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1b was prepared from 9b according to the same pro-
cedure as described for the preparation of 1a; yield of
pure 1b 2AcOH H,O, 95%; mp 107-112°C, [a]} ~56°
(H,0).

Results and discussion. For the comparison of the syn-
thetic peptides with Ig, TLC was performed at first using
four different systems. As shown in the table, 1 a revealed
identity with Is. To compare mass spectral?, the N-ter-
minal arginine residues in 1a and 1b were converted to
a-N-acetyl-pyrimidyl-ornithines and the C-terminus to
methyl esters according to the procedure described in the
previous paper?. The spectra of the derivatives from la
and 1b (measured with a Hitachi RMU-6L, 70 eV, about
200°C of sample temperature) showed quite a difference
in their fragmentation patterns. The derivative from la
revealed ion peaks at mje 777 (M+), 585, 441, 344, 197
and 148, which were exactly the same as those observed
for the corresponding derivative from Is. Thus the
identity of 1a with I was verified unambiguously. The
biological activities of 1a, 1b and Is to induce agglu-
tinability in a type cells (H22 strain) were assayed
according to the method reported previously4. Contrary
to our expectation, every compound tested showed the
activity in almost the same degree at dosages of
2-20 ng/ml.

Ribadeau Dumas et al. elucidated the whole primary
structure of bovine f-casein!, which contained the se-
quence of —~Arg(202)-Gly—Pro—Phe-Pro-Ile(207)-Ile-Val-
OH(209) in the C-terminal portion. It is noteworthy that
the part of —Arg(202)-Gly—Pro—Phe—Pro-Ile(207)- is just
identical with Ip. Peptides having the structure of
H-Arg-Gly—Pro—Pro—Phe-Ile-Val-OH (10} and H-
Gly-Pro—Phe-Pro—Val-Ile-OH (11)!3 were isolated as
bitter principles from the enzymatic hydrolyzate of
casein. We observed that the synthetic 1a and 1b had a
strong bitter taste in almost the same threshold value at

Specialia

871

0.13-0.25 mM (0.1-0.2 mg/ml). It is interesting that the
peptide isolated as a sexual factor in the yeast has a very
similar structure4 to that of bitter principles.
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Collagen glycopeptides from the sea cucumber Stichopus japonicus

M. Isemura and T. Tkenaka?l
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Summary. Structures of several hydroxylysine-containing glycopeptides derived from the body wall of the sea cu-
cumber have been determined. The glycosylated hydroxylysines were all the Y positions of Gly-X-Y triplets. They
are thought to be distributed throughout the peptide chain, in contrast to vertebrate skin collagens. One glycopeptide
demonstrated the existence of the sequence Gly-Gly-Hyp in invertebrates for the first time.

Glycoprotein nature of collagens has been established and
many works have been carried out concerning the struc-
ture and biosynthesis of the carbohydrate units of the
proteins?-%, In our previous works on invertebrate col-
lagens® 7, we observed the differences from vertebrates in
the characteristics of the amino acid residues around the
glycosylated sites. The present work was initiated to con-
firm whether such differences represent the reflection of
the phylogenetic positions of the animals studied.

In this paper, we determined the structures of collagen
glycopeptides from the body wall of the sea cucumber and
compared them with those of vertebrate and invertebrate
collagens.

Materials and methods. The body walls of Stichopus ja-
ponicus were defatted with acetone and minced in a blen-
dor. The pronase P digestion was performed as described
previously?. The digest was treated with cetylpyridinium
chloride®?® and fractionated by gel-filtration through
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Sephadex G-507. The main hexose-containing fraction
was further fractionated by conventional chromato-
graphic techniques?.

Amino acid analysis and sequence determination were
performed as described previously?-8. To the serine-
containing glycopeptide, the partial acid hydrolysis?®
with 12 N HCI at 23°C for 24 h was successfully applied.
The resultant peptides were purified by high voltage pa-
per electrophoresis? at pH 3.6. A glycopeptide was di-
gested with Clostridium collagenase (Seikagaku Kogyo
Co, Tokyo, Japan) in 0.1 M pyridine-acetate, pH 6.5 for
20 h. The resultant peptides were fractionated on a col-
umn of Bio-Gel P-2 (1.2 X 108 cm) using 0.1 M acetic acid,
and further purified by preparative paper electrophoresis
at pH 3.6. In some cases, carboxypeptidase B or carboxy-
peptidase Y 1! was utilized to confirm the carboxyl ter-
minal residues?. Glycosylated hydroxylysines were char-
acterized by paper electrophoresis and by the deter-
mination of the hexose content® 7:9.

Results and discussion. As shown in the figure, 4 major
glycopeptide fractions were obtained by Dowex 50 chro-
matography. From peaks 1, 2, 3 and 4,5 homogeneous
glycopeptides I, I1, IIT A plus IIIB and IV were isolated,
respectively.

Structures of glycopeptides derived from the body wall of the sea
cucumber

Glyco- Structure

peptide

I Gly-Ala-Hyp-Gly-Pro-Hyl*-Gly-Glu

II Thr-Gly-Pro-Hyl*-Gly-Pro-Hyl*-Gly-Glu- Pro-Gly-Gln-
Thr-Pro

IITIA Gly-Gly-Hyp-Gly-Ser-Hyp-Gly-Ser-Hyl*-Gly-Ser-Arg

I1IB Gly-Ala-Hyl*-Gly-His

IV Gly-Gln-Hyl*-Gly-Glu-Arg

*The disaccharide, glucosylgalactose is attached to this residue.
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Separation of glycopeptides derived from the body wall of the
sea cucumber by Dowex 50X2 chromatography. A column (1.9 x
38 cm) equilibrated with 0.2 M pyridine-acetate, pH 3.1, was eluted
with the same buffer. At the position indicated by the arrow, the
linear gradient elution was started with pH 3.1 buffer (500 ml)} and
2 M pyridine-acetate, pH 5.0 (500 ml). Each fraction contained 5.5 ml
and 0.3 ml-portions were analyzed for carbohydrate?. The first peak
was not studied in the present work.
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The direct Edman degradation of glycopeptide I and its
amino acid composition established the sequence Gly-
Ala-Hyp-Gly-Pro-Hyl-Gly-Glx. After 7 cycles of the de-
gradation, glutamic acid was identified on the amino acid
analyzer 8,

The 6 cycles of the Edman degradation for IT showed the
sequence Thr-Gly-Pro-Hyl-Gly-Pro-. Carboxypeptidase’ Y
released proline (0.5 and 0.86 moles per mole after 1 and
3 h, respectively) and threonine (0.24 and 0.7 moles per
mole after corresponding time). From the collagenase
digest of I1, 5 peptides were isolated. These were shown
to be Thr-Gly-Pro-Hyl (Co-1), Gly-Pro-Hyl-Gly-Glu-
Pro-Gly (Co-2), Gly-(Thr, Glx, Pro), GIn-Thr-Pro and a
peptide with the composition corresponding to that of
parent peptide IT minus Co-1. These results suggested the
sequence of II as shown in ‘the table. The structure of
IIT A was first assigned as shown in the table by the direct
Edman method. In order to confirm this sequence, the
partial acid hydrolysis!® was utilized. 3 peptide fractions
were obtained by paper electrophoresis. The amino acid
compositions and subtractive Edman method showed
that they were Ser-Arg, Ser-Hyl-Gly and the fraction
with a composition, Hyp,, Ser;, Gly,. Quantitative re-
lease of arginine from III A was accomplished by carbo-
xypeptidase B digestion for 20 h?. The structures of IIIB
and IV were similarly deduced as shown in the table.
Upon the alkaline hydrolysis? each parent glycopeptide,
Co-1 and Co-2 gave glucosylgalactosylhydroxylysine, in-
dicating that the carbohydrate units linked to hydroxy-
lysines are all disaccharides.

The sequences of glycopeptides supported the view for the
existence of glycine triplets in invertebrate collagens® 7.
The disaccharide-linked hydroxylysines were all at the Y
positions of the helical triplet. In 2 cases, this residue was
followed by the sequence Gly-X-Arg, which has been
found most frequently in collagen glycopeptides from
both vertebrate and invertebrate® 791213, In this sense,
glycopeptide II was exceptional. The high affinity of
glycosyltransferase(s) for this general sequence has been
suggested & 79,12, In the previous studies of invertebrate
collagens® 7, the amino acids abundant in collagen such
as proline, glutamic acid and e}lanine, were found in the
glycopeptide linkage region, which is in contrast to ver-
tebrates 2. The present results are generally in agreement
with this observation, but glycopeptide III B contained
histidine in this region like vertebrate collagen glyco-
peptidest2,

The isolation of glycopeptide II, which is conceivably
derived from the carboxyl terminal region, suggests that
in invertebrate collagen the glycosylated hydroxylysines
are distributed throughout the peptide chain, a feature
similar to vertebrate basement membrane collagen4, but
in contrast to vertebrate Type I collagen?s.

The present study also showed the existence of the se-
quence Gly-Gly-Hyp (glycopeptide III A} in invertebrate
as well as in vertebrate collagens18,18,
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