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Introduction

This Ple extends the work on collagen showi©ictahedrorRef. 3, chapter COLLAGEN, page
389]. It shows more extensively how the main chain units form the epsilon helical turns which
combine to form the collagen strand. It looks at the orientation of the sidechains and how they
form joins between the strands.

It takes an extensive look at the relationships between the strands of adjoining layers in tadpole
skin and chick corneas which is suggested by an electron micrograph attributed to Jerome Gross
[Ref.1, Fig. 12-48, page 699]

Figures 1, 2, and 3 show the assembly of the tri-helical turn of collagen strand from the male
end of the strand axis;

Figures 4, 5, and 6 show the same assembly from the female end of the axis.

Figure 7 shows how the main chain units are arranged in layers of three units each from an axial
view.

Figure 8 shows the same layers from a radial view.

Figure 9 shows the completed tri-axial strand both axially and radially.

Figure 10 shows how the oxygen atom might be joined to two likely proline residues to form
hydroxyproline.

Figure 11 shows possible hydroxylysine residues based on the lysl-residue [Ref. 4, page 10].

Figure 12 shows some of the other peptides which are found in collagen [Ref. 2, Fig. 9.2, page
186]. All the peptides are shown in the orientation which they would have if they were viewed
parallel to the collagen strand axis.

Figure 13 shows a tri-helical turn with lysine sidechains attached to the available main chain
units viewed axially from the male end.

Figure 14 shows the same assembly viewed axially from the female end.

Figure 15 shows an hexagonal assembly of parallel tri-helical strands linked by their lysine
sidechains.

Figure 16 shows a triangular assembly of three of the hexagonal rings shown in Figure 15.

Figure 17 shows the axial relationships between strands in adjoining parallel layers of an assem-
bly which occurs in tadpole skin and chick corneas [Ref.1, page 699].

Figure 18 shows the orientations of the sidechains of the strands in adjoining parallel layers.

Figure 19 shows radial views of the main chain units and their helical assemblies in each of two
adjoining layers.

Figure 20 shows an oblique view of a helical turn from the male end.

Figure 21 shows the an oblique view of a helical turn from the female end.

Figure 22 shows both axial and oblique views of helical turns from both male and female ends.

Figure 23 shows colinear sidechain joins between strands of adjoining layers
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Figure 24 shows non-colinear sidechain joins between strands of adjoining layers
Figure 25 shows how the sidechain joins between strands of adjoining layers differ within the
multi-layer assembly.
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Fig. 1 Three epsilon helical main chain units joined by a C-atom, male end

Thebgure depicts how each of three main chain units can cleftly share the same C-atom
as if it were its sidechain. The three main chain units on the right are identical except for a
rotation of one-third turn about the normal to the graphical plane. Each is oriented so that
it is in one of the three orientations which occur in an epsilon helix viewed parallel to the
helical axis. The colors of each main chain unit is used to identify its orientation in this
and subsequetrgures. The C-atom is shown at the top offigere and is colored gray.
The units in the right-hand column are added one by one to the assembly shown on the
left. The complete assembly shows the relationship of the glycine residues which effectu-
ate the join between the three epsilon helixes which make up the collagen molecule.



Collagenbtri-epsilon helical strands 4

® %
B
& 3

Fig. 2 Epsilon helical turns, male end

Three identical main chain units which differ by a rotation of one-third turn about a normal to
the plane of thégure are shown along the top of thgure. Each has been colored to distinguish
it from the other two orientations. Each heads one of three columns of drawings which show the
assembly of three turns of an epsilon helix which differ from one another by a rotation of one-
third turn about a normal to the plane of tugire. These three turns can be joined to form the
minimal axial unit of a collagen strand. Each element obthee is viewed from the male end
of the epsilon helical axis.
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Fig. 3 Collagen strand, male end
Three identical turns of an epsilon helix are shown in a triangular grouping at the toprgf the
ure. Each differs from the others by a rotation of one-third turn. Each consists of three main chain
units each of which has been colored according to its orientation. The yellow units have the same
orientation in each of the three turns as do the blue and the green. The two turns on the left are
joined in the lower left. On the lower right, the third turn has been added to form the tri-helical unit
which forms the collagen strand.
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Fig. 4 Three epsilon helical main chain units joined by a C-atom, female end
Thebgure shows main chain units in the three orientations required to form an epsi-
lon helix viewed from the female end of the helical axis.
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Fig. 5 Epsilon helical turns, female end
The bgure shows three turns of epsilon helix from their female ends. The strands
are identical except for a one-third turn difference in their orientations.
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Fig. 6 Collagen strand, female end
The three epsilon helical turns at the top offthare are
joined to form the turn of collagen strand at the bottom.
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Fig. 7 Collagen strand, axial view, by layer

The arrangement of the main chain units in a turn
of collagen strand is shown in thgure. They are
grouped in threes to a layer. Layer A is at the top
left and it is the furthest away from the viewer in the
assembly on the right. Layer B lies next above it.
Layer C is the nearest.



Collagenbtri-epsilon helical strands 10

25!
i
7Y

Fig. 8 Collagen strand, radial view, by
layer.

The three orientations of the main chain
units are shown in the left column. The right
column begins with the three layers shown
separately. There is a direct correlation
between the layer labeling in thdgure and
that used in the previolrgure. The direction
of the view is radial and differs from the
axial view of the previoubgure by a one-
fourth turn about the bottom of the page. Th
combined layers are shown at the bottom.
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Fig. 9 Collagen strand, viewed both axially and radially

Thebgure shows a collagen strand viewed parallel to its axis at the
top. Below it is a radial view. The difference between the two view is a
one-fourth turn about the bottom edge of the page.
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Fig. 10 Hydroxyproline

Thebgure shows two possible proline-residues
at the top of thégure. Each heads a column
which shows how an O-atom might be joined to
make an hydroxyproline residue.
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Fig. 11 Hydroxylysinebpossible locations and orientations of O-atom

The lysl-residue is shown at the upper left. To the right, an O-atom colored blue is
joined to the lys1-residue to produce an hydroxylysine-residue. On the lower right, an
O-atom with a different orientation has been added to a lys1-residue to produce
another type of hydroxylysine-residue. A third placement for an O-atom is at the
extreme end of the lys1-residueOs sidechain. It is shown at the lower left.
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Fig. 12 Collagen peptidesbaxial view
The peptides shown in timgure are found in the 1(1)

chain of collageljr. Each is viewed parallel to thmbril axis.

1. Ref. 2, Fig. 9-2, page 186
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Fig. 13 Collagen strand with lysine sidechains, axial view, male end

Each epsilon helical turn of the three turn assembly has two residues which can
accept a sidechain. A lysine chain has been added to each of these six residues.
The identifying letter at the outer end of each of the sidechainshdertkie layer
to which its peptide belongs.
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Fig. 14 Collagen strand with lysine sidechains, axial view, female end
This is simply the assembly of the previdrggire viewed from the opposite direction.
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Fig. 15 Collagen strands, axially parallel, linked by lysine sidechains.
Thebgure shows an hexagonal assembly of identical tri-helical strands linked by
their B-layer lys1-sidechains. Adjoining strands are inverted one to the other.



Collagenbtri-epsilon helical strands 18

aAA

A
AN ANAA 77 mm\\m

VL
h A\A\A\A\f;“ """1
?‘Ir':'l‘“‘w
A7 Y

A A
VAVAVAY 'A"lr/A'A\
" COOOLR AMLA‘”A'A'AA

TR R WA cnve
:" AN NN
PAVAVAVAY mm\m‘am) Awéné&é&é&' AA N 'A'AAAVA\
LN i N

7
LA\wAwAwAnLquAWA\\ A
AAAVA Af*"’mm;
R
A A VA

"‘rAr'A‘
MAL

A
AA 7NN
A amessy AL,
DOODIRIGN, D VAAAAALA A A AA
VAR AR AAL A AN = m{"n‘?.""‘AA«ArA“
A“':‘mi‘A:«rA‘; AR mu‘&w\mfaﬁx
'A‘ ‘t“’lr'A\*'A \ 'A\wm“‘mﬂ"w \AYAYAYA A"A\* AA A
X VAV ) AVAVAVL. Al
X Awmmmlﬂmﬂfmﬂx AAABNAA Y T —
AAAAL A'A\”A'AAVA\ AN QA AYAY
A\ QA AIA)VA‘ -
A

0 NS
i nAwAwAwl;Lu,, VA\,\ &
vA‘eAeéeé; ‘{Aﬂa\"’( VA\A
% ArtA}*:»n{: &
=AVAY =N IAYS
e @ AR m‘u"r:r: \ (AVE?AWAVA“ &%
NresndD K Oz A"AAM‘\ X ) 0 VSV
A awasaa A"‘Am AT = /AL "“*""‘"L‘*"‘
7N, SEEEE =l AAY ),LA\VA 'A\vAw‘n'errle
. Jasicaite
AR, %
A\ ATA N
= D A4
AR AAY B
AAREAA h
74 W‘A'\A\: B A
: 5
P
a@Aé
ol
AN
a“'l“ﬁﬁl

74
A\Av"rll,‘m
i

ok
> m,,mm /
",tAA\, rAw‘AwéAwéAwéAwéAw'A‘%r‘;‘,‘;,ﬁA:
. GAVAVAVA 'A:AAW g
\WAVAVAVL AN DA/ SN
foanaas AR AR

Fig. 16 A triangular assembly of hexagonal collagen rings

Thebgure shows a triangular assembly of three hexagonal collagen
rings. Each ring is joined to the other two rings in the same manner.
The ring-to-ring join is identical to the strand-to-strand join of the
ring. Each ring contributes two strands to form the central ring.
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Fig. 17 Collagenbbrils lying in parallel planes
In tadpole skin and chick corneas, the axis of each collagénvithin a layer is parallel to
the axis of each of the othiebrils. Each axis is also parallel to the boundary between its layer
an adjoining layer. The axis of a collageril in one layer makes an angle of atn(sqr(8)) with
the axis of a collagehbril in an adjoining layer. It follows that the axis of a collagpenil in
one layer is parallel with the axis of a collad#mil in each of the alternate layers. The bop
ure shows the relationship betwdshrils in adjoining layers. Each band represeritbré
within an adjoining layer. The lowégure shows how thiebril axis in one layer compares
with thepbril axis in an adjoining layer.
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Fig. 18 Sidechain orientations of collagepbrils lying in parallel planes.

The bgure shows the orientations of the sidechains of the peptides which make up
each of the epsilon helical turns for two adjoining parallel layers of collelgés.
The orientation of thébril axes within each layer is shown in the edgially viewed
octahedron in the middle of thrgure. The facially viewed octahedra labeled A and B
are auxiliary views of the middle octahedron. These are axial views and the three
arrows which are parallel to edgial diameters of their respective octahedra show the
directions of the three sidechains relative to each helical axis. Each vertex of each of
the three octahedral views is consistently labeled from view to view. Each of the facial
views is an orthographic projection of the middle octahedron.
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Fig. 19 Collagenbbrils in parallel planesbepsilon helical turns, radial view

Thebgure shows the main chain units and the three epsilon helical turns formed by them for two
adjoining collagen layers. Each turn is viewed radially. The octahedra of which their atoms are
composed have but one orientation. The axes of each set of three turns are parallel to a different
facial diameter of that octahedron. That relationship is shown at the togrglttesfor one set, and
at the bottom of thigure for the other set.
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Fig. 20 Epsilon helical turn, assembly of, oblique view, male end

The assembly of the epsilon helix begins at the top with the violet main chain
unit. The green is adddast, followed by the orange. The complete helical turn is
shown at the bottom of the left hand column. The three orientations of the main
chain units accounts for half of the total number of orientations within its layer.
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Fig. 21 Epsilon helical turn, assembly of, oblique view, female end

Thebgure shows the assembly of an epsilon helical turn viewed obliquely to its axis.
The assembly begins with the orange main chain unit at the top. It is joined with the green
residue at the next step. The turn is completed with the addition of the violet unit. This
helical turn and each of its three units is identical to that of the prewinue excepting
for a rotation of one-half turn about the bottom edge of the page.
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Fig. 22 Epsilon helical turns from collagerbbrils in adjacent parallel layers of tadpole skin
Thebgure shows epsilon helical turns as they would be oriented in adjacent layers of a structure
which has been noted in both chick cornea and tadpole skin [Ref. 1, page 699]. The turns are shown

from both male and female ends. The dashed lines represent the boundary planes of the layers.
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Fig. 23 Sidechain connections between adjoining collagen layers-colinear

Thebgure shows two sidechain joins which are effected between the N-atoms of
lys1l-residues. In each case, the violet residue of the helix on the left is linked to the
blue residue of the helix on the right. The sidechains of the green and orange residues
of the left helixes would be directed away from the layer boundary as would the
sidechains of the green and yellow residues of the right helixes.
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Fig. 24 Sidechain connections between collagen layersbnon-colinear

The bgure shows two non-colinear joins between the sidechains of residues
across the layer boundary. At the top left, the sidechain of the green residue on
the left of the boundary is linked to the side chain of the green residue on the
right side of the boundary. At the bottom right, the same linkage occurs
between inverted helices.
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Fig. 25 Interlayer sidechain connections

The bgure shows the interlayer connections between the central layer and the layers
adjoining it. The axes of the helixes of the central layer are parallel to the viewing direction;
the axes of the bounding layers at an oblique angle to the viewing direction. There are but
three orientations for each main chain unit of each of two orientations of the helixes of the
central layer which are colored green, yellow, and blue. There are but three orientations for
the main chain units of each of the two orientations of the helixes of each of the two adjoin-
ing layers and these are colored violet, green, and orange. No matter how thick the layer, or
how wide, or how deep, the orientations of the main chain uribseid at six. Note, also,
that there is but one orientation for each of the octahedra which compose each of the atoms
in each helix of each tri-helical strand of each layer of the assembly. This is seen in the orien-
tation of the He-octas of each of the main chain units. This alternating layer pattern is

repeated in tadpole skin and chick corhea.

1. Ref. 1, page 699, Fig. 12-48.
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