGA), become more or less irreversibly 
bound to collagen by a pH-independent reac- 
tion. For steric reasons, this results in sig- 
nificant cross-linking of adjacent collagen 
polypeptide chains and stabilization of the 
collagen structural lattice. As such, the re- 
sulting tanning reaction would be expected to 
result in a product which would not only re- 
sist water solubilization and heat degradation, 

*Aided by a grant from Nat. Inst. of Arthritis 
and Metab. Dis., Nat. Inst. Health, U. S. Dept. of 
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as has been previously demonstrated, but 
would also be expected to result in increased 
resistance to the action of a number of pro- 
teolytic enzyme systems. The present report 
notes the result of one such study. 

Material and methods. Twelve gram 
batches of limed and neutralized (pH 5.4) 
bovine hide powder collagen (American 
Standard Hide Powder, purchased from 
Frank F. Marshall, Ridgeway, Pa.) were 
passed through No. 20 ASTM sieves, placed 
in covered Ehrlenmeyer flasks and reacted for 
approximately 7 5 hours at  room temperature 
(2lo-28"C) with 500 ml aliquots of water or 
of aqueous, au toxidized, polymeric homogen- 
tisic acid (HGA-OF) solutions (3 mg/ml), 
prepared as outlined previously (4) .  The li- 
quid phase was removed by suction filtration 
after the period of interaction and the solid 
(collagen) phase was freeze-dried. (A con- 
siderable quantity of the previously untreated 
hide powder collagen was lost by solubiliza- 
tion during water treatment, whereas signifi- 
cantly smaller amounts were sdubilized dur- 
ing interaction with HGA-OP. No attempt 
was made here, however, to provide quantita- 
tive data on the precise degree of solubiliza- 
tion in either instance.) 

Two hundred milligram samples of each 
collagen preparation were placed into dry, 
chemically clean screw-top 15 ml graduated 
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centrifuge tubes. The cdlagen preparations 
were: ( 1 ) untreated. isoelxtric hide powder 
collagen. directly suspended in 10 ml water 
(pH 6.10) : ( 2 )  untreated. isoelectric hide 
pawder collagen permitted to swell in 10 ml 
HLO for 24 hours before exposure to collage- 
nase: ( 3 )  untreated. isoelectric hide powder 
collagen. directly suspended in the collage- 
nase solutions: ( 4 )  isoelectric hide powder 
collagen pre-treated with water (pH 6.10) as 
cutlined here. then swelld in water fw  24 
h w r s  before interaction with collagenase. and 

( 5 ) HGA-01' pre-treated hide powder colla- 
gen. prepared as outlined here, then permitted 
to swell in water a t  pH 6.10 for 24 hours be- 
fwe  exposure to the collagenase solution. 

.4f ter treatment as outlined immediately 
above. 10 ml of a collagenase solution (4 mg/ 
1111. lot KO. 5732, purchased from Worthing- 
ton Biochemical Corp., Freehold, N. J.) were 
then layered on to certain of the collagen 
preparations and thoroughly stirred to ef- 
fect dispersion of the solid phase. At appro- 
priate time intervals, the tubes were centri- 
fuged at 2500 rpm at  room temperature for 
5 minutes. The mean apparent hydrated vol- 
lime of the solid phase (minimum of 5 tubes) 
was read to the nearest 0.1 ml and estimated 
to the nearest 0.05 ml from the graduations 
on the side of each tube. The tubes were 
then restirred and permitted to stand in air 
until the next determination was made. 

Initial pH (pHi) and final pH (pHf)  val- 
ues of the enzyme solutions were determined 
with a Bec!tman Zeromatic pH meter (instru- 
ments] error, 0.03 pH).  

Results. The mean apparent hydrated vol- 
ume of the solid (collagen) phase in presence 
of water and collagenase solutions is plotted 
against time of interaction in Fig. 1 and sum- 
marized in Table [. 

Discussion. A number of investigators 
have suggested certain technical problems, re- 
viewed in detail by Robb-Smith( 5 )  and Gus- 
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tavson (6 ,7) ,  to indicate that mammalian hide 
powder collagen, in contradistinction to na- 
tive collagen, is not a suitable agent for in- 
vestigation of proteinase action. This is 
largely attributable to the facts that hide 
powder contains a mixture of both native and 
heat denatured collagen, that “limed skin tis- 
sue(pe1t) used in the isoelectric range is too 
resistant,” and, in general, that any pre- 
treatment of native collagen necessarily im- 
parts a modification of molecular structure 
and organization, and hence of the properties 
of native collagen. 

For the present basically qualitative pur- 
poses, however, a precise knowledge of the 
chemical nature of either starting material or 
split-products would not be necessarily criti- 
cal. If a tanning phenomenon does occur 
when limed and neutralized hide powder col- 
lagen is interacted with autoxidized, poly- 
meric homogentisic acid (HGA-OP) solu- 
tions, then by definition, it is required only to 
demonstrate that the pre-treated product 
(HGA-OP bound collagen) possesses a sig- 
nificantly increased resistance to collagenase 
in cDmparison to that of the untreated prod- 
uct. This is precisely what was observed. 

Analysis of the kinetic data clearly indi- 
cates that pH per se is not a factor in the ob- 
served changes since there was a distinct dif- 
ference in the effects of collagenase solutions 
and water controls at  exactly the same initial 
pH. Furthermore, since only a negligible and 
probably insignificant final effect could be 
attributed to swelling of the isoelectric col- 
lagens in water before addition of collagenase, 
it follows that this experimental procedure is 
likewise not determining in the present ob- 
servations. It appears, therefore, that the 
measured differences in rate, magnitude and 
calculable percentage change in apparent hy- 

drated volume of the untreated and HGA-OP 
treated collagens in the presence of collage- 
nase are highly significant. 

Thus, in expansion of earlier data and in 
support of additional (unpublished) data in- 
dicating decreased chemical reactivity of col- 
lagen in consequence of treatment with HGA- 
OP, it appears that HGA-OP acts in all clas- 
sical manners as a potent tanning agent for 
hide powder collagen. 

A volumetric study has been 
conducted of the effects of collagenase solu- 
tions on isoelectric and treated bovine hide 
powder collagen preparations. The data in- 
dicate that the enzyme solution used is active 
against hide powder collagen, that the effects 
of the collagenase noted here are independent 
of pH and that pretreatment of hide powder 
with the autoxidation polymers of homogen- 
tisic acid (HGA-OP) results in significant 
diminution of the effects of collagenase. With 
earlier data indicating that HGA-OP binds 
t9 hide powder, the current data are inter- 
preted as indicating that HGA-OP acts as an 
effective tanning agent for hide powder col- 
lagen. 

Sumnzary. 
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