
Fig. 1. A female, 3 mm long, of the new 
species of Monodella found in Texas. 

pigment and are eyeless. They occur 
in a salty hot spring in Tunisia (1), in 
waters [slightly brackish (2) or fresh 
(3)] of two caves very near the coast 
of Italy, in coastal, interstitial salt 
water, and brackish water of a nearby 
cave, in Yugoslavia (4), and in a salty 
hot spring on the shore of the Dead 
Sea (5). The monospecific genus Ther- 
mosbaena is found just south of the 
Mediterranean. Three of the four pre- 
viously known species of the other 

genus, Monodella, live on the north 
shore; the fourth is found about 100 
km east of the Mediterranean. 

Because of this distribution and be- 
cause four of the five previously known 

species within the order live in salty 
or brackish water, many investigators 
have supposed that the order only re- 

cently left the sea and that adaptation 
of the known species to their present 
habitats was associated with fluctua- 
tion of sea level in the Mediterranean 

during the Quaternary, perhaps specif- 
ically during regression of the sea in 
the late Pliocene (6). 

Six specimens of the new species of 
Monodella have been captured in cool 
freshwater of Ezell's Cave at San Mar- 
cos, Hays County, Texas (7) (see Fig. 
1). The cave is 200 km from the nearest 
coastal salt water and 180 m above 
sea level. The discovery suggests two 

hypotheses. The first is that invasion of 
freshwater by these crustaceans from 
the sea occurred independently and re- 

cently in at least two widely separated 
parts of the world, that marine mem- 
bers of the order then became extinct 

(or have not yet been found), and 
that the adaptations accompanying the 

separate invasions of fresh or brackish 
water have involved little morphologi- 
cal change. The alternative hypothesis 
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is that the Thermosbaenacea arose suf- 
ficiently long ago to have dispersed 
between the land masses of the east- 
ern and western hemispheres, either 
through fresh or coastal waters of 
land bridges (perhaps they persisted 
through the breakup of the Gondwana 
land mass, if such a land mass existed). 

The known present distribution of 
the order indicates a restriction to 
highly specialized habitats which con- 
tain relatively few species and in which 
relict representatives of other groups 
have commonly survived. Hence these 
animals may be the scattered remnants 
of a once widespread group. Since 

knowledge of the distribution of cave- 
and spring-dwelling animals is very 
limited, further speculation at present 
is unlikely to be profitable. 
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Virus-like Particles in Flathead 

Sole, Hippoglossoides elassodon 

Abstract. Epidermal papillomas fre- 
quently occur on the external surfaces 
of flathead sole, Hippoglossoides elas- 
sodon, in the waters of San Juan Is- 
lands, Washington. Virus-like particles 
and associated granular bodies, also of 
possible viral nature, are commonly 
found in the neoplastic epithelial cells 

of these tumors. Similar structures are 
not observed in normal epidermis. 

Epidermal papillomas occur fre- 

quently on flathead sole, Hippoglos- 
soides elassodon, collected from the 
waters of San Juan Islands, Washing- 
ton (1, 2). Similar neoplasms have oc- 

casionally been observed in other spe- 
cies of Pleuronectidae (2, 3). In this 

report we describe some gross, micro- 

is that the Thermosbaenacea arose suf- 
ficiently long ago to have dispersed 
between the land masses of the east- 
ern and western hemispheres, either 
through fresh or coastal waters of 
land bridges (perhaps they persisted 
through the breakup of the Gondwana 
land mass, if such a land mass existed). 

The known present distribution of 
the order indicates a restriction to 
highly specialized habitats which con- 
tain relatively few species and in which 
relict representatives of other groups 
have commonly survived. Hence these 
animals may be the scattered remnants 
of a once widespread group. Since 

knowledge of the distribution of cave- 
and spring-dwelling animals is very 
limited, further speculation at present 
is unlikely to be profitable. 

BASSETT MAGUIRE, JR. 

Department of Zoology, 
University of Texas, Austin 78712 

References and Notes 

1. T. Monod, Bull. Soc. Zool. Franice 49, 58 
(1924). 

2. S. Ruffo, Arch. Zool. Ital. 34, 31 (1949). 
3. E. Stella, ibid. 36, 1 (1951). 
4. S. L. Karaman, Acta Adriatica 5, 1 (1953). 
5. F. D. Por, Crustaceana 3, 304 (1962). 
6. D. Barker, Hydrobiologia 13, 209 (1959). 

Earlier papers are listed in this review. 
7. B. Maguire, Jr., in preparation. 
8. I thank the National Science Foundation for 

partial support (G-13195). 
18 August 1964 

Epidermal Papillomas with 

Virus-like Particles in Flathead 

Sole, Hippoglossoides elassodon 
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report we describe some gross, micro- 

scopic, and ultrastructural features of 
the epidermal papillomas of the flat- 
head sole. 
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All fish were collected with an otter 
trawl in East and West Sounds of 
Orcas Island during July and August 
1963. For light microscopy, tumors and 
normal skin were fixed in 10 percent 
formalin or Bouin's fluid, embedded in 
paraffin, and stained with hematoxy- 
lin and eosin. For electron microscopy, 
the same tissues were fixed in 1.33 per- 
cent OsOt buffered with s-collidine, em- 
bedded in Epon 812, and cut into thin 
sections on an LKB ultrotome equipped 
with a diamond or glass knife. Sec- 
tions stained with lead were examined 
under an RCA EMU 3G electron 
microscope. 

Spreading, cauliflower-like skin tum- 
ors were present on 73 fish (7.6 per- 
cent) of a total collection of 964 
(Fig. 1). The tumors were located any- 
where on external surfaces and indi- 
vidual fish possessed one to four tu- 
mors. By light microscopy, the tumors 
were typical epidermal papillomas com- 
posed of thick folds of epidermal cells 
supported on connective tissue stroma. 
The epidermal cells were ovoid to po- 
lygonal, with eosinophilic cytoplasm. 
Nucleoli were often conspicuous. 

By electron microscopy, numerous 
virus-like particles (a in Fig. 2B) 
averaging 44 m/x in diameter were 
observed in the cytoplasm of most 
neoplastic cells, located in the space 
outside the sacs of endoplasmic reticu- 
lum. Similar virus-like particles were 
observed at the edges of osmiophilic, 
homogeneous cytoplasmic bodies which 

averaged about 150 m,t in maximum 
dimension (b in Fig. 2, A and B). 
These bodies with their associated vi- 
rus-like particles were interpreted as 

possible loci of virus formation; simi- 
lar bodies and particles were never 
seen in normal epidermis. The virus- 
like particle appeared to be enclosed 
by a single membrane 60 to 70 A 
thick, and often had an eccentrically 
placed, internal, osmiophilic granule 
measuring 60 A in diameter, which was 
tentatively interpreted as a nucleoid. 

The epidermal cells of the papillo- 
mas contained a second type of osmio- 

philic granular body not observed in 
normal epidermis (c in Fig. 2, A and 

B). This body, enclosed in a mem- 
branous sac, measured 160 ml- to 200 

m/x in diameter. In electron micro- 

graphs it appeared to be composed of 

numerous, small, dense granules. The 
center was often less dense than the 
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m/x in diameter. In electron micro- 
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numerous, small, dense granules. The 
center was often less dense than the 

edge, with sometimes a suggestion of 

radially oriented capsomeres that were 
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Fig. 1 (above). Epidermal papilloma on the right (pigmented) 
side of a flathead sole, Hippoglossoides elassoldon, with a warty 
center and plaque-like edge. 

Fig. 2 (right). A, Electron micrograph showing parts of several 
epithelial cells of an epidermal papilloma: homogeneous bodies 
(b) and granular bodies (c). The smaller virus-like particles 
shown in Fig. 2B are not resolvable at this magnification (X 
9000). B, Electron micrograph of part of an epithelial cell 
of an epidermal papilloma: virus-like particles (a), homogeneous 
bodies (b), and granular bodies (c). (X 50,000) 

poorly shown in tissue sections. Al- 
though its nature remains unknown, 
this granular body may be related to 
the virus-like particle mentioned above; 
both types of particles occurred simul- 
taneously in neoplastic cells, but were 
never found in normal epidermis. Sug- 
gestive transitional forms between the 
two types of particles were sometimes 
observed, suggesting that the granular 
body is a developmental form of the 
smaller particle of virus-like morpholo- 
gy. Neither type of particle was ever 
found in the nuclei of tumor cells. 

Epidermal papillomas transmissible 
by viruses or cell-free filtrates have 
been described in several species of 
mammals, including cottontail rabbits, 
cattle, horses, and man (4). We can 
find no proven instance of virus-trans- 
mitted epidermal papillomas in fish. 
Lymphocystis disease (5, 6), apparently 
transmissible by a virus, produces char- 
acteristic tumor-like masses in marine 
and freshwater fish, but the tumors 
are thought to be composed of giant, 
connective tissue cells; their neoplastic 
13 NOVEMBER 1964 

nature is questionable. "Fishpox," epi- 
dermal hyperplasia of fishes, and epi- 
dermal papillomas of fishes have been 
thought to be of viral etiology (6). 
It should be pointed out that the his- 
topathology of these diseases, especial- 
ly of fish papillomas, is similar to that 
of the epidermal papillomas of the flat- 
head sole. Epidermal papillomas on 
flathead sole that were kept in the lab- 
oratory during our study appeared to 
be progressive; furthermore they did 
not regress as carp-pox has been re- 
ported to do (6). 

The morphology of the two types of 
particles described herein is unlike that 
of any known virus, including the 
Shope papilloma virus of rabbits (7), 
the common wart virus of humans (8), 
and the lymphocystis virus of marine 
and freshwater fish (9). In the Shope 
papilloma and common wart, the virus 
particles are located within the nuclei 
of epidermal cells at the base of the 
neoplasm; near the surface, however, 
the particles are observed throughout 
the cell. In the epidermal papillomas 

of the flathead sole, the particles de- 
scribed herein were found only in the 
cytoplasm, suggesting that virus-like 
particles in the cells of epidermal pap- 
illomas can be located in the nucleus 
or cytoplasm, and that the location 
varies in different species. The virus- 
like particles and associated granular 
bodies in the epithelial cells are ul- 
trastructurally very different from mel- 
anin granules of the flathead sole (10). 
Finally, it is recognized that the virus- 
like particles may bear no causal rela- 
tion to the epidermal papillomas. 

S. R. WELLINGS 
R. G. CHUINARD 

Department of Pathology, University 
of Oregon Medical School, Portland, 
and Friday Harbor Laboratories, 
University of Washington, 
Friday Harbor 
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bovine serum7 albumin. 

The localization of hemolysis in 
semisolid medium is the basis of a 
method for rapid estimation of the 
number of antibody-secreting cells 
present in a suspension of lymphoid 
cells (1). This procedure has been 
used successfully to study the kinetics 
of hemolysin formation by lymph node 
and spleen cells from experimental 
animals after primary or secondary im- 
munization with sheep erythrocytes 
(1, 2). 

Cohen and Parks recently report- 
ed that spleen cells from normal 
BoAF, mice acquired hemolysin-form- 
ing activity after incubation in vitro 
with RNA extracted from spleens of 
isologous donor mice immunized with 
sheep erythrocytes (3). They observed 
a three- to fivefold increase in the 
number of antibody plaques formed 

by nonimmune cells plated in agar im- 

mediately after 30 minutes incubation 
with RNA from immune donors. Be- 
fore incubation, there were on the 
average 20 to 25 plaques formed with 
the total number of spleen cells plated 
from five nonimmune mice. After 
treatment with splenic RNA from 20 
immunized donor mice, the number of 

plaques increased to an average of 90. 
Prior treatment of RNA from immune 
donors with ribonuclease inhibited this 
effect. 

Spleen cells from nonimmune NIH 
albino mice also acquire hemolysin- 
forming activity after brief incubation 
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with RNA extracted from spleen cells 
from donor NIH mice immunized with 
sheep erythrocytes (4). The number of 
specific antibody plaques formed by 
normal spleen cells increased 10- to 
20-fold after treatment with RNA 
from immune donors. Maximum 
plaque formation occurred after treat- 
ment with RNA obtained 4 days after 
donor immunization. RNA obtained 
from donors immunized with bovine 
serum albumin or treated with actino- 
mycin D prior to and after injection 
with sheep red blood cells did not in- 
duce plaque formation in normal cell 
suspensions (4). 

This report confirms and extends the 
foregoing observations and describes 
results obtained with tissue cultures of 
normal mouse spleen cells after treat- 
ment in vitro with RNA from donor 
mice immunized with sheep erythro- 
cytes. For these experiments, spleen 
cell suspensions from normal NIH 
mice were incubated in vitro with: 
(i) RNA extracted from spleen cells 
from mice immunized with sheep red 
blood cells; (ii) ribonuclease-treated or 
deoxyribonuclease-treated RNA from 
immune donors; and (iii) RNA from 
nonimmune donors or from donors 

injected with an unrelated antigen 
such as bovine serum albumin or 
chicken erythrocytes. The immune do- 
nor mice were 6- to 10-week-old NIH 
males injected intraperitoneally with 
0.1 ml of a 20 percent suspension of 
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0.1 ml of a 20 percent suspension of 

fresh, washed, sheep red blood cells 
in buffered saline. Four days later, at 
the peak of antibody plaque forma- 
tion, serum samples were obtained by 
retro-orbital puncture. Hemagglutinins 
and hemolysins to sheep erythrocytes 
were determined by standard serial 
dilution procedures with a microloop 
technique with 0.025 ml volumes of 
both serum dilutions and 0.5 percent 
sheep red blood cells (5). 

Those mice with serum titers of 
1:512 or higher were killed, and their 
spleens were immediately frozen at 
-60?C with dry ice. Prior to freez- 
ing, spleen samples, approximately 5 
mm:, were chosen at random and used 
for preparation of cell suspensions to 
determine the number of antibody- 
forming cells per million viable nu- 
cleated donor spleen cells (1). RNA 
was extracted from the frozen spleens 
as follows (6). The spleens were 
weighed and suspended in three vol- 
umes of cold 88 percent phenol con- 
taining 4.3 mg of bentonite powder per 
milliliter. To this mixture was added 
an equal volume of cold 0.02M phos- 
phate buffer, pH 7.2, containing 
0.01M sodium EDTA (ethylenedia- 
minetetraacetate). The mixture of spleen 
cells, phenol, and buffer was homog- 
enized at 0?C for 10 minutes with a 
high-speed VirTis tissue homogenizer. 
The aqueous phase was separated by 
centrifugation at 2400g for 15 minutes 
in the cold and was freed of phenol 
by five extractions with equal volumes 
of cold ethyl ether. Two volumes of 
absolute ethanol were added to the con- 
centrated extract. The precipitate was 
recovered by centrifugation at 1200g 
for 10 minutes in the cold. The re- 
sulting pellet was suspended in 5.0 ml 
of cold sterile phosphate buffer. The 
RNA concentration was estimated by 
ultraviolet spectrophotometry and by 
the orcinol reaction (7). 

As controls, 40 1xg of ribonuclease or 
deoxyribonuclease was added to 1.0 
ml samples of extract, and the mix- 
tures were incubated at 26?C for 30 
minutes and then chilled in an ice 
bath. A separate 1.0-ml sample was 
heated at 100?C for 10 minutes. As 
additional control preparations, RNA- 
rich material was extracted from 
spleens from nonimmunized normal 
mice and from mice injected 4 to 6 
days previously either with chicken 
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deoxyribonuclease was added to 1.0 
ml samples of extract, and the mix- 
tures were incubated at 26?C for 30 
minutes and then chilled in an ice 
bath. A separate 1.0-ml sample was 
heated at 100?C for 10 minutes. As 
additional control preparations, RNA- 
rich material was extracted from 
spleens from nonimmunized normal 
mice and from mice injected 4 to 6 
days previously either with chicken 
erythrocytes (0.1 ml of a 20 percent 
suspension injected intraperitoneally) 
or with bovine serum albumin (BSA) 
(0.2 ml of an emulsion of 10.0 mg of 
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Antibody Plaque Formation by Normal Mouse Spleen Cell 

Cultures Exposed in vitro to RNA from Immune Mice 

Abstract. Suspensions of normal spleen cells from nonimmune mice were 
treated in vitro with RNA extracted from spleen cells from donor mice immu- 
nized 4 days previously with sheep erythrocytes. Subsequent incubation of the 
RNA-treated cells in tissue culture medium at 37?C for several days resulted in 
a marked increase in the number of localized zones of hemolysis ("antibody 
plaques") in relation to the number of viable cells plated in agar containing 
sheep erythrocytes and complement. Nonimmune cells maintained in tissue culture 
medium did not form plaques after incubation with either RNA from immune 
mice or ribonuclease-treated RNA from immune mice, or with RNA from non- 
immune donor mice, or from donors immunized with chicken erythrocytes or 
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