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The collagen fibril is formed from a basic unit
called tropocollagen, which consists of three coiled-
coil polypeptide chains. It is known that several
types of collagen fibrils can be reconstructed from
the acidic solution of tropocollagen under different
conditions. The addition of appropriate salt to
the solution forms the native-type fibrils, in which
neighboring tropocollagens are staggered by 1 D
(D~67nm). The addition of glycoprotein in-
duces formation of the ‘fibrous-long-spacing”
structure, whose period is about 280 nm. In this
fibril, tropocollagens align in anti-parallel and in
register. The addition of adenosine triphosphoric
acid leads to the formation of the “‘segment-long-
spacing” structure, which has a length of about
280 nm. In this fibril, the arrangement of tropo-
collagens is parallel and in register.

In this paper, we present the structure of a
synthetic polypeptide (Pro-Hyp-Gly);, whose mo-
lecular weight is monodispersed. (Pro-Hyp-Gly);,
was obtained from the Protein Research Founda-
tion, Osaka. The transition temperature of (Pro-
Hyp-Gly)so in aqueous acetic acid is about 331 K;
below this temperature, (Pro-Hyp-Gly),, forms a
triple helix similar to collagen. The experimental
method was as follows. Polypeptides were dis-
solved in 0.05-mol// acetic acid at 276 K at the
concentration of 1 mg/ml. Negative staining was
carried out by the mixed dropping method with
2-9% phosphotungstic acid (pH=7.0): a few drops
of the mixed solution allowed to fall on the mesh
coated with the carbon film and the excess fluid is
blotted off with filter paper. Positive staining of
carboxyl-terminal groups was performed by the
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mixed dropping method with 1-9 uranyl acetate:
a few drops of the mixture are applied to the mesh
and the excess fluid is blotted off with filter paper;
the mesh is then rinsed with distilled water. The

mesh was examined in an Hitachi H-500 electron
microscope at a magnification of 50,000 or 100,000.

Electron micrograph of the crystallites of
(Pro-Hyp-Gly);, negatively stained with phospho-
tungstic acid.

Figure 1.
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The accelerating voltage was 75 kV.

Figure 1 shows an electron micrograph of the
crystallites of polypeptides (Pro-Hyp-Gly);, nega-
tively stained with phosphotungstic acid. The
crystallites show comparatively regular dimensions
of 8.904-0.14 nm. Figure 2 shows an electron
micrograph of the crystallites positively stained
with uranyl acetate, in which the carboxyl-terminal
groups positively stained by uranyl acetate form
two lines with the distance of 10.234-0.25 nm.
These regular dimensions of the crystallites ob-
served by both negative and positive staining
methods are close to the molecular dimension of
(Pro-Hyp-Gly);,, 8.6 nm (=0.29 nm/residue x 30

Figure 2. Electron micrograph of the crystallites of
(Pro-Hyp-Gly);, positively stained with uranyl acetate.
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Positive staining

Negative staining

Figure 3. Schematic diagrams of the arrangement of
triple-helical chains of (Pro-Hyp-Gly), in the crys-
tallites.

residues), which was expected from the result of
the X-ray structure analysis of (Pro-Pro-Gly),.”
Therefore, it was concluded that the crystallites
are formed by the side-by-side association of triple
helices (Figure 3). Since the polypeptide chain
represented by an arrow in Figure 3 is expected to
be packed in a parallel fashion in a triple helix by
analogy with the triple helix of (Pro-Pro-Gly),,
the results of positive staining made in register as
seen in Figure'3 show that (Pro-Hyp-Gly),, triple
helices are packed in the crystallites in an anti-
parallel fashion. The aggregate state of polypep-
tides in this case is similar to the ‘““fibrous-long-
spacing” structure of collagen fibril. These re-
sults agree with those for the polypeptide (Pro-
Pro-Gly)y,.
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