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Formation and disintegration of virions in
lymphocystis cells of plaice Pleuronectes platessa
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ABSTRACT: In lymphocystis cells of plaice, conspicuous anomalies occur during virus propagation.
Ball-shaped masses of capsid material are frequently deposited within the viral inclusion body. Newly
formed virions may later undergo disintegration. Membrane-bound club-shaped bodies with a partially
crystalline content are observed which are possibly of lysosomal character and might play a role in the
disintegration of virions.
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INTRODUCTION
The fish lymphocystis virus (family Iridoviridae)
transforms connective tissue cells (fibroblasts) of the
skin and inner organs to millimetre-sized cells with
correspondingly enlarged, strongly lobulated nuclei.
During enlargement of the cells, a Feulgen-positive
inclusion body of viral DNA forms in the cytoplasm.
The divided, frequently web-like inclusion body occupies the major part of the cytoplasm of the enlarged
cells. On its surface, masses of isosahedral virions are
formed with diameters (depending on the host species)
of 120 to 380 nm. The lymphocystis cells, which are by
then huge, round, and fllled with virus material, are
held together by a coarse mucopolysaccharide capsule
which is exuded from fjord-like invaginations of the
plasmalemma (Anders 1984, Wolf 1984, Fliigel 1985).
At mid-range electron-optical resolution, the lymphocystis virions reveal a dark, central nucleoid and an
icosahedral capsid which is covered by a fine, filamentous coating (regarding the fine structure of virions in
connection with biochemical data, see Berthiaume et
al. 1984, Fliigel 1985). Virion formation at the surface
of the inclusion body occurs as follows (Schacht 1988):
first open capsids are formed against the viral DNA
and are then apparently supplied with the material
necessary for the nucleoid before they are finally
closed. A central condensation of the nucleoid does not
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occur until after the capsid has closed, as can be concluded from the occurrence of partially to completely
closed capsids with evenly dispersed DNA material
(cf. Fig. 1).
In mature lymphocystis cells, condensation of the
viral DNA and compartmentalization of the inclusion
body in loops or patches can be observed, whereby
new virions are constantly forming. At the same time,
aging of the cells is also indicated by the fact that the
endoplasmic reticulum, which is primarily situated
near the nucleus, appears vacuolated and that the
mitochondria, which are concentrated in the cortical
cytoplasm, degenerate, sometimes forming myelin
figures. Finally, nucleus and plasmalemma disintegrate. At this stage, the cell capsule normally tears
open, and a mixture of virions, remains of the inclusion
body, and cell debrls flow out (Peters et al. 1981).
This description of lymphocystis is also basically true
for plaice. However, in this study some differences and
additional features of lymphocystis in plaice are reported.

MATERIALS AND METHODS
A total of 12 North Sea plaice (German Bight to Dogger Bank) afflicted by lymphocystis were examined,
whereby lymphocystis cells of a third to final size were
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included. Skin samples of 1 to 2 mm
side length were fixed in glutaraldehyde (5%, 6 h at 4 "C), washed in phosphate buffer (0.2 M, pH 7.28),postfixed
in osmium tetroxide (1 %, 2 h at 4"C),
washed again in phosphate buffer, dehydrated In ethanol (15 min each in 30,
50 and 70% at 4 "C), and embedded in
Epon. Sections of 1 pm thickness were
stained with toluidine blue for light microscopy. Additional semithin sections
were subjected to the Feulgen or the
Millon reaction (Baker 1956) after having been removed from the embedding
material (Epon) with sodium methylate
in methanol. For transmission electron
microscopy, ultrathin sections of approximately 80 nm thickness were
contrasted with uranylacetate and lead
citrate. For autoradiographic analysis,
lymphocystis cells were incubated with
3H-marked thymidine (25 pCi ml-') in
Hanks' balanced salt solution. After
exposure for 5 h with periodic aeration,
the samples were carefully rinsed with
an inactive thymidine solution and then
fixed and embedded as described
Fig. 1 Pleuronectes platessa. Partially condensed viral DNA of the inclusion
above. Semithin sections were coated
body (ib)in the cytoplasm of a mature plaice lymphocystis cell, associated with
with Kodak AR 10 stripping film and
a large ball of capsid material (ba). Various stages of virion formation are on
the surface of the DNA (arrotvs).X 20000
developed with Kodak D 19 after
exposure times of 6 or 12 wk at 4°C.
inclusion body was partitioned into small compartAfter acidification with 0.1 % acetic acid (pH 2.5 to 3),
ments containing 2 substances which could be clearly
the specimens were stained through the film coating
with toluidine blue solution (with sodium bicarbonate
differentiated from one another (Fig. 2a, b). At the
surface of these inclusion body compartments, formaadjusted to pH 11.0 to 1 1.4).
tion of virions as a sort of budding was observed,
whereby the nucleoids of the virions were formed of
RESULTS
particularly electron-dense material and the capsids of
moderately electron-dense, medium grey substance.
Irregularities in virus propagation
The electron-dense material is apparently tightly condensed DNA, but the medium grey substance appears
In contrast to observations on other fish species, in
to be capsid substance. In some of the inclusion body
plaice lymphocystis cells, balls of fine-grained matecompartments, the capsid material collected into small
rial, somewhat foamy-looking, are frequently associballs corresponding in form and structure to the freely
dispersed balls described above.
ated with the inclusion body (Fig. 1). These balls either
are dispersed in the free spaces of the inclusion body,
Live, mature plaice lymphocystis cells were incubated with 'H-thymidine immediately after removal.
are in contact with the D N A material or are completely
In the semithin-section autoradiogram, the parts of the
surrounded by it. They are usually between 1 and 5 pm
in diameter so that they are easily visible under the
inclusion body containing DNA are clearly marked by
light microscope. Contrary to the inclusion body itself,
an accumulation of silver grains (Fig. 3). In contrast,
they are Feulgen-negative. Instead, they can be
the separate balls are not marked. This result is in
stained darker than their surroundings by means of the
agreement with the observations on the nature of the
Millon reaction to protein.
balls as capsid material. At the same time, it indicates
The following observation clarified the nature of
that the viral DNA is still replicating at this stage in at
these balls: in 2 mature plaice lymphocystis cells the
least a partially condensed form.
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such balls is then a result of the continuous deposition of further swollen
caps~ds
We conslder a reverse order for thls
development to be highly unlikely It
would mean that the foamy balls of
c a p s ~ d materlal first separate into
swollen, rounded and then icosahedron-shaped capslds, in which nucleo ~ d sflnally develop. No DNA, which
would be the raw materlal for nucleolds, is evldent by staining or autoradiographic methods in the foamy
balls. The conspicuous lucence inside
the empty capsids also casts doubt on
the existence of v ~ r a l DNA which
could condense to nucleoids.

Club-shaped bodies with crystalloid
structure

Fig. 2. Pleuronectes platessa. Several small parts of the inclusion body ( ~ bIn
l the
cytoplasm of a mature plaice lymphocystis cell Strongly condensed viral DNA
(dark) and capsid material (grey) are Intermixed (a) Smaller, integrated balls
(arrows) as well as larger, free lying balls of capsld material (baj can be recognized X 10000. ( b ) The new formation of vlnons from viral DNA (dark) and
capsid material (grey) has a bud-llke appearance (arrows) X 20000

Round, oval to club-shaped bodies
enclosed by membranes, approximately the size of the mitochondria, were
observed in plaice lymphocystls cells
(Fig 5) Inslde, they are divided lnto 2
parts, a light, elongated, cross-ridged
central part and a dark, amorphous
part, which forms the club swell~ng
The cross-ndging is indicative of a
crystallold stl-ucture.The round, oval to

Disintearation of virions
In 3 plaice (out of a total of 12) we observed overmature lymphocystis cells. These no longer contain
any specifically DNA-stainable remalns of the inclusion body. However, the round balls of capsid material
are conspicuous. In addition, there are slmilar balls,
which can be distinguished from those described particularly by their irregular surfaces, and which, moreover, have a foamy appearance (Fig. 4a) Their substance appears less grainy than amorphous. Their
formation and their nature can be denved from the
following:
In the overmature lymphocystis cells, numerous
virions are visible, the nucleoids of which are more or
less destroyed by 'moth holes'. It is unlikely that these
represent a loosening of the DNA: more likely, they
represent a separation of the DNA material, which 1s
indicated by the conspicuous lucence at these locations. The empty c a ~ s l d sthen swell and aggregate to
form foamy conglomerates. The ~rregularsurface of

Fig 3 Pleuronectesplatessa Semith~n-sectlonautoradiogram
of the inclusion body in a mature ~ l a l c elymphocystis cell
after ~ n c u b a t ~ owith
n
3H-thymidine. The sllver grams are
accumulated over the dark-appearing viral DNA of the lnclusion body. A separate ball of capsid material (arrow) 1s not
marked X 680
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Flg 4. Pleuronectes platessa. Disintegration
of vlrlons in an overmature plaice lymphocystls cell. (a) Increasing dissolution of the
virion nucleoids (1, 2), swelling, empty
vlrlon capsid (3), sivollen virion capsid in
the process of aggregation (41, conglomerate
of aggregated virion capsids (5). x 20000.
(b) Swelling and breaking up 'clubshaped'
body (cb) in an overmature plaice lymphocyst~scell; adjacent is flakey, fine-grained
material (gm).X 20000

elongated bodies with alternating proporbons of both parts can be seen as representing various sections of the club
figure, but more irregular forms of these
bodies are also observed.
At the same time, large numbers of
d~ctyosomes,
which are normally se!dom
seen in lymphocystis cells, also occur.
Along with the Golgi vesicles and the
club-shaped bodies, one finds vesicles of
all lntermedjate sizes with at first light
grey or dark grey contents, as well as
larger ones with the contents divided
Into 2 parts, all of which can be interpreted to be transitional vesicles. Apparently, the subdivided vesicles may occur
through fusion of vesicles with different
contents, whereby the club shape is
caused by the subsequent 'crystallizatlon' of the light material. In other
lymphocystis cells of plaice, light and
dark vesicles remain separate, retain
their round to oval shape and attain only
about half the size of the club-shaped
bodles. In these cases no 'crystallization'
occurs in the light vesicles.
Dictyosomes and Golgi vesicles, as
well as intact club-shaped bodies, are
malnly found in immature and not fully
grown lymphocystis cells. In contrast,
m the mature to overmature cells with
slgns of disintegration of vinons, the
membrane of the club-shaped bodies is
frequently broken down and the contents are more or less swollen, whereby
the crystalloid structure gradually fades
(Flg 4b).

Fig. S. Pleuronectes platessa. Club-shaped
bodies (cb) in a n Immature plalce lyrnphocystis cell; adjacent are dictyosomes with
Golgi vesicles (di), as well as transition
ves~cles(tr) X 20000

Peters & Schmidt: Virions in lymphocystis cells ~n plaice

In such mature to overmature lymphocystis cells of
plaice, instead of inclusion bodies we repeatedly observed flakes of fine-grained material dispersed
throughout the cytoplasm (Fig. 4b). Occasionally these
flakes contain still loosely dispersed filamentous matenal of the viral DNA type. This is probably the remains
of the inclusion body after dissolution of the DNA,
which is in agreement with the spatial distribution of
the flakes. The flakes appear to be a further manifestation of capsid protein, which is normally optically
masked by the DNA material.

DISCUSSION

In lymphocystis cells of fish in general, the DNA
material from which the nucleoids of the forming
virions originate can be represented with light and
electron microscopy as a n inclusion body. The material
from which the capsids originate appears beforehand
to be so thinly dispersed or so masked by the viral DNA
that these substances only become visible when capsids a r e formed. In the plaice lymphocystis cells separation of ball-like capsid material frequently occurs,
whereby this material is no longer involved in the formation of virion capsids. Occasionally, plaice lymphocystis cells contain parts of inclusion bodies in which
DNA material and capside material clearly intermingle, both materials contributing to the formation
of the virions in a kind of budding process.
A further unusual finding was the disintegration of
newly formed virions in overmature lymphocystis cells.
It seems plausible that the first manifestation, the dissolution of the virion nucleoids (as well a s of the remaining free viral DNA), is an effect of nucleases,
while the capsids are denatured by proteolytic enzymes, this being at first optically inconspicuous and
then followed by swelling a n d conglomeration of the
swollen capsids. The origin of such enzymes may be
lysosomes represented by the club-shaped bodies.
Their bursting seems to occur simultaneously with the
disintegration of the virions.
The lymphocystis virus can b e considered particularly successful, in that it stimulates its host cell to
gigantic growth, in the process engaging the cells in
Editorial responsibility: Managing Editor
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the massive production of virions. O n the other hand,
the separation of unused capsid material, the dlsintegration of virions and the dissolution of free viral DNA
does not make sense as a viral strategy or would appear even to go against it. These contradictions lead to
the conclusion that the lymphocystis virus has not yet
been able to optimally adapt to the plaice as a host.
T h e variability in the formation of the virions a s well a s
the variability in the structure of the 'lysosomal' bodies
also support this. In the lymphocystis cells of d a b
L i n ~ a n d aOmanda, which is closely related to plaice
(Norman 1934, Sakamoto 1984), but which is afflicted
with another strain of the lymphocystis virus (Darai et
al. 1983),no such irregularities are found. Neither the
disintegration of virions nor the formation of round,
oval to club-shaped bodies of possible lysosomal character is observed (Peters et al. 1981, Schacht 1988).
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