cleus and is reported from the fresh-
water annelid Limnodrilus udekemi-
anus.

3) M. nemertis (Debaisieux, 1919)
(7, 13) has a spore with an excentric
nucleolus and a conical operculum. It
is found in the nemertean Lineus
bilineatus.

4) M. cernosvitovi (Jirovec, 1936)
(7, 8) has a central chromatin mass
in the spore nucleus and was described
from the fresh-water  oligochaete
Opistocysta flagellum.

5) M. dentali (Arvy, 1949) (7, 14)
has a spore with a conical operculum
and is found in the scaphopod Denta-
lium from Europe.

6) The spore of M. pickfordae
(Barrow, 1961) (7, 15) possesses a
collar and an excentric nucleolus and
is found in fresh-water snails.

7) M. louisiana Sprague 1963 (I16)
has a larger spore than M. nelsoni and
3 to 4 peripheral chromatin granules
in the nucleus. It was described from
one speckmen of the mud crab, Pan-
opeus herbstii.

8) M. ascidiarum (Duboscq and
Harrant, 1923) (17) has a central or
slightly excentric nucleolus in its spore
nuclei and was described from the
ascidian Amaroucium proliferum.

Association of spores with vegeta-
tive stages formerly known only by
the cryptic label “MSX” provides in-
formation about the sequence of life-
cycle stages of Minchinia nelsoni in the
oyster and further strengthens the plac-
ing by Haskin et al. of the organism
in the genus Minchinia. However, the
possibility of an alternate or intermedi-
ate host has not been eliminated, and
spores identified in this study may pro-
vide workers with another stage to be
used in future experiments on trens-
mission. Such experiments and the de-
termination of ecological conditions
necessary for sporulation should en-
hance understanding of the epizootiol-
ogy of this serious disease of Ameri-
can oysters.

JouN A. CoucH
C. AUSTIN FARLEY
AARON ROSENFIELD
U.S. Bureau of Commercial
Fisheries Biological Laboratory,
Oxford, Maryland

References and Notes

1. H. H. Haskin, Proc. First Nat. Coastal and
Shallow Water Res. Conf. (NSF and ONR),
1962, p. 207; J. D. Andrews, J. L. Wood,
H. D. Hoese, J. Insect Pathol. 4, 327 (1962);
J. D. Andrews, Proc. Nat. Shellfish. Ass. 53,
65 (1964); J. D. Andrews, Ecology. 47, 19

23 SEPTEMBER 1966

(1966); J. L. Wood and J. D. Andrews,
Science 136, 710 (1962); H. H. Haskin, W. J.
Canzonier, J, L. Myhre, Am. Malacolog.
Union Bull. 32, 20 (1965); C. A. Farley, ibid.,
p. 23. In addition to the U.S. Bureau of Com-
mercial Fisheries Biological Laboratory, Ox-
ford, Maryland, laboratories participating in
osyster disease research include: Galveston
Marine Laboratory, Agricultural and Mechan-
ical College of Texas, Galveston; Natural
Resources Institute of the University of
Maryland, Solomons; New Jersey Oyster Re-
search Laboratory, Bivalve and Cape May
Court House; University of Delaware Marine
Laboratory, Lewes; and Virginia Institute of
Marine Science, Gloucester Point. Because
of the severity of the recent epizootic and its
depressing effect on the oyster industry, an-
nual conferences of the organizations carry-
ing on oyster disease research have been
held since 1959, to provide for rapid informal
dissemination of information. While consider-
able epizootiological data have been accumu-
lated, two major problems were not solved:
association of the plasmodium known as MSX
with definitive life-history stages, and experi-
mental transmission of the disease. The asso-
ciation of plasmodia with prespore and spore
stages of Minchinia nelsoni is made for the
first time in this paper, but experimental trans-
mission has not yet been reported.

2. H. H. Haskin, L. A. Stauber, J. G. Mackin,
Science 153, 1414 (1966).

3. J. B. Engle and A. Rosenfield, Proc.
Caribb. Fish. Inst. 1962, 116 (1962).

Gulf

4. R. Svensson, Acta Med. Scand. 81, 267 (1934),
cited in Handbook of Microscopic Technique,
R. M. Jones, Ed. (Harper, New York, 1950),
p. 451,
5. B. L. Shaw and H. 1. Battle, Can. J. Zool. 35,
225 (1957).
6. C. A. Farley, J. Invertebrate Pathol. 7, 144
(1965).
7. V. Sprague, J. Protozool. 10, 263 (1963).
8. O. Jirovec, Arch. Protistenk. 86, 500 (1936).
9. J. G. Mackin and H. Loesch, Proc. Nat.
Shellfish, Assoc. 45, 182 (1954).
0. J. H. Barrow and B. Taylor, Science, this issue.
1. H. L. M. Pixell-Goodrich, Proc. Zool. Soc.
London 1915, 445 (1915).
12, L. Granata, Archiv fiir Protistenkunde 35, 48
(1914).

13. P. Debaisieux, Compt. Rend. Soc. Biol. 82,
1399 (1919).

14, L. Arvy, Bull. Soc. Zool. France, 14, 292
(1949).

15. J. H. Barrow, Trans. Am. Microscope. Soc.
80, 319 (1961).

16. V. Sprague, J. Protozool. 10, 267 (1963).

17. R. Ornieres, Vie et Milieu 15, 898 (1963).

18. We thank Dr. J. H. Barrow of Hiram College

and Dr. C. J. Sindermann, Biological Labora-
tory, for discussion and cooperation, and B.
Taylor, G. Kidder, G. Ward, Mrs. V., Liddell,
and Mrs. C. Sullivan for technical assistance.
Personnel of the Maryland Department of
Chesapeake Bay Affairs provided us gvith
oyster samples.

6 July 1966 ™

Fluorescent-Antibody Studies of Haplosporidian Parasites of
Oysters in Chesapeake and Delaware Bays

Abstract. A fluorescent antibody was produced against a plasmodial oyster
parasite thought to be a haplosporidian, Minchinia nelsoni, which was termed MSX.
The antibody reacted with this type of plasmodia from oysters, Crassostrea vir-
ginica (Gmelin), from all sources, and it also reacted with its sporulating and
spore stages. This reaction indicates cospecificity of the stages. No reaction oc-
curred with any stage of another oyster haplosporidian, Minchinia costalis, indi-
cating that the M. nelsoni and the M. costalis are antigenically distinct species.

A multinucleate, usually spherical or-
ganism, MSX (7), has been studied dur-
ing the past 8 years because of its in-
crimination in considerable mortalities
of oysters, Crassostrea virginica, of the
Middle Atlantic Coast. The observed
stages have suggested that the orga-
nism is a haplosporidian, and it was
named Minchinia nelsoni on the basis
of plasmodial morphology (2). When
the spore stage, necessary for mor-
phological characterization of the or-
ganism, is known, the organism can
be readily identified (/). When the
taxonomic position of the organism is
not known, all but epizootic and patho-
logical studies are hampered—particu-
larly when the parasites have not
yielded to laboratory transmission. Re-
cently, however, Couch et al. (3) de-
scribed a spore other than Minchinia
costalis (1) in the oyster, which they
associated with the plasmodial infec-
tions of M. nelsoni.

We have prepared a fluorescein-con-
jugated antibody from horse serum

which is highly specific for M. nelsoni.
This reagent can be used to diagnose
and relate microorganisms from differ-
ent hosts in the life cycle, to seek new
stages, and to improve recognition of
the parasites, at the same time eliminat-
ing other known parasites and associ-
ates from involvement in the study,
Cape Cod oysters (thought to be
free of M. nelsoni) were homogenized,
dehydrated, and frozen to produce a
powdered oyster antigen that included
antigenic substances and organisms from
the mantle cavity and digestive system
as well as from the oyster. It was
used (i) as an antigen to produce anti-
serum for removal of nonspecific anti-
gens from an extract of homogenized
oyster tissue infected with M. nelsoni,
providing a relatively pure antigen for
a second host reaction; and (ii) to ab-
sorb oyster antibodies from antiserum
to M. nelsoni. Six heavily infected
oysters from Pocomoke Sound, Chesa-
peake Bay, were the source of the
M. nelsoni antigen. The parasite anti-
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gen was never dehydrated but was
homogenized, extracted to remove oys-
ter reactivity, and divided into dosage
quantities which were frozen until
needed.

The first injection was a 2-ml mix-
ture of equal parts of one of the above
antigens and Freund’s adjuvant into
the shoulder muscles of two horses.
The M. nelsoni antigen was always
diluted 1:10 in antiserum to oyster,
to reduce the nonspecific reaction of
the antiserum to M. nelsoni. The oyster
antigen was mixed undiluted with ad-
juvant for the initial injection and

diluted 1:2.5 in 0.85 percent saline -

for all other injections. The schedule
of injection was the 10th, 20th, and
35th days after the first inoculation.
Booster injections became necessary on
the 100th and approximately 200th
days. Horses were bled for serum at
intervals of about 3 weeks, the first
bleeding being on the 40th day.
Serum for conjugation was extracted
aseptically from jugular blood and was
immediately reacted with fluorescein
isothiocyanate by the direct conjuga-
tion method (4). The preparation time
was reduced by substituting extraction

on a DEAE cellulose column for the
recommended 4- to 5-day purification
by dialysis. One to ten parts of phos-
phate buffer, pH 7.4 (4), were mixed
with conjugate before applying it to
the tissue, and all reactions were car-
ried out at-:37°C, for 1 hour.

The effects of fixatives and other
histological procedures on the reactions
obtained with the ctonjugate were ex-
amined in preliminary studies. The pre-
ferred fixatives were absolute methanol
or 70 to 95 percent ethanol. Zenker’s
and Schaudinn’s fixatives without acetic
acid were slightly inferior to the al-
cohol, and poorest results were ob-
tained with Davidson’s fixative or any
other combination containing formalde-
hyde and acetic acid (5). The conjugate
reacted best with parasites after the
tissues were sectioned on a cryostat or
exposed as smears and smashes, rather
than after other types of imbedding—
although both celloidin and paraffin im-
bedding techniques gave dependable and
reproducible results. Controls included
the use of tissues with known sensitive
parasites and the use of unconjugated
antiserum to block the reaction. In
some experiments the reaction specific-

Fig. 1. Reaction specificity of the anti-Minchinia nelsoni fluorescent conjugate with
available haplosporidians from oysters. Each pair of pictures is an identical magni-
fication of the same specimen that has been reacted with the same stock of anti-
serum to Minchinia nelsoni; those to the left are specimens seen through full-
spectrum transmitted light, and those to the right are identical specimens viewed
through the fluorescent microscope. (Oil immersion with the included scale divisions
= 1.07 u in every case.) Identical exposure times of the original fluorescent negatives
were used (10 minutes); Kodak contrast process film was used for the negatives.
A, Spore of Minchinia costalis; B, plasmodium of the same-—note absence of fluores-
cense in the above (arrows); C, mature sporocyst of Minchinia nelsoni—note fluores-
cence in the cyst wall as well as in the capsule of the spores; D and E, plasmodia of
Minchinia nelsoni showing the same intensity of reaction in samples from Chesapeake
Bay (D) and Delaware Bay (E); F, immature spore of Minchinia nelsoni—both
the capsule and sporoplasm reacting; G, the mature spore—only the capsule reacting.
Sporogonic stages through the sporoblast could not be distinguished from D and E

_in their fluorescence.
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ities were also controlled by tests with
normal horse serum, as well as with
antiserum to M. nelsoni absorbed with
dehydrated oyster antigen. .

Intensity of autofluorescence was
relatively high in all of the oyster
tissues, but it was not sufficient to
interfere with reading and interpreta-
tion of reactions with the parasites. It
was practically absent in the “smash”
preparations. The only other autofluo-
rescence was observed in some of the
dermal cells of an occasional oyster
parasite, the larval trematode Bucepha-
lus sp., which fluoresced at an intensity
equal to that of the plasmodia. An
undescribed haplosporidian hyperpara-
site of the trematode did not show
autofluorescence; nor did any other
parasite studied (7).

The conjugated antiserum to M.
nelsoni was tested for specificity and
cross reaction with 15 different disease
entities, including two classes of Platy-
helminthes and three subphyla of pro-
tozoa (Table 1). Also included were
tests with three fungi, “Actinomycete”
9), “Mycelial” disease (6), and Dermo-
cystidium marinum (8), a “rickettsia-
like” organism, and tissue from a
“necrosis-like” condition of the gut and
a “lymphocytosis” of unknown etiology
(9), all of which gave negative results.
M. nelsoni plasmodia from widely sep-
arated geographic populations of oys-
ters isolated by considerable land bar-
riers were also tested to determine the
presence of cross reactions within these
populations using the conjugate created
from one specific population of M.
nelsoni. We also tested plasmodia and
spores of Minchinia costalis, recognized
as a separate but probably closely re-
lated species, and a haplosporidian hy-

_ perparasite (7) in Bucephalus sp. (6).

Reactions in this series involved only
the sporozoa. Minchinia costalis (Fig.
1, A and B) from Chincoteague Bay
showed negative reaction with the con-
jugate. The conjugate gave the strong-
est reaction with the plasmodial stages
of M. nelsoni (Fig. 1E) in oysters from
Lewes, Delaware, on Delaware Bay;
from Franklin City, Virginia, on Chin-
coteague Bay; from Manokin River
(Fig. 1D) and Marumsco Bar, Poco-
moke Sound, Maryland, in the Chesa-
peake Bay; and from Wreck Shoal,
Virginia, in the James River. Plas-
modia and sporulating stages of M.
costalis did not react with the conjugate
in mixed infections with the similar
stages of M. nelsoni even though the
latter gave exceptionally strong reac-
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Table 1. Reactions of various recognized para-
sites and disease entities with fluorescent anti-
body to Minchinia nelsoni. 44 +4, Maxi-
mum fluorescence, brilliant yellow green;
+--, slightly less fluorescence; + 4,
definite fluorescence, yellow green, less bril-

liant; —, no fluorescence.
Test organism Ref. ;_1;); IZ :igr{
Platyhelminths
Trematoda
Bucephalus sp. 9) —
Cestoda
Tylocephalum sp. (€)] —~
Protozoa
Sarcomastigophora
Hexamita sp. (8) —
Sporozoa
Nematopsis ostrearum (6) —
Minchinia costalis (1,2) —
Minchinia rnelsoni + 4+
Same, Delaware Bay (1,2) + 44+
Same, Chincoteague Bay (3) ++4++
Same, Chesapeake Bay (1,3) 444+
(Also amoebula
in specimens) ++++
Same from Wreck Shoal,
James R., Va.* 1) +++
Haplosporidium sp. (7) ++
(Hyperparasite of
Bucephalus sp.)
Ciliophora
Ancistrocoma sp. 6) —
Thallophyta
Fungi
“Actinomycete”
disease [€)) —_

“Mycelial” disease (6) —_
Dermocystidium marinum (8) —

Diseases of unknown etiology

“Rickettsial” disease ) —
“Necrosis” of the gut 9 -
“Lymphocystosis™ 9 —_

#* Not ideal fixation for this study.

tions. It was possible to follow a series
of equally strong reacting stages of
M. nelsoni through schizogony and
sporogony (Fig. 1C). The intensity of
reaction of the prespore stage was
equal to the plasmodial stages (Fig.

I, D and E) and was not included in ‘

the illustration. Fluorescence occurred
in the cytoplasm of sporoblasts and in
the sporoplasm and capsule of the im-
mature spore (Fig. 1F). The conjugate
appeared unable to penetrate the ma-
ture spore wall and stained only the
capsule (Fig. 1G). The only other or-
ganism in the oysters that fluoresced
in the conjugate was an amoebula,
which was either part of the schizogony
cycle that has not been recognized or
a rhizopoda. It was present in two of
the infected oysters. Since whole oys-
ters were used in these studies, the
antigens included any organisms in the
mantle cavity and the digestive system.
When the distance separating the ori-
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gins of these shellfish is considered, the
degree of specificity is truly remark-
able. Until further studies can demon-
strate the relationships of this amoe-
bula in the oysters, it is even possible
that this reaction represents unabsorbed
rhizopodal antigen. The amoebula was
recognized in the gills, fluorescing as
brightly as the plasmodia. The Haplo-
sporidium sp. (7) hyperparasite of the
trematode, Bucephalus (6), reacted in
all stages of its life cycle with much
less intensity than the M. nelsoni.

Since the intensity of reaction of
the stages of sporogony tested in these
studies of conjugated antiserum to M.
nelsoni is unlike the reaction of any
plasmodia stage of M. costalis with the
same conjugate, since the reactions with
the prespore stages are identical to those
with the plasmodial stages in oysters
from several geographic areas, and since
Couch et al. (3) have demonstrated
morphological bases for describing this
as a distinct species, we believe that
the foregoing evidence establishes the
spore of Couch et al. (3) as the spore
of Minchinia nelsoni and serves as fur-
ther evidence that at least two species
of haplosporidian exist in the oyster
of the mid-Atlantic estuaries.

JamEes H. BARrROW, JR.
Bruce C. TAYLOR
Hiram College, Hiram, Ohio
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Oxygen as a Primary
Species in Radiolysis of Water

Abstract. Recent results are sum-
marized of y-radiolysis of dilute nitrate
solutions at neutral pH in the presence
of oxygen and hydrogen as radical
scavengers. Complete analysis of the
system leads to values of the primary
vields showing a net deficit of oxidized
products of ~0.4. Analysis of results
already available for the oxygen yield
shows that oxygen originated from the
radiolysis of water with a g value of
~0.1 (g values are derived values for
yields of primary species for 100 elec-
tron volts). This finding gives material
balance and provides evidence of oxy-
gen being a product of water radiolysis.

Radiolysis of water and aqueous solu-
tions is commonly described in terms of
primary species produced in yields in-
dependent of the solute (7). Well-
established primary species are H,,
H;0,, OH, H, and e-, the hydrated elec-
tron. However, recent quantitative de-
terminations of these yields indicate a
material-balance deficit of 0.6 = 0.2
based on X g(OH) +2g(H,0,) (2) (g
signifies derived values for yields of pri-
mary species for 100 ev; G signifies the
experimentally measured yield of prod-
uct for 100 ev absorbed energy). To
account for this deficit, Allen (3) sug-
gested that there may be another,
hitherto unnoticed, oxidizing species
produced in water radiolysis, perhaps
the oxygen atom. We now report experi-
mental evidence that oxygen is a prod-
uct of water radiolysis and indicating
that it may originate as O atoms.

Recent work (4) on the y-radiolysis
of dilute nitrate solutions enables one to
propose a mechanism that completely
accounts for the experimental observa-
tions. The mechanism is based on the
reduction of NO;~ to NO, by ¢~ and H,
NO, undergoing dismutation to yield
NO,~; OH radicals reoxidize NO,-
to NO,. In the absence of added
scavengers, G(NO,-) is essentially given
by %5 (ge- + gH — gOH). Molecular
hydrogen acts as an OH scavenger, the
nitrite yield then becoming 12 (ge- +
gH + gOH). This aspect of the mecha-
nism is confirmed by our evaluation of
the rate-constant ratio: k(OH + H,):
k(OH + NO,") = 0.8 X 10-2, Determi-
nation of g(e) is based on the competi-
tion between oxygen and nitrate for the
solvated electron, for which we obtain
k(e + O,):k(e- + NO,~) = 2.5. The
mechanism thus involves no unusual spe-
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