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Identification of Proliferating Cells in Hard Clams
Roxanna Smolowitz (Marine Biological Laboratory, Woods Hole, Massachusetts),
and Daniel Gibson 1

The origin of hemocytes, the circulating "blood cell s" of bi valve
molluscs, including hard clams (Mercenaria mercenaria) has not
been identified ( I, 2). Proli feration of hemocytes, however, can be
recognized through their increased numbers in diseased anima ls.
ProHferating cell nuclear amigen (PC A), or cyclin, is a protein
produced during the late G I and S phases of Ihe cell cycle (3. 4).
Using antibodies that recognize PCNA in mice, we attempted to
identi fy the o rigin of hemocyte in the hard shell c lams. Quahog
parasite unknown (QPX) is a protist that causes severe inflammation and mortality in infected c lams (5, 6). We altempted to induce
hemocyte prol ife ration by exposi ng clams 10 QPX in a 10-1 water
column in which 12 ml of undilu1ed QPX culture (at a concentratio n of 7* I 06 cells/ml) were added every I0 days; by injecting
QPX between the membranous mantles and Ihe right valves, 3 em
ventral anterior to the siphon and into the pericardia! cavities (0.25
ml of undiluted Q PX culture); and by injecting an inert particle
(India ink, 1: 10 dilution in sterile seawater [7, 8]) into the pericardi a! cavities. The controls consisted of two groups of clams.
One group was injected with steri le eawatcr in the pericard ia!
cavities; the other was untreated. Groups were sampled at 24 h.
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and at I, 4, and 8 weeks after the start of the experiment. At
sampling, the anima ls were shucked, fixed in JO% neutra l buffered
forma lin (NBF) fo r 24 h, and embedded in paraffin. Sections were
cut (4 -6 p.m), mounled onto positively charged slides (Fisherbrand. SuperfrostJPlus and ProbeOn Plus s lides) and stained either
with hematoxylin and eosin (H&E) (9) or with anli-PC A with a
hematoxylin counterstai n (Zymed, PC A Stai ning Kit).
Clams injected with QPX in the pericardia! cavities showed
mild focal inflammation associated with viable and necrotic QPX
organi sms. At 2 months post-injection, viable QPX organisms
were no lo nger identified. Q PX o rganisms and associated inflammation were not observed in clams injected in the mantle cavity.
After 2 months of water column exposure, o nly very rare infection
by QPX organs with minimal inflammatio n was observed in mantle tissue. lndia ink injection caused a minimal inflammatory
response. Pools of injected ink in the tissues and vascular spaces
were e ither engulfed by individual hemocytes o r surrounded and
sequestered by hemocytes (encapsulatio n), formin g thin-walled
g ranu lomas (6, 10). Numerous individual hemocytes containing
Ind ia ink were elim inated from the clams by diapedesi s over
lumenal epithelial surface (Fig. I A). Th ick-walled granulomas (6,
10) were also identified in the gills, pericardia! sacs, and other

Figure 1. Proliferating epithelial cells and hemocytes ofMercenaria mercenaria srai11ed with anri-Mo11se Proliferating Cell Nuclear Anrigen (PCNA).
(A) f11dia ink is phagocytized a11d eliminated by diapedesis of f11dia ink-filled hemocytes (arrow) into the re11al rub11lar l11mens (H&E, bar = 13 p.m ). (8)
Nuclei of proliferatillg reserve cells of the digesri1·e gland 's t11b11lar epithelia stained black (arrow) with anti-PCNA. PCNA negative nuclei stain blue
(arrowhead) (hematoxylin comuerstain, bar = 13 J.Un). (C) Strong PCNA nuclear staining is present in the proliferating nuclear epithelial cells at the base
of the gills (arrows). PCNA negatil'e nuclei stain blue (arrowhead) (hematoxylin cotmtersrain, bar = 13 J.Un). (D) N11clei of some hemocytes in thick-walled
granulomas in the kidney tissue of clams are positil'e fo r PCNA stain (arrows) and presem evidence fo r the proliferation of hemocytes directly at the
inflammatory site (hematoxylin cotmterstain, bar = 13 IJ.m).
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organs of sal ine-i njec ted anima ls, indicating that the injection may
not ha ve been sterile.
Using the anti-mouse PC NA, areas of abundant PC A staining
(black-stained nucle i), indicating areas of marked cell proliferation, were identified in the reserve cells of the digestive gland (Fig.
I B), the proliferative e pithelial cells of the gill base (2) (Fig. lC),
and in early proliferative pha es of reproductive epithel ium. As
expected, cells of other tissues throughout the body also stained
pos itive for PCNA (i.e., epithelium of the intestine, foot and body
wall , and gill pl ical epithelium), but in much lowe r numbers.
Prolife rating he mocytes were ide ntified in the inflammatory cells
forming the thic k-walled granulomas (Fig. I D) and rarely in adj acent non-inflammatory cells. In no othe r areas examined were
proliferating hemocytes identified.
These resul ts de monstrate that the epitope associated with
PCNA are conserved between the clam and the mou e, as hown
by the positive staining of known prol iferati ve cells in the clam
body. Previous studies have shown that he mocytes appear to
migrate to areas of infection in bival ves (2, 6). In diseased bivalves, he mocyte numbers appear to increase; the site of origi n of
the e hemocytes has never been detennined (2). Th is study provides evidence that the hemocytes of the hard clam proliferate
directly at the inflammatory site, as opposed to a possible bone
marrow-like area in the body of the c lam, with sub equent migration o f hemocytes to s ites of infections, as seen in vertebrates.

This work was supported, in part, by a NOAA Sea Grant Award
to the Woods Hole Oceanographic Institution Sea Grant Program,
Grant No. NA86RG0075, Project umber R/A-39.

Literature Cited
I. Moore, C. A., and A. F. Eble. 1977. Bioi. Bull. 152: 105-119.
2. Cheng, T. C. 1996. Pp. 63 1-642 and 299-333 in The Eastern
Oyster, Crassostrea virginica. V. S. Kennedy, R. I. E. Newell , and
A. F. Eble, eds. Maryland Sea Grant College Publication UM-SG-TS96-01.
3. Wascem, N.H., and D. P. Lane. 1990. J. Cell. Sci. 96: 12 1.
4. Ogata, K., Y. Ogata, R. M. akamura, and E. M. Tan. 1985.
J . l mnumoi. 135: 2623.
5. Kleinscbuster, S. J., R. Smolowitz, and j . Parent. 1998. J. Shell·
[ISh Res. 17: 75-78.
6. Smolowitz, R., D. Leavitt, and Frank Perkins. 1998. J. /nvertebr.
Pathoi. 71: 9-25.
7. Stauber, L.A. 1950. Bioi. Br1ll. 98: 227-24 1.
8. T ripp, M. R. 1960. Bioi. Bull. 119: 273- 282.
9. Humanson, G. L. 1997. Pp. 101- 118 in Humanson's Animal Tissue
Techniques, 5th ed. J. K. Presnell and M. P. Schreibman, eds. The John
Hopkins University Press. Baltimore, MD.
10. Eble, A. F., and R. Scro. 1996. Pp. 25-30 in The Eastern Oyster,
Crassostrea virginica. V. S. Xennedy-:-R:' I. E. ewell, and A. P. Eble.
eds. Maryland Sea Grant College Publication UM-SG-TS-96-0 1.

Reference: Bioi. Brlil. 199: 200-20 I. (October 2000)

Conditions Affecting the Growth and Zoosporulation of the Protistan Parasite QPX in Culture
Christine Brothers 1 , Ernest Marks I!P , and Roxanna Smolowitz
(Marine Biological Laboratory, Woods Hole, Massachusetts 02543)

Quahog Par asite Unknown (QPX) is a protistan disease of hard
clams (Mercenaria mercenaria). The QPX organi sm has been
classified in the phylum Labyrinthomorpha (I, 2). Disease resulting from Q PX infection has been identi fied in New Brunswick and
Prince Edward Island, Canada; Barnegat Bay. ew Je r ey;
Chatham, Duxbury, and Provincetown. Ma achuserts; and three
locations in Virginia ( I, 2). Mortality from QPX can be evere,
w ith losses especially high in clams j ust unde r market s ize (about
2 years old). An important c linical s ign of infection is the occurre nce of QPX-infected infl ammatory nodules in the mantle.
Whyte er a/. (3) i olated Q PX cells from infected c lams: when
placed in artificia l seawater, these cell s produced sporangia and
zoospores. Kle inschuste r and Smolowitz (2) recently described
conti nuous in vitro culture of QPX. QPX was isolated from inflamed mantle nodules and c ultured in modified MEM medium at
pH 7 .2 at 22°C. Mature cultures (aft er 5 to 10 days) showed thalli ,
immature sporangia, and mature sporangia conta ining endospores.
Organisms in these tages ranged from 5 to 120 IJ.nl in diameter.
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Endospores re leased from mature sporangia became the new thalli.
Cultured QPX organi ms produced, and were embedded in, a thick
mucoid material that could be removed intact from the remaining
unused culture medium. When placed into sterile seawater, QPX
produced motile zoospores within 4 days.
The effects of different environmental conditions on the occurrence of QPX and the resulting di ease in the fie ld are unknown.
Dete rmination of how environmental parameters affect cultured
QPX may he lp in understanding the pathogenesis of the disease in
the fie ld. In this study, the e nvironmental effects of te mperature,
pH , and salinity were investigated on QPX cells in culture.
Medium (pH 7.2 and salinity 40 ppt) was prepared usi ng the
standard methods (2). Modified medium (40 ppt) was prepared at
pH 6.0, 7 .0, and 8.0 by adjusting pH with 2 M HCI and 2M NaOH.
Modified medium (pH 7.2) was also prepared at 20, 28, and 34 ppt
by proportionally reduci ng the salt conte nt of the med ium and
monitoring the resulting solutions with a refractometer. All media
were fi lter sterilized. To test the effects of pH and sa lini ty on the
proliferation of QPX in culture, 0.4 mJ of two QPX subcultures
was placed in a culture flask with 10 mJ of each of the three pH
variations or four (including standard) salinity variations. Fourteen
culture were created ( even of each subculture). These cultures
were incubated for I 0 days at 22°C. To test the effects of temperature on QPX growth in culture, the same procedure was fo llowed

