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Giant marine viruses?
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ABSTRACT: Unusually large virus-like particles (VLPs) with
tails were found in water samples from Norwegian and Danish
coastal waters. Size of the VLP heads were 340 to 400 nm and
the tails were 2.2 to 2.8 um long. The VLPs occurred at a
maximum concentration of about 10° ml~!. The possible hosts
are unknown.

Most viruses measure between 20 and 350 nm (Bitton
1980). The largest are found among the animal viruses
and the smallest among the plant viruses and the
bacteriophages. Filamentous viruses may be as long as
1000 nm or longer, but the diameter of these viruses is
10 nm or less (Bradley 1967, Laskin & Lechevalier
1973). The viral population of natural marine waters is
dominated by forms with heads < 60 nm in diameter
(Bergh et al. 1989). Most of these small viruses are
thought to be bacteriophages (Bratbak et al 1990).
Viruses in the size range of 100 to 150 nm usually make
up < 1 to 10 % of marine viral communities.

Water samples in which we observed unusually large
virus-like particles (VLPs) were collected at 0.2 m depth
in Raunefjorden, western Norway in April 1991 (Brat-
bak et al. 1990) and during a mesocosm experiment in
Knebelvig, Denmark in July 1991 (Nybroe et al. 1992).
The mesocosm experiment was set up in the beginning
of July and sampled every 2 or 3 d for 3 wk. Samples
preserved with 1% glutaraldehyde were harvested by
centrifugation onto electron microscope grids, stained
with 2% uranyl-acetate, and inspected in a JEOL-
100CX transmission electron microscope as previously
described (Bersheim et al. 1990, Bratbak et al. 1990}).

The VLPs (Fig. la) we observed in the mesocosm
experiment were found in 2 of the 4 enclosures investi-
gated. A maximum concentration of ca 10* ml™! was
observed on Day 5 of the experiment. The particles
were also found in the sample taken 3 d later, but not in
earlier or later samples. The head structure of the
particles appears to have an octahedral form and the
size of the head, as it appears on the electron micro-
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graphs, was 370 nm (SD = 17) X 340 nm (SD = 12). The
tail structure was ca 2.2 um (SD = 0.3) long and 80 to
85 nm wide. The VLP found in the free water masses of
Raunefjorden was similar in morphology to the VLP
found in the enclosure study (Fig. 1A, B} but the head
structure was slightly larger (400 X 370 nm) and the tail
structure was about 2.8 um long and 55 to 60 nm wide.
The only comparable VLP we know of has a head
diameter of 390 nm and a tail of about 1 um and has
been found in cultures of the filamentous green algae
Uronema gigas (Dodds & Cole 1980).

Fig. 1. Transmission electron micrograph of the unusually

large virus-like particles. (A) Sample from mesocosm experi-

ment in Denmark; (B) sample from Raunefjorden, Norway.

Arrow: virus-like particles of a more typical size (< 100 nm); b:
bacterium

0171-8630/92/0085/0201/% 03.00



202 Mar. Ecol. Prog. Ser. 85: 201-202, 1992

Compared to microorganisms such as bacteria and
flagellates, viruses will generally appear as electron-
dense structures after positive staining with uranyl-
acetate due to their high nucleic acid content. As
shown in Fig. 1A, B the large VLPs have a high electron
density in the head structure. We do not know of any
biological or non-biological structure that gives a simi-
lar appearance after this preparation and we therefore
assume that these particles are indeed viruses.

The host of the viruses found in the enclosure study
must be a planktonic organism because they were
produced within the enclosures where only planktonic
organisms were present. The size of these large viruses
limits the number of possible host organisms. The vir-
uses we observed resemble tailed bacteriophages but
the size of the bacteria (Fig. 1) found together with the
viruses makes them unlikely hosts. The eucaryotic
community found together with the virus in the enclo-
sure study was numerically dominated by unidentified
autotrophic and heterotrophic forms that were 1 to 5 pm
in diameter. The most abundant larger phytoplankton
forms included the diatoms Rhizosolenia fragilissima
and Probiscia alata; some unidentified cryptophyceans;
some dinophyceans (including Gymnodinium sp. and
Scripsiella sp.); and the chrysophyceans Dinobryon
balticum and D. petriolatum. The most abundant proto-
zoans included colorless flagellates, and the ciliates
Urotricha sp., Strombidium spp., and Mesodinium
rubrum.

The roles of viruses in natural waters have just begun
to be revealed and we are still groping to find our way
with new methods and approaches. Our observation of
the large VLP is mainly qualitative and its host is
unknown. The finding does emphasize that the choice
of method for detecting and counting viruses may be
crucial. Large viruses such as those described here
would probably have been lost if any prefiltration had
been applied (Cottrell & Suttle 1991, Paul et al. 1991)
and they would probably have been considered small
bacteria if they had been observed in the epifluores-
cence microscope after staining with DAPI (Hara et al.
1991).
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