Fig. 2. Cyclic GMP content of eye rudiments
and postincubation media displayed as a func-
tion of days in hanging-drop culture, with or
without IBMX, After 1, 2, or 3 days of in-
cubation, samples containing 20 to 40 eye rudi-
ments cultured with or without 9 x 10™*M
IBMX were frozen immediately upon collec-
tion, lyophilized, and extracted with 0.1N
HCI. The acid extracts were lyophilized, re-
constituted with sodium acetate buffer (50
mM, pH 6.2), serially diluted, and assayed for
cyclic GMP by the radioimmunoassay (8). Val-
ues for the serially diluted samples were aver-
aged and expressed per eye rudiment. Assay
variation within a single sample was approxi-
mately 10 percent. Each value represents the
mean of two samples of eye rudiments cultured
separately, with intersample variation not ex-
ceeding 10 percent. The postincubation medi-
um (with or without IBMX) was collected,
lyophilized, and, after reconstitution with so-
dium acetate buffer, assayed directly for cyclic
GMP. In order to distinguish the influence of
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ment membranes in the space between
the retina and pigment epithelium. Most
of these disorganized photoreceptors re-
main viable at this time and only occa-
sional pycnotic cells are encountered.
Within some of the extruded photorecep-
tors after 2 days of culture, mitochondria
are swollen and the outer mitochondria
membranes have torturous, crenulated
profiles. Other extruded photoreceptors
contain mitochondria that are identical to
those in control cultures. Altered mito-
chondria are more frequently encoun-
tered in rod photoreceptors than in cones.
By day 3, most of the extruded photore-
ceptors are necrotic along with the few
photoreceptors remaining in the outer
retina (Fig. 1E). Cell death is selective for
photoreceptors at concentrations of
IBMX less than 10-3M (Fig. 1F). Higher
concentrations of IBMX result in cell
death throughout the inner retinal layers
as well.

The effectiveness of IBMX as an inhib-
itor of cyclic GMP phosphodiesterase
was evaluated by measuring cyclic GMP
in control and treated rudiments. Without
IBMX there is an increase in cyclic GMP
content of the control rudiments during
the culture period (Fig. 2) which is similar
tothat observed in situ (Fig. 2 inset). The
increase in cyclic GMP content between
embryonic stages 31 and 42 probably re-
flects the growth and development of
photoreceptor outer segments, which are
rich in cyclic GMP (3). In the presence of
9 x 107*M IBMX, cyclic GMP content in
the eye rudiments increases about 80 per-
cent above that of the control in day 1 of
culture, and it becomes progressively
greater than the control throughout day 2.
During day 3, when photoreceptor cells
are degenerating, the cyclic GMP content
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in the eye rudiments decreases. The con-
centration of cyclic GMP in the in-
cubation medium increases during day 2
and becomes very high by day 3 (Fig. 2).
This indicates that the photoreceptor
cells release cyclic GMP into the medium
when they degenerate.

These data show that the addition of a
cyclic GMP phosphodiesterase inhibitor
(IBMX) to the culture medium results in
elevation of cyclic GMP in the rudiments
and disorganization and death of the reti-
nal photoreceptor cells.

It is proposed that cyclic GMP plays a
role in dark-light adaptation or in the visu-
al process (¢). If cyclic GMP is associated
with such a basic function of rod photore-
ceptor cells, then it is possible that inher-
ited or acquired diseases result from er-
rors in cyclic GMP metabolism. We have
shown that in photoreceptor degenera-
tion induced by IBMX in toads or by the
rd gene in mice, cyclic GMP metabolism
is abnormal before the cells show mor-
phological abnormalities. In both dis-
orders, the disruption in cyclic GMP me-

tabolism results from a deficiency in cy-
clic GMP phosphodiesterase activity,
and cyclic GMP content increases above
normal before the photoreceptor cells de-
generate. To our knowledge, this is the
first simulation in normal retinas of an in-
herited retinal disease. Since both the
IBMX-induced photoreceptor degenera-
tion in toads and the gene-induced visual
cell degeneration in rd mice are associat-
ed with adisruption in cyclic GMP metab-
olism, the etiology of these disorders may
stem from the as yet undescribed role of
cyclic GMP in the metabolism or function
of the visual cells.
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Chlamydiae (with Phages), Mycoplasmas, and Rickettsiae in

Chesapeake Bay Bivalves

Abstract. Intracytoplasmic chlamydia-like organisms, some with phages, rick-
ettsia-like organisms, and mycoplasma-like organisms have been found in clams and
oysters from the Chesapeake Bay area by electron microscopy. None of these orga-
nisms have been previously detected in mollusks, nor have phages been previously

observed in Chlamydia sp.

Amorphous, basophilic, finely granu-
lar intracytoplasmic inclusions in diges-
tive tubule cells of both hard clams, Mer-
cenaria mercenaria (Fig. 1A), and soft

clams, Mya arenaria, and in gut goblet
cells of American oysters, Crassostrea
virginica, from Chesapeake Bay or
Chincoteague Bay, or both, were exam-
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ined by transmission electron microsco-
py. Pleomorphic bodies representing the
three life stages of chlamydia (7, 2) were
found in each inclusion from Mercenaria
mercenaria: (i) large, round to oval, 400-

to 900-nm, double membrane-bound,
germinal initial bodies containing fine re-
ticular strands of nucleic acid and a pe-
ripheral layer of ribosomes; (ii) lobu-
lated, 400- to 600-nm, contracted inter-

mediate bodies with a nucleoid core,
peripheral ribosomes, and corrugated
double plasma membrane; and (iii) small,
round, dense, 200- to 300-nm infectious
elementary bodies (Fig. 1B). Some chla-

Fig. 1. (A) Three mtracytoplasmxc chlamydlal inclusions in epithelial cells of hard clam dxgestlve diverticulum. Inclusions are basophlllc, ﬁnely
granular, and irregular in shape and size. Section is 1.5 um thick, embedded in Epon 820 resin, stained with hematoxylin and eosin (X 480). (B)
Chlamydia, from a hard clam inclusion, showing all developmental stages: large reticulate initial bodies (1) including a pair of daughter cells still
united by a cell membrane following binary fission (1D); intermediate bodies in early stage (2E), middle stage (2M), and late stage (2L) of nucleoid
condensation; and small fully condensed elementary bodies (3). Small blebs (B), expelled from initial bodies, lie among the organisms. Two
membranes are distinct on initial and intermediate bodies (x 28,000). (C) Icosahedral virus particles in crystalline arrays within greatly distended
initial bodies of chlamydia from hard clams (X 40,000). (D) Curved and recurved rod-shaped, ribosome-rich, double membrane-bound,
rickettsia-like organism with slightly rippled surfaces in inclusions from epithelial digestive diverticular cells of soft clams. Lucent vacuolés are
apparent in the cytoplasm. Ghost cells lie among the organisms (X 28,000). (E) Round to oval, ribosome-rich, mycoplasma-like organism in
inclusions from gut goblet cells of the American oyster. Cell division (short arrow) and dense bodies (long arrows) are demonstrated (x 51,000).
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mydiae contained phage particles 50 nm
in diameter in a crystal lattice array (Fig.
10).

Organisms in digestive tubule in-
clusions of soft clams were ribosome-
rich undulating rods measuring 300 by
2500 nm (Fig. 1D) characteristic of rick-
ettsiae (3). Organisms in gut goblet cell
inclusions in oysters were ribosome-
rich, round to kidney bean—shaped bod-
ies 250 to 350 nm in cross section and 400
to 1000 nm in length (Fig. 1E) character-
istic of mycoplasmas ).

Corroborative fluorescent antibody
analyses remain to be carried out on
fresh material. If verified, these findings
may have far-reaching economic and pub-
lic health significance. Serious diseases
of humans and domestic animals are
caused by organisms in all three of these
groups, and all the species of bivalves
found infected with these organisms are
consumed raw. Psittacosis, an avian dis-
ease caused by a chlamydia that also in-
fects humans, is known from numerous
species of birds (5, 6), many of which are
permanent or transitory residents of the
Chesapeake Bay area. These observa-
tions raise the possibility that bivalves
may be alternate hosts for zoonotic chla-
mydial, rickettsial, and mycoplasmal mi-

croorganisms. However, the discovery
of a chlamydial phage suggests a poten-
tial mechanism by which pathogenic
chlamydiae may be controlled.
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Latent Form of Scrapie Virus: A New Factor in

Slow-Virus Disease

Abstract. Scrapie is an unusual slow-virus disease of sheep which is very much like
kuru and Creutzfeldt-Jakob disease, both fatal, slow neurological diseases of man.
In mice, scrapie usually has an incubation period of about 6 months. Intraperitoneal
inoculation of virus particles into newborn mice caused no disease, and there was no
detectable virus replication for 1 year, but high titers of scrapie were present in the
spleen and brain at 18 months. Virus replication occurred in mice injected from 4
days after birth by all inoculation routes, whether or not they were injected with
scrapie virus on day 0. The results suggest that scrapie virus replicates peripherally
only in thymocytes, which are not present in mice until a few days after birth. The
latent state suggests that the comparable human diseases could appear in later life
as a result of perinatal infection. In some respects these diseases resemble pre-

mature senility.

Scrapie, an old and mysterious neuro-
logical disease of sheep, has received
great attention as a classical example of
slow-virus disease (/) and as a replicat-
ing agent of unusual smallness and stabil-
ity that so far defies analysis or defini-
tion. It has been described as a subviral
entity able to reproduce but possibly
lacking the nucleic acid common to all
known life forms (2), or as an agent com-
parable to a gene or provirus (3).

The importance of scrapie to man lies
in the fact that it is the best known ex-
ample of the spongiform encephalop-
athies, a group which includes two le-
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thal diseases of the human brain,
Creutzfeldt-Jakob disease and kuru, the
“‘occupational’’ disease of the cannibals
of New Guinea (¢). The recent finding of
cerebral amyloid deposits in murine
scrapie suggests that there may be a vi-
rus cause for the similar amyloid plaques
found in aged humans and in the pre-
mature senility of Alzheimer’s disease
and Down’s syndromeé (5). Thus the
scrapie agent may offer clues to a cause
of human aging.

Our results show that this agent can ex-
ist in a latent, undetectable form for
many months and then return to its repli-

cating infective state. This makes the
provirus view more plausible. Newborn
mice showed no disease or virus for
about | year after they were injected in-
traperitoneally with scrapie virus, yet at
18 months their tissues contained vast
numbers of infectious particles.

Albino Swiss mice of the Nya : NY-
LAR (or Albany) strain were collected
within 18 hours of birth, and three litters
were inoculated intraperitoneally with
0.03 ml of brain tissue from mice infected
with scrapie virus. The brain tissue was
diluted 107! in tris-buffered 0.7 percent
saline at pH 7.2. The inoculum contained
1081 LDy, (Where LDj, is the dose that
could kill 50 percent of the population) of
scrapie virus (Compton strain) (6), deter-
mined by intracerebral mouse titration
and the Reed and Muench end-point
method (7). This large dose was used to
encourage the possible induction of a
state of immune tolerance to the scrapie
agent in a manner analogous to that
known to occur with lymphocytic chorio-
meningitis virus (8). Three other litters
were similarly inoculated with ten times
less virus (10%! LDj,); sufficient addition-
al litters were set aside for the same in-
oculation routine to be carried out on
each of the following 5 days. A control
group of three litters remained uninoc-
ulated. Three other litters that were in-
oculated with a 1072 dilution of normal
mouse brain in the same diluent remained
well throughout the experiment (data not
shown). In addition, 20 mice each weigh-
ing 8 to 10 g were inoculated intraperi-
toneally with each dose of scrapie virus
as a positive control of mortality in adult
animals. All male mice were removed
from the experiment to eliminate the
morbidity and mortality caused by fight-
ing.

The results produced two main types
of curves (Fig. 1). The control adult ani-
mals and older infants injected with
scrapie virus showed a pattern of mortali-
ty beginning at 7 to 8 months, with a
steep slope going up to 70 to 100 percent
mortality by 10 months. The other
curves showed a slow progressive in-
crease in mortality until month 18.

Newborn animals responded to intra-
peritoneal injections of scrapie virus in a
way similar to that of uninoculated con-
trols: the expected clinical signs of scrap-
ie and the expected mortality due to the
disease were absent. In mice given high
doses of virus on days 0 and 1 the signs
of scrapie and mortality due to the dis-
ease were absent, whereas 18 animals in-
jected on day 2 showed a 66 percent mor-
tality by the tenth month, the incubation
period relative to adults thus being
extended 2 months. The animals injected
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