Biochemical studies of the macromolecular matrix of
bones in the Op/Orl mutant rat strain
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Summary. The long bones of normal and Op/Orl mutant rats were incubated with
14
c
p
C_g
ose and fractionated by EDTA and urea extraction. The analytical results of the
various extracts suggested an increase in structural glycoprotein content and a decrease
in collagen solubility in the long bones of mutants. Significant differences were found in
the organic matrix composition of male and female bones of the two strains. 14
C-glucose
incorporation was stronger in males than in females. The presence of a glycosaminoglycan
different from the chondroitinesulfate was shown in males. Basic amino acid content (lysine,
arginine, histidine) was clearly higher in the insoluble residue of male bones.

Introduction.
The Op/Orl mutant exhibits characteristic modifications of the long bones, tooth
retention and other abnormalities (Moutier, Lamendin and Berenholc, 1973a ; Moutier, Lamendin and Berenholc, 1973b ; Lamendin, Moutier and Berenholc, 1973).
Long bone modifications are similar to those seen in humans suffering from AlbersSch6nberg disease (Berenholc, Moutier and Lamendin, 1974 ; Berenholc et at., 1975).
This appeared spontaneously in the CNRS breeding farm at Orleans (Moutier, Lamendin and Berenholc, 1973a ; Milhaud et al., 1975).
We wish to report here some results on the macromolecular composition of
the long bone organic matrix of the « fatty» rat and the Op/Orl mutant.
Material and methods.

Three-week old « fatty » and Op/Orl rats were obtained from the CNRS colony
(Dr. Sabourdy). The tibia and the femurs were dissected and the muscles and cartilagenous parts removed. Male and female animals were treated separately ; 6 animals were used in each group. The bones of two animals were pooled for extraction.

Bone extraction. The bones were washed in 0.9 p. 100 NaCl solution and disintergrated in an Omnimixer tissue homogenizer. The disintergrated fraction was
demineralized with three 0.1 M-EDTA extractions for 2 days and mechanical agitation at room temperature (EDTA extract). The insoluble residue was extracted by
8M-urea solution containing 0.1 M-mercaptoethanol (urea extract). The EDTA and
urea were removed by dialysis.
Incubation with 14
C-glucose. The bones of each animal from 2 separate experiwere incubated in organ culture conditions for 16 hours in Eagle’s solution
containing 50 yci of
C-glucose. The incubated bones were extracted in the same way
14
as the non-incubated samples. Extract radioactivites were determined in an Intertechnique scintillation counter.
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Results and discussion.
The analytical characteristics of the different extracts are given in table 1. The
total amount of extractible proteins (EDTA -f- urea extracts) is somewhat higher in

the mutants than in the original strains (10 to 11.5 p. 100 of total proteins as against
8 to 9.5 p. 100). The sulphate ash content of the extraction residues is alsohigher in the
mutant than in the original strain. These results are in agreement with the more
compact appearance of the mutant bones which have no or rare medullar cavities.
The EDTA and urea extracts of the mutant bones contain less hydroxyproline, indicating increased insolubilization of the collagens in the more strongly calcified matrix.
The urea extract and the insoluble residue of the mutant bones are significantly richer
in hexosamines than the bones of the original strain. As the urea extracts were practically free of uronic acids, the high hexosamine content may be attributed to the
presence of an increased amount of structural glycoproteins in the mutant bones.
Most of the proteoglycans were extracted by the EDTA solution. Cellogel electrophoresis of the pronase digest of these fractions indicated the presence of an alcian
blue-positive substance, migrating as chondroitin sulphate. However, in the bones of
the males of both strains (fatty and Op/Orl), small quantities (about 1/10 of the chondroitin sulfate) of a hyaluronic acid-like substance were also detected. Most of the
proteins (88 to 92 p. 100) remained in the insoluble residue. The organic fraction of
this residue consisted essentially of collagen, as indicated by the aminoacid analysis
(tabi. 2). The aminoacid composition of the residues of the fatty and Op/Orl animals
did not differ significantly. However, the residues of the male bones differed in some
respect from those of female bones, i.e. the male bones were richer in basic aminoacids
and poorer in proline. This finding may be explained by the presence of non-collagenous proteins associated to insoluble collagen in the male bones.

The divergences found in the hydroxyproline and hexosamine contents of the
soluble bone fractions (EDTA and urea extracts) of fatty and Op/Orl rats indicate
differences between the mutant and the original strain as to non-collagenous matrix

proteins (carboxyglutamic acid-containing proteins) (Hauschka,

Lian and

Gallop,

1975 ; Price et al.,1976) and glycoproteins (Andrews, Herring and Kent,1967 ; Shetlar,
Hern and Chien su Fang, 1972).
Significant sex-related differences were detected in bone biosynthetic activity,
as shown by the variation of 14
C-glucose incorporation in the soluble bone fractions
tabl
and
urea
extracts,
(EDTA
1). Such differences were also demonstrated in the
of
glycosaminoglycan composition the EDTA extract and in the aminoacid composition
of the insoluble residue.
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de rats normaux et de mutant op/orl ont été incubés avec du
extraction fractionnée par l’EDTA et par l’urée. Les résultats
extraits suggèrent une augmentation de la quantité des glycoprotéines de structure et une diminution de la solubilité du collagène dans les os des mutants.
Des différences significatives ont été démontrées dans la composition de la matrice
C-gluorganique des os des mâles et des femelles des deux souches. L’incorporation du 14
cose est plus forte chez les mâles que chez les femelles. La présence d’un glycosaminoglycanne acide a été démontrée en plus du chondroïtinesulfate chez les mâles. La teneur en
acides aminés basiques (lysine, arginine, histidine) est nettement plus élevée dans le résidu
insoluble des os chez les mâles.
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