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SUMMARY: Because alignment of the amino acid sequences of chick skin collagen
a 2-CB3 (1) with the relevant portion of chick skin collagen 01~CB7 (2) sug-
gested that a Gly-X-Y triplet may have been missed in the latter, the peptide
TM-2, produced by tryptic digestion of maleylated al-CB7, was reinvestigated.
Cleavage by trypsin at the unblocked lysine at position 18, and isolation of
the resulting COOH-terminal peptide, showed this to be a 15-residue peptide
containing a previously unrecognized Gly-Pro-Hyp triplet. Sequencing of the
peptide showed this to occupy positions 4 through 6, or 56 through 58 of al-
CB7. The latter thus has 271 instead of 268 residues, and the al[I] chain
1055 instead of 1052.
INTRODUCTION: Of the peptides released by CNBr cleavage of the collagen al[I]
chain, 0l1-CB7 has emerged as the site of a number of important biologic func-
tions. These include the gingle specific peptide bond (Gly-Ile) cleaved by
animal collagenase (3), the binding site for the cell attachment protein CAP
(4), and probably fibronectin, and the locus which appears to promote myoblast
differentiation (5). Thus, it is critical that the sequence of this region be
correctly known.

Recently a comparison of newly determined amino acid sequences of segments
of the g2 chain with the relevant portions of al suggested that the published

sequences of ¢l-CB7 (6,2) might be in error by having overlooked one Gly-X-~Y

triplet. Were this to be the case, it would lie in the region between lysine
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at position 52 and the next basic residue, arginine, 12 residues farther along.
This portion of chick skin collagen al-CB7,included in the fragment designated
as TM-2 (2) has therefore been re-examined. We report the presence, nature,
and location of a previously unrecognized triplet.

MATERIALS AND METHODS: Chick skin collagen was prepared from 3-week-old white
Leghorn lathyritic chicks, and al-CB7 was prepared from the al chain of this
collagen, as previously described (7). The TM-2 peptide, beginning at position
35 of al-CB7, was prepared as described (2) by maleylating al-CB7, digesting
with trypsin, unblocking, and fractionating on a 2.5 x 110 cm column of Sepha-
dex G-50s. The resulting chromatogram was identical with that shown in Figure
3 of reference (2).

The peptide TM-2 was isolated from the pooled fractions of Peak 3 of the
Sephadex G-50 chromatogram. Some preparations were purified by rechromato-
graphy on a 0,9 x 10 cm phosphocellulose column, eluted at 42° with a linear
gradient formed between 250 ml of 0.001 M Na acetate, pH 3.8, and the same
volume of the same buffer containing 0.6 M NaCl. The column was monitored by
continuous recording of absorbance at 230 nm. Other preparations were puri-
fied by rechromatography of the Sephadex G-50s fractions on a 2 x 100 cm col-
umn of Biogel P-10 eluted with 0.1N acetic acid.

Recycling chromatography of the tryptic digest of TM-2 was performed using
a ReCyChrom Selector valve, Type 4911B (LKB), manually operated, with a peri-
staltic pump eluting the 1.6 x 60 cm column of Biogel P-4 in reverse flow in
the arrangement recommended by the manufacturer. The eluant was 0.1N acetic
acid, and the absorbance at 226 nm was continuously recorded.

Samples for amino acid analysis were hydrolyzed for 24 hours at 110°, in
glass distilled constant boiling HC1l under nitrogen. The analyses were run on
a Beckman 121 analyzer with Autolab System AA Integrator, using the buffer sys-
tem of Trelstad and Lawley (8). No corrections were made for destruction of
amino acids during hydrolysis.

Sequencing was done in a Beckman up-dated 891B Sequencer. Peptide samples
were modified by treating, in the cup, with 1,5-naphthalene disulfonic acid
according to Foster et al. (9)., The samples were dried using the peptide appli-
cation subroutine (Beckman No. 031371). Degradation was carried out using the
0.1M Quadrol Peptide Program (Beckman No. 110576). All residues were subjected
to identification both by gas-liquid chromatography using SP-400 (Beckman)
column packing (10), and by back hydrolysis in HI (11) with identification on
the amino acid analyzer.

RESULTS AND DISCUSSION: The amino acid analysis of TM-2 purified by rechroma-

tography on phosphocellulose, given in the first column of Table I, shows it
to contain 33 residues instead of the 30 originally supposed. The three addi-
tional residues over those of the originally published analysis (Table II of
reference 2) are one each of glycine. proline, and hydroxyproline.

In addition to its arginine, which must be the COOH-terminal residue from

the method of preparation, TM-2 contains one residue of lysine. Since the

alignment experiments of Dixit et al. (1) indicate that the three extra resi-
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Table I

Analyses of TM-2 and its Component Tryptic Peptides

™-2 ™=-2 Tryptic Digestion Products of
Purified on used for Tryptic ™-2
Phosphocellulose Digestion Peak 1 Peak 2 Peak 3
Hyp 3.45 3.21 3.00 1.88 1.14
Asp 1.16 1.25 0.51 0.99 0.23
Thr 1.67 1.55 1.60 0.91 0.89
Ser 0.38 0.18 0.13 0.12
Glu 1.42 1.48 0.78 0.26 0.96
Pro 5.98 5.04 4,85 2.77 2.69
Gly 11.00 11.00 11.00 6.00 5.00
Ala 5.27 b, 90 5.25 2,07 2.63
Val 0.15 0.16
Ile 0.86 0.76 0.61 0.88 0.14
Leu 0.80 0.81 0.59 0.84 0.18
Lys 1.06 1.15 0.95 0.97 0.23
Arg 0.96 0.98 0.74 0.74
Total
Residues 33 32 32 18 15

A1l values shown are averages of closely agreeing determinations on two

different preparations. A blank indicates that less than 0.1 residue was

found.
dues are between this lysine and the arginine, that is, in the COOH~terminal
component peptide which would be produced by cleaving TM-2 with trypsin at its
lysyl residue, we proposed to make this cleavage, isolate the component peptides
and identify the nature and position of the residues by sequencing the COOH-
terminal component, which should have 15 residues if the alignment results are
correct. Because the two component peptides have the same net formal charge
and differ in size by only 3 residues we resorted to molecular sieve recycling
chromatography on an appropriate resin.

Because the yield of TM-2 purified on phosphocellulose was so low (25 molYZ

on the starting ol-CB7), the slightly less pure preparations obtained by re-
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chromatography on Biogel P-10 were used for the tryptic digestions. These were
obtained in an average yield of 56.5 mol%, and the analysis of such material
is shown in the second column of Table I.

Tryptic cleavage of the TM-2 lysyl residue proved to be difficult to
achieve, probably because of the protective effects of the immediately preceding
aspartyl and the next but one glutamyl residues. The digestion was carried out
for 18-20 hours at 37° in 0.1M Tris HCL, pH 7.9, containing 10 M CaCl, and
0.05% (W/V) Na azide. Trypsin (Worthington TPCK-treated, 3 x crystallized)
was used at 3% of the substrate weight. At the end of the first digestion per-
iod a similar aliquot of fresh enzyme was added, and the digestion repeated.

At the end of the second digestion period the solution was acidified to pH 4
with 1M acetic acid, and immediately lyophilized. 1In this way cleavages of
approximately 80 mol% were obtained.

The lyophilized material was dissolved in the minimal volume of 0.1N
acetic acid, and run on a Biogel P.4 column by recycling chromatography as
described in the Methods section. A typical chromatogram is shown in Figure 1.
The last three columns of Table I give the analysis of the pooled fractions
collected on the fourth and last cycle. The material collected in Peak 1,
which 1s obviously heterogeneous, 1s primarily uncleaved TM-2. Peak 2 consists
of the NHz—terminal component with lysine as its COOH-terminal residue, and
containing 18 residues. Peak 3 contains the COOH-terminal, arginine-containing
component, and, as shown in the last column of Table I, it contains 15 residues
of which one each of glycine, proline, and hydroxyproline were not shown in the
previous sequence. Both component peptides were obtained in average yields of
57 mol? on the basis of the TM-2 digested.

The 15-residue peptide was sequenced as described in the Methods section.
The results are presented in Figure 2, as a semi-logarithmic plot of the yields
of the major amino acid found at each degradation cycle by back hydrolysis and
amino acid analysis, against the degradation number. Only 14 cycles are shown

since the identification of the COOH-terminal arginine was not quantitative.
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Figure 1. Recycling chromatogram of tryptic digest of 965 nmoles al-CB7 pep-
tide TM-2 on 1.6 x 60 cm column of Biogel P-4 in 0.1N acetic acid.
Flow rate, 45 ml per hour. Fractions between the vertical arrows
were removed from the system. Horizontal arrows indicate how frac-
tions were pooled for the analyses shown in Table I.
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Figure 2. Semi-logarithmic plot of absolute yields of amino acids at each
degradation cycle of 600 nmoles of COOH-terminal component of al-
CB7 peptide TM-2.

The complete degradation was carried out twice, first with 600 nmoles of pep-

tide, and second with 336 nmoles of a separate preparation. In each case

degradation was carried through 15 cycles, and the same sequence was found.

This is shown as residues 53 through 67 of Figure 3. The repetitive yield
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based on Gly at steps 1 and 13 was 95.01%, on Pro at 5 and 11 was 97.29%, and
on Ala at 3.and 14 was 92.14%.

The results of this work therefore indicate that the alignment experiments
of Dixit et al. (1) were correct in suggesting that a triplet had been missed
in the original determination of the amino acid sequence of chick skin collagen
al-CB7. This probably came about because the TM-2 sequenced in that case was
much less pure than was realized, and because it was sequenced as the whole
peptide, rather than as the component peptides.

The corrected sequence of chick skin collagen 91-CB7 is given in Figure 3.
It is to be noted that, in addition to the presence of the new triplet, and
the consequent differences in numbering beyond position 55, this also differs
from that given previously in the interchange of the Thr and Ala at positions
64 and 66 respectively.

It is therefore clear that al-CB7 contains 271 rather than the 268 resi-
dues previously supposed, and the al(I) chain 1055 residues rather than 1052

(12).
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