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ABSTRACT

It is shown that the previous report from the author’s laboratory that hydroxyproline
has a role in sra}a:hzmg collagen structure can be slightly modified to make it serve the purpose
of not only leading to hydrogen bonds between two chains in the triple helix, but also in link-

ing one triple helix with another.
illustrated with diagrams.

N a recent paperl, it was reported from our
laboratory that hydroxyproline can play an
important part in stabilizing the collagen structure
by forming hydrogen bonds, with its hydroxyl group
(OYHY) playing a vital rcle in this linkage. The
essence of the type of hydrogen-bonded linkages
that was proposed is continued in the diamond
shaped region shown in Fig. 1 of that paper. A
more careful re-exammnation of this structure indi-
cates that it would be possible for the hydroxy-
proline OH to be involved both in a hydrcgen bond
connecting two neighbouring chains (say A and B)
in the trniple helix, as well as to form a hydrogen
bond with a neighbouring triple-hzlical protofibril.
This arrangement of hvdrogen bonds is shown in
Fig. 1, where only the relevant atoms of chain A
and B are shown in detail. It will be seen that the
NH group (N,H,), corresponding to the second
residue 1 the sequence —-Gly-X-Y- which ccours
in collagen, forms a hydrogen bond with O, of a
neighbouring chain via the water molecule
Ow (H,v, Hy,*). Of the two protons in the water,
one forms an almost straight hydrogen bond with
O, of chain A, while the second proton forms a
hydrogen bond with the O,Y atom of ¢chain A
acting as a receptor for this bond (the standard
nomenclature of referring to all atoms belonging
to the same residue by the same subscript 1s adopted
in this paper, which s slightly diferent from the
earlier notation of denoting all atoms in the same
peptide unit by the samec subscript, which was
adopted in Ref. 1). It wilt be seen, therefore, that
the water molecule docs not have any free proton

available for external linkage n this model. For
“* Contributiun Nu. 33 from the Moleculur Bio-
physics Unit, Indian Tostitute of Science, Banga-

lore-560 (012, India.

Tht modified scheme of hydrogen bonding is discussed and

the same reason, the water medium in the structure
cannot easily disturb the water proton by forming
a hydrogen bond viga that atom.

Drototipe

Fig. 1. Diagram showing the hydrogen bonding
arrangemznt in a protofibril of collagen involving
the hydroxyproline OH group and a water molecule.
The water molecule is linked differently with the
Hyp O7 from what was previously reported in Ref. 1,
Here the water donates a proton to O7 and the O7Y
protcn 1s the donor of the hydrogen bond linking
the protofibril chajn to a neighbouring protofibril.
(The numbers denote the heights of the atoms
concerned parallel to the fibre axis.)

What is more interesting is the fact that the
proton H,Y of the hydroxyl group in residue 3 of
chain A is now available for linking one protofibril
with another. This is shown in Fig. 2 in which
the linking hydrogen bond from Hyp for a central
protofibrit is shown with three other protofibrils
in outline in the neighbourhood of this. The dia-
gram shown corresponds (0 the case in which the
hydrogen bond is direct between O,Y H,Y of the
central protofibril and the O, of the nieghbouring
protofibrit. The distance between che two profo-



2 Intrafibrillar Structure as webl as Inter-protofibrillar Linkages

fibrils corrcsponds to 125 A, which comes very close
to the lattice constant to dry collagen. It is interesting
to note that the orientation of the proton of the
Y-hvdroxy! group with respect to the hydroxyproline
rng atoms in the above structure is very similar
to that reported from the neutron diffraction studies
on 4-hydroxvi-L-proline®. In fact, it 15 also possi-
ble 10 have the hydrogen bond from the Hyp OH
to O, of a ncighbouring protofibril through the
intcrmediary of a water molecule. If this is made
rcasonably good with hydrogen bond lengths of
the order of 2-75 A. then the separation between
the neighbouring protofibrils comes to 14 A. This
roughly corresponds to the interprotofibrillar distance
in collagen at pormal humidities.

Fic. 2. The
0O, of the next
protofibrils in hexagonal directions.
hexagonal latrice for the structure.

hydrogen bond scheme

linking OYHY of one protofibril n *
helix along with the three neighbouring
It is t0 be noted that this linkage can be continued to form a good

protofibrit s shown for a central triple
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Thus, we see that Hyp can serve a double pur-
pose In collagen—(a) it can form hydrogen bonds
linking neighbouring peptide chains in a single
triple helix and (b) 1t can also form hydrogen bonds
with, a different triple helix to link the two together.
Thus. without ever forming a covalent linkage.
hydroxyproline can serve a very important pur-
pose in stabibzing the collagen structure. Tt may
be mentioned that two recent studies have experi-
mentally verified that the melting temperature, T¥,
of collagen fibres is about 15° higher when the
prolines in position 3 in the peptide chain are all
hydroxylated. than when they are not hydroxylateds-3.
in the work by Berg and Prockop*. the T  was
measured directly from optical rotation studies and

pusition 3 with
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was shown to be appreciably targer for the hydroxy-
ated form of collagen than the unhydroxylated
form from the same source. In the latter studies
by Jiminez ¢! al.*, the thermal stability of unhydroxy-
lated collagen relative to hydroxylated collagen
was investigated using pepsin digestion at various
temperatures as an enzymatic probe of conforma-
tion. Their results also indicate that the unhydroxy-
fated molecules have a denaturation temperature
between 20° and 25°, while the hydroxylated
molecules are stable beyond 35°, These studies
can be taken to be very good evidence in support
of the theoretical 1deas put forward from our
laboratory regarding the role played by hydroxy-
proline in the stability of the collagen molecule.
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ABSTRACT

The reactions of the rare carth elements (La*®, Ce'®, Pr*?, Nd*3, Sm'® and Gd*9)
with kojic acid have been studied by emploving amperometric and potentiometric titrations.
The results of these titrations reveal 1 :3 (metal : ligand) stoichiometry for the complexes.
The experimental magnetic moments are in agreement with those reported for typical lanthanide
sulphates and other compounds, indicating that metal ion in these chelates acts as a free ion.

as far as the f-electrons are concerned.

INTRODUCTION

ARE eatrth complexes of kojic acid of the general
composition [M(C,H.O,); (H,0),] (where M —
L&+3, CE"FH, [:Iri-B1r Nd+3, Sm+8, Gdr, Dy“*, Ho!* and
Y+3) were prepared recently by us?-% and characterised.
Analytical data and IR spectra of complexes show
kojyic acid acting as bidentate ligand and two water
molecules are also present in the coordination
sphere. In this communication the reactions of
rare earth elements (La+3, Ce+3, Pr+3, Nd+8, Smi3
and Gd+3) have been studied by employing ampero-
metric and potentiometric titrations.  Magnelc
susceptibility data on the complexes are also
reported in this paper.

MATERIALS AND METHODS

All chemicals were of BDH (AR) quality. Elco
model LI-10 pH meter, in conjunction with o glass
electrode and a SCE, was used for poteniiometric
titrations conducted at 30°C. Amperometric and
magnetic measurements were made as reported in
the earlier communication?,

RESULTS AND DISCUSSION

Amperometric  hitrations—The  amperometnc
titrations, both direct and reverse, were carried out.
using 2 M sodium nitrate as supporting electrolyte
and 0:2% gelatine solution as maximum suppressor,
at the plateau of the rare earth ion (— 1:2V) and
the ligand (— 0-95V) respectively.

From the results of these titrations it is indicated
that the mole ratio n which the metal and the
ligand combine to form the respective complex 1s
1 : 3.

Potentiometric titrations—The titrations were
carried out with the solutions containing the metal
>

and the ligand in the ratios of 1:0. 1:1, 1:2
and 1:3 against -1 M NaOH,

The solution containing lanthanum nitrate alone
exhibits only one inflexion point (Fig. 1. curve A),
corresponding to the interaction of 3 moles of
NaOH with 1 mole of lanthanum to give 1 molg
of lanthanum hydroxide,

lLaté 4 3 QH" -» La(QH),.



