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each participant involved in the task 3 (Application of DNA probes, immunological reagents
and cellular tools for virus detection) in order to control if the different techniques used are
reliable in the different laboratories.


















by DNA fragmentation. Both primer pairs OH1/OH4 and IAP1/IAP2 allowed the production
of amplicons when DNA extracted from wax blocks was used. A classical technique was
choosen for DNA extraction from histological sections using dewaxing in xylene and
treatment with proteinase K. Archive material has been used. Five histological blocks
prepared in 1995 corresponding to Crassostrea gigas spat have been selected. Animals
presenting high mortality rates have been fixed individually in Davidson’s fluid during the
summer of 1995. Transmission electron microscopy examination allowed to detetect viral
particles. PCR analysis using DNA extracted from these blocks showed clear bands
presenting expected sizes when both primer pairs were used. This suggested that both primer
combinations were reliable tools to detect viral DNA in archive material. Moreover, the
primer pairs have been designed in two different areas of the genomic viral DNA enhancing
the specificity of the detection. The OH1/OH4 primer pair recognises a gene coding for a
protein of unknow function and the IAP1/IAP2 primer combination amplifies a fragment of a
gene corresponding to a putative inhibitor of apoptosis (IAP).

Identification of immunogenic proteins

The immunoscreening with specific anti-OsHV-1 antibodies and the results of sequencing of
the virus genome allowed to identify two open reading frames (ORFs) encoding for putative
immunogenic viral proteins. The first ORF (ORF94), codes for a protein of 748 amino acids.
This protein contains a highly hydrophobic C-terminal domain, potential N-glycosylation sites
(Asn-X-Ser/Thr) and a potential signal peptide at the N-terminal end. This ORF could code
for a membrane glycoprotein, the typical profile of surface viral antigens. The second
identified ORF (ORF43) codes for a protein of which different regions are recognized by anti-
OsHV-1 ascitis. This protein of 364 amino acids doesn’t present the characteristics of
membrane proteins but seems to be a potential immunogenic protein. This ORF codes for a
protein presenting homologies with baculovirus, insect and mammal IAPs (Inhibitor of
Apoptosis). The two ORFs, ORF43 and ORF94, encoding for putative immunogenic viral
proteins have been cloned in baculovirus expression system in order to prepare recombinant
proteins and antibodies for diagnosis use. Others plaques have been analysed in order to
isolate a third candidate. The other sequenced clones were not predicted anymore to express
real OsHV-1 proteins. Thus, the search of a third candidate has not been successful.

The baculovirus system has been choosen rather than Escherichia coli as insect cells are more
convenient for folding recombinant glycoproteins in a native conformation and with post-
translationnal modifications. The recombinant baculoviruses have been constructed by co-
transfection in Sf9 cells with BaculoGold (Pharmingen) and baculovirus transfer vectors. The
vectors produced recombinant proteins with a His-tag and a Flag-tag. Recombinant
baculoviruses obtained were called respectively ORF43s, ORF43c and ORF94 and were
amplified in Sf9 cells. In futher steps, Tn5 cells have been used since these insect cells are
recommended for the secretion of recombinant proteins. Both proteins were detected in the
intracellular fraction, by Coomassie blue staining. The ORF43 had an apparent molecular
weight of ~50 kDa and was in a doublet form. The ORF94 had an apparent molecular weight
of 90 kDa and had a quite diffused coloration which is the characteristic of glycosylated
proteins. The secreted forms were not detected by Coomassie blue staining, but they were
weakly detected by western blotting. Since the level of secreted proteins was too weak, the
purification of both proteins was performed from intracellular fractions.

For both proteins, the best conditions selected for solubilization of the insoluble cell fraction
before purification was 10 mM NaOH. A 4 | production for both proteins has been performed
in Tn5 cells. After 48h, infected cells were lysed with Triton X-100 and recombinant proteins









antibodies production will be completed as anticipated at the beginning of 2001. They will
permit first immunological analysis of oyster samples.

No cytopathic effect has been observed in 1999 and 2000 in tested fish cell lines. OsHV-1
may be not able to multiply in fish cell lines or under cultivation conditions used viral
replication doesn’t occur. Tested fish cell lines cannot be used for the herpes-like virus
infection diagnosis. Preliminary assays performed in primary cultures of embryonic oyster
cells showed the presence of viral DNA in infected cultures using PCR and in situ
hybridisation. However, experiments must be reiterated and other techniques as transmission
electron microscopy used in order to demonstrate the presence of the virus in embryonic cells.
Although promising results have been observed, primary cultures of embryonic oyster cells
are not at this time a reliable tool to detect OsHV-1. Cellular tools are not available and
analysis of oyster samples using such tools as anticipated will not be performed in 2001.

Most of the PCR analyses of bivalve samples failed to show positive results. Validation of the
developed tools should be difficult in these conditions. Validation will be carried out using
reference materials. Participant 1 will furnish in 2001 some positive reference oyster samples
and Participants 1, 5, 6 and 7 will be used this material to test molecular and immunological
tools in their own laboratory.

Future actions

Monoclonal and polyclonal antibodies will be produced using immunised mice and rabbits.
They will be characterised by ELISA and western blotting in 2001. ELISA for selection of
antisera and monoclonal antibodies will be performed on insect cells rather than on purified
antigen.

Tests of oyster primary cell cultures will be pursued in 2001 in order to investigate whether
viral replication occurs in vitro. Some assays will be performed in order to try to cryopreserve
« embryoids » and to cultivate the herpes-like virus in heart cells. Some experiments will be
also carried out to verify if the herpes-like virus introduces insides the embryonic cells or if it
is only adsorbed on their plasmic membrane (by in situ hybridization and PCR). This
information could be obtained after an enzymatic treatment of cells, which could detach viral
particles from the plasmic membrane and by increasing the time of contact of the virus and
the cells in culture.

Molecular (PCR and in situ hybridisation) and immunological (antibodies prepared by
Participant 3) methods will be used for herpes-like virus infections in laboratories involved in
epidemiological surveys among bivalves (Participants 1, 5, 6 and 7). Bivalves sampled in
2000 and 2001 will be used.

Participant 1 will furnish again reference material (viral DNA, frozen positive larval and spat
samples, and infected oyster histological sections) as positive reference material in order to
validate the developed reagents and techniques. OH1/OH4 and IAP1/IAP2 primer pairs will
be used to define the status of the selected wax blocks which will serve to prepare positive
histological sections. For each block (30), in sifu hybridisation and immunochemistry will be
used to detect the presence of herpes-like viruses in the four laboratories involved in
epidemiological surveys. Several techniques will be used on the same material and
comparisons be done.






Objective :
Preparation of cosmid, plasmid and lambda libraries

Methodology :
- Viral DNA was digested with BamHI and ligated into pCU18. Ligated DNA was
transfected into competent Escherichia coli DHSo. and ampicillin-resistant colonies
isolated. A library of clones representing the majority of the genome was established.
- Viral DNA was digested partially with BamHI or Sau3Al. The fragments were ligated
into a cosmid vector. Ligated DNA was packaged into phage lambda particles. Packaged
particles were used to infect E. coli XL-1 Blue MR, and ampicillin-resistant clones
isolated.
- Information about the genome structure has been produced from restriction enzyme
cleavage data and Southern blot hybridization experiments.
- Viral DNA was digested partially with Sau3Al. The fragments was ligated into a
lambda expression vector. Ligated DNA was packaged into phage lambda particles.
Packaged particles were used to infect E. coli XL-1 Blue MRF’, and an expression phage
library was established.

Progress during the second reporting period :
(This sub-task has already been completed during the first reporting period).

Sub-task 1. 2. : Sequencing the virus genome

Participant : 2

Duration : 12

Current status : completed during the second reporting period
Total estimated man-month : 8

N°® of man-month devoted already to the task : 10

Objective :
Obtaining the complete virus DNA sequence

Methodology :
- Random fragments 600-1000 bp in length were produced from viral DNA. The
fragments were ligated to M13mpl9. The ligation was transfected into competent
Escherichia coli DH5aF’ and plated onto a lawn of E. coli XL-1 Blue. Recombinant
phages were produced in 96-well trays and template DNA prepared by treatment with 4
M sodium iodide followed by ethanol precipitation.
- The templates were sequenced using an ABI PRISM 377 DNA sequencer.
- The resulting random sequences were assembled into a database using Staden’s Gap4
software. Residual problems have been resolved by specific experiments involving PCR
of viral or cloned DNA and resequencing of problematic regions.

Progress during the second reporting period :
This sub-task has been successfully completed.
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- Posters and presentations

Particpant 1 has published the results corresponding to the Sub-task 2.1 as 2 posters at the
World Aquaculture Society Aqua 2000 in Nice (France) and 2 posters at Les Journées
Francophones de Virologie in Paris (France).

The work concerning the OsHV-1 genome and sequence (Participant 2) was presented during
the Herpesvirus Workshop at the Millennium Meeting of the Society for General
Microbiology in Warwick, U.K. (10-14 April 2000). It was also publicised as a poster and as
an oral presentation at the 25™ International Herpesvirus Workshop in Portland, Oregon,
U.S.A. (29 July - 4 August 2000).

- E. C. Programme reporis .
Detection of herpes-like virus DNA by PCR in bivalve larval samples (2000). Final Report.
Progamme E. C. no FA-S2 9052 (Research Objectives : Mortality in European Oysters).

Diagnosis of oyster herpes-like virus: development and wvalidation of molecular,
immunological and cellular tools (2000). First Periodic Progress Report. Programme FAIR-
CT98-4334 (VINO).

31

















































































RESEARCH ACTIVITIES DURING THE REPORTING PERIOD

Task 1 - Obtaining a complete virus genomic library and DNA sequence

Sub-task 1.1 - Cloning of viral DNA in bacterial vectors

This sub-task was completed during the previous reporting period.

Sub-task 1.2 - Sequencing the virus genome

This sub-task has been completed. The part of the work supported by the EC contract was
carried out by Ms M. Watson and Dr A. Davison with laboratory support from Mr C.

Cunningham.

1. Sequence database

At the time of the last report, the sequence database assembled using Staden's Gap4 program
took the form of three large fragments. Since then, the genome sequence has been completed
and analysed.

Specific regions in the database where information was absent or of poor quality were dealt
with by PCR amplification of viral DNA using a set of 60 custom primers. PCR products
were either purified from agarose gels and sequenced directly using the relevant primers, or
cloned into pGEM-T and sequenced using universal primers. Ambiguities in the database
were resolved using the standard editing functions of Gap4. In addition, every nucleotide was
checked by reference to the best data available for that region. At completion, each nucleotide
was determined an average of 10.8 times and 96.1% of the sequence was determined on both
strands.

2. Genome structure

Comparison of the predicted sizes of restriction endonuclease fragments with those
determined by digestion of viral DNA indicated that the overall genome structure is:

TRy - U - IRy - X - IRs - Ug - TRs.

The total genome size is 207439 bp. TR, and IRy (7584 bp) are inverted repeats flanking a
unique region (Uy, 167843 bp), TRs and IRg (9774 bp) are inverted repeats flanking a unique
region (Usg, 3370 bp), and X (1510 bp) is located between IR, and IRg. A somewhat similar
genome structure has evolved independently in certain vertebrate herpesviruses (e.g. herpes
simplex virus and human cytomegalovirus).

Several experiments were undertaken to confirm the proposed genome structure.

e The sequences of the genome termini were determined. The initial approach was to digest
viral DNA with Pssl, tail with dG residues using terminal transferase, and anneal to
pUCI18 which had been digested with Sphl and tailed with dC residues. This standard
strategy reconstitutes the Sphl and Psil sites, and allows both terminal and internal Pstl
fragments to be cloned. Unfortunately, clones containing terminal fragments were not
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Left terminus

2 TGGGGGGGCTGT
4 TGGGGGG

Right terminus

TCCCCA
1 CCCCA

IR, - IRg junction

TGGGGGGGCTGTTACTCCCCAA
TGGGGGGGCTGT..CTCCCCAA
TGGGGGGGCTGT.. TCCCCAA
TGGGGGGGCTGC...TCCCCAA
TGGGGGGGCTG...TCCCCAA
TGGGGGGGC..... TCCCCAA

N = = e

Fig. 1. - Sequence of the genome termini

The number of clones obtained for each sequence is shown to the left. The termini have been
inverted and complemented so that they align with the junction.
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Subtask 3.2. Application of immunological methods to the diagnosis of oyster herpes-like
virus, carrying out analysis of oyster samples originating from Spain

We have not received immunological reagents.

Subtask 3.3. Application of primary oyster cell cultures and vertebrate cell lines to the
diagnosis of oyster herpes-like virus, carrying out analysis of oyster samples originating from
Spain

Due to the lack of positive results when the infected material (positive control) was inoculated
in cell lines, the inoculation on vertebrate cell lines of the sampled material is not being
conducted.

The progress of this sub-task is as anticiped. The works was carried out by Dr B. Novoa with
scientific support from Dr A. Figueras.

Task 4 - General organisation of the programme and synthesis of results

Participation in annual meetings and in writing intermediate and final reports.
Drs B. Novoa and A. Figueras attended the second meeting in December 2000 at the

IFREMER headquarter in Paris (Issy les Moulineaux, France). Dr B. Novoa also wrote this
intermediate report.

SIGNIFICANT DIFFICULTIES OR DELAYS

None.
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