
BIOCONJUGATES MADE FROM RECOMBINANT N-GLYCOSYLATED
PROTEINS FROM PROCARYOTIC CELLS Field of the Invention
The present invention relates to bioconjugates,
specifically bioconjugate vaccines, made from
recombinant glycoproteins, namely N-glycosylated
proteins. The invention comprises one or more
introduced N-glycosylated proteins with optimized
amino acid consensus sequence(s), nucleic acids
encoding these proteins as well as corresponding
vectors and host cells. In addition, the present
invention is directed to the use of said proteins,
nucleic acids, vectors and host cells for preparing
bioconjugate vaccines. Furthermore, the present
invention provides methods for producing bioconjugate
vaccines. Background of the Invention Glycoproteins
are proteins that have one or more covalently attached
sugar polymers. Nlinked protein glycosylation is an
essential and conserved process occurring in the
endoplasmic reticulum of eukarotic organisms. It is
important for protein folding, oligomerization,
stability, quality control, sorting and transport of
secretory and membrane proteins (Helenius, A., and
Aebi, M. (2004). Roles of N-linked glycans in the
endoplasmic reticulum. Annu. Rev. Biochem. 73,
1019-1049). Protein glycosylation has a profound
influence on the antigenicity, the stability and the
half-life of a protein. In addition, glycosylation can
assist the purification of proteins by chromatography,
e.g. affinity chromatography with lectin ligands bound
to a solid phase interacting with glycosylated
moieties of the protein. It is therefore established
practice to produce many glycosylated proteins
recombinantly in eukaryotic cells to provide
biologically and pharmaceutically useful glycosylation
patterns. It has been demonstrated that a bacterium,
the food-borne pathogen Campylobacterjejuni, can also
N-glycosylate its proteins (Szymanski, et al. (1999).
Evidence for a system of general protein glycosylation
in Campylobacterjejuni. MoI. Microbiol. 32,
1022-1030). The machinery required for glycosylation
is encoded by 12 genes that are clustered in the
so-called pgl locus.Disruption of N-gylcosylation
affects invasion and pathogenesis of C.jejuni but is
not lethal as in most eukaryotic organisms (Burda P.
and M. Aebi, (1999). The dolichol pathway of N-linked
glycosylation. Biochim Biophys Acta 1426(2):239-57).
It is possible to reconstitute the Nglycosylation of
C.jejuni proteins by recombinantly expressing the pgl
locus and acceptor glycoprotein in E. coli at the same
time (Wacker et al. (2002). N-linked glycosylation in
Campylobacter jejuni and its functional transfer into
E. coli. Science 298, 1790-1793). Diarrheal illness is
a major health problem associated with international
travel in terms of frequency and economic impact.
Traveller's diarrhea refers to an enteric illness
acquired when a person travels from a developed to a
developing country. Today, over 50 million people
travel each year from developed countries to
developing countries and up to 50% of these travelers
report having diarrhea during the first 2 weeks of
their week of their stay. There has been no
significant decline in the incidence of traveller's
diarrhea since the 1970s, despite efforts made by the
tourism industry to improve local infrastructure.
Traveller's diarrhea is acquired through the ingestion
of faecally contaminated food and less commonly water.
Bacteria are the main cause of traveller diarrhea's,
being responsible for up to 80% of the infections.
Enterotoxigenic E. coli (ETEC) is the most frequently
isolated bacterium in all parts of the world
associated with traveler's diarrhea, followed by
Shigella spp and C.jejuni. Shigellosis remains a
serious and common disease. In addition to causing
watery diarrhea, Shigellae are a major cause of
dysentery (fever, cramps, and blood and/or mucus in
the stool). Man is the only natural host for this
bacterium. The estimated number of Shigella infections
is over 200 million annually. About 5 million of these
cases need hospitalization and a million people die.
Three serogroups are mostly responsible for the
disease described as bacillary dysentery: S.
dysenteriae, S.flexneri and S. sonnei. S. dysenteriae
and S.flexneri are responsible for most infections in
the tropics, with case fatalities up to 20%.
Shigellosis occurs both endemically and as epidemics.
In many tropical countries, endemic infection is
largely due to S.flexneri whereas major epidemics of
S. dysenteriae have occurred in Central America,
Central Africa and Southeast Asia. Theseepidemics are
major public-health risks. Infections, primarily due
to S. sonnei and less frequently S.flexneri continue
to occur in industrialized countries. Conjugate
vaccines have shown promising results against Shigella
infections. O-specific polysaccharides of S.
dysenteriae type 1 have been used to synthesize a
conjugate vaccine that has elicited an immune response
in mice. Such vaccines have been synthesized
chemically and conjugated to human serum albumin or
has been developed where the O-polysaccharide has been
purified from Shigella. The O-specific polysaccharides
of S. sonnei and S.b exneri also have been conjugated
chemically to P. aeruginosa exotoxin and have elicited
a significant immune response in mice. Additionally,
they have been shown to be immunogenic and safe in
humans. However, chemical conjugation is an expensive
and time-consuming process that does not always yield
reliable and reproducible vaccines. This leads to good
manufacturing practices (GMP) problems when seeking to
develop such bioconjugate vaccines on a commercial
scale. Summary of the Invention In one aspect, the
present invention is directed to a bioconjugate
vaccine comprising: a protein carrier comprising an
inserted consensus sequence, D/E - X - N - Z - S/T,
wherein X and Z may be any natural amino acid except
proline; at least one antigenic polysaccharide from at
least one bacterium, linked to the protein carrier,
wherein the at least one antigenic polysaccharide is
at least one bacterial O-antigen from one or more
strains o Shigella, E. coli or Pseudomonas aeruginosa;
and, optionally, an adjuvant. In another aspect, the
present invention is directed to a Shigella
bioconjugate vaccine comprising: a protein carrier
comprising Exotoxin of Pseudomonas aeruginosa (EPA)
that has been modified to contain at least one
consensus sequence D/E - X - N - Z - S/T, wherein X
and Z may be any natural amino acid except proline; at
least one polysaccharide chain linked to the protein
carrier and having the following structure:; and,
optionally, an adjuvant. In yet another aspect, the
present invention is directed to a Shigella
dysenteriae Ol bioconjugate vaccine comprising: a
protein carrier having the sequence provided in SEQ.
ID NO.: 7; at least one polysaccharide chain linked to
the protein carrier and having the following
structure: ; and an adjuvant. In yet additional
aspects, the present invention is directed to: a
plasmid comprising SEQ. ID NO. 5; a genetic sequence
comprising SEQ. ID NO. 5; an amino acid sequence
comprising SEQ. ID NO. 6; an amino acid sequence
comprising SEQ. ID NO. 7; or vector pGVXN64. In
another aspect, the present invention is directed to
an expression system for producing a bioconjugate
vaccine against at least one bacterium comprising: a
nucleotide sequence encoding an oligosaccharyl
transferase (OST/OTase); a nucleotide sequence
encoding a protein carrier; and at least one antigenic
polysaccharide synthesis gene cluster from the at
least one bacterium, wherein the antigenic
polysaccharide is a bacterial O-antigen. In still
another aspect, the present invention is directed to
an expression system for producing a bioconjugate
vaccine against Shigella dysenteriae Ol comprising: a
nucleotide sequence encoding PgIB having SEQ. ID NO. 2
; a nucleotide sequence encoding a modified EPA having
SEQ. ID NO. 6; and a polysaccharide synthesis gene
cluster comprising SEQ. ID NO. 5.In yet another
aspect, the present invention contemplates a method of
producing an 01- bioconjugate in a bioreactor
comprising the steps: expressing in bacteria: modified
EPA containing at least one consensus sequence, D/E -
X - N - Z - S/T, wherein X and Z may be any natural
amino acid except proline, or AcrA; PgIB; and one or
more Ol -polysaccharides; growing the bacteria for a
period of time to produce an amount of the
Ol-bioconjugate comprising the AcrA or the modified
EPA linked to the one more Ol -polysaccharides;
extracting periplasmic proteins; and separating the
Ol-bioconjugate from the extracted periplasmic
proteins. In an additional aspect, the present
invention contemplates a method of producing an S.
dysenteriae bioconjugate vaccine, said method
comprising: assembling a polysaccharide of S.
dysenteriae in a recombinant organism through the use
of glycosyltransferases; linking said polysaccharide
to an asparagine residue of one or more target
proteins in said recombinant organism, wherein said
one or more target proteins contain one or more T-cell
epitopes. In a further aspect, the present invention
contemplates a method of producing an S. dysenteriae
bioconjugate vaccine, said method comprising:
introducing genetic information encoding for a
metabolic apparatus that carries out N-glycosylation
of a target protein into a prokaryotic organism to
produce a modified prokaryotic organism, wherein the
genetic information required for the expression of one
or more recombinant target proteins is introduced into
said prokaryotic organism, and wherein the metabolic
apparatus comprises specific glycosyltransferases for
the assembly of a polysaccharide of S. dysenteriae on
a lipid carrier and an oligosaccharyltransferase, the
oligosaccharyltransferase covalently linking the
polysaccharide to an asparagine residue of the target
protein, and the target protein containing at least
one T-cell epitope; producing a culture of the
modified prokaryotic organism; and obtaining
glycosylated proteins from the culture medium.
Description of the Figures Fig. 1 illustrates the
N-glycosylation of Lip proteins derived from
constructs A to C (see example 1 ) . E. coli Top 10
cells carrying a functional pgl operon from C.jejuni
(Wacker et al., 2002, supra) and a plasmid coding for
constructs A (lane 2), B (lane 1), and C (lane 3) or
amutant of construct C with the mutation D121A (lane
4). Proteins were expressed and purified from
periplasmic extracts. Shown is the SDS-PAGE and
Coomassie brilliant blue staining of the purified
protein fractions. Fig. 2 shows the N-glycosylation
analysis of the different proteins that were analyzed
for the sequence specific N-glycosylation by the
C.jejuni pgl operon (Wacker et al., 2002, supra) in
CLM24 cells (Feldman et al., (2005). Engineering
N-linked protein glycosylation with diverse O antigen
lipopolysaccharide structures in Escherichia coli.
Proc. Natl. Acad. Sci. USA 102, 3016- 3021) or Top 10
cells (panel E lanes 1-6) or SCM7 cells (Alaimo, C,
Catrein, L, Morf, L., Marolda, C. L., Callewaert, N.,
Valvano, M. A., Feldman, M. F., Aebi, M. (2006). Two
distinct but interchangeable mechanisms for flipping
of lipid-linked oligosaccharides. EMBO Journal 25,
967-976) (panel E, lanes 7, 8) expressing said
proteins from a plasmid. Shown are SDS-PAGE separated
periplasmic extracts that were transferred to a
nitrocellulose membrane and visualized with specific
antisera. In panels A-D, the top panels show
immunoblots probed with anti AcrA antiserum (Wacker et
al. 2002, supra; Nita-Lazar, M., Wacker, M., Schegg,
B., Amber, S., and Aebi, M. (2005). The N-X- S/T
consensus sequence is required but not sufficient for
bacterial Nlinked protein glycosylation. Glycobiology
15, 361-367), whereas the bottom panels show
immunoblots probed with R12 antiserum (Wacker et al.,
2002, supra). +and - indicate the presence of the
functional or mutant pgl operon in the cells. Panel A
contains samples of the soluble wildtype AcrA with the
pelB signal sequence and the hexa histag (lanes 1 ,
2), AcrAN273Q (lane 3, 4), and AcrA-D121A (lane 5).
Panel B: AcrA (lanes 1, 2), AcrA-T145D (lane 3),
AcrA-N123Q-N273Q-T145D (lanes 4, 5). Panel C: AcrA-Fl
15D-T145D (lanes 1, 2), AcrAN123Q- N273Q-N272D (lanes
3, 4). Panel D: AcrA-N273Q (lanes 1, 2),
AcrA-N273Q-F122P (lanes 3, 4). Panel E: CtxB (lanes 1,
2), CtxB-W88D (lanes 3, 4), CtxB-Q56/DSNIT (lanes 5,
6), and CtxB-W88D-Q56/DSNIT. Fig. 3 shows the
engineering of multiple glycosylation sites in OmpHl.
The D waaL strain SCM6 was co-transformed with plasmid
pACYCpgl (encoding entire pgl locus) and plasmids
expressing wild type OmpHl (lane 1), OmpHl N139S-rnyc
(lane 2), OmpHl KGN NITHFGDD DSNIT _my( . QmpR RGD
NIT, HFGD^DSNIT _myc QmpH j KGN NIT, RGD NIT myc (lane
5 ) KGN-NGG, RGD N,T HFGDD DSNIT _myc (lane 6 ) o r O
mpHl RGD NIT -V83T -myc (lane 7). The cells were grown
aerobically, induced with 0.5% arabinose for 3 hours
prior toanalysis. Whole cell lysates were TCA
precipitated after equalizing the optical density of
the 



cultures as described in the materials and methods
section. The proteins were separated by 15% SDS-PAGE
and transferred onto a PVDF membrane. First panel,
immunoblot of whole cell lysates probed with anti-myc
tag antobodies. Bottom panel, immunoblot of whole cell
lysates probed with glycan-specific antiserum. The
positions of unglycosylated- and glycosylated OmpHl
are indicated on the right. Fig. 4. shows fluorescence
microscopy of cells expressing various OmpHl variants.
Fluorescence microscopy was performed by the using an
Axioplan2 microscope (Carl Zeiss). Images were
combined by using Adobe Photoshop, version CS2. SCM6
cells expressing OmpHl (panel A), OmpHl N139S (panel
B), OmpHl C20S (panel C), OmpHl KGN NGG, HFGDD DSNIT
(panel D), O mpHl RGD NIT HFGDD DSNIT (panel E), OmpHl
N NIT RGD NIT (pand F OmpHl V83TKGN NIT (panel G), and
OmpHl KGN NIT RGD NIT'HFGDD DSNIT (panel H). The first
column is a merge of the pictures in columns 2, 3, and
4 represented in greytones on black background. Column
2: blue fluorescence in greytones from DAPI stain,
column 3: green fluorescence from glycan specific
fluorescence, column 4: red fluorescence from anti-myc
staining. Fig. 5A shows a schematic of the capsular
polysaccharides and lipopolysacharides in
Gram-positive and Gram-negative bacteria. Fig. 5B
shows genomic DNA, with integrated PgIB and EPA, and
plasmid DNA, which is interchangeable (i.e.,
exchangeable), encoding a polysaccharide synthesis
gene cluster. Fig. 6A shows the production process of
conjugate vaccines using technology of the invention.
Fig. 6B shows the construction of the Shigella
dysenteriae Ol antigen expression plasmid pGVXN64.
Figs. 7A and 7B show schematics of the protein
glycosylation pathway utilized in the present
invention.Figs. 8A and 8B are schematics depicting
expression platforms for bioconjugate production of
the present invention. Fig. 9 shows production of
Shigella bioconjugates. Fig. 1OA shows polysaccharide
biosynthesis of the O-antigen of S. dysenteriae
Serotype Ol on undecaprenolpyrophosphate (UPP). Fig.
1OB shows a schematic of a carrier protein, such as
EPA, onto which Nglycosylation sites can be designed.
Fig. 11 shows bicoonjugates that elicit an immune
response against Shigella Ol polysaccharide in mice.
Fig. 12 shows results from the production of a
Shigella Ol-EPA bioconjugate (e.g., 01- EPA) in a
bioreactor. Fig. 13 shows purification of Ol-EPA. Fig.
14A shows a Western blot analysis of a series of
specimens of Shigella Ol-AcrA bioconjugates produced
in an LB shake flask taken under various conditions.
Fig. 14B provides different serotypes of Shigella and
the polysaccharide structure that defines their
antigenicity (i.e., Shigella O-antigens). Fig. 15
shows the expansion of the anomeric region of IH NMR
spectrum of an example of a S. dysenteriae Serotype Ol
bioconjugate of the invention. Fig. 16A shows protein
samples of a Shigella Ol Bioconjugate (e.g., EPA-Ol)
normalized to biomass concentration (0.1 OD60onm of
cells/lane). Fig. 16B shows the periplasmic extract
from a Shigella Ol Bioconjugate production process
which was loaded on a 7.5% SDS-PAGE, and stained with
Coomasie to identify EPA and EPA-Ol.Fig. 17A shows
protein fractions from 1. Source Q analyzed by
SDS-PAGE and stained by Coomassie to identify the
Shigella Ol bioconjugate. Fig. 17B shows protein
fractions from 2. Source Q column analyzed on SDS-PAGE
and stained by Coomassie to identify the Shigella Ol
bioconjugate. Fig. 18A shows protein fractions from
Superdex 200 column analyzed by SDS-PAGE and stained
by Coomassie stained to identify the Shigella Ol
bioconjugate. Fig. 18B shows Shigella bioconjugates
from different purification steps analyzed by SDS-PAGE
and stained by Coomassie. Detailed Description of the
Invention Introduction to Invention The present
invention provides a versatile in vivo glycosylation
platform. European Patent Application No. 03 702 276.1
(European Patent 1 481 057) teaches a procaryotic
organism into which is introduced a nucleic acid
encoding for (i) specific glycosyltransferases for the
assembly of an oligosaccharide on a lipid carrier,
(ii) a recombinant target protein comprising a
consensus sequence "N - X - S/T", wherein X can be any
amino acid except proline, and (iii) an oligosaccharyl
transferase of C.jejuni (OTase) that covalently links
said oligosaccharide to the consensus sequence of the
target protein. Said procaryotic organism produces
N-glycans with a specific structure which is defined
by the type of the specific glycosyltransferases. The
known N-glycosylation consensus sequence in a protein
allows for the Nglycosylation of recombinant target
proteins in procaryotic organisms comprising the
oligosaccharyl transferase (OTase) of C. jejuni. The
object of the present invention is to provide proteins
as well as means and methods for producing such
proteins having an optimized efficiency for
N-glycosylation that can be produced in procaryotic
organisms in vivo. Another object of the present
invention aims at themore efficient introduction of
N-glycans into recombinant proteins for modifying
antigenicity, stability, biological, prophylactic
and/or therapeutic activity of said proteins. A
further object is the provision of a host cell that
efficiently displays recombinant N-glycosylated
proteins of the present invention on its surface. In a
first aspect, the present invention provides a
recombinant N-glycosylated protein, comprising one or
more of the following N-glycosylated optimized amino
acid sequence(s): D/E - X - N - Z - S/T, (optimized
consensus sequence) wherein X and Z may be any natural
amino acid except Pro, and wherein at least one of
said Nglycosylated partial amino acid sequence(s) is
introduced. It was surprisingly found that the
introduction of specific partial amino acid
sequence(s) (optimized consensus sequence(s)) into
proteins leads to proteins that are efficiently
Nglycosylated by the oligosaccharyl transferase (OST,
OTase) from Campylobacter spp., preferably C.jejuni,
in these introduced positions. The term "partial amino
acid sequence(s)" as it is used in the context of the
present invention will also be referred to as
"optimized consensus sequence(s)" or "consensus
sequence(s)". The optimized consensus sequence is
N-glycosylated by the oligosaccharyl transferase (OST,
OTase) from Campylobacter spp., preferably C.jejuni,
much more efficiently than the regular consensus
sequence "N - X - S/T" known in the prior art. In
general, the term "recombinant N-glycosylated protein"
refers to any heterologous poly- or oligopeptide
produced in a host cell that does not naturally
comprise the nucleic acid encoding said protein. In
the context of the present invention, this term refers
to a protein produced recombinantly in any host cell,
e.g. an eukaryotic or prokaryotic host cell,
preferably a procaryotic host cell, e.g. Escherichia
ssp., Campylobacter ssp., Salmonella ssp., Shigella
ssp., Helicobacter ssp., Pseudomonas ssp., Bacillus
ssp., more preferably Escherichia coli, Campylobacter
jejuni, Salmonella typhimurium etc., wherein the
nucleic acid encoding said protein has been introduced
into said host cell and wherein the encoded protein is
N-glycosylated by the OTase from Campylobacter spp.,
preferably C.jejuni, said transferase enzyme naturally
occurring in or being introduced recombinantly into
said host cell.In accordance with the internationally
accepted one letter code for amino acids the
abbreviations D, E, N, S and T denote aspartic acid,
glutamic acid, asparagine, serine, and threonine,
respectively. Proteins according to the invention
differ from natural or prior art proteins in that one
or more of the optimized consensus sequence(s) D/E - X
- N - Z - S/T is/are introduced and N-glycosylated.
Hence, the proteins of the present invention differ
from the naturally occurring C.jejuni proteins which
also contain the optimized consensus sequence but do
not comprise any additional (introduced) optimized
consensus sequences. The introduction of the optimized
consensus sequence can be accomplished by the
addition, deletion and/or substitution of one or more
amino acids. The addition, deletion and/or
substitution of one or more amino acids for the
purpose of introducing the optimized consensus
sequence can be accomplished by chemical synthetic
strategies well known to those skilled in the art such
as solid phase-assisted chemical peptide synthesis.
Alternatively, and preferred for larger polypeptides,
the proteins of the present invention can be prepared
by standard recombinant techniques. The proteins of
the present invention have the advantage that they may
be produced with high efficiency and in any
procaryotic host comprising a functional pgl operon
from Campylobacter spp., preferably C. jejuni .
Preferred alternative OTases from Campylobacter spp.
for practicing the aspects and embodiments of the
present invention are Campylobacter coli and
Campylobacter lari (see Szymanski, CM. and Wren, B.W.
(2005). Protein glycosylation in bacterial mucosal
pathogens. Nat. Rev. Microbiol. 3:225-237). The
functional pgl operon may be present naturally when
said procaryotic host is Campylobacter spp.,
preferably C.jejuni. However, as demonstrated before
in the art and mentioned above, the pgl operon can be
transferred into cells and remain functional in said
new cellular environment. The term "functional pgl
operon from Campylobacter spp., preferably C. jejuni"
is meant to refer to the cluster of nucleic acids
encoding the functional oligosaccharyl transferase
(OTase) of Campylobacter spp., preferably C.jejuni,
and one or more specific glycosyltransferases capable
of assembling an oligosaccharide on a lipid carrier,
and wherein said oligosaccharide can be transferred
from the lipid carrier to the target protein having
one or more optimized amino acid sequence(s): D/E - X
N - Z - S/T by the OTase. It to be understood that the
term "functionalpgl operon from Campylobacter spp.,
preferably C. jejuni' in the context of this invention
does not necessarily refer to an operon as a singular
transcriptional unit. The term merely requires the
presence of the functional components for
N-glycosylation of the recombinant protein in one host
cell. These components may be transcribed as one or
more separate mRNAs and may be regulated together or
separately. For example, the term also encompasses
functional components positioned in genomic DNA and
plasmid(s) in one host cell. For the purpose of
efficiency, it is preferred that all components of the
functional pgl operon are regulated and expressed
simultaneously. It is important to realize that only
the functional oligosaccharyl transferase (OTase)
should originate from Campylobacter spp., preferably
C.jejuni, and that the one or more specific
glycosyltransferases capable of assembling an
oligosaccharide on a lipid carrier may originate from
the host cell or be introduced recombinantly into said
host cell, the only functional limitation being that
the oligosaccharide assembled by said
glycosyltransferases can be transferred from the lipid
carrier to the target protein having one or more
optimized consensus sequences by the OTase. Hence, the
selection of the host cell comprising specific
glycosyltransferases naturally and/or incapacitating
specific glycosyltransferases naturally present in
said host as well as the introduction of heterologous
specific glycosyltransferases will enable those
skilled in the art to vary the N-glycans bound to the
optimized N-glycosylation consensus site in the
proteins of the present invention. As a result of the
above, the present invention provides for the
individual design of Nglycan- patterns on the proteins
of the present invention. The proteins can therefore
be individualized in their N-glycan pattern to suit
biological, pharmaceutical and purification needs. In
a preferred embodiment, the proteins of the present
invention may comprise one but also more than one,
preferably at least two, preferably at least 3, more
preferably at least 5 of said N-glycosylated optimized
amino acid sequences. 



The presence of one or more N-glycosylated optimized
amino acid sequence(s) in the proteins of the present
invention can be of advantage for increasing their
antigenicity, increasing their stability, affecting
their biological activity, prolonging their biological
half-life and/or simplifying their purification.The
optimized consensus sequence may include any amino
acid except proline in position(s) X and Z. The term
"any amino acids" is meant to encompass common and
rare natural amino acids as well as synthetic amino
acid derivatives and analogs that will still allow the
optimized consensus sequence to be N-glycosylated by
the OTase. Naturally occurring common and rare amino
acids are preferred for X and Z. X and Z may be the
same or different. It is noted that X and Z may differ
for each optimized consensus sequence in a protein
according to the present invention. The N-glycan bound
to the optimized consensus sequence will be determined
by the specific glycosyltransferases and their
interaction when assembling the oligosaccharide on a
lipid carrier for transfer by the OTase. Those skilled
in the art can design the N-glycan by varying the
type(s) and amount of the specific
glycosyltransferases present in the desired host cell.
N-glycans are defined herein as mono-, oligo- or
polysaccharides of variable compositions that are
linked to an e-amide nitrogen of an asparagine residue
in a protein via an N-glycosidic linkage. Preferably,
the N-glycans transferred by the OTase are assembled
on an undecaprenol-pyrophosphate lipid-anchor that is
present in the cytoplasmic membrane of gramnegative or
positive bacteria. They are involved in the synthesis
of O antigen, O polysaccharide and peptidoglycan
(Bugg, T. D., and Brandish, P. E. (1994). From
peptidoglycan to glycoproteins: common features of
lipid-linked oligosaccharide biosynthesis. FEMS
Microbiol Lett 119, 255-262; Valvano, M. A. (2003).
Export of O-specific lipopolysaccharide. Front Biosci
8, S452-471). In a preferred embodiment, the
recombinant protein of the present invention comprises
one or more N-glycans selected from the group of
N-glycans from Campylobacter spp., preferably C.
jejuni, the N-glycans derived from oligo- and
polysaccharides transferred to O antigen forming O
polysaccharide in Gram-negative bacteria or capsular
polysaccharides from Gram-positive bacteria,
preferably: P. aeruginosa 09, 0 11 ; E. coli 07, 09,
016, 0157 and Shigella dysenteriae Ol and engineered
variants thereof obtained by inserting or deleting
glycosyltransferases and epimerases affecting the
polysaccharide structure.In a further preferred
embodiment, the recombinant protein of the present
invention comprises two or more different N-glycans.
For example, different N-glycans on the same protein
can prepared by controlling the timing of the
expression of specific glycosyltransferases using
early or late promoters or introducing factors for
starting, silencing, enhancing and/or reducing the
promoter activity of individual specific
glycosyltransferases. Suitable promoters and factors
governing their activity are routinely available to
those in the art. There is no limitation on the origin
of the recombinant protein of the invention.
Preferably said protein is derived from mammalian,
bacterial, viral, fungal or plant proteins. More
preferably, the protein is derived from mammalian,
most preferably human proteins. For preparing
antigenic recombinant proteins according to the
invention, preferably for use as active components in
vaccines, it is preferred that the recombinant protein
is derived from a bacterial, viral or fungal protein.
In a further preferred embodiment, the present
invention provides for recombinant proteins wherein
either the protein and/or the N-glycan(s) is (are)
therapeutically and/or prophylactically active. The
introduction of at least one optimized and
N-glycosylated consensus sequence can modify or even
introduce therapeutic and/or prophylactic activity in
a protein. In a more preferred embodiment, it is the
protein and/or the N-glycan(s) that is (are)
immunogenically active. In this case, the introduced
N-glycosylation(s) may have a modifying effect on the
proteins biological activity and/or introduce new
antigenic sites and/or may mask the protein to evade
degrading steps and/or increase the half-life. The
recombinant proteins of the present invention can be
efficiently targeted to the outer membrane and/or
surface of host cells, preferably bacteria, more
preferably gram- negative bacteria. For assisting the
surface display and/or outer membrane localization, it
is preferred that the recombinant protein of the
invention further comprise at least one polypeptide
sequence capable of targeting said recombinant protein
to the outer membrane and/or cell surface of a
bacterium, preferably a gram-negative bacterium.In a
preferred embodiment, the recombinant protein of the
invention is one, wherein said targeting polypeptide
sequence is selected from the group consisting of type
Il signal peptides (Paetzel, M., Karla, A., Strynadka,
N.C., and Dalbey, R. E. 2002. Signal peptidases. Chem
Rev 102: 4549-4580.) or outer membrane proteins
(reviewed in Wemerus, H., and Stahl, S. 2004.
Biotechnological applications for surface-engineered
bacteria. Biotechnol Appl Biochem 40: 209-228.),
preferably selected from the group consisting of the
full length protein or the signal peptides of OmpHl
from C.jejuni, JIpA from C. jejuni, outer membrane
proteins from E. coli, preferably OmpS, OmpC, OmpA,
OprF, PhoE, LamB, Lpp'OmpA (a fusion protein for
surface display technology, see Francisco, JAi
Earhart, C. F., and Georgiou, G. 1992. Transport and
anchoring of beta- lactamase to the external surface
of Escherichia coli. Proc Natl Acad Sci U S A 89:
2713- 2717.), and the lnp protein from Pseudomonas
aeruginosa. In a different aspect, the present
invention relates to a nucleic acid encoding a
recombinant protein according to the invention.
Preferably, said nucleic acid is a mRNA, a DNA or a
PNA, more preferably a mRNA or a DNA, most preferably
a DNA. The nucleic acid may comprise the sequence
coding for said protein and, in addition, other
sequences such as regulatory sequences, e.g.
promoters, enhancers, stop codons, start codons and
genes required to regulate the expression of the
recombinant protein via the mentioned regulatory
sequences, etc. The term "nucleic acid encoding a
recombinant protein according to the invention" is
directed to a nucleic acid comprising said coding
sequence and optionally any further nucleic acid
sequences regardless of the sequence information as
long as the nucleic acid is capable of producing the
recombinant protein of the invention in a host cell
containing a functional 7 operon from Campylobacter
spp., preferably C.jejuni. More preferably, the
present invention provides isolated and purified
nucleic acids operably linked to a promoter,
preferably linked to a promoter selected from the
group consisting of known inducible and constitutive
prokaryotic promoters, more preferably the
tetracycline promoter, the arabinose promoter, the
salicylate promoter, lac-, trc-, and tac promotors
(Baneyx, F. (1999). Recombinant protein expression in
Escherichia coli. Curr Opin Biotechnol 10, 4 11-421 ;
Billman-Jacobe, H. (1996). Expression in bacteria
other than Escherichia coli. Curr Opin Biotechnol 7,
500-504.). Said operably linked nucleic acids can be
used for, e.g. vaccination.Furthermore, another aspect
of the present invention relates to a host cell
comprising a nucleic acid and/or a vector according to
the present invention. The type of host cell is not
limiting as long as it accommodates a functional pgl
operon from C.jejuni and one or more nucleic acids
coding for recombinant target protein(s) of the
present invention. Preferred host cells are
prokaryotic host cells, more preferably bacteria, most
preferably those selected from the group consisting of
Escherichia ssp., Campylobacter ssp., Salmonella ssp.,
Shigella ssp., Helicobacter ssp., Pseudomonas ssp.,
Bacillus ssp., preferably Escherichia coli, more
preferably E. coli strains ToplO, W31 10, CLM24, BL21
, SCM6 and SCM7 (Feldman et al., (2005). Engineering
N-linked protein glycosylation with diverse O antigen
lipopolysaccharide structures in Escherichia coli.
Proc. Natl. Acad. Sci. U S A 102, 3016-3021 ; Alaimo,
C, Catrein, I., Morf, L., Marolda, C. L., Callewaert,
N., Valvano, M. A., Feldman, M. F., Aebi, M. (2006).
Two distinct but interchangeable mechanisms for
flipping of lipid-linked oligosaccharides. EMBO
Journal 25, 967-976) and S. enterica strains SL3261
{Salmonella enterica sv. Typhimurium LT2 (delta) aroA,
see Hoiseth, S. K., and Stocker, B.A. 1981 ,
Aromaticdependent Salmonella typhimurium are
non-virulent and effective as live vaccines. Nature
291 :238-239), SL3749 {Salmonella enterica sv.
Typhimurium LT2 waaL, see Kaniuk et al., J. Biol.
Chem. 279: 36470-36480) and SL3261 D waaL. In a more
preferred embodiment, the host cell according to the
invention is one that is useful for the targeting to
the outer membrane and/or surface display of
recombinant proteins according to the invention,
preferably one, wherein said host cell is a
recombinant gram-negative bacterium having: i) a
genotype comprising nucleotide sequences encoding for
a) at least one natural or recombinant specific
glycosyltransferase for the assembly of an
oligosaccharide on a lipid carrier, b) at least one
natural or recombinant prokaryotic oligosaccharyl
transferase (OTase) from Campylobacter spp.,
preferably C. jejuni, c) at least one recombinant
protein according to the invention, preferably a
protein further comprising a targeting polypeptide,
andii) a phenotype comprising a recombinant
N-glycosylated protein according to the invention that
is located in and/or on the outer membrane of the
gram-negative bacterium. The host cell for the above
embodiment is preferably selected from the group
consisting of Escherichia ssp., Campylobacter ssp.,
Shigella ssp, Helicobacter ssp. and Pseudomonas ssp.,
Salmonella ssp., preferably E. coli, more preferably
E. coli strains Top 10, W3 110, CLM24, BL21 , SCM6 and
SCM7, and S. enterica strains SL3261 , SL3749 and
SL326idwaaL (see Hoiseth, S. K., and Stocker, B.A.
1981. Aromatic- dependent Salmonella typhimurium are
nonvirulent and effective as live vaccines. Nature 291
: 238-239), SL3749 (Kaniuk, N.A., Vinogradov, E., and
Whitfield, C. 2004. Investigation of the structural
requirements in the lipopolysaccharide core acceptor
for ligation of O antigens in the genus Salmonella:
WaaL "ligase" is not the sole determinant of acceptor
specificity. J Biol Chem 279: 36470-36480). Because
preferred proteins of the present invention may have a
therapeutic or prophylactic activity by themselves
and/or due to the introduced N-glycosylation sites,
they can be used for the preparation of a medicament.
The type of protein for practicing the invention is
not limited and, therefore, proteins of the invention
such as EPO, IFN- alpha, TNFalpha, IgG, IgM, IgA,
interleukins, cytokines, viral and bacterial proteins
for vaccination like C.jejuni proteins such as HisJ
(CjO734c), AcrA (CjO367c), OmpHl (CjO982c), Diphteria
toxin (CRM 197), Cholera toxin, P. aeruginosa
exoprotein, to name just a few, and having introduced
therein the optimized N-glycosylated consensus
sequence are useful for preparing a medicament
(Wyszynska, A., Raczko, A., Lis, M., and
Jagusztyn-Krynicka, E. K. (2004). Oral immunization of
chickens with avirulent Salmonella vaccine strain
carrying C.jejuni 72Dz/92 cjaA gene elicits specific
humoral immune response associated with protection
against challenge with wild-type Campylobacter.
Vaccine 22, 1379-1389). In addition, the nucleic acids
and/or vectors according to the invention are also
useful for the preparation of a medicament, preferably
for use in gene therapy. Moreover, a host cell
according to the invention, preferably one that has a
phenotype comprising an N-glycosylated recombinant
protein of the invention that is located in and/or on
the outer membrane of a bacterium, preferably a
gram-negative bacterium, more preferably oneof the
above-listed gram-negative bacteria, is particularly
useful for the preparation of a medicament. More
preferably, a protein of the invention is used for the
preparation of a medicament for the therapeutic and/or
prophylactic vaccination of a subject in need thereof.
In a more preferred embodiment, the present invention
relates to the use of a nucleic acid and/or a vector
according to the invention for the preparation of a
medicament for the therapeutic and/or prophylactic
vaccination of a subject in need thereof, preferably
by gene therapy. The host cells of the invention
displaying said N-glycosylated recombinant proteins
are particularly useful for preparing vaccines,
because the displayed N-glycosylated proteins are
abundantly present on the host cell s surface and well
accessible by immune cells, in particular their
hydrophilic N-glycans, and because the host cells have
the added effect of an adjuvant, that, if alive, may
even replicate to some extent and amplify its
vaccination effects. Preferably, the host cell for
practicing the medical aspects of this invention is an
attenuated or killed host cell. 



Another advantage of the use of the inventive host
cells for preparing medicaments, preferably vaccines,
is that they induce IgA antibodies due to the cellular
component. Preferably, said host cells are used
according to the invention for inducing IgA antibodies
in an animal, preferably a mammal, a rodent, ovine,
equine, canine, bovine or a human. It is preferred
that said subject in need of vaccination is avian,
mammalian or fish, preferably mammalian, more
preferably a mammal selected from the group consisting
of cattle, sheep, equines, dogs, cats, and humans,
most preferably humans. Fowls are also preferred. A
further aspect of the present invention relates to a
pharmaceutical composition, comprising at least one
protein, at least one nucleic acid, a least one vector
and/or at least one host cell according to the
invention. The preparation of medicaments comprising
proteins or host cells, preferably attenuated or
killed host cells, and the preparation of medicaments
comprising nucleic acids and/or vectors for gene
therapy are well known in the art. The preparation
scheme for the final pharmaceutical composition and
the mode and details of itsadministration will depend
on the protein, the host cell, the nucleic acid and/or
the vector employed. In a preferred embodiment, the
pharmaceutical composition of the invention comprises
a pharmaceutically acceptable excipient, diluent
and/or adjuvant. The present invention provides for a
pharmaceutical composition comprising at least one of
the following, (i) a recombinant protein, a host cell,
a nucleic acid and/or a recombinant vector
being/encoding/expressing a recombinant protein
according to the present invention, and (ii) a
pharmaceutically acceptable excipient, diluent and/or
adjuvant. Suitable excipients, diluents and/or
adjuvants are well-known in the art . An excipient or
diluent may be a solid, semi-solid or liquid material
which may serve as a vehicle or medium for the active
ingredient. One of ordinary skill in the art in the
field of preparing compositions can readily select the
proper form and mode of administration depending upon
the particular characteristics of the product
selected, the disease or condition to be treated, the
stage of the disease or condition, and other relevant
circumstances (Remington s Pharmaceutical Sciences,
Mack Publishing Co. (1990)). The proportion and nature
of the pharmaceutically acceptable diluent or
excipient are determined by the solubility and
chemical properties of the pharmaceutically active
compound selected, the chosen route of administration,
and standard pharmaceutical practice. The
pharmaceutical preparation may be adapted for oral,
parenteral or topical use and may be administered to
the patient in the form of tablets, capsules,
suppositories, solution, suspensions, or the like. The
pharmaceutically active compounds of the present
invention, while effective themselves, can be
formulated and administered in the form of their
pharmaceutically acceptable salts, such as acid
addition salts or base addition salts, for purposes of
stability, convenience of crystallization, increased
solubility, and the like. A further aspect of the
present invention is directed to a method for
producing N-linked glycosylated proteins, comprising
the steps of: a) providing a recombinant organism,
preferably a prokaryotic organism, comprising nucleic
acids coding for i) a functional pgl operon from
Campylobacter spp., preferably C.jejuni, andii) at
least one recombinant target protein comprising one or
more of the following N-glycosylated optimized amino
acid consensus sequence(s): D/E - X - N - Z - S/T,
wherein X and Z may be any natural amino acid except
Pro, and wherein at least one of said N-glycosylated
optimized amino acid consensus sequence(s) is
introduced, and b) culturing the recombinant organism
in a manner suitable for the production and
Nglycosylation of the target protein(s). Preferably,
the target protein is one of the above described
recombinant proteins according to the invention. In a
preferred method of the invention, the functional pgl
operon from Campylobacter spp., preferably C. jejuni,
comprises nucleic acids coding for i) recombinant
OTase from Campylobacter spp., preferably C.jejuni,
and ii) recombinant and/or natural specific
glycosyltransferases from Campylobacter spp.,
preferably C. jejuni, and/or iii) recombinant and/or
natural specific glycosyltransferases from species
other than Campylobacter spp., for the assembly of an
oligosaccharide on a lipid carrier to be transferred
to the target protein by the OTase. Moreover, in a
preferred embodiment the present invention relates to
a method for preparing a host cell according to the
invention comprising the steps of: i) providing a
gram-negative bacterium, ii) introducing into said
bacterium at least one nucleotide sequence encoding
for a) at least one recombinant specific
glycosyltransferase for the assembly of an
oligosaccharide on a lipid carrier, and/orb) at least
one recombinant oligosaccharyl transferase (OTase)
from Campylobacter spp., preferably C.jejuni, and/or
c) at least one recombinant protein comprising one or
more of the following Nglycosylated optimized amino
acid consensus sequence(s): D/E - X - N - Z - S/T,
wherein X and Z may be any natural amino acid except
Pro, and wherein at least one of said N-glycosylated
optimized amino acid consensus sequence(s) is
introduced, and iii) culturing said bacterium until at
least one recombinant N-glycosylated protein coded by
the nucleotide sequence of c) is located in and/or on
the outer membrane of the gram-negative bacterium. For
practicing the preferred methods above, the
recombinant procaryotic organism or host cell is
preferably selected from the group of bacteria
consisting of Escherichia ssp., Campylobacter ssp.,
Salmonella ssp., Shigella ssp., Helicobacter ssp.,
Pseudomonas ssp., Bacillus ssp., preferably
Escherichia coli, preferably E. coli strains Top 10,
W31 10, W3 110D waaL, BL21 , SCM6 and SCM7, and S.
enterica strains SL326 1 , SL3749 and SL3261 D waaL.
Another preferred method for producing, isolating
and/or purifying a recombinant protein according to
the invention comprises the steps of: a) culturing a
host cell, b) removing the outer membrane of said
recombinant gram-negative bacterium; and c) recovering
said recombinant protein. Exemplary methods for
removing the outer membrane of a cell, preferably a
prokaryotic cell, more preferably a gram-negative
bacterial cell, are suitable enzymatic treatment
methods, osmotic shock detergent solubilisation and
the French press method.Most preferred, the present
invention relates to a method, wherein recombinant or
natural specific glycosyltransferases from species
other than Campylobacter spp., preferably C.jejuni,
are selected from the group of glycosyltransferases
and epimerases originating from bacteria, archea,
and/or eukaryota that can be functionally expressed in
said host cell. Bioconjugate Vaccines An embodiment of
the invention involves novel bioconjugate vaccines. A
further embodiment of the invention involves a novel
approach for producing such bioconjugate vaccines that
uses recombinant bacterial cells that directly produce
immunogenic or antigenic bioconjugates. In one
embodiment, bioconjugate vaccines can be used to treat
or prevent bacterial diseases, such as diarrhea,
nosocomial infections and meningitis. In further
embodiments, biooconjugate vaccines may have
therapeutic and/or prophylactic potential for cancer
or other diseases. Conjugate vaccines can be
administered to children to protect against bacterial
infections and can provide a long lasting immune
response to adults. Constructs of the invention have
been found to generate an IgG response in animals. It
has been found that an IgG response to a Shigella
O-specific polysaccharide-protein conjugate vaccine in
humans correllates with immune protection in humans.
(Passwell, J.H. et al, "Safety and Immunogenicity of
Improved Shigella O-Specific Polysaccharide-Protein
Conjugate Vaccines in Adults in Israel" Infection and
Immunity, 69(3):1351-1357 (Mar. 2001).) It is believed
that the polysaccharide (i.e. sugar residue) triggers
a short-term immune response that is sugar-specific.
Indeed, the human immune system generates a strong
response to specific polysaccharide surface structures
of bacteria, such as O-antigens and capsular
polysaccharides. However, since the immune response to
polysaccharides is IgM dependent, the immune system
develops no memory. The protein carrier that carries
the polysaccharide triggers an IgG response that is
T-cell dependent and that provides long lasting
protection since the immune system develops memory. A
typical vaccination dosage for humans is about 1to 25
mg, preferably about 1 mg to about l Omg, most
preferably about 10 mg. Optionally, a vaccine, such as
a bioconjugate vaccine of the present invention,
includes an adjuvant.Synthesized complexes of
polysaccharides (i.e., sugar residues) and proteins
(i.e., protein carriers) can be used as conjugate
vaccines to protect against a number of bacterial
infections. In one aspect, the instant invention is
directed to a novel bioengineering approach for
producing immunogenic conjugate vaccines that provide
advantages over classical chemical conjugation
methods. In one embodiment, the approach involves in
vivo production of glycoproteins in bacterial cells,
for example, Gram-negative cells such as E. coli. The
biosynthesis of different polysaccharides is conserved
in bacterial cells. The polysaccharides are assembled
on carrier lipids from common precursors (activated
sugar nucleotides) at the cytoplasmic membrane by
different glycosyltransferases with defined
specificity. Lipopolysaccharides (LPS) are provided in
gram-negative bacteria only, e.g. Shigella spp.,
Pseudomonas spp. and E. coli (ExPEC, EHEC). The
synthesis of lipopolysaccharides (LPS) starts with the
addition of a monosaccharide to the carrier lipid
undecaprenyl phosphate at the cytoplasmic side of the
membrane. The antigen is built up by sequential
addition of monosaccharides from activated sugar
nucleotides by different glycosyltransferases and the
lipid-linked polysaccharide is flipped through the
membrane by a flippase. The antigen-repeating unit is
polymerized by an enzymatic reaction. The
polysaccharide is then transferred to the Lipid A by
the Ligase WaaL forming the LPS that is exported to
the surface, whereas the capsular polysaccharide is
released from the carrier lipid after polymerization
and exported to the surface. The biosynthetic pathway
of these polysaccharides enables the production of LPS
bioconjugates in vivo, capturing the polysaccharides
in the periplasm to a protein carrier. Bioconjugates,
such as LPS bioconjugates, are preferred in the
present invention. As shown in Figure 5A, both
Gram-positive and Gram-negative bacteria have a cell
membrane that is surrounded by capsular
polysaccharides. Gram-negative bacteria additionally
have an outer membrane over the cell membrane, with a
periplasmic space separating the two membranes. In
addition, they contain lipopolysacharides at the
surface. When Gram-negativebacteria, such as E. coli,
is used to produce a conjugate vaccine of the present
invention, the glycoprotein used in the conjugate
vaccine is assembled in the periplasmic space.
Conjugate vaccines have been successfully used to
protect against bacterial infections. The conjugation
of an antigenic polysaccharide to a protein carrier is
required for protective memory response, as
polysaccharides are T-cell independent antigens.
Polysaccharides have been conjugated to protein
carriers by different chemical methods, using
activation reactive groups in the polysaccharide as
well as the protein carrier. Figure 6A shows the
production process of conjugate vaccines using
technology of the invention compared to the currently
used process. Currently, conjugate vaccines are
produced using two fermentation runs and after several
purification and chemical cleavage steps, as
schematically shown in the top panel. This current
approach has a number of problems. First, large scale
cultivation of pathogenic organisms is required.
Second, the conjugation approach is dependent on the
polysaccharide. Third, the approach has low
reproducibility. Fourth, the approach has low
homogeneity due to unspecific conjugation. Fifth, the
approach also has low 



purity due to excess of polysaccharide in conjugation.
Finally, the current approach provides yields of less
than 20%. As shown in the bottom panel of Figure 6A,
in an embodiment, the innovative technology of the
invention can be used to develop conjugate vaccines
(e.g., bioconjugate vaccines) completely in vivo with
non-pathogenic cells, avoiding chemical reactions and
providing high purity after a few purification steps.
This novel method also allows for the production of
bioconjugate vaccines that are not feasible using
current methods. Moreover, the conjugation and
purification process is independent of the
polysaccharide antigen that is used. As a result,
bioconjugate vaccines can be engineered faster using
novel glycan structures. The increased homogeneity of
resulting conjugates and the improved reproducibility
(i.e., no batch to batch variability) of such
conjugates makes this a highly attractive process from
quality control and regulatory perspectives. In
addition, the novel method provides good yield (30-60
mg/L and up to 200 mg/L).The present invention is
directed to a novel conjugation process involving
engineering bacterial cells to produce the final
bioconjugate vaccines. One embodiment of the invention
allows the production of bioconjugate vaccines in
vivo, circumventing the chemical conjugation and
therefore simplifying the production process. The
technology includes a novel genetic/enzymatic
mechanism for the in vivo synthesis of novel
bioconjugates consisting of protein-linked
saccharides. The basis of one aspect of the invention
includes the discovery that Campylobacterjejuni
contains a general N-linked protein glycosylation
system, an unusual feature for prokaryotic organisms.
Various proteins of C.jejuni have been shown to be
modified by a heptasaccharide. This heptasaccharide is
assembled on undecaprenyl pyrophosphate, the carrier
lipid, at the cytoplasmic side of the inner membrane
by the stepwise addition of nucleotide activated
monosaccharides catalyzed by specific
glycosyltransferases. The lipid-linked oligosaccharide
then flip-flops (diffuses transversely) into the
periplasmic space by a flipppase, e.g., PgIK. In the
final step of N-linked protein glycosylation, the
oligosaccharyltransferase (e.g., PgIB) catalyzes the
transfer of the oligosaccharide from the carrier lipid
to Asn residues within the consensus sequence
Asp/Glu-Xaa-Asn-Zaa-Ser/Thr (i.e., D/E - X - N - Z -
S/T), where the Xaa and Zaa can be any amino acid
except Pro (Figure 7A). We have successfully
transferred the glycosylation cluster for the
heptasaccharide into E. coli and were able to produce
N-linked glycoproteins of Campylobacter. We have been
able to demonstrate that PgIB does not have a strict
specificity for the lipid-linked sugar substrate. The
antigenic polysaccharides assembled on undecaprenyl
pyrophosphate are captured by PgIB in the periplasm
and transferred to a protein carrier (Feldman, 2005;
Wacker, M., et al., Substrate specificity of bacterial
oligosaccharyltransferase suggests a common transfer
mechanism for the bacterial and eukaryotic systems.
Proc Natl Acad Sci U S A, 2006. 103(18): p. 7088-93.)
The enzyme will also transfer a diverse array of
undecaprenyl pyrophosphate (UPP) linked
oligosaccharides if they contain an N-acetylated
hexosamine at the reducing terminus. The nucleotide
sequence for pgIB is provided at SEQ. ID NO. 1,
whereas the amino acid sequence for PgIB is provided
at SEQ. ID. NO. 2.Figures 7A and 7B show schematics of
the protein glycosylation pathway (i.e.,
Nglycosylation system) of the present invention. In an
embodiment, the protein glycosylation pathway o
C.jejuni (e.g., including pgl operon) can be
introduced into E. coli. In Figure 7A, an
oligosaccharide, specifically a heptasaccharide made
of five N-acetyl-D-galactosamine units, one glucose
unit and one 2,4-diacetamido-2,4,6-trideoxy-D-glucose
unit, is assembled onto a lipid carrier,
undecaprenylpyrophosphate (UDP), using
glycosyltransferases (e.g., pglA, pglC, pglH, J; I) at
the cytoplasmic side of the inner membrane and is
transferred to the periplasmic space by way of a
flippase called PgIK. Separately, a carrier protein
depicted as a spiral and containing consensus sequence
D/E - X - N - Z - S/T (i.e.,
Asp/Glu-Xaa-Asn-Zaa-Ser/Thr) is translated in the
cytoplasm and is secreted into the periplasmic space.
In the final step, an oligosaccharyl transferase (OST
or OTase) (e.g., PgIB) transfers the heptasaccharide
to Asn residues within a consensus sequence of the
carrier protein to produce a glycoprotein. Figure 7B
also shows biosynthesis of a polysaccharide (i.e., an
antigenic polysaccharide or antigen) by stepwise
action of glycosyltransferases, and transfer of the
O-antigen to the periplasm by way of flippase,
followed by polymerization into a polysaccharide using
a polymerase (e.g., wzy). Separately, a carrier
protein, such as EPA, is produced and secreted into
the periplasm. An oligosaccharyl transferase (OST or
OTase), such as PgIB, has relaxed substrate
specificity and transfers the polysaccharide from a
lipid carrier to Asn in the consensus sequence within
EPA. Figure 8A shows a schematic depicting an
embodiment of the expression platform for bioconjugate
production of the present invention. The technology of
the invention is versatile in that various existing
carrier proteins can be employed, so long as the
carrier protein contains or is modified to contain the
consensus sequence, as discussed earlier. In
particular, Figure 8A illustrates the construction of
an expression host, such as an engineered E. coli
bacterium in an embodiment of the invention. Such an
E. coli contains the general components of a
glycosylation system (i.e., an OST/OTase, e.g., PgIB,
and a protein carrier, e.g. EPA). Such components can
be integrated into the genome of an E. coli strain. In
addition, the Ligase WaaL as well as WecG are deleted.
Additionally, specific components for polysaccharide
antigen expression (i.e., a polysaccharide synthesis
gene cluster containing, for example,
glycosyltransferase, polymerase, flippase, and sugar
biosynthesis enzymes) can be provided by the addition
of an exchangeable plasmid. This construction allows
for specific glycosylation of the protein carrier with
a polysaccharide of choice in vivo. In an embodiment
of the expression system for a bacterial bioconjugate
that is compatible with Good Manufacturing Practices
(GMP), DNA encoding the inducible
oligosaccharyltransferase and carrier protein can be
stably integrated into a bacterial (e.g., E. coli)
genome such that genes for antibiotic selection can be
omitted. For example, as shown in Figure 5B, PgIB and
EPA is integrated into genomic DNA, whereas plasmid
DNA, which is interchangeable (i.e., exchangeable),
encodes a polysaccharide synthesis gene cluster. In
another embodiment, Figure 8B shows an expression
system for a bacterial bioconjugate that includes
three plasmids. A first plasmid codes for the carrier
protein, e.g., AcrA from Campylobacter jejuni, which
has two N-glycosylation sites and is directed to the
periplasm by a PeIB signal peptide. A second plasmid
codes for the OST/OTase, e.g., PgIB from C.jejuni,
which is membrane-bound. A third plasmid is a native
plasmid that codes, e.g., for a polysaccharide (O
antigen) synthesis cluster, such as that for Shigella
dysenteriae 01. In an embodiment, an expression
plasmid for a bacterial O antigen, such as the
Shigella dysenteriae Ol antigen, can be constructed as
in pGVXN64 shown in Figure 6B. This plasmid encodes
all enzymes necessary to synthesize the
polysaccharides in the Shigella dysenteriae strain
that make up the Ol serotype. These enzymes are listed
in the left-hand column of Figure 6B. Vector pGVXN64
expressing the Shigella dysenteriae Ol antigen was
constructed by digestion of pLARFRl (Vanbleu, E. et
ah, "Genetic and physical map of the pLAFRl vector"
DNA Seq. 15(3):225-227 (2004)) with EcoRl followed by
insertion of an oligonucleotide cassette (5 -AATTCTGC
AGGATCCTCTAGAAGCTTGG (SEQ. ID NO. 3) and 5'-
AATTCCAAGCTTCTAGAGGATCCTGCAG (SEQ. ID NO. 4). The
BamHl fragment of pSDM7 (Fait, I. et al, "Construction
of recombinant aroA salmonellae stably producing the
Shigella Dysenteriae serotype 1 O-antigen and
structural characterization of the Salmonella/Shigella
hybrid LPS" Microb. Pathog. 20(1): 11-30 (1996))
containing the rfb and rfp cluster of Shigella
dysenteriae Ol was then cloned via the BamHl site into
the oligonucleotidecassette containing pLAFRl. The
complete nucleotide sequence encoding the Shigella
dysenteriae Ol antigen in the pGVXN64 plasmid is set
forth as SEQ. ID NO.: 5 in the Sequence Listing
provided below. The host organism for an expression
system of the invention can be, e.g., an Escherichia
coli strain such as Escherichia coli W3 11lODwaaL. The
deletion of WaaL prevents the transfer of any
polysaccharide to the lipid A core. The chromosomal
copy of WaaL can also be replaced by PgIB. The strain
also contains mutation in wbbL, therefore it does not
produce any E. coli O16 polysaccharide. To further
increase the production of carrier lipid linked
polysaccharide, wecG has been deleted to prevent the
formation of ECA (Entero Common Antigen). In one
aspect, the instant invention is further directed to
the development of bioconjugate vaccines, preferably
LPS bioconjugate vaccines, against one or more
Shigella species, which are invasive, gram-negative
bacteria. Shigella species cause Shigellosis, a severe
inflammation of the colon. There are 165 million cases
in the world every year, with 70% of such cases being
in children under 5 years of age. In developing
countries, Shigellosis causes 1.1 million of deaths
per year. This is a serious disease that is spread via
the fecal-oral route and is highly transmissible.
Potential groups that would benefit from immunization
against Shigella species include, for example,
children, travelers and people in refugee camps. There
are four different serogroups of Shigella, namely, S.
dysenteriae, S.flexneri, S. sonnei and S. boydii. In
embodiments of the present invention, immunogenic
bioconjugates can be made against each of these
different serogroups of Shigella. For example, Figure
14B provides different serotypes of Shigella and the
polysaccharide structure that defines their
antigenicity (i.e., Shigella O-antigens). In further
embodiments of the present invention, immunogenic LPS
bioconjugates could be made against other bacteria
using the teachings in this specification, including
bacteria: (1) that cause nosocomial infections, such
as Pseudomonas aeruginosa; and (2) that cause urinary
tract infection, such as Extraintestinal E. coli
(ExPEC).In an embodiment, the inventors have developed
a Shigella dysenteriae Ol LPS bioconjugate vaccine
(also referred to as a S. dysenteriae bioconjugate),
using genetically engineered E. coli with simple
fermentation and purification methods. Figure 9 shows
production of Shigella bioconjugates. The top panel
shows the synthesis of bioconjugates in E. coli. In an
embodiment, the O-antigen repeating unit of S.
dysenteriae Ol is assembled on the carrier lipid
undecaprenyl pyrophosphate (UPP), flipped to the
periplasmic space and polymerized. The structure of S.
dysenteriae Ol is as follows and is also provided in
the middle right of Figure 9: PgIB transfers the
activated polysaccharide to Asn residues of protein
carriers, forming the Shigella bioconjugates. The
protein carrier can be, for example, AcrA or a protein
carrier that has been modifed to contain the consensus
sequence for protein glycosylation, i.e., D/E - X - N
- Z - S/T, wherein X and Z can be any amino acid
except proline (e.g., a modified Exotoxin Pseudomonas
aeruginosa (EPA)). EPA has been used successfully in
conjugate vaccines. In an embodiment illustrated in
Figure 9, periplasmic proteins of E. coli cells
expressing the modified EPA in the presence of PgIB
and the Ol polysaccharide cluster were separated by
SDS page and, after transfer to nitrocellulose, EPA
was immunodetected with an antiserum that was raised
against EPA (lane 2). In lane 1, periplasmic proteins
of E. coli cells expressing the Campylobacter protein
AcrA in the presence of PgIB and the Ol polysaccharide
cluster were separated and immunodetected with an
antiserum that was raised against AcrA. Both proteins
were glycosylated with the Ol -polysaccharide cluster.
In the lowest panel of Figure 9, the LPS from E. coli
were separated by SDS-PAGE and visualized by Silver
Staining. The left lane depicts the LPS extracted from
a strain not expressing the WaaL, whereas the right
lane shows the typical Ol LPS pattern. Both strains
are expressing the polysaccharide biosynthesis cluster
of S. dysenteriae 01.The production of a bacterial
bioconjugate, such as a Shigella bioconjugate, is
described in an embodiment in further detail with
reference to Figures 1OA and 1OB. Prior to assembly of
the bacterial bioconjugate using a bacterial system,
such as E. coli, it is necessary to introduce into the
bacterial system certain genetic sequences coding for
the various enzymes and proteins to be used, as
discussed earlier with reference to Figures 8A and 8B.
For example, this includes an OST/Otase, preferably
from C.jejuni (e.g., PgIB), a protein carrier (e.g.
EPA) and a gene cluster directed to antigenic
polysaccharide synthesis (e.g., the gene cluster for
S. dysenteriae O l polysaccharide synthesis). Figure
1OA shows Step 1 in the development of a bacterial
bioconjugate, namely, the 



biosynthesis of a polysaccharide, such as the
O-antigen of S. dysenteriae Serotype 01. In this step,
the antigen is synthesized on the carrier lipid
undecaprenyl pyrophosphate (UPP), and then transferred
into the periplasm using a flippase. The antigen is
polymerized by the polymerase Wzy and transferred to
the lipid A core by the ligase WaaL. To transfer the
polysaccharide to a protein carrier, the ligase is
replaced by the oligosaccharyltransferase; PgIB. Step
2 in the production of a bacterial bioconjugate
involves engineering a suitable protein carrier.
Protein carriers that are useful preferably should
have certain immunological and pharmacological
features. From an immunological perspective,
preferably, a protein carrier should: (1) have T-cell
epitopes; (2) be capable of delivering an antigen to
antigen presenting cells (APCs) in the immune system;
(3) be potent and durable; and (4) be capable of
generating an antigen-specific systemic IgG response.
From a pharmacological perspective, preferably, a
protein carrier should: (1) be non-toxic; and (2) be
capable of delivering antigens efficiently across
intact epithelial barriers. More preferably, in
addition to these immunological and pharmacological
features, a protein carrier suitable for the
production of a bacterial bioconjugate should: (1) be
easily secreted into the periplasmic space; and (2) be
capable having antigen epitopes readily introduced as
loops or linear sequences into it. The inventors have
found genetically detoxified Pseudomonas aeruginosa
Exotoxin (EPA) and the Campylobacter protein AcrA to
be suitable protein carriers, most preferably EPA.
AcrA contains natural glycosylation sites whereas EPA
needs to be modified to encodeglycosylation sites.
Preferably, EPA is modifed to introduce two
glycosylation sites directed to the Shigella Ol
antigen. More preferably, two consensus sequences are
introduced as discussed in Example 10. The amino acid
sequence of EPA, as modified in an embodiment of this
invention to contain two glycosylation sites, is
provided as SEQ. ID NO.: 6 (with signal sequence) and
SEQ. ID NO.: 7 (without signal sequence) in the
Sequence Listing provided below. The glycosylation
sites in each of SEQ. ID NO.: 6 and SEQ. ID NO.: 7 are
denoted with an underline. Figure 1OB shows a
schematic of a carrier protein, such as EPA onto which
Nglycosylation sites can be designed as Step 3 in the
production of a bacterial bioconjugate. Nglycosylation
sites require introduction of the consensus sequences
discussed previously, namely, insertion of D/E - X - N
- Z-S/T sequons, wherein X and Z may be any natural
amino acid except proline. We have found that such
consensus sequences preferably are introduced through
surface loops, by insertion rather than mutation and
considering using flanking residues to optimize the
operation of the N-glycosylation site. Figure 11 shows
bicoonjugates that elicit an immune response against
Shigella Ol polysaccharide in mice. Ol-AcrA and Ol
-EPA was purified by affinity column and anionic
exchange. The pure bioconjugate was injected into mice
(n=10). Serum of mice that were immunized with Ol-AcrA
(top) or Ol -EPA (bottom) three times (day 1, 21, 60)
was pooled and analyzed by ELISA at day 70 for a sugar
specific IgG response. The plates (Nunc, polysorb)
were coated with LPS isolated from S. dysenteriae Ol
and incubated with the serum and anti mouse
Polyvalent-HRP. Mice that received either conjugate
developed an IgG response against the polysaccharide,
confirming the presence of T-cell epitopes on the two
protein carriers. Consequently, the bacterial
bioconjugates of the present invention show in vivo
immnogenicity. In an embodiment, bacterial
bioconjugates are capable of exhibiting: (1) a
carbohydrate specific response; and (2) a carrier
specific response or a similar response irrespective
of the carrier protein. Moreover, an IgG specific
response shows T-cell dependency of the immune
response, such that memory of the response is
expected.Figure 12 reflects production of a Shigella
Ol bioconjugate, e.g., Ol -EPA, in a bioreactor. E.
coli cells expressing EPA, PgIB and the Ol
-polysaccharide were grown in a bioreactor to OD600 =
40 by two nutrient pulses. Expression of PgIB and EPA
was induced and the cells were grown overnight by
linear feed of nutrients. The growth curve is depicted
in the top panel. Whole cell extracts were separated
by SDS-PAGE and expression and glycosylation of EPA
was analyzed by immunodetection using a polyclonal
antierserum that was raised against EPA (bottom). The
cells efficiently glycosylate EPA at high cell
density. The process is reproducible and leads to a
total optical density (OD) of 90, which is a 45-fold
increase compared to the shake flask culture.
Consequently, scale-up is possible using the fed-batch
process. Figure 13 shows an example of purification of
Ol-EPA. More specifically, Figure 13 shows the
fractionation and chromatographic purification of S.
dysenteriae Ol bioconjugate. E. coli cells expressing
the Ol-EPA were grown in the bioreactor to high cell
density (See Figure 12). The cells were pelleted by
centrifugation and periplasmic proteins were extracted
by osmotic shock. Periplasmic proteins were separated
by anionic exchange (Source Q). Fractions enriched for
Ol-EPA were further purified by a second column
(Fluoroapatite). The different fractions were
separated by SDS-PAGE and the proteins were visualized
by Coomassie Blue. Lane 1 shows whole cells extracts,
lane 2 periplasmic proteins after osmotic shock, lane
3 periplasmic proteins loaded on anionic exchange,
lane 4 and 5 eluates from anionic exchange and lane 6
Ol-EPA eluate after the second purification column.
This process allows the purification of Ol-EPA at
large scale. In this embodiment, the purification
process is: (1) efficient (at > 10 mg/L culture); (2)
possible at large scale; and (3) compatible with Good
Manufacturing Practices (GMP). Following such
purification, the EPA-Ol yield for glycerol-LB
fed-batch was up to 200 mg/L, which is substantially
higher than the yield for LB shake flask, which was
0.6 mg/L. Figure 14A shows a Western blot analysis of
a series of specimens of AcrA-Shigella Ol
bioconjugates produced in an LB shake flask taken
under various conditions, including preinduction, 4
hours after induction, and 4 hours and 19 hours after
induction under oxygen-limited circumstances. After
extraction and purification, periplasmic proteins were
separated by SDSPAGE. AcrA and AcrA-Shigella Ol
bioconjugates were detected using anti-AcrA antibody
andchemiluminescent detection via a secondary
antibody. Loaded samples were normalized to culture
OD6O0 at time of sampling. In summary, in one aspect,
the technology of the present invention has been used
to develop a vaccine against S. dysenteriae Ol
infection. For example, the polysaccharide of S.
dysenteriae Ol can be conjugated to EPA in E. coli.
This is very beneficial since EPA previously has been
successfully used in clinical trials with different
conjugate vaccines. In the instant invention, the S".
dysenteriae Ol bioconjugate was produced in a
bioreactor at 3 1 scale. The cells were grown to high
OD and the bioconjugate was extracted by osmotic
shock. The bioconjugates were purified to 98% purity
by anionic exchange and size exclusion chromatography.
The bioconjugates were injected into different mice
strains. After two as well as three injections, a
sugar specific IgG response against the polysaccharide
was detected using LPS from Shigella dysenteriae Ol
for analysis (Figure 11). As expected, IgM specific
response was elicited when the LPS was injected. The
bioconjugates raised a specific IgG response against
the polysaccharide isolated from S. dysenteriae. IgG
response against the corresponding sugar antigen,
which was chemically coupled to a carrier protein, has
been shown to correlate with protection in humans.
These results strongly suggest that our inventive E.
coli strain is suitable for the potential production
of an antigenic bacterial vaccine, such as an
antigenic Shigella vaccine. In an embodiment, the
EPA-Shigella bioconjugate was characterized
intensively by different methods, like NMR, HPLC and
MS. Figure 15 shows the expansion of the anomeric
region of IH NMR spectrum of an example of a
dysenteriae Serotype Ol bioconjugate of the invention.
The bioconjugate contains a sugar/protein ratio of
0.15, with 13.2 repeating units of the antigen being
linked to the protein, and 1-2 sites being
glycosylated. Two consensus sequences for
glycosylation were introduced into EPA and about 20%
of the protein is fully glycoslyated. The
polysaccharide is linked via the reducing end to the
protein carrier; therefore, the antigen epitopes of
the polysaccharide are unmodified. In addition, the in
vivo conjugation method attaches just the O-antigen
repeating units to the protein, but no monosaccharides
of the lipid A core are attached.Using this
technology, bacterial bioconjugates can be produced
that are immunogenic. Genetic modifications can be
made allowing in vivo conjugation of bacterial
polysaccharides in desired proteins and at desired
positions. For example, in an embodiment and as
discussed above, the antigenic polysaccharide of S.
dysenteriae Ol can be expressed in E. coli and
conjugated to two different protein carriers in vivo
(i.e., EPA and AcrA). Both bioconjugates elicit a
specific IgG response against the polysaccharide in
mice. As another example, Table 1 below depicts
different polysaccharide substrates for bacterial
OSTs/OTases such as PgIB that can be used in the in
vivo method of the present invention for conjugating a
protein carrier with the polysaccharide. Table1 Table
2 below depicts yet additional different LPS
polysaccharide substrates that could be utilized in
the present invention with respect to various strains
of Shigella and E. coli., as well as of Pseudomonas
aeruginosa Oi l and Francisella
tularensis.CONSTRUCTION OF FPDSO VESSEL BACKGROUND OF
THE INVENTION One type of vessel used in hydrocarbon
production is an FPSO (floating, production, storage
and offloading) vessel, which is of moderate size and
widely available. Another type which is larger and not
readily available, is an FPDSO (floating, production,
storage, drilling, and offloading) vessel. The FPDSO
vessel has complex drilling and workover equipment in
its middle which usually allows the vessel to
weathervane during drilling, production and offloading
operations. Shipyards have dry docks with "time slots"
(continuous time periods) reserved for construction of
a vessel. The required length of the time slot depends
primarily on the amount of steel plate that must be
welded together to produce a hull of a desired vessel.
There are only a few shipyards available in the world
that are capable of building very large vessels such
an FPDSO, and it is often difficult to find a yard
with a sufficiently long available time slot. A method
for constructing a FPDSO which greatly reduced the
required length of a shipyard time slot for such
construction, would be of value. SUMMARY OF THE
INVENTION In accordance with one embodiment of the
invention, a method is provided for the construction
of a very large vessel such as an FPDSO, using only a
short time slot in a large shipyard. Applicant first
obtains an existing, or initial, FPSO (floating,
production, storage and offloading) vessel and sails
it into a shipyard. Applicant then divides the FPSO
hull into bow and stern sections and separates them to
leave a yard space between them. Applicant then
constructs a mid hull section in the yard space. The
mid hull section usually provides drilling and
workover capability as well as providing a turret for
weathervaning capability. When mid hull section
construction is finished, the bow and stern sections
are moved against the front and rear ends of the mid
hull section and welded to it. Most equipment for the
bow and stern ends is usually already mounted on them.
Equipment for the mid hull section is usually
prefabricated so it can be rapidlymounted on the mid
hull section, in the shipyard or at a harbor side or
quay or dock. Beams are preferably mounted on opposite
sides of the FPDSO hull. The beams extend along the
entire length of the mid hull section and along
portions of the bow and stern hull sections. The beams
strengthen the hull and account for the fact that the
original bow and stern sections were constructed for a
lighter vessel. The beams preferably extend along a
majority of the height of the hull up to the deck, and
add to the usable deck space. The novel features of
the invention are set forth with particularity in the
appended claims. The invention will be best understood
from the following description when read in
conjunction with the accompanying drawings. BRIEF
DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a sectional side view of a FPDSO vessel,
constructed in accordance with the present invention.
Fig. 2 is a simplified side elevation view of a FPSO
vessel, from which applicant constructs the vessel of
Fig. 1. Fig. 3 is a simplified plan view showing how
the vessel of Fig. 1 is constructed in a shipyard.
Fig. 4 is a side elevation view of a vessel similar to
that of Fig. 1, but with side beams. Fig. 5 is a
simplified plan view of the vessel of Fig. 4.
DESCRIPTION OF THE PREFERRED EMBODIMENTS Fig. 1 shows
a FPDSO (floating, production, drilling, storage and
offloading) vessel 10, which has bow and stern ends
12, 14, and which can be considered to have a bow hull
section 20, a stern hull section 22, and a mid hull
section 24. The mid hull section 24 is used to hold
complex equipment for drilling undersea wells and for
the workover of wells, and usually holds a turret 26
to allow the vessel to weathervane (turn without limit
about a vertical axis), or the vessel is spread
moored. Fig. 1 shows a drilling rig 27 and a pipe
string storage locker 28, a riser 30,fluid swivel 32
and anchor lines 34, and an offloading facility 35.
Fig. 2 shows a FPSO (floating, production, storage and
offloading) vessel 36 which is similar to the vessel
10 except that it does not include the mid hull
section 24 of Fig. 1 and the complex equipment on the
mid hull section. The vessel has multiple tanks 54, 56
for storing produced oil (or other hydrocarbons). The
simpler FPSO vessel 36 is available or can be built,
but the more complex FPDSO vessels 10 are difficult to
build because they require a large slot of time in a
large shipyard. The amount of time to build a vessel
depends primarily on the amount of steel plate that
must be welded ( inspected and ground, etc.) to
produce the hull. There are only a few shipyard in the
world large enough to hold the FPDSO and most of them
do not have a long enough time slot available at any
given time, to build one. The present invention
comprises a method for building a large vessel such as
a FPDSO 10, which requires only a short time slot in a
large ship yard. Applicant constructs the FPDS0 10 of
Fig. 1 by starting with a smaller vessel such as a
FPSO 36 such as shown in Fig. 2. The FPSO 36 is sailed
into a large shipyard 40 (Fig. 3), and its bow and
stern sections 20, 22 are spit or separated, such as
along line 42 (Fig. 2). Fig. 3 shows the bow and stern
section 20, 22 moved to opposite ends of the shipyard
40, to leave a yard space 44 between them. The mid
hull section 24 is then built from "scratch" in the
yard space, by welding together steel plates, until
the mid hull section is completed. Applicant welds
steel plates 52 over the front end 50 of the stern
section 22 and welds steel plates 54 over the rear end
56 of the bow section, to keep out water and to
isolate the hydrocarbon tanks on the bow and stern
ends from sparks produced by drilling and other
equipment on the mid hull section. However, since the
bow and stern sections 20, 22 do not have to sail out
of the shipyard 40 before being joined to the mid hull
section, the bow and stern sections do not have to be
independently sea worthy. Then, the bow and stern hull
sections 20, 22 are moved against the front 46 and
rear 48 ends of the mid hull section and welded to the
mid hull section to produce a tandem-connected hull 49
(Fig. 1). Topside equipment is installed, primarily on
the mid hull section. The FPSO 36 (Fig. 2) which is
converted to a FPDSO, was initiallyconstructed to
provide sufficient strength to withstand the weight
and forces encountered by the FPSO, but not those
encountered by the larger FPDSO. Applicant strengthens
opposite sides of the hull of the FPDSO by welding
beams, or sponsons, to opposite sides of the hull of
the FPDSO. Figs 4 and 5 show a pair of beams 55, 57 at
the port and starboard sides of the hull, and which
extend along a majority of the height of the hull and
that are each welded to all of the hull sections. Each
beam has a length that is a majority of the length of
the FPDSO between its ends 12, 14 with opposite beam
ends 60, 62 that each lies a plurality of meters short
of the closest hull end. To weld each beam to the bow
or stern of the vessel generally would require
properly bending the beam, which would be expensive
and not necessary. Also, regions close to the bow and
stern do not require reinforcement by such beams. The
beams preferably extend along a majority, and
preferably at least 80% of the height of the hull, and
preferably extend up to the deck 64 of the FPDSO hull
to provide additional deck space, as for drilling and
workover equipment. The beams also enhance resistance
to roll of the vessel, and essentially provide a
partial double hull to avoid spillage of hydrocarbons.
In most cases the FPSO which is to be converted to a
FPDSO, will.be a plurality of years old. A brief
examination of the FPDSO vessel will show that the bow
and stern sections are a plurality of years older than
the mid hull section, so the vessel was constructed in
the manner described above. The bow and stern sections
each have a plurality of hydrocarbon storage tanks 70,
72 (Fig. 1), each having a volume of a plurality of
cubic meters. Hydrocarbons produced from the sea floor
are stored in these tanks and regularly offloaded to a
carrier that takes them to a distant location. The mid
hull section 24 does not store over a cubic meter of
hydrocarbons and preferably does not store any
hydrocarbons. This eliminates hydrocarbons on the mid
hull section that could be ignited by sparks etc
produced by the drilling/workover equipment on the mid
hull section. The steel plates welded to the rear end
of the bow hull section and to the front end of the
bow hull section, provide further isolation of stored
hydrocarbons from sparks.Applicant has designed the
conversion of a FPSO vessel 36 having a length of 260
meters and a width of 45 meters, into a FPDSO vessel
having a length of 340 meters and a width of 53 meters
(including the beams). It is expected that a time slot
of at least 8 months would be required in a large ship
yard to build the hull of such FPDSO. However, a time
slot of only 4 months would be required to split an
existing FPSO and weld plates over their ends, build a
mid hull section, and weld the bow and stern hull
sections to the mid hull section. Thus, the invention
provides a method for constructing a large vessel such
as a FPDSO, which uses an existing, or initial,
smaller vessel such as a FPSO which is similar to the
FPDSO except for a mid hull section. The initial
vessel is moved into a ship yard and is split into bow
and stern hull sections, which are separated but
remain in the ship yard. A mid hull section is
constructed in the yard space between the bow and
stern hull sections. The bow and stern hull sections
are moved against the mid hull section and welded
thereto. Where bow and/or stern hull sections have
hydrocarbon-holding tanks, and the mid hull section is
designed to contain drilling equipment, which produces
sparks, a plate is preferably welded across the rear
end of the bow hull section and across the front end
of the stern hull section. Beams are preferably welded
to opposite sides of the hull at all three of the
sections, with the beams preferably extending up to
the deck to enlarge deck space. Although particular
embodiments of the invention have been described and
illustrated herein, it is recognized that
modifications and variations may readily occur to
those skilled in the art, and consequently, it is
intended that the claims be interpreted to cover such
modifications and equivalents.WHAT IS CLAIMED IS 1. A
method for constructing a vessel (10) with hydrocarbon
production storage and offloading capability and with
drilling capability for drilling and/or workover of
subsea wells, comprising: obtaining a FPSO (floating
production storage and offloading) initial vessel (36)
which has bow and stern hull sections (20, 22),
placing said initial vessel in a shipyard (40), and
dividing the hull of said initial vessel into said bow
and stern hull sections and separating said bow and
stern hull sections to leave a shipyard space (44)
between them; constructing a mid hull section (24)
with front and rear ends (46, 48), in said shipyard
space between said initial vessel bow and stern hull
sections; moving said initial vessel bow and stern
hull sections respectively against said mid hull
section front and rear ends and welding said bow and
stern hull sections respectively to said mid hull
section front and rear ends to produce a
tandem-connected hull (49) containing said bow (20),
mid (24) and stern (22) hull sections lying in tandem
and welded together. 2. The method described in claim
1 including: after producing said tandem-connected
hull, placing beams (55, 57) that are longer than said
mid hull section at opposite sides of said
welded-together mid, bow, and stern hull sections and
welding each of said beams to each of said hull
sections. 3. The method described in claim 2 wherein:
said step of placing beams includes placing a beam
(55) at the port side and a beam (57) at the starboard
side of the tandem-connected hull, with each beam
being welded to each hull section and extending along
a majority of the height of each hull section.4. The
method described in claim 1 including: fastening steel
plates (54, 52) across ends (56, 50) of said bow and
stern sections that are positioned to be welded to
said mid hull section. 5. A FPDSO (floating
production, drilling, storage and offloading) vessel (
10) comprising: a bow hull section (20), a mid hull
section (24) that holds equipment (27) for drilling
undersea wells, and a stern hull section (22), said
hull sections being connected in tandem by welds at
front and rear ends of said mid hull section to form a
FPDSO vessel hull (49), said bow and stern hull
sections being parts of an initial vessel (36) that is
a plurality of years older than the age of said mid
hull section. 6 . The vessel described in claim 5
including: a pair of beams (52, 57), each welded to an
opposite side of the FPDSO vessel hull, each beam
extending along at least 50% of the length of the
FPDSO vessel and each welded to the mid, bow and stern
hull sections. 7. The vessel described in claim 6
wherein: each of said beams extends vertically along a
majority of the height of the FPDSO vessel hull, and
each beam has longitudinal opposite ends (60, 62) each
lying a plurality of meters short of a corresponding
bow and stern end (12, 14) of the FPDSO vessel. 8. The
vessel described in claim 6 wherein: said equipment
for drilling undersea wells includes a drilling rig;
and a rear end (56) of said bow hull section and a
front end (50) of stern hull section, each has a plate
(54, 52) extending across the corresponding hull
section end. 


