ing chloro-K was excellent. When six
male and six female normal rats (weight,
160 to 180 g) were placed in a cage
containing both the EPA 0.005 percent
chloro-K diet and the EPA diet with
only 5 percent corn oil added, the ratio
of the chloro-K diet to that of the
control diet consumed over a 4-day
period was 0.93. In a similar test with
four normal males (180 to 190 g) that
were given a choice of the 0.02 percent
chloro-K diet or the control diet the
ratio was 0.89.

To be effective as a general rodenti-
cide, an anticoagulant would have to
kill all the rats in the population, not
just the warfarin-resistant strain. As a
rather high dietary concentration of
chloro-K might be required to control
the normal rats, a mixture of chloro-K
and warfarin would appear to be an
effective treatment. The results of the
exposure of warfarin-resistant and nor-
mal rats to such mixtures are also
shown in Fig. 1. The mixture of 0.025
percent warfarin and 0.02 percent
chloro-K was effective in killing both
strains of rats in about 1 week. The
amount of this diet consumed by these
150- to 180-g rats before they died was
39 = 3 g (mean =+ standard error) for
the normal rats and 42 + 4 g for the
warfarin-resistant rats. In these rats, the
total intake of the anticoagulant chloro-
K was 45 to 50 mg per kilogram of
tody weight and that of warfarin was
55 to 60 mg/kg.

Chloro-K therefore appears to hold
great promise as a rodenticide. Rela-
tively low concentrations are lethal, and
its mechanism of action is known. As
is the case with the use of warfarin as
a rodenticide, the available information
(12) would suggest that accidental expo-
sure of other animals to the compound
could be counteracted by administration
of vitamin K. These studies also indicate
that the acceptability of the compound
in the diet is good. If used alone, chloro-
K could control local pockets of war-
farin-resistant rats, and if used in com-
bination with warfarin, it could prevent
new areas of resistance from develop-
ing.

J. W. SurTIE
Department of Biochemistry,
College of Agricultural and Life
Sciences, University of Wisconsin,
Madison 53706
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Mucopolysaccharides: Comparison of Chondroitin Sulfate
Conformations with Those of Related Polyanions

Abstract. X-ray diffraction shows that chondroitin 6-sulfate, and some further
rulfated derivatives, can occur in two ordered structures in stretched films. Both
structures contain single helices with similar projected disaccharide lengths (9.6
and 9.8 angstroms) but with very different turn angles between successive disac-
charides (120 and 45 degrees). In contrast, coaxial double helices of hyaluronates
and -carrageenates have shorter projected disaccharide lengths (8.5 and 8.9

angstroms).

We have obtained x-ray diffraction
patterns from stretched films (1) of
sodium salts of chondroitin 6-sulfate
(2) and some closely related materials
(3). The patterns (Fig. 1, A and B)
indicate that, in these films, threefold
or eightfold helical molecules (¢)
pack parallel to one another in regular
arrays (5). Molecular conformations
and interactions can therefore both be
defined. Chondroitin sulfates occur in
connective tissue as side chains on
proteoglycans (6). We believe that our
results may be useful in defining pos-
sible conformations and interactions of
short lengths of these side chains.

Axial periodicities per disaccharide
residue (h) are very similar (9.6 and
9.8 A) for the two molecules and cor-
respond to almost fully extended chain
conformations. In contrast the turn
angles per disaccharide () are very
different (120° for a threefold helix
and 45° for an eightfold helix). We
used computer methods (7), which
combine stereochemical information
(8) with the values of A and 6, to
build preliminary molecular models
(Fig. 2) (9). The resulting threefold
helix (Fig. 2a) has no unacceptably

short nonbonded distances, and the
eightfold helix (Fig. 2b) has only one,
which should be removed during de-
tailed refinement (I0). Packing con-
siderations, supported by density mea-
surements, indicate that the molecules
are single helices (Fig. 2, a and b)
packed so that their axes are 14.3 A
apart for threefold helices and 13.8 A
apart for eightfold helices. Intermolec-
ular distances of about 14 A are prob-
ably characteristic of sulfated muco-
polysaccharides since they also occur
for the seaweed polysaccharide .car-
rageenate, which has the same linkage
pattern (/7).

The two molecules have similar cen-
tral cores of pyranose residues that are
fringed with charged sulfate groups.
Ionic bridges, involving counterions,
are the only interactions possible be-
tween these molecules. The importance
of counterions for the interaction of
chondroitin sulfate chains is consistent
with their envisaged biological func-
tions in electrolyte physiology and in
structural organization of the intercel-
lular matrix (12). Although the three-
fold and eightfold helices have similar
h values the azimuthal distribution of
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charged side groups is very different
in the two conformations. This differ-
ence is a result of the glycosidic bonds
lying near, and having a similar direc-
tion to, the helix axis. Changes in
glycosidic conformation angles, there-
fore, have little effect on A but have a
great effect on 6 and, consequently, the
direction of the side groups. We would
not be surprised to discover further
chain conformations with h near 9.5
A but with the charged side groups in

A

.

some intermediate distribution. What-
ever importance variability of charge
distribution may have for their bio-
logical functions, chondroitin sulfates
can achieve this is two ways: by dif-
ferences in sites and degree of sulfa-
tion and by conformational differences
of the kind we have observed.
Hyaluronate films (13) prepared
similarly to chondroitin 6-sulfate films
contain a molecular conformation
which has been identified as a double

helix (14, 15). The double helix per-
sists with little change even when the
specimen is dried over silica gel for 12
hours. Fig. 1C shows the diffraction
pattern of this lower-humidity form,
which has regular double helical mole-
cules with h and 6 equal to 8.5 A and
90°, respectively (16). Coaxial double
helices (h =8.9 A) are present also in
«-carrageenate (I1). Although the hya-
luronate molecule has antiparallel and
«-carrageenate parallel chains, both

C

Fig. 1. X-ray diffraction patterns of stretched films of chondroitin 6-sulfate (A and B) and a new (low-humidity) form of hyaluro-
nate (C). We interpret these patterns as arising from (A) threefold helices packed in a trigonal array, (B) eightfold helices in
a tetragonal array, and (C) fourfold helices also in a tetragonal array. The direction corresponding to the parallel axes of the

helices is vertical in all cases.

b

o8k
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Fig. 2. Projections of models for the helical molecules (viewed
both parallel and perpendicular to the helix axes) for (a) the
single threefold helix of chondroitin 6-sulfate (9), (b) the
single eightfold helix of chondroitin 6-sulfate (9), (c) the
(regular) fourfold double helix of hyaluronate, and (d) the
threefold double helix of i-carrageenate. (The two types of
projections are on different scales.)

(b)
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double helices have A values about 1
A shorter than the single helices of
chondroitin 6-sulfate (17). This short-
ening leads to more obviously grooved,
helical structures (Fig. 2, ¢ and d) that
are apparently necessary to accommo-
date the second chain of a double
belix. In the lower-humidity form reg-
ular double helices of hyaluronate pack
9.9 A apart, which is essentially the
same as their distance of closest ap-
proach in the high-humidity form. This
distance is much closer than has been
observed for chondroitin 6-sulfate or
«-carrageenate, where the lattice has
to accommodate protruding sulfate
groups.

The conformational flexibility of the
extended single chains of chondroitin
6-sulfate is in marked contrast to the
relatively rigid molecular conforma-
tions imposed by the double helical
structures of hyaluronate and -car-
rageenate. The existence of double
helices for both of these shows that
sulfation or its absence is not a pre-
requisite for coaxial helices. Chemical
differences between chondroitin sulfate
and hyaluronate are amplified by their
secondary structures, which presumably
provide additional specificity for their
biological functions.
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Ferromagnetic Contamination in the Lungs
and Other Organs of the Human Body

Abstract. Contaminating particles which are ferromagnetic have been found in
the human body. Their distribution was measured by applying an external mag-
netic field to the torso for a short time, and then, in a shielded room, mapping
the steady magnetic field around the torso due to the magnetized particles. Maps
of subjects show various distributions, including particles in the stomach from
food cans and in the lungs from arc welding. The fields from these two sources
are strong enough to be detected with a flux-gate magnetometer, without
the need for a shielded room. This simplicity of detection of larger amounts of
ferromagnetic contamination suggests that this method may be used in two appli-
cations: in detecting the presence of large amounts of asbestos (ferromagnetic
and harmful) in the lungs of asbestos workers, and in tests of the condition of the
lung where FE;O, dust (ferromagnetic and harmless) would be used as an inhaled

tracer material.

In recent years my colleagues and I
have been investigating the steady (I)
magnetic fields around the torsos of
both humans and dogs produced by
natural, internal direct current (d-c).
Fields from d-c, although very weak,
have been of interest because it has
been believed that such fields can be
a measure of heart injury (2). In map-
ping these fields around the torso I
noticed that often there was another,
steady field that was not due to internal
d-c; instead, investigation showed that

this field was produced by ferromagnetic
particles in the lungs, stomach, and
other organs. These particles entered
the body through food and air. This
other steady field, therefore, was the
remanent field of these particles, mag-
netized by the earth’s field and other
sources. Since these particles are for-
eign to the body and also interfere with
the magnetic measurement of internal
d-c, they have been named ferromag-
netic contamination (FC). It was then
suggested (3) that magnetic measure-

745



