From these equations Weber (/5) ob-
tained

tanA =
o1y — ro)2R7)/{M(1 + 0*?) +

QR7/3)[2 + ry — ru(dro — D] +
QRTA(1 + 2ro)(1 — ro)} (1)
and

tan Apax = @ 7 (Fg — ¥»)/
{1/3[Q2 + r)) — ro(dry — D] +
2[m(1 + 2r)(1 — ro)(1 + @*P)]"} (8)

For r., = 0, Egs. 7 and 8 reduce to forms
applicable to free isotropic rotations.
Since r, is a measure of the degree to
which the depolarizing rotations of DPH
are restricted, we wished to use our mea-
surements to obtain r., in DMPC bilayers
at various temperatures. Differential
phase measurements alone do not yield
r-. However, in a hindered environment
both the steady-state anisotropy and the
differential tangent are functions of r.
and R. With these measurements and the
fluorescence lifetime it should be pos-
sible to determine r., and R. By in-
tegrating and normalizing Eqgs. 5 and 6
over times from 0 to infinity we obtained

(r —ro)
6RT

Substituting Eq. 9 into Eq. 7 gives
(C tan A)2R7)?* + (D tan A — A)(2R7) +

Fo = F +

(&)

(EtanA —B) =0 (10)
where
A =3B = wr(ry— r)
C=00+2r1-7r
D = 1/3Q2r — 4 + 2) (11)

E=C/9+ mo*?

By measuring tan A, r, and 7, one can
obtain R from Eq. 10. This value of R
may then be substituted into Eq. 9 to cal-
culate r,. The values for r., so obtained
are presented in Fig. 4. It is apparent
from these data that DPH is highly hin-
dered at temperatures below the transi-
tion temperature of the bilayer (r,, = 0.3)
and that DPH rotates freely above the
transition temperature (r., = 0). The mid-
point of the change in r,, occurs at 24°C,
which is near the phase transition tem-
perature (8).

Using time-resolved decays of fluores-
cence anisotropy, Chen et al. (10) found
r« =0.25 below the transition temper-
ature and r, = 0.01 above the transition
temperature. Our results are in excellent
agreement with those of Chen ef al.
However, the rapidity with which dif-
ferential tangents may be measured al-
lowed us to obtain a complete temper-
ature profile for r, (Fig. 4). Thus dif-
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ferential phase fluoreometry will be a
powerful method for investigating hin-
dered motions of fluorophores in lipid bi-
layers.

The detection of restricted diffusional
motions of DPH in lipid bilayers illus-
trates the difficulties inherent i the ex-
trapolation of DPH fluorescence anisot-
ropy data to estimate membrane micro-
viscosity. In such extrapolations it is
assumed that the depolarizing rotations
of DPH in the bilayers are identical to
those in the reference solvent, which is
usually a mixture of branched-chain al-
kanes. Our data demonstrate that this as-
sumption is not valid, a result that calls
into question the definition of membrane
microviscosity from anisotropy mea-
surements. Combined steady-state ani-
sotropy measurements and differential
phase fluorometry more accurately de-
scribe the rotational motions of probes in
lipid bilayers and provide a better under-
standing of the constraints imposed by
an anisotropic lipid bilayer. By such ex-
periments it should also be possible to
select fluorescence probes whose rota-
tional motions in lipid bilayers are simi-
lar to those in homogeneous solutions,
and thereby provide a better method for
estimating membrane microviscosities.
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Comparison of Rhapidosomes and Asbestos Microfibrils

Abstract. Rhapidosomes (cylindrical nucleoprotein rods of bacterial origin) show
great structural similarity to the microfibrils of chrysotile asbestos when negatively
stained and observed with the electron microscope. If the negative stain is omitted,
the asbestos retains its structural detail whereas the rhapidosomes appear to be
unstructured bodies. When the microscope is adjusted into a selected area dif-
fraction mode, the asbestos shows characteristic electron diffraction patterns where-
as the rhapidosomes appear to be amorphous to electron diffraction.

Rhapidosomes were first described by
Lewin (1) who noted that they appeared
to be hollow rods roughly 200 by 30 nm.
Subsequent workers have identified rha-
pidosomes in at least 12 different species
of bacteria. Although their origin is still
obscure, their biochemical structure has
suggested that they may arise from cell
membranes as the bacteria undergo lysis
2). Correll and Lewin (3) have empha-
sized the remarkable similarity of the
physical and chemical properties of rha-
pidosomes to those of tobacco mosaic vi-
rus. We describe here observations on
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the similarity of rhapidosomes to the mi-
crofibrils of chrysotile asbestos and sug-
gest methods whereby the two may be
distinguished.

While studying bacterial ultrastruc-
ture, we observed numerous rod-shaped
bodies on the grid surface separate from
the bacterial sections. They were cy-
lindrical in shape and had a central core
which in some instances protruded from
the main body of the rod, characteristics
common to rhapidosomes. Although
these rods had somewhat larger diame-
ters than many of the reported rhapido-
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somes, they were well within the range
of diameters when all those reported in
the literature were considered.

Since rhapidosomes may be products
of bacterial lysis, we examined aged cul-
tures before and after sonication. How-
ever, no increase in numbers of the rod-
shaped bodies was observed over those
in preparations from young cultures.

A consistent observation throughout
this work was the great fluctuation in the
numbers of rod-shaped bodies from
preparations made at different times,
even from preparations made at the same
time from a single liquid bacterial culture
that had been thoroughly agitated on a
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rotary shaker. This result suggested that
at least some of the rod-shaped bodies
might have been from a source other
than the bacterial cells.

When a bacterial culture was subject-
ed to filtration through Millipore filters of
successively decreasing pore size, the
filtrate secured from the filter of smallest
pore size revealed as many of the large
rods as the original suspension. This left
no doubt that we were dealing, at least in
part, with a contaminating substance on
the surface of the grids; further study
confirmed our suspicion that the parti-
cles resembled the microfibrils of chrys-
otile asbestos. It seems possible that

Fig. 1. (a) Microfibril of
chrysotile asbestos, negative-
ly stained with 1 percent
uranyl acetate, in true focus
shows the light core. Scale
bar, 100 nm. (b) Same micro-
fibril as that in (a) in over-
focus (as indicated by the
debris in the background)
shows the dark core similar
to those of many stained
rhapidosomes. Scale bar, 100
nm.

Fig. 2. (a) Rhapidosomes of Spirulina negatively stained with 1 percent uranyl acetate. Scale
bar, 100 nm. (b) Unstained rhapidosomes of Spirulina. Scale bar, 100 nm.
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some of the rod-shaped bodies pre-
viously described as rhapidosomes
could be chrysotile asbestos.

Improper focusing of the image in the
electron microscope can present a clear
but greatly distorted image of an as-
bestos fiber (Fig. 1, a and b). The appar-
ently solid center which results from
overfocus closely corresponds to the im-
age of a negatively stained rhapidosome
with what has often been described as a
stain-filled central core. However, cen-
tral cores may not always be apparent in
electron micrographs, particularly of
chrysotile, and so are of very limited di-
agnostic value.

One obvious source of asbestos be-
came evident when an assistant brought
freshly sterilized materials from the
autoclave room to the laboratory where
grids were normally prepared. He then
tossed an asbestos glove onto a bench,
and a cloud of dust was seen to arise. A
single grid placed in contact with the
bench surface where the glove had been
dropped revealed over 10° rod-shaped
bodies of the kind we had originally sus-
pected of being rhapidosomes. A control
grid prepared in another laboratory re-
vealed only one rod-shaped structure on
its entire surface.

Obviously there are many sources of
potential contamination by asbestos in
the average laboratory: flame shields,
flask clamps, beaker tongs, as well as
gloves. It is evident that there is a need
for a technique or protocol to distinguish
unequivocally between asbestos and or-
ganic microtubes such as rhapidosomes,
particularly when only minute quantities
or mixed samples are available. The
need is now increased by the concern
that has arisen during the past decade
over asbestos as a widespread and dan-
gerous pollutant of air and water.

We compared a quantity of known
rhapidosomes of Spirulina prepared in
the biology laboratory of Wellesley Col-
lege according to the method of Chang
and Allen (¢) with freshly milled asbestos
from the Johns-Manville Jeffrey mine in
Quebec Province. Comparative sizes of
rhapidosomes and asbestos were first
considered. Since the recorded lengths
of both asbestos and rhapidosomes show
such great variability, it would appear
that the outer diameter of the fibers is the
critical measurement, if indeed size can
be regarded as a diagnostic criterion.
From the literature one finds for rhapido-
somes a diameter range of 19.5 to 33 nm.
In a survey of several hundred chrysotile
fibrils from different parts of the world,
Yada (5) found a range of 10 to 70 nm.
The diameter of the known chrysotile as-
bestos microfibrils examined in the pres-
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ent study ranged from 23 to 63 nm. Thus,
both the rhapidosomes and chrysotile fi-
brils are within the range of outer diame-
ters (10 to 100 nm) reported in the litera-
ture for single fibers of chrysotile from
Quebec (5, 6).

Both rhapidosomes and chrysotile also
may show telescopic morphology with
one tube nesting into another tube (5-
7). However, under high magnification
the rhapidosomes occasionally demon-
strate a ‘‘braided’’ or spiral appearance.
Such braiding has not been observed in
chrysotile asbestos, stained or un-
stained.

In any event it was evident that the
similarity of chrysotile asbestos and neg-
atively stained rhapidosomes is too great
to permit reliable identifications to be
made simply from electron micrographs
of negatively stained specimens. Un-
equivocal results can, however, be ob-
tained rather easily with the use of the
standard electron microscope. The tech-
nique is based on the fundamental dif-
ferences in the chemistry and the molec-
ular structures of proteinaceous and sili-
cate fibers. After the samples had been
mounted in the usual way on Formvar-
coated graphite substrates, micrographs
were taken of stained and unstained
specimens with an electron microscope
(Philips 200). We observed that negative
staining with 1 percent uranyl acetate
greatly enhanced the rhapidosome im-
ages (Fig. 2a). In fact, without such
staining the rhapidosomes appeared as
completely unstructured bodies (Fig.
2b). However, staining of asbestos mi-
crofibrils revealed no increased clarity of
the image and no enhancement of struc-
tural detail. In fact, a single asbestos
microfibril which was studied without
staining was reexamined after staining
and the two micrographs were indistin-
guishable. This diagnostically useful re-
sult is doubtless due to the low atomic
scattering amplitudes of the components
of the organic material as compared
to those of the chrysotile asbestos
[(OH)sMgeSi,Oy).

Another diagnostic tool can be applied
if the microscope is used for electron dif-
fraction. We found that the chrysotile fi-
bers give their characteristic diffraction
patterns (§), but that no equivalent pat-
terns could be obtained from the rha-
pidosomes even at voltages as low as 10
percent of normal.

Confusion is not likely to arise in cases
involving types of asbestos other than
chrysotile, for example, crocidolite and
amosite, which are not tubular. It is con-
ceivable that halloysite [endellite,
(OH);Al,Si1,0,, - 4H,0], which can have
a tubular morphology (9) with diameters
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ranging over those found in rhapido-
somes and chrysotile, might, without the
techniques discussed in this report, be
confused with organic microtubes. How-
ever, this mineral does not have the
widespread industrial use of asbestos.
W. G. HUTCHINSON
Department of Biology, University of
Pennsylvania, Philadelphia 19104
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Chemosensory Grazing by Marine

Calanoid Copepods (Arthropoda: Crustacea)

Abstract. In laboratory experiments, mixed populations of two marine copepods
(Acartia clausi and Eurytemora herdmani) when fed artificial food particles con-
sisting of microcapsules that were either enriched with an encapsulated homogenate
of naturally occurring phytoplankton or nonenriched preferentially ingested the en-
riched capsules. Beads or nonenriched capsules were either seldom ingested or not
ingested at all. The observations demonstrate that filter-feeding in these species is a
behavioral process, under sensory control, and that the copepods are able to dis-
criminate between enriched and nonenriched food particles.

A number of recent hypotheses con-
cerning the mechanisms of feeding by ca-
lanoid copepods suggest that these cope-
pods are able to select particles on the
basis of size only and that selection is not
behaviorally determined (/). It has been
claimed that the filtering structure has a
variable retention efficiency for natural
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Fig. 1. Feeding activity of 154
copepods measured by
comparing unimodal par-
ticle size distributions of
microcapsules in control
(without animals, —)
and in experimental (with
animals, ------ ) bottles. Each

or artificial particles of different sizes
with large particles being more efficient-
ly retained than smaller ones (I). By con-
trast, in other feeding studies performed
with naturally occurring particles (2) it
has been demonstrated that copepods
preferentially feed on the sizes of food
particles that are most abundant in the

curve represents the aver-
age of 9 or 15 replicate
counts. Experiments A-1
and A-2 were performed,
respectively, with small
enriched and small nonen-
riched microcapsules; ex-
periments B-1 and B-2,
with large enriched and 104
large nonenriched cap-
sules.
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