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Genome Structure of a Virus Infecting the Marine Brown Alga Ectocarpus siliculosus
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We describe a procedure for the isolation of virus particies from the marine brown alga Ectocarpus siliculosus. Virus
narticles are composed of at least 13 different polypeptides, including two glycoproteins, and double-stranded DNA. A
wypical virus DNA preparation contains three fractions, namely linear DNA and circular DNA, each composed of about

320 kilobase pairs, as well as DNA fragments, 10 to

60 kilobase pairs in size. The large linear and the circular DNA

contain single-stranded regions (average length: 2.9 kilobases). We propose that the native Ectocarpus virus genome is
a circular DNA molecule whose double strand is interrupted by single-stranded regions. During the preparation proce-
dure, the DNA circles tend to break at the single-stranded sites producing large linear as well as fragmented DNA.
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INTRODUCTION

ses or virus-like particles have been detected in
number of marine algae {reviewed by van Elten
fﬂ 1. However, many of these viruses were
in field-coll tpd samples and remained un-
detexie” investigations
Muiier er al. (1990) described a viral
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s recen
fection Qﬂzhe marine brown alga Ectocarpus siliculo-
uS, 8 f‘ecm*’mo itan plant growing at all ocean coasts
te

of temperate climate zones. The Ectocarpus system
appears 10 be suited for molecular and cell bio !agical
nvestigations because the organism ﬂ&b beean e~=><fem

vell known (MUl
can be grown und@r
oprnent of disease

studied, and its life cycla 1s v
67). Furthermore, the species ¢
laboratory conditions, and the Jev@*
sy ngz»w»ms and the appearance of virus particles can
he well studied in cultivated algae (MUller et a/., 1390).

Symptoms of virus infection become manifest in the
reproductive organs, gametangia, and sporangia, but
not in the vegetative cells of the intected host. Nor-
mally, multiple mitoses produce densely packed zoi-
gangia with several hundred loculi. invirus-infected or-
ganisme, howaver, cell divisions come 1o an early halt,

and the nucler acquire a severalfold higher DNA corn-
tent comp ;afed to that of normal cells. After nuclear
breakdown, virus particles are formed in the cytoplasm
which eventually becomﬂ 8 ﬁenspiy packed with these
particles. Finally, the infected cells burst, and virions
are released into the surrounding sea water. Mature
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Ectocarpus plants are resistant against infection, but
free zoospores or gametes are infected by the virus
resulting in pathologically altered reproductive organs
of the progeny plants (MUller er 2/, 1980).

An analysis of the Ectocarpus virus is interesting for
several reasons. The virus may be of considerable eco-
logical importance as symptoms of viral infection were
discovered in Ectocarpus isolates from the coasts of
New Zealand, Australia, Northern Europe, the Amer-
cas and are most likely present in all Fctocarpus popu-
:a@. ions worldwide (Miller and Stache, 1992). interest

ingly, virus multiplication is to some degree Tempera»
ture-sensitive: the disease develops at 10-15°, but
Qc;«;zméo ical symptoms are reduced ataﬁouw(}" suq'

gesting mat seasonal temperature changes may affect
algal proliferation through the induction of viral multipli-
cation (MUller, 1981a). In addition, the virus could
serve as a vector-mediating interspecific gene transfer,
since it was fcund to infect not only different isolates of
the species Ectocarpus siliculosus but also the related
genus r’!ff‘kuek/a (MUller, 1992).

The Ectocarpus virus is also intriguing from a cell
biological point of view. Its genome is transmitted like a
Mendelian trait to progeny plants (MUller, 1981b) and
is present in a latent form in all cells of an infected adult
plant. However, virus multiplication specifically occurs
in developing reproductive organs. It should be an inter-
esting future task to more closely investigate the na-
ture of the lysogenic state and the conditions for induc-
tion.

In this communication, we describe some molecular
,mpeﬁfeg of the isolated virus andg its genome, provid-

ing the basis for a more detailed exploration of the ge-




1. Virus lm"{’“ 35 in inf
largar amplificati

d 3nrﬂt tophytes.

§

ferno

evaporation of tungsten as detailed in Wessel

et
{1 ﬂ@s’”}}( Tovisualize single strands, DNA was incubated

(R IR AW AN

y the bacterial single-strand- aﬁ@m‘ff@ bi ﬂcmg (5388)

1 (Pharmacia) at a ratio of 10 ug protein/ug DNA,
1% glutara mcf processed for BAC

A

Jg'“apm were taken in a Zeiss EM 900 electron
scope.
Length measurements oz.‘ DNA relative to internal

ndards were performed using magnified posi-

RESULTS

on through

bt
:

hows densely pa
These particles have apparent di ameirr%
m and consist
y an electron-dense core (Fig. 1).

& ﬂ

5 particles are located between residual
shell. Bar 0.5 um.

awea by PEG ch ip fatzoﬂ and 38;&%;9@3%;%
gh a cesium chloride step gradien ‘
;ar dwrss‘ including mitocho nc,i and chioro-
were removed by differential centrifugation. The
virus particles appeared as a turbid band at the border

ween the OsCldensity steps 1.25 and 1.3 g/ml.
turbid band did not appear when the extraction proce-

dure was performed with healthy plants (ﬁ@’{ s‘r\.ov\m},
In Fig. 2, we show negatively stained virus particles,
d@n‘w“\r‘sﬂratxng that the viral particles remamed mor-
phologically intact after the standard preparation pro-
cedure.
A buoyant density of approximately 1 q/z“ isina
range characteristic for viruses f‘“rr*p@&:d of nucleic

acid and protein without a substantial lipid component.

However, further experiments are neeaded to specifi-
%rve tigate the presence of lipids in the Ecrocar
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EFetocarpus VIRUS DNA

ed virus particles. A negative stain technigque was
te that the virus structure remained largaly intact
on and repeated centrifugations. Bars: 0.4 um

Structural proteins

s particles were disrupted in sodium do-
d investigated by denaturing polyacryl-
ige

decylsu g
amide gel electrophoresis (Laemmli, 1974). Steining of
| with silver salts reproducibly revealed 13 major

and several additional minor polypeptide bands in a
h

2y The jarge number of detectable polypeptides sug-
gests a complex virus structure as might be expected
from its electron microscopical appearance (Fig. 1)
The gel was blotted onto nitroceliulose membranes
and stained using the enzyme-hydrazide method of
Gershoni et /. (1985) to investigate the possible pres-
ence of glycoproteins. As shown in Fig. 3 {lane 3}, two
stainable bands could be detected suggesting that at
least two of the major structural proteins (apparent mo-
iecular weights: 56 and 60 kDa) are glycosylated.

Ectocarpus virus DNA

Previous experiments had shown that DAPl-stain-
able material accumulates in the reproductive organs
ofinfected plants (Muller et al., 1990). This finding sug-
gested that the genetic material of the Ectocarpus
virus most likely consists of DNA. To investigate its
nucleotide composition, DNA was prepared from purl-
fied virus particles, hydrolyzed, and processed for chro-
matography as described by Flatau et al. {1 984). We
determined a content of about 50% GC and 50% AT
hase pairs. in addition, Ectocarpus virus DNA contains
g low, but significant amount of methylated bases:
about 1% of the cytosine as well as 3% of the adenine
residues chromatographed as 5-methylcytosine and

5

g-methyladenine, respectively. The presence of meth-

ylated adenine residues is characteristic for bac
DNA but quite unusual for DNA of eukaryotic origin.
However, 8-methyl-adenine appears to be a typical
component of the DNA obtained from other viruses
infecting algae (van Etten et a/,, 1991).

When we first started to investigate the nature of the
virus DNA used standard phenol-chio ;

sction protocols but always obtained heavily 0
mented DNA. In order to avoid breakage, we embed:
ded aliguots of the virus preparation in low-melting-
point agarose before deproteinization and agarose gel

troph (see Materials and Methods).

Asg a typical result of pulse-field electrophoresis, we
obsarved ethidium-bromide-stainable DNA bands at
three locatio {iy one promi
nent band, migrating as linear DNA of about 320 kbp
(estimated relative to a series of concatemeric X DNA

second prominent band rem

rt of the gel, and (i) a spectru

jtions  investigated  but  the
he three fractions varied from experiment

-embedded, deproteinized L
as treated with restriction endo
ted distinct patterns of DNA be
. we show the digestion prod

W

noe by centrifugatic

5 ug protemn, denatured with sodium dode g
puffer (Laemmil °1974) and investigated using & 12% poly
«er proteing; lane 2, wiral polypeptides as visua
lane 3, a paraliel lane, blotted onto nitroceliuiose
entification of glycoprotens (Gershorni e af 1985)

sarnide

lized

by silver stal
sheets for the



) :,Ucleot de se-

o produce rela-
i degraded the
| digestion re-

enzymes recognize octameric
and are therefore expec ted

9]

siies.

g ofun | or Ascl restriction
lof abou A gimilar result

striction enzyme data are in ¢ ood
exew'o@mreuc analysis of undi
’Z:amm“@‘ virus DNA (Fig. 4}
' Qomti concerni ﬁc the !
st be considered. First, ﬁ“e fact ‘sa*?:
restriction enzyme u’l stions u%ted inrepro

of DNA bands excludes the DOSSiD!ﬂy m:;z

rpus virus DNA may he circularily permuted.
it s? ould be noted that restriction enzymes

degraded not "“w the li ’}6"’ 220-kb DNA but also t%
s atthe startof the gel. itis
L

:%ac*ém of ‘-Jiv*al ;?f;}?\}xi\ falled to

i
ﬁ‘ oteinization.
a \,m%eq ce of some special
One po y is that this DNA fraction may be Cir-

arily closed. 1t is well known that high electric :' ,fd%

ind %/mmao fare S\ » DNA ¢

)
e r sizes 0 Kbp are noted on

Asc Sti Vasc |

gmen IR 59 gths w"a kers. We show tt
n u nejaﬁ@r fit and Ascl digestion as !
zymes. Ast s denote in-

nave drastically different effects on the

J

mobilities in

flinear and of open circule rms,»\ Sufficiently
ircular DNA forms are prevented from migrating

D

into the gel, whereas linear D’\ié—\ mz‘.‘ecme migrat
normally (Levene and Zimm, 1987; Louie and Serwer,

consistent with ©
Fig. 5, we present the
_The number of frag-

The possibility of circularity is Jr
striction enzyme analyses. In F
Uit of an Ascl/Sfil double dxge
ments obtained was eight. The sum of all eight bands
arr ~unts to a total of 320 kb, the size of unrestric ted
“ctocarpus virus DNA. Thus, the number of fragments,
tained by Ascl/Sfil double digests COMespo onds
um of the fragments after two single digestions
fil fragments plus two Ascl fragments, Fig. b).
sing the dou-
ble digestion data of Fig. b as we ell as partially diﬂegteﬁd
‘ragments obtained fmr’* a series of cxpermen@ with
~ low and increasing amounts of Sfil (not shown)
> fragments could be arranged to form a circular
map as shown in Fig. 6.
”“'nl\; the fraction of the viral DNA remaining at ihe
+ of the gel (Fig. 4) is likely to be in nthe form of open
fimar DNA. However, our restriction enzyme analy-
were performed with total Ectocarpus virus DNA
nd reproducibly gave the results shown above in Fig.
5 In fact circular (i.e., nonmigratir ing) and linear DNA
gave an identical restriction fragment pattern (not
shown). This indicates that the DNA circles were bro-
ken at random sites.
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A restriction map was CGﬁ tructed by us
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