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ABSTRACT

The ecological significance of algal viruses is suggested by the presence of algal cells
containing virus like particles, the presence of viruses infecting specific algae and the
succession of phytoplankton and virus in natural aquatic ecosystems. The interaction
between Phaeocystis pouchetii  and the lytic virus PpV01 was investigated in laboratory
microcosms. The experiments show that P. pouchetii is susceptible to virus infection in all
stages of growth, and that nitrate, phosphate and light limitation of algal growth do not
prevent virus reproduction and cell lysis. Inferior growth conditions caused a decrease in
burst size of > 50% compared to more copious growth conditions. The length of the lytic
cycle and the infectivity of the viruses was apparently not affected by the host’s growth
conditions. Viral infection did not affect photosynthesis until near the onset of cell lysis.
Release of dissolved organic carbon was low in non-infected cultures, while in infected
cultures the entire algal biomass was converted to DOC. The DOC released during viral
lysis was rapidly and efficiently utilized for bacterial growth.

Introduction

Little is known about algal viruses in general and it is only during the last decade that we
have begun to consider their possible ecological roles.  The ecological significance of algal
viruses in natural aquatic ecosystems is suggested by three differed types of observations.
The first is the presence of algal cells containing virus like particles (VLPs) in natural
waters.  VLPs have been found in cells from about 50 different algal species representing
nearly all major algal classes [16, 21, 25]. Virus infection may thus be as common for
microalgae as it is for any other group of organisms.  Moreover, blooms of different marine
phytoplankton species such as Emiliania huxleyi [1, 5],  Aureococcus anophagefferens [11,
17] and Heterosigma akashiwo [13,14] have been found to have a significant fraction of
VLP containing cells as the blooms were about to collapse.

Methods

The second type of observation is the presence of viruses in natural waters infecting specific
algae. The two first microalgal viruses (Micromonas pusilla virus and Chlorella virus) were
isolated in the 1970’s [10, 22]. At present, less than 10 different microalga host virus
systems have been reported to be available in culture, but four of these have been isolated
during the last five years (Table  1). With an increasing awareness that algal viruses may be
important, more effort has been invested in isolating algal host-virus systems for further
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Table 1.  Microalgae host virus systems currently available in culture
Host algae Reference
Chlorophyceae

Chlorella  sp. 22
Chrysophyceae

Aureococcus anophagefferens 11
Prasiophyceae

Micromonas pusilla 6
Pyramimonas orientalis 12

Prymnesiophyceae
Chrysochromulina brevifilum 19
Phaeocystis pouchetii 9

Raphidophyceae
Heterosigma akashiwo 15

investigation in the laboratory and the number of isolated viruses will presumably increase
significantly in the next few years.

The third type of observations suggesting that algal viruses may be important in natural
waters is case studies where the succession of phytoplankton and free virus like particles
suggest a causative relationship [1,4].

A virus (PpV-01) infecting and lysing the marine prymnesiophyte Phaeocystis pouchetii
has recently been isolated [9]. We have conducted a series experiments to elucidate how the
virus production is affected by host cells growth and nutrition and how the virus infection
affects primary production, release of dissolved organic carbon and bacterial secondary
production [2,3].

Results

The experimental studies show that Phaeocystis was sensitive to virus infection in all phases
of growth (exponential-, early stationary- and late stationary - senescence-phase) and that
the population was decimated within 3 days after virus infection. Nutrient deficient cultures,
i.e. batch cultures entering stationary phase due to phosphorus or nitrogen limitation,
showed complete lysis within 3-4 days after virus infection as did control cultures growing
in complete medium. Virus infected cultures incubated in the dark lysed more slowly than
the control cultures incubated in the light. When comparing  total virus counts and counts
of infective viral particles (i.e. most probable number) we found no apparent relationship
between host cell growth condition and infectivity of the viral particles produced. The
fraction of infective particles in fresh algal lysates did however show a larger variation than
has been reported for other systems (Table 2).

Table 2.  Infectivity of algal viruses
Host virus system % Infectivity Reference
Phaeocystis pouchetii - PpV01 7 - 100 3
Chlorella - PBCV-1 25 - 50 21
Micromonas pusilla - MpV-SP1 12 - 34 7
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Discussion
The conclusions that can be drawn from these experiments are that P. pouchetii was
susceptible to virus infection in all stages of growth, and that nutrient (nitrate or phosphate)
or light limitation of algal growth did not prevent viral reproduction and cell lysis. The main
effect of host cell growth condition on virus production appeared to be on the number of
viruses produced per infected host cell. A high burst size (maximum 510) was found in
exponentially growing cultures, while low burst size (minimum 15)  was found in stationary
phase cultures, in nutrient depleted cultures and in light limited cultures. This is qualitatively
comparable to what has been found for other algal host-virus systems (Table 3) but P-
deficiency does not seem to be as important as has been found for some other systems.

Table 3.  Virus proliferation as a function of host cell growth condition
Host Effect of host growth condition on virus proliferation Reference
Phaeocystis pouchetii Burst size decreased by 50-90% at inferior growth

conditions.
3

Chlorella Poor replication in stationary-phase cells. 20,21

Emiliania huxleyi No virus production and cell lysis when phosphate was
depleted.

1

Synechococcus Length of lytic cycle increased and the burst size
decreased by 80% when cell growth was phosphate
limited.

24

Virus infection in Phaeocystis pouchetii does not seem to affect the cells photosynthetic
apparatus and it allowed primary production in the cells to continue throughout most of the
lytic cycle which lasts for 12-18 h [9]. In this respect, the response of Phaeocystis to virus
infection resembled virus infection in Synechococcus, but it was apparently different from
that of other eucaryotic algae where photosynthesis is shut down immediately or shortly
after the infection (Table 4).

Accumulation of dissolved organic carbon (DOC) and bacterial biomass in cultures of
Phaeocystis indicate that excretion amounts to 20-30% of the algae’s particulate production
(bacterial growth efficiency assumed to be 50%). Viral lysis of the algal cells resulted in a
massive release of DOC which in terms of carbon approximated that of the entire algal
biomass. Growth of bacteria succeeding cell lysis demonstrated that the DOC released was
readily available for bacterial secondary production and the net effect of the virus infection
was an efficient conversion of algal biomass into bacterial biomass. For viral lysis of
Aureococcus anophagefferens, Gobler et al [8] estimated that bacterial carbon production
was 22% of the total algal carbon while 15% was released to the dissolved phase.
Compared to our results obtained with Phaeocystis pouchetii this suggests that both the
amount and bioavailability of organic material released from algae due to viral lysis, and the
bacterial secondary production succeeding such lysis, may vary significantly.



Viruses as Regulators of Microbial Systems

Table 4.  Effect of virus infection on photosynthesis in different algal host virus systems
Host-virus system Observed effect of virus infection on photosynthesis Reference
Phaeocystis pouchetii -
PpV01

Photosynthesis is active during most of the lytic
cycle.

2

Micromonas pusilla -
MpV

Significantly reduced within 2h after infection. 23

Chlorella - PBCV-1 CO2 fixation inhibited almost immediately. 20

Synechococcus (BCC1)
- S-BBS1

Photosynthetic rates in infected cultures were
similar to those in non-infected control cultures until
near the onset of cell lysis.

18
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