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1. Introduction

Collagen, the major structural protein i the eye,
as elsewhere, 1s responsible for giving the eye 1ts
unique and functional shape. Collagenous tissues are
strengthened by the covalent crosslinks between the
collagen molecules. The approximate positions of
several crosslinks are known [1]. In degenerative
myopia, the sclera appears thinned with loss of orga-
nisation 1n the scleral fibres. This change in fibrillar
structure may be due to changes 1n collagen cross-
linking and we have found two crosslinked peptides
1n mature bovine scleral collagen after reduction with
tritiated potassium borohydride and cleavage with
cyanogen bromide. These crosslinked peptides both
involve the peptide a2-CB (3—5), the largest cyanogen
bromide fragment, and are intermolecular. The first
1s a dimer of fragment a2-CB (3—5) while the second
consists of fragment a2-CB (3—5) joined to one or
more small peptides, similar to the crosslink found
in bovine cornea [1].

2. Methods and results

Bovine eyes were obtaned from A. G. Hedges
(Abingdon, Berks.) as soon as possible after death.
The sclera were dissected out and scraped vigorously
to remove retmnal, conjunctival and choroidal layers.

After washing with distilled water, they were
blotted and stored at —20°C. The collagen crosslinks
were reduced, stabilised and labelled with KB3H, as
1n [2]. The collagen was purified and digested with
CNBr by the method 1n [1]. Polyacrylamide gel
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electrophoresis was performed by the method 1n [3]
as described [4].

Measurement of radioactivity and amino acid
analysis were carried out as in [1].

CM-cellulose chromatography was by the method
of Panywani and Harding {4] except that a column
temperature of 43° was used.

Amino acid analysis of peptides separated by
SDS—gel electrophoresis was essentially by the method
1n [5], without prior incubation with mercapto-
ethanol. Determination of the radioactivity incor-
porated into peptides separated by SDS—gel electro-
phoresis was achieved by excision of the stained bands
nto 200 ul of 30 vol. H,0,, at 60°C for 2 h, or over-
night at 20°C if necessary. Scintillation cocktail was
then added, and radioactivity determined as in [1].

2.1 Isolation of an a2-CB (3—5) dimenc crosslinked
peptide

CM-cellulose chromatography of the cyanogen
bromide digest of labelled scleral collagen gave an
elution pattern typical of type I collagen, similar to
that from the comea [4]. The last peak eluted from
the column contained the majonty of the radio-
activity , and by SDS—gel electrophoresis was shown
to be a complex mixture containing the peptide
2-CB (3—5). *H-labelled bands of molecular weight
larger than a-chams were obtained from thuis fraction
by SDS—gel electrophoresis, and had similar mobili-
ties to those seen when the whole digest was examined
This fraction was then subjected to chromatography
at 20°C on Bio-Gel P300, 100—200 mesh (Bio-Rad
Laboratores, Caxton Way, Watford, Herts) and eluted
with 1 M CaCl, 1n 50 mM Tris—HCl (pH 7.5) as
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shown in fig.1a. Fractions corresponding to peak A,
which was radioactively labelled, contamning 60% of
the total counts, were pooled, freeze dried and sub-
jected to SDS—gel electrophoresis and amino acid
analysis. Figure 1b shows the staining profile of the
gel after SDS—gel electrophoresis, and the single
radioactively labelled band, with a mobility corre-
spondmg to mol. wt 123 000 (determined by SDS—
gel electrophoresis with other CNBr peptides and

o chains as markers) gave the amino acid composition
of «2-CB (3-5) 1solated from bovine skin as shown
n table 1, both from hydrolysis of the peptide frac-
tion, and from elution of the SDS—gel band. Note
especially the absence of homoserine, which was
absent even on gross overloading of the amino actd
analyser. This molecular weight 1s almost double
that of &2-CB (3—5) (60 751) determined [6], inds-
cating that this pure peptide 1s a radioactively labelled
crosshnked dimer of a2-CB (3—5) Short periodate
digestion by the method 1n [7]} followed by chro-
matography on Sephadex G-10 [1] yielded a radio-
actively labelled peak which after freeze-drying and
SDS-gel electrophoresis gave a band which had the
mobility of a2-CB (3--5).

2 2. Isolation of a crosslinked peptide involving
a2-CB (3--5) and small CNBr peptides
After chromatography on Bio-Gel P-300 as above,

Fig 1 Separation of crosslinked peptides from bovine scleral
collagen

(a) Gel chromatography of the last fraction from the
CM-cellulose column on a column (130 X 3 c¢m) of Bio-

Gel P-300 (100-200 mesh) eluted with 1 M CaCl, in 50 mM
Tris—HCl (pH 7 5) at 20°C ( YA, (- ) radio-
activity m dpm from 0 1 ml aliquots of column fractions
The fractions pooled for peaks A and B are shown by the bar
lines

(b) Coomassie blue staining profile of an SDS~gel obtamed
after electrophoresis of peak A, after dialysis and freeze
drying The short horizontal bars indicate the radicactivity
{dpm) mn portions of the gel treated as described in the text

(c) Gel chromatography of peak B digested with HIO, as
described in the text for 10 mm A column (68 X 2 cm) of
Sephadex G-10 eluted with 100 mM acetic acid was used

( S PN CEEEE ) radioactivity m dpm from 0 1 ml
aliquots of column fractions The fractions pooled to give
peak 1 are shown by the bar line




Volume 97, number 1

FEBS LETTERS

Januvary 1979

Table 1
Amino acid compositions of crosslinked peptides from bovine scleral collagen, mvolving fragment «2-CB (3—5) residues/peptide

Ammo acid a2-CB (3-5) Eluted gel Peak A from Peak B (fig.1a) Peptide after  Peptide (peak 1,
from band from ﬁg.lab before HIO, S mmn HIO, fig 1¢) after 10
bovine skin? fig.1b digestion digestion min HIO, digestion

Hydroxyproline 514 513 5417 550 55.0 54.0

Aspartic acid 30.9 309 30.9 29.3 291 293

Threonine 10.9 12.0 113 109 11.1 130

Serme 209 21.6 20.4 20.9 220 19.6

Homoserne 0.0 00 00 20 10 00

Glutamic acid 440 469 458 441 449 49.0

Proline 699 798 78.0 72.1 74.0 724

Glycine 2118 2039 2060 201.0 1970 2025

Alanine 63.8 66.1 662 72.0 740 690

Valine 169 148 14.9 13.1 15.5 161

Methionme 00 0.0 0.0 0.0 0.0 00

Isoleucine 99 93 9.3 9.1 8.5 81

Leucine 189 16 7 17.0 18.6 17.9 19.5

Tyrosme 15 07 06 23 2.0 2.0

Phenylalanine 86 8.7 8.4 8.6 92 7.0

Hydroxylysime 6.6 49 44 51 4.4 4.7

Histidmne 57 45 45 63 6.3 57

Lysine 119 124 142 14.2 135 123

Arginine 339 315 336 342 322 32.2

Total 618 616 620 619 617 616

2 from [8]

b Mean of 3 determinations

the fractions corresponding to radioactively labelled
peak B, (containing 30% of the total counts) were
dialysed, freeze dried, and subjected to amino acid
analysis. The resulting composition, shown 1n table 1,
1s almost 1dentical to a2-CB (3-5) 1solated from
bovine skin except for the presence of homoserine.
The peptide showed a radioactively labelled band on
SDS—gel electrophoresis which had the mobility of
a2-CB (3—5). After a 10 min digestion with HIO, as
mn [7], and chromatography on Sephadex G-10 [1] a
complex elution pattern was obtamned (fig.1c).

Peak 1, with the identical elution volume of the
untreated peptide had the amino acid composition

of a2-CB (3—5), (table 1) showing that the 2 homo-
serine residues/peptide had disappeared. After only

5 mun digestion, the amino acid composition of a
similar peak after G-10 chromatography indicated

the presence of 1 homoserine residue/peptide (table 1).
No alterations in the mobility of the labelled band
could be detected on SDS—gels. All attempts to iden-
tify the other radioactively labelled peaks eluted from

the Sephadex G-10 column proved unsucessful. Pre-
sumably these other peaks must represent the small
peptides joned ongmally to a2-CB (3—5). The
amount of homoserine (2 residues/peptide) in the
uncleaved peptide indicates the presence of 2 small
peptides in the labelled crosslinked peptide. After

5 mun digestion, 1 homoserine residue has been lost,
indicating the cleavage of one of the small peptides.
After 10 min digestion, no homoserine is seen 1n the
amino acid composition, even after overloading, so
both peptides have been cleaved from the o2-CB(3—5)
fragment.

3. Conclusions

We have 1solated 2 types of crosshinked peptide
from bovine scleral collagen. The first type was shown
by SDS—gel electrophoresis, amino acid analysis and
HIO, digestion to be a crosslinked dimer of
@2-CB (3--5). This must be an intermolecular cross-
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link because there 1s only one 2-CB (3—5) fragment
per molecule. The second type was shown by similar
techniques to mvolve a2-CB (3—5) jomed to possibly
2 small peptides from the homoserine content of the
uncleaved peptide and 1s similar to the crosslink found
1 the bovine cornea [1]. These are the first cross-
linked peptides to be 1solated from scleral collagen
When the amino acid sequence of fragment

a2-CB (3—5) 1s published we will be able to pinpoint
the exact sites of crosslinking and relate them to the
staggered arrangement of collagen molecules.
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