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1. Introduction

The triple helical collagen molecules consist of
three polypeptide chains. The molecules of the most
abundant and, therefore, most thoroughly investigated
skin collagen (type I) contains two a1(I)- and one
a2-chain. The molecules of cartilage collagen (type II),
in contrast, are built from three identical a-chains,
termed a1(I) [1,2]. The chromatographic properties
of a1(I) and a1(II) chains are similar; the chains differ,
however, in amino acid composition, cartbohydrate
content and the peptide pattern obtained upon
cyanogen bromide cleavage [3,4].

Two peptides were isolated from the cyanogen
bromide digest of insoluble human skin which could
be attributed to neither collagen type I nor type II.
The existence of an additional type of collagen (type
IIT) was inferred from these data [S5]. It was later
possible to isolate intact molecules of type III by
limited pepsin digestion [6] and to demonstrate the
presence of this collagen type in other tissues
(leiomyoma, aorta) [6—8]. Isolation and character-
ization of the cyanogen bromide peptides of type III
collagen from human skin have recently been
reported [9] ; the order of those cyanogen bromide
derived peptides within the peptide chain is yet un-
known.
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All the different a-chains (a1(I), a2, a1(II) and
al(1II)) are of similar size and have a similar amino
acid composition. Therefore, these proteins may be
assumed to be homologous. This notion has been
experimentally verified for al(I), «1(II), and a2-
chains by comparing the amino acid sequence of
corresponding areas of these chains [10—13].

The present study was initiated to decide whether
or not collagen type III is homologous to the other
a-chains. We have investigated three cyanogen
bromide peptides of collagen type III from calf aorta
and determined by automated Edman degradation
the sequence of amino acid residues at the N-terminal
ends of these peptides. These sequences were highly
homologous to certain regions of the a1(I)-chain.
The position of these peptides within the a1(III)-
chain became thus apparent as well.

2. Experimental

Isolation of cyanogen bromide peptides from
aortic collagen will be described elsewhere [14].
Sequence analysis was performed with the aid of an
automatic sequencer (model 890, Beckman
Instruments, Palo Alto, Calif. USA) using programme
072172 B of Beckman Instruments. Reagents and
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chemicals were obtained from Beckman and from
Pierce. The phenylthiohydantoin derivatives of the
amino acid residues were identified by thin-layer
chromatography on silica gel plates (Merck F 254)
and by gas-liquid chromatography using a single
column system with 10% SP 400 (Beckman) on either
a Beckman GC45 instrument or a Hewlett Packard
gas chromatography 5700 A, equipped with auto-
matic sample application. Arginine was identified on
an amino acid analyzer after hydrolysis of the PTH

derivative.

CSCal (I) -CB8
RSCal (1) -CEB8
CAC o1 (I11)-CB6

CsCol (D -CB8
RSC ol (1) -CB3
CAC ad(111)-CB6

GLY-PrO-ARG-GLY
GLy-Pro-ARG-5LY
GLy-Pro-ARG-GLY

ALAThYP-GLYTPRO
ProqliyP-GLYTSER

LeutHyP-GLYALAT
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3. Results and discussion

We have determined by automated Edman degra-
dation the sequences of 26, 35 and 31 N-terminal
residues of the three cyanogen bromide peptides. The
results are presented in figs. 1, 2 and 3. These data
represent the first sequences determined of a type III
collagen and comprise a total of 92 residues. The
al(HI) chains were found to display the same
structural features as «1(I) and a2 chains [12,15].
Thus, glycine occupies every third position. Hydroxyl-

10
LEuqHYP-GLY-5LU-ARG-GLY-ARG-HYP-GLY~
LEUqHYP-GLY-fLU-ARG-GLY-ARG-HYP-GLY-
ALAqHYP-GLY~GLU-ARG-GLY-PRG-HYP-GLY-

20 26
ALA-GLY-ALA-ARG-CLYHASNTASP-GLY-ALA-
ALa-ELy-ALA-ARG~GLYAsP1ASP-0LY-ALA-
ALA-GLY-ALA-ARG-GLYTASNASP-GLY-ALA-

Fig.1. Comparison of the sequence of amino acid residues positions 1—26 of a1(I)-CB8 from calf (CSC) and rat (RSC) skin
collagen [20,21] and of a1(III)-CB6 from calf aortic collagen (CAC). Non-identical residues found at the same position are

enclosed in boxes.

al (1) -CB3
al(TTD)-Cod

al (1) -CB3
ol (1iD-Colt

GLY-PHE~iYP-GLY-PRO-LYS-GLY

GLY-PHE-HYP-GLY-PRO-LYS-GLY

ALA-ALATGLY-GLU-HYP-GLY-LysTALATGLY-GLU-

Asn-AsP16LY-ALA-HYP-GLY~LYsTASN1GLY-GLU-

30 35
GLY9ALA-VALT6LY-PRO-ALA-GLY-LYS1ASP16LY-GLU-

ArG-GLY{VALARYP-GLYTPROTHYP-
ARG-GLYTGLYTHYP-GLYT6LYTHYP-GLY{PRO-GLNTGLY-PRO-ALA-GLY-LYS1ASNTGLY-GLU-

Fig.2. Comparison of the sequence of amino acid residues positions 1-35 of «1(I)-CB3 from calf skin and a1(III1)-CB4 from
calf aortic collagen [22]. Non-identical residues found at the same position are enclosed in boxes.

ol (I) -CB7
o 1(II1)-CB5

ol (I) -CB7
o 1(I11)-CB5

RYP-GLY-
HYP-GLY-GLU-ARG-GLY

10

GLU-ARG-GLYTALA-

GLY-

ALat6LvLEutrvp-GLy-Pro-Lys-GLY{AsP-AReT
HyP4GLY46LYT!HYP-GLY=-PRO~LYS=-GLY1ASP-LYSA

0

GLY1AsP-ALATGLYTPRO-LYSA
GLY1GLU-HYPTOLYTSER-ARG

30

GLy1ALATASP-GLY-ALA-PRO-GLY-LYs-AspP~
16LY1VALTASP-GLY-ALA-PRO-6LY-LYSs-AsP-

Fig.3. Comparison of the sequence of amino acid residues positions 1—-31 of o1(I)-CB7 from calf skin and a1 (III)-CB5 from
calf aortic collagen {23]. Non-identical residues found at the same position are enclosed in boxes.
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ation of proline to hydroxyproline was found only
in position Y of the tripeptide unit Gly—=X—Y and
appears to be almost complete. Hydroxylation of
lysine to hydroxylysine was not encountered within
the areas studied. Almost all arginine residues are
present in position Y, again as in a1(1)- and a2-
chains. Likewise, residues arginine and lysine occupied
positions in the immediate vicinity of the negatively
charged amino acids aspartic acid and glutamic acid.
The areas so far studied are too short to justify state-
ments on the distribution of residues carrying large
hydrophobic side chains such as phenylalanine and
leucine, which play an important role during aggrega-
tion of the molecules into fibrils [16]. Remarkable
is the occurrence within two peptides (peptide 4 and
5) of the sequence Gly—Gly—Hyp—Gly—Gly—Hyp
which has never been encountered before. These
cyanogen bromide peptides have been shown by
amino acid analysis to contain slightly more glycine
than the usual one third of the residues {9]. This is
now confirmed by these sequence data.

Following successful fragmentation of a peptide
chain, the order of the peptides within the chain must
be determined. Each of the types of a-chains displays
a characteristic peptide pattern. The order of cyanogen
bromide peptides of the a1- and the a2-chain was
determined by renaturation of peptides to yield SLS-
fragments by chemical methods, and from pulse
labelling experiments [17—19]. It was later possible
to demonstrate in various areas of the molecule the
existence of homology of corresponding sections of
the al- and the a2-chain [10—13]. Since extensive
areas of the sequence of collagen type I are known
and since no large repetitive areas within a chain have
been encountered, it may be attempted to establish
the order of the cyanogen bromide peptides from
collagen type HI on the basis of identity or homology
with respect to sequences of collagen type 1.

The sequences determined of peptides 6, 4 and 5
were, therefore, compared to the sequences of the
al-chain. Each of the newly determined sequences
was found to have a counterpart within the a1(I)-
chains. The peptide a1(III)-CB6 which has been des-
cribed by Miller et al. [5] as being homologous to
a1(1)-CB4.5 appears to be homologous to a1(I)-CB8
as judged from the present sequence data. The N-
terminal area of peptide 6 is compared in fig.1 to
the N-terminal area of «1-CB8 from rat skin [20]
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and calf skin [21] collagen. Homology is strikingly
apparent as it is in the two other peptides 4 and §
(fig.2 and 3). Any other correlation would drastically
reduce the degree of homology. The homology of
peptide 5 from type III collagen to a1(I)-CB7 was
confirmed by electronmicroscope studies of the
renatured peptide [8]. The elucidated sequence
(fig.3) is derived from an area where the cross-
striation pattern is identical. Although there are
several substitutions found, the charge pattern in
this area of the molecule is the same in both types.

It had already been observed earlier that the
number of positions at which substitutions occur
appears to be rather small within the N-terminal third
of the molecule (peptide 6 from collagen type III).

A relatively large number of positions in which sub-
stitutions occur is observed within the central third
of the molecule (peptides 4 and 5). More detailed
statements must be based on longer sequences of
residues which have yet to be established.

Acknowledgements

The authors wish to thank Miss Ursula Kinder-
mann, Mrs Barbara Krause, and Miss Marion Senft-
leben for expert technical assistance, and the Deutsche
Forschungsgemeinschaft (SFB 51) for financial
support.

References

[1] Miller, E. J. (1973) Clin. Ortho. 92, 260—280.

[2] Miller, E. J. (1971) Biochemistry 10, 3030—3035.

[3] Rauterberg, J. and Kiihn, K. (1971) Eur. J. Biochem.
19, 398-407.

(4] Miller, E. J. and Lunde, L. G. (1973) Biochemistry 12,
3153-3159.

[5] Miller, E. J., Epstein, E. H. Jr. and Piez, K. A. (1971)
Biochem. Biophys. Res. Commun. 42, 1024—1029.

[6] Chung, E. and Miller, E. J. (1974) Science 183, 1200—
1201.

{7] Epstein, E. H. Jr. (1974) J. Biol. Chem. 249, 3225—
3231.

[8] Rauterberg, J. and Von Bassewitz, D. B. (1974) Hoppe-
Seyler’s Z. Physiol. Chem., submitted for publication.

[9] Chung, E., Keele, E. M. and Miller, E. J. (1974) Bio-
chemistry 13, 3459-3464.

[10] Fietzek, P. P., Kell, I. and Kiihn, K. (1972) FEBS Lett.

26, 66—68.

367



Volume 49, number 3

[11] Piez, K. A., Balian, G., Click, E. M. and Bornstein, P.

(1972) Biochem. Biophys. Res. Commun. 48, 990-995.

[12] Fietzek, P. P. and Kiihn, K. (1974) Hoppe-Seyler’s
Z. Physiol. Chem. 355, 647-650.

[13] Butler, W. T., Miller, E. J., Finch, J. E, Jr. and Inagami,
T. (1974) Biochem. Biophys. Res. Commun. 57, 190—
195.

[14] Rauterberg, J., in preparation.

[15] Fietzek, P. P., Rexrodt, F. W., Hopper, K. E. and
Kiihn, K. (1973) Eur. J. Biochem. 38, 396—-400.

[16} Hulmes, D. J. S., Miller, A., Parry, D. A. D., Piez, K. A.
and Woodhead-Galloway, J. (1973) J. Mol. Biol. 79,
137-148.

368

FEBS LETTERS

January 1975

[17] Rauterberg, J. and Kiihn, K. (1968) FEBS Lett. 1,
230-232.

[18] Fietzek, P. P., Breitkreutz, D. and Kiihn, K. (1974)
Biochim Biophys. Acta 365, 305—-310.

[19] Vuust, J., Lane, J. M., Fietzek, P. P., Miller, E. J.
and Piez, K. A. (1970) Biochem. Biophys. Res Commun.
38, 703-708.

[20] Balian, G., Click, E. M., Hermodson, M. A. and Born-
stein, P. (1972) Biochemistry 11, 3798—3806.

{21] Breitkreutz, D. and Fietzek, P. P., in preparation.

[22] Fietzek, P. P., Wendt, P., Kell, I. and Kiihn, K. (1972)
FEBS Lett. 26, 74—76.



