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(57) ABSTRACT 

Chimeric carbohydrateS produced by recombinant microor 
ganism carrying exogenous glycosyltransferases act with or 
without exogenous enzymes required for Synthesis or nucle 
otide Synthesis precursors. These recombinant microorgan 
ism can be used as a means for competitively inhibiting the 
binding of toxins or adhesins to receptors of mucosal 
Surfaces, especially gastrointestinal Surface. In particular 
chimeric Sugar moieties have been made for lipopolysac 
charides, in recombinant microorganism that present mul 
tiple copies of the oligosaccharides. The oligosacchide moi 
eties So presented act as receptor mimic for toxins and 
adhesins. A number have been Synthesise and have been 
shown to confer protection against attack by pathogenic 
organisms or their products in vitro and an in Vivo. 



Patent Application Publication Nov. 10, 2005 Sheet 1 of 5 US 2005/0250196A1 

FIGURE 1 

2 doses per day 3 doses per day 

> 12 d SS 

10 

g g 
9. 

8 
E 
E 7 
g 

6 
CO 5 O 

4. 
O) O 

3 

2 

1 

pJCP-Gb pJCP-Gb 



Patent Application Publication Nov. 10, 2005 Sheet 2 of 5 US 2005/0250196A1 

FIGURE 2 

S. Aijits SS33 RESS 
fi - f d -2. SSS: 

1. al o 

Y ;SA A. sSS $S. 
Es SE i? 

E. 3. & 
s SS : (SEE 

re SNA s S&S. 
s E. 5 SS SS 3Ra 

s f 

  

  

    

  

  

  

  

  

  

  

  



Patent Application Publication Nov. 10, 2005 Sheet 3 of 5 US 2005/0250196A1 

FIGURE 3 

Challenge with STEC strain 97MW1 

O 
O 8 16 24 48 treatment 

Delay before commencement of treatment (hours) 

  



Patent Application Publication Nov. 10, 2005 Sheet 4 of 5 US 2005/0250196A1 

FIGURE 4 
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RECOMBINANT MICROORGANISMS 
EXPRESSING AN OLIGOSACCHARIDE 

RECEPTOR MIMIC 

FIELD OF THE INVENTION 

0001. This invention relates to recombinant microorgan 
isms (i.e., bacteria, yeast, and fungi) that display an oli 
gosaccharide-comprising binding moiety that can compete 
with a ligand for binding to a receptor for the ligand, and use 
of the microorganisms to deliver the oligosaccharide to a 
human or other animal. The microorganism can be used for 
adsorbing toxins or pathogenic microorganisms from a 
particular environment. 

BACKGROUND OF THE INVENTION 

0002 Surfaces of all cells express a complexity of oli 
gosaccharides that provide a number of functions. A primary 
one of these functions is determining on their own or 
together with other molecules, interactions with other cells 
or molecules. The nature, linkage and conformation of Sugar 
residues of the oligosaccharides, and in particular residues at 
or close to the non-reducing terminus of an oligosaccharide, 
determines whether the oligosaccharide will or will not 
participate in a particular receptor-ligand interaction. 
0003. The Susceptibility of an animal to infection and the 
eventual physiological Site affected by an infection is to a 
large extent determined by the expression on the cell Surface 
of such oligosaccharide receptors. In the case of enteric 
infections, one primary prerequisite for pathogenesis is that 
the microorganism persists in the intestinal lumen of the 
host. Generally this requires Some form of adherence to the 
luminal epithelium (forming the mucosal Surface of the gut), 
otherwise the micro-organism is flushed from the gut. Addi 
tionally for a toxigenic organism, the toxin also needs to 
bind to the luminal epithelium and, for Some toxins, needs 
to be absorbed systemically to be effective, otherwise, it too 
would be flushed from the gut. 
0004 Certain surface structures of pathogenic and other 
bacteria known as adhesins mediate adherence to luminal 
epithelial cells. A number of adhesins are known and organ 
isms without adhesins are generally of low virulence. 
Adhesins are proteinaceous factors which promote the 
adherence of bacteria and Viruses to cells of their hosts. 
Adhesins can be either fimbrial or filamentous instructure or 
they may be afimbrial. Adhesins associated with fimbriae 
may be associated with accessory proteins Such as tip 
proteins at an extreme end of the fimbrial Structure and Such 
tip proteins can be regarded as lectins. The receptor on the 
host cell has in Some cases been determined and shown to be 
a carbohydrate Such as an oligosaccharide associated with a 
glycolipid or a glycoprotein. 

0005 The best characterised system from a molecular 
and biological viewpoint, is the P-fimbriae (also called pili) 
produced by uropathogenic Escherichia coli. This tip 
adhesin binds the glycolipid Gb (globotriaosylceramide 
see below) and the fimbrial subunits can be purified by 
affinity chromatography using a Gb mimic. Another well 
characterised group of adhesins are those associated with 
enterotoxigenic E. coli (ETEC) strains which infect pigs to 
cause Scours. These are termed the K88 type and a number 
of variants are known, being K88ab, K88ac and K88ad. The 
adhesins associated with these fimbriae have been shown to 
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have different receptor requirements, which includes the 
presence of both glycolipid and protein receptors. The 
carbohydrate requirement has been characterised in at least 
Some of these, for example K88ad uses carbohydrates of the 
lactoneotetraose Series of glycolipids. 
0006. A number of toxins have been identified and 
include, Shiga toxins (also referred to as Shiga-like toxins 
and Verotoxins), toxins produced by various species of 
CloStridia, including tetanus toxin, botulinum toxin, and C. 
difficile toxins A and B, Staphylococcal enterotoxins, 
Escherichia coli heat labile and heat stable enterotoxins and 
cholera toxin. Without toxin activity the majority of other 
wise enterotoxigenic bacteria would be leSS capable of 
causing disease. 
0007. The receptors for the majority of adhesins and 
toxins identified to date are carbohydrate in nature. For 
example, the glycolipid globotriaosylceramide (Gb) which 
has the structure GalC1->4Galf1->4)Glc-ceramide, is the 
preferred receptor for most members of the Shiga toxin 
family. Similarly, the ganglioside GM is the receptor for 
cholera toxin and E. coli heat labile enterotoxin type I. C. 
difficile toxin Abinds to several host receptors, all of which 
have in common a Galf1->4GlcNAc moiety. The neuro 
toxin produced by C. botulinum is also believed to be 
Specific for a Sialic acid containing glycoprotein or gly 
colipid present on neurons. The terminal Galo.1->4Galf 
moiety present on Gb is the receptor for P pili, the major 
adhesin of uropathogenic E. coli Strains. Similarly, asialo 
GM is the receptor for adhesive pili (CFAS) of Some 
enterotoxigenic E. coli Strains. The Sialated gangliosides 
NeuGc-GM, and NeuNAc-GM, have also been identified as 
the target cell receptors for porcine rotavirus Strains, and it 
is presumed that-rotavirus Strains causing disease in humans 
also bind Specific oligosaccharide moieties present on cell 
Surface glycolipids. 
0008. The elucidation of the nature of oligosaccharides 
acting as receptors for particular toxins and pathogenic 
microorganisms has opened up a promising avenue in the 
diagnosis and potential treatment or prevention of diseases 
caused by these agents. The use of the Sugar residues 
forming receptors for toxins or adhesins has been proposed 
as a means of Specifically identifying the toxins or bacteria 
involved in an infection. For example, the ganglioside 
receptor GM is used as a specific capturing agent in ELISA 
assays for the presence of cholera toxin. 
0009. It has also been proposed to use synthetically 
prepared oligosaccharides as a means of adsorbing toxins or 
the like from Samples. Examples of proposed uses of recep 
tors for adsorbing toxins or pathogenic organisms out of a 
sample include Krivan etal in U.S. Pat. No. 5,696,000 which 
discusses the pharmaceutical use of certain tetra- and tri 
Saccharide receptorS coupled to a carrier Such as a liposome 
to inhibit the adherence of micro-organisms to Susceptible 
cells. A similar use for toxins Such as Shiga toxin, can be 
seen in U.S. Pat. No. 5,849,714 to Rafter et all which 
discloses the use of a Synthetic construct of Sugar residues 
making up the globotriose receptor, coupled by a linker to an 
inert Support for use in treatment of bacterial dysentery. 
0010) A problem arises, however, in the synthesis and 
delivery of these compounds, because oligosaccharides are 
difficult or expensive to Synthesise chemically, the confor 
mation may not be appropriate, and the oligosaccharide may 
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preferably need to be presented in an immobilized (non 
diffusible) form. Thus, there is a need to provide a mecha 
nism for delivery and presentation of the oligosaccharide 
moiety in an appropriate conformation in the environment 
where the toxin or pathogenic organism is to be adsorbed 
(for example the gastrointestinal tract). 

SUMMARY OF THE INVENTION 

0.011 The invention provides, in a first embodiment, a 
recombinant microorganism that displays on its Surface a 
binding moiety that, when administered to an animal, com 
petes with a ligand for binding to a receptor for the ligand. 
The binding moiety includes an oligosaccharide that is 
composed of at least one Sugar residue that is attached to an 
acceptor moiety by a glycosyltransferase that is encoded by 
an exogenous nucleic acid which is present in the microor 
ganism. The oligosaccharide can further include at least a 
Second Sugar residue that is attached to the acceptor moiety 
by at least a Second glycosyltransferase. One or more of the 
additional glycosyltransferase can also be encoded by one or 
more exogenous nucleic acids that are present in the micro 
organism. 

0012. The receptor is typically present on a surface of a 
cell. Cells of interest include, for example epithelial or 
endothelial cells, in particular those that are present in an 
animal mucosal membrane. 

0013 The binding moiety is, in some embodiments, a 
mimic of a receptor for a toxin or adhesin of a pathogenic 
organism. Examples of toxins include, but are not limited to, 
enterotoxins, including Shiga toxins, cloStridial toxins, chol 
era toxins, E. coli enterotoxins, and Staphylococcal entero 
toxins. In other embodiments, the binding moiety is a mimic 
of an adhesin receptor. Adhesins of interest include, but are 
not limited to, a CFA adhesin of an enterotoxigenic E. coli., 
E. coli CS3 pili, K88ad fimbriae, an adhesin of Entamoeba 
histolyticum, and an adhesin of a virus. 
0.014. In some embodiments, the binding moiety com 
petes with a pathogenic organism for binding to a corre 
sponding receptor on an animal epithelial or endothelial cell. 
Pathogenic organisms of interest include, for example, Sta 
phylococcuS pneumonia, H. influenza, H. parainfluenza, 
Chlamydia trachomatis, Acanthamoeba, Candida albicans, 
Helicobacter pylori and Pseudomonas spp. 
0.015. In other embodiments, the binding moiety is a 
mimic of a receptor for a cell or molecule involved in 
inflammation. For example, the binding moiety can include 
a 3'-Sialoside or a 6'-Sialoside. Sialyl Lewis' and sialyl 
Lewis are other examples of oligosaccharide Structures that 
can function as a receptor mimic. Microorganisms that 
display these molecules can compete with leukocytes, for 
example, for binding to endothelial cells in the vasculature 
or other tissues and thus inhibit inflammation. 

0016. The invention also provides a recombinant micro 
organism expressing one or more exogenous Sugar trans 
ferases, or one or more exogenous nucleotide Sugar precur 
Sor Synthesising enzymes, Said microorganism also 
expressing an acceptor molecule, Said one or more exog 
enous Sugar transferases being specific for the transfer of 
one or more Sugar residues represented progressively from 
a non reducing terminal end of a receptor of either a toxin 
or an adhesin of a pathogenic organism, the exogenous Sugar 
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transferases progressively transferring Said one or more 
Sugar resides onto the acceptor molecule to thereby form a 
chimeric carbohydrate molecule with an exposed receptor 
mimic, Said Sugar precursor enzymes forming nucleotide 
precursors that are transferred to Said acceptor molecule to 
make up Said chimeric carbohydrate, Said exposed receptor 
mimic capable of binding the toxin or the adhesin. 

0017 Also provided by the invention are preparations for 
administration to a mucosal Surface. The preparations 
include a delivery microorganism or a partially or fully 
purified non-toxic preparation of a carbohydrate molecule 
therefrom. At least a part of the carbohydrate molecule 
generally acts as an exposed receptor mimic. For example, 
the receptor mimic can be capable of binding a toxin or an 
adhesin of a pathogen that normally binds to the mucosal 
Surface. The receptor mimic is generally carried in a phar 
maceutically acceptable excipient. 

0018. The invention also provides methods of adminis 
tering a receptor mimic to a mucosal Surface of a mammal. 
The methods involve the administration of a quantity of a 
delivery microorganism, or parts thereof, the delivery micro 
organism exhibiting one or more Sugars in a configuration to 
form an exposed receptor mimic, the receptor mimic being 
a mimic of a receptor of a pathogen, Said quantity being 
Sufficient to reduce adherence of the pathogen or a toxin 
produced by the pathogen to the mucosal Surface. 

0019. In another embodiment, the invention provides 
methods of testing for the presence of a toxin or a pathogenic 
microorganism in a Sample. These methods involve, for 
example, contacting a Sample with the purified carbohydrate 
as described above, with either the purified carbohydrate or 
the sample being immobilized. Unbound purified carbohy 
drate or toxin or pathogenic microorganism is washed off, 
and a detection means is added to detect bound purified 
carbohydrate and the toxin or pathogenic microorganism. 

BRIEF DESCRIPTION OF THE FIGURES 

0020 FIG. 1 shows a plot showing the protective efficacy 
of formaldehyde-killed-receptor mimic bacteria. Groups of 
Six Streptomycin-treated mice were challenged with 
97MW1, and then treated orally twice or three times daily 
with E. coli CWG308 or CWG308:p.JCP-Gb. The survival 
time of each mouse is shown. 

0021 FIG. 2 shows representations of histological con 
firmation of STEC-induced renal injury. Kidneys were 
removed from an uninfected control mouse (A), a CWG308 
treated mouse which died four days after challenge with 
97MW1 (B), and two different CWG308:p.JCP-Gb treated 
mice which were alive and well 12 days after challenge with 
97MW1 (C and D). Kidneys were fixed, sectioned and 
stained with H&E as described the materials and methods of 
example 2. 

0022 FIG. 3 is a plot showing the effect of delayed 
therapy with CWG308: p.JCP-Gb on Survival of mice chal 
lenged with 97MW1. Groups of four mice were challenged 
with 97MW1 and treatment with CWG308: p.JCP-Gb was 
commenced either immediately, after a delay of 8, 16, 24 or 
48 hours, or not at all. Survival time of each mouse is 
indicated. 
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0023 FIG. 4 is a plot showing the effect of delayed 
therapy with CWG308: p.JCP-Gb on Survival of mice chal 
lenged with 98NK2. Groups of eight mice were challenged 
with 98K2 and treatment with CWG308: p.JCP-Gb was 
commenced either immediately, after a delay of 8, 16, 24 or 
48 hours, or not at all. Survival time of each mouse is 
indicated. 

0024 FIG. 5 shows representations of silver stained 
SDS-PAGE analysis of LPS purified from E. coli CW308 
derivatives. Lane 1, CWG308; lane 2, CWG308:p.JCP-Gb-; 
lane 2, CWG308:p.JCP-lgtCDE; lanes 4 and 5 
CWG308:p.JCP-lgtCDE/gne (two separate preparations); 
lane 6 CWG308:pjCP-lgtCDE/wbn F. Each lane contains 
approximately 3 ug of LPS. 

DETAILED DESCRIPTION OF THE 
INVENTION 

DEFINITIONS 

0.025 The following abbreviations are used herein: 
0026 Ara=arabinosyl; 
0027) Fru=fructosyl; 
0028 Fuc=fucosyl; 
0029) Gal=galactosyl; 
0030 GalNAc-N-acetylgalactosaminyl; 

0031 Glc=glucosyl; 
0032 GlcNAc=N-acetvlglucosaminyl: 

0033) Man=mannosyl; and 

to: Neu Ac or NeuNAc=sialyl (N-acetylneurami 
nyl). 

0.035 Typically, sialic acid is 5-N-acetylneuraminic acid, 
(Neu Ac) or 5-N-glycolylneuraminic acid (NeuGc). Other 
Sialic acids may be used in their place however. For a review 
of different forms of Sialic acid suitable in the present 
invention see, Schauer, Methods in Enzymology, 50: 64–89 
(1987), and Schaur, Advances in Carbohydrate Chemistry 
and Biochemistry, 40: 131-234. 
0.036 Donor Substrates for glycosyltransferases are acti 
Vated nucleotide SugarS. Such activated Sugars generally 
consist of uridine and guanosine diphosphate, and cytidine 
monophosphate, derivatives of the Sugars in which the 
nucleoside diphosphate or monophosphate Serves as a leav 
ing group. Bacterial, plant, and fungal Systems can Some 
times use other activated nucleotide SugarS. 
0037 Oligosaccharides are considered to have a reducing 
end and a non-reducing end, whether or not the Saccharide 
at the reducing end is in fact a reducing Sugar. In accordance 
with accepted nomenclature, oligosaccharides are depicted 
herein with the non-reducing end on the left and the reducing 
end on the right. All oligosaccharides described herein are 
described with the name or abbreviation for the non-reduc 
ing Saccharide (e.g., Gal), followed by the configuration of 
the glycosidic bond (C. or f3), the ring bond, the ring position 
of the reducing Saccharide involved in the bond, and then the 
name or abbreviation of the reducing Saccharide (e.g., 
GlcNAc). The linkage between two Sugars may be 
expressed, for example, as 2.3, 2->3, or (2.3). Each Saccha 
ride is a pyranose or furanose. 
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0038. The term “recombinant” when used with reference 
to a cell indicates that the cell replicates a heterologous 
nucleic acid, or expresses a peptide or protein encoded by a 
heterologous nucleic acid. Recombinant cells can contain 
genes that are not found within the native (non-recombinant) 
form of the cell. Recombinant cells can also contain genes 
found in the native form of the cell wherein the genes are 
modified and re-introduced into the cell by artificial means. 
The term also encompasses cells that contain a nucleic acid 
endogenous to the cell that has been modified without 
removing the nucleic acid from the cell; Such modifications 
include those obtained by gene replacement, Site-specific 
mutation, and related techniques. 

0039. A “recombinant nucleic acid” refers to a nucleic 
acid that was artificially constructed (e.g., formed by linking 
two naturally-occurring or Synthetic nucleic acid fragments). 
This term also applies to nucleic acids that are produced by 
replication or transcription of a nucleic acid that was arti 
ficially constructed. A “recombinant polypeptide' is 
expressed by transcription of a recombinant nucleic acid 
(i.e., a nucleic acid that is not native to the cell or that has 
been modified from its naturally occurring form), followed 
by translation of the resulting transcript. 
0040. A "heterologous polynucleotide' or a "heterolo 
gous nucleic acid', as used herein, is one that originates 
from a Source foreign to the particular host cell, or, if from 
the same Source, is modified from its original form. Thus, a 
heterologous glycosyltransferase gene in a prokaryotic host 
cell includes a glycosyltransferase gene that is endogenous 
to (i.e., naturally present in) the particular host cell but has 
been modified. Modification of the heterologous Sequence 
may occur, e.g., by treating the DNA with a restriction 
enzyme to generate a DNA fragment that is capable of being 
operably linked to a promoter. Techniques Such as Site 
directed mutagenesis are also useful for modifying a heter 
ologous Sequence. 

0041) The term “isolated” or “purified” is meant to refer 
to material which is substantially or essentially free from 
components which otherwise accompany the material in its 
native State. For the oligosaccharide-containing binding 
moieties of the invention, for example, a preparation of 
isolated or purified binding moieties includes a preparation 
that is Substantially free of nucleic acids (e.g., genomic and 
other nucleic acids that are found in the microorganism cell 
that Synthesized the oligosaccharide). Typically, isolated or 
purified oligosaccharides, glycoproteins, glycolipids, or 
other preparations from a recombinant microorganism of the 
invention are at least about 80% pure, usually at least about 
90%, and preferably at least about 95% pure as measured by 
band intensity on a Silver Stained gel or other method for 
determining purity. Purity or homogeneity can be indicated 
by a number of means well known in the art, Such as 
polyacrylamide gel electrophoresis of a protein or nucleic 
acid Sample, followed by Visualization upon Staining. For 
certain purposes high resolution will be needed and HPLC 
or a similar means for purification utilized. 

DETAILED DESCRIPTION 

0042. This invention provides recombinant microorgan 
isms that are useful for Synthesizing and delivering specific 
oligosaccharide Structures to an organism. The microorgan 
isms Synthesize oligosaccharides that, for example, function 



US 2005/025O196A1 

as a binding moiety that, when administered to an animal, 
competes with a ligand for binding to a receptor for the 
ligand. The oligosaccharides are Synthesized in Situ and 
displayed on the Surface of the microorganism. The oli 
gosaccharide portion of the binding moiety includes one or 
more Sugar residues that are attached to an acceptor moiety 
by glycosyltransferases. At least one of the glycosyltrans 
ferases that are involved in Synthesis of the oligosaccharide 
is encoded by an exogenous nucleic acid which is present in 
the microorganism. 

0043. Upon administration to a human or other animal, 
the recombinant microorganisms of the invention can func 
tion as a delivery vehicle for the Surface-displayed oligosac 
charides, which are delivered to a target Site, Such as an 
endothelial or epithelial tissue, in the animal. The oligosac 
charides can then exert an effect, Such as binding to a 
receptor on a cell, thus inhibiting binding of another ligand 
for the cell (e.g., a bacteria or virus, a toxin, a cell involved 
in inflammation, etc.). The use of microorganisms to carry 
oligosaccharides provides Several advantages over previ 
ously available methods for delivering oligosaccharide 
based molecules to humans and other animals. For example, 
digestive enzymes that are present in certain host environ 
ments (e.g., the Small intestine) can cleave free oligosac 
charides, reducing their utility for treatment of infections 
and other conditions in more distal regions of the gut. The 
invention circumvents this problem by virtue of having the 
oligosaccharides carried by microorganisms. For gas 
trointestinal applications, for example, the microorganisms 
preferably are strains that are resistant to conditions found in 
the gut. 
0044 An illustrative example of the invention involves a 
recombinant delivery microorganism that displays a chi 
meric lipopolysaccharide Structure, the terminal Sugars of 
which constitute a Shiga toxin receptor mimic. These recom 
binant delivery microorganism are effective at protecting 
Susceptible cells from attack by the Shiga toxin whose 
receptor they mimic. The use of a chimeric carbohydrate 
moiety Such as lipopolysaccharide means that the endog 
enous transport machinery of the delivery microorganism is 
used to appropriately display the receptor mimic. The effec 
tiveness of providing a receptor mimic on the Surface of a 
recombinant microorganism has ramifications in relation to 
a broader range of toxins than Simply Shiga toxins, it also 
has ramifications for other toxins Such as those discussed 
above whose action requires recognition of oligosaccharide 
receptors. Additionally the receptors for adhesins of certain 
pathogenic microorganisms (including bacteria, Viruses and 
parasites, for example) are structurally similar to receptors 
for certain toxins, and the provision of receptors for Such 
adhesins on a microorganism Surface should have a protec 
tive effect by interfering with the pathogen and/or its capac 
ity to infect host cells. Moreover the chimeric carbohydrate 
Still has a protective effect if Secreted or released into the 
environment, not being attached to the delivery microorgan 
ism Surface. This invention also opens the way to use 
non-chimeric carbohydrates as competitive inhibitors for 
toxins and pathogenic microorganisms. 
0.045 Recombinant Microorganisms 
0046) The invention provides recombinant microorgan 
isms that Synthesize Specific oligosaccharide Structures that 
have a desired biological activity, e.g., binding to a receptor, 
toxin, or other molecule. The microorganisms can also be 
used to carry the oligosaccharide Structures to a target Site 
(e.g., an animal membrane). There may be inherent advan 
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tages in having the receptor formed by microorganism in 
situ, including cost, capacity of the delivery microorganism 
to undergo multiplication in the gut, expression of a high 
density of receptor mimics on the cell Surface, and display 
of the receptor mimic in an appropriate conformation. 

0047 Suitable microorganisms include, for example, 
bacteria, fungi, yeast, and other cells that include an acceptor 
moiety that can Serve as a Substrate for a glycosyltransferase 
or other enzyme involved in synthesis of the desired oli 
gosaccharide. The microorganisms preferably display the 
oligosaccharide on a Surface of the microorganism, or in 
another form that is exposed to the Surrounding environment 
after administration. 

0048. The microorganisms include at least one heterolo 
gous or exogenous nucleic acid that encodes one of the 
glycosyltransferases or other enzymes that is involved in 
Synthesizing the oligosaccharide Structure. More than one 
exogenous nucleic acids can be present in a Single micro 
organism. 

0049. The glycosyltransferases or other enzymes add or 
remove a Sugar from, an acceptor molecule. The acceptor 
molecule can be a glycolipid, glycoprotein, or other carbo 
hydrate that is anchored in the delivery microorganism, for 
example, capsular polysaccharides of either gram-negative 
or gram-positive bacteria, or teichoic acids and lipoteichoic 
acids of gram-positive bacteria. In another form the acceptor 
molecule is one that is normally secreted into the external 
milieu, Such as exopolysaccharides of either Gram-negative 
or Gram-positive bacteria. 

0050) 1. Glycosyltransferases 

0051. The recombinant cells of the invention contain at 
least one heterologous gene that encodes a glycosyltrans 
ferase or other enzyme that is involved in oligosaccharide 
Synthesis. Many glycosyltransferases are known, as are their 
polynucleotide sequences. See, e.g., “The WWW Guide To 
Cloned Glycosyltransferases.” (http://www.vei.co.uk/TGN/ 
gt guide.htm). Glycosyltransferase amino acid sequences 
and nucleotide Sequences encoding glycosyltransferases 
from which the amino acid Sequences can be deduced are 
also found in various publicly available databases, including 
GenBank, Swiss-Prot, EMBL, and others. 

0052 Glycosyltransferases that can be employed in the 
cells of the invention include, but are not limited to, galac 
tosyltransferases, fucosyltransferases, glucosyltransferases, 
N-acetylgalactosaminyltransferases, N-acetylglucosaminyl 
transferases, glucuronyltransferases, Sialyltransferases, 
mannosyltransferases, and oligosaccharyltransferases. 
These glycosyltransferases include those obtained from both 
eukaryotes and prokaryotes. Many mammalian glycosyl 
transferases have been cloned and expressed and the recom 
binant proteins have been characterized in terms of donor 
and acceptor Specificity and they have also been investigated 
through site directed mutagenesis in attempts to define 
residues involved in either donor or acceptor Specificity 
(Aoki et al. (1990) EMBO. J. 9: 3171-3178; Harduin-Lepers 
et al. (1995) Glycobiology 5(8): 741-758; Natsuka and Lowe 
(1994) Current Opinion in Structural Biology 4: 683-691; 
Zu et al. (1995) Biochem. Biophys. Res. Comm. 206(1): 
362-369; Seto et al. (1995) Eur: J Biochem. 234: 323-328; 
Seto et al. (1997) J Biol. Chem. 272: 14133-141388). 
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0053. In some embodiments, the glycosyltransferase is a 
fucosyltransferase. A number of fucosyltransferases are 
known to those of skill in the art. Briefly, fucosyltransferases 
include any of those enzymes which transfer L-fucose from 
GDP-fucose to a hydroxy position of an acceptor Sugar. In 
Some embodiments, for example, the acceptor Sugar is a 
GlcNAc in a BGal(1->4)(3GlcNAc group in an oligosaccha 
ride glycoside. Suitable fucosyltransferases for this reaction 
include the known Galf (1->3,4)GlcNAc C(1->3,4)fucosyl 
transferase (FTIII E. C. No. 2.4.1.65) which is obtained from 
human milk (see, Palcic, et al., Carbohydrate Res. 190:1-11 
(1989); Prieels, et al., J. Biol. Chem. 256: 10456-10463 
(1981); and Nunez, et al., Can. J. Chem. 59:2086-2095 
(1981)) and the Gal(3(1->4)GlcNAc C.(1->3)fucosyltrans 
ferases (FTIV, FTV, FTVI, and FTVII, E.C. No. 2.4.1.65) 
which are found in human Serum. A recombinant form of 
Gal(3(1->3,4)GlcNAc O(1->3,4)fucosyltransferase is also 
available (see, Dumas, et al., Bioorg. Med. Letters 1:425-428 
(1991) and Kukowska-Latallo, et al., Genes and Develop 
ment 4:1288-1303 (1990)). Other exemplary fucosyltrans 
ferases include C.1.2 fucosyltransferase (E.C. No. 2.4.1.69). 
Enzymatic fucosylation may be carried out by the methods 
described in Mollicone, et al., Eur: J. Biochem. 191: 169-176 
(1990) or U.S. Pat. No. 5,374,655. 
0054. In another group of embodiments, the glycosyl 
transferase is a galactosyltransferase. When a galactosyl 
transferase is used, the reaction medium will preferably 
contain, in addition to the cell that contains the exogenous 
galactosyltransferase gene, UDP-Gal and/or a mechanism 
for its Synthesis, an oligosaccharide acceptor moiety, and a 
divalent metal cation. Exemplary galactosyltransferases 
include O(1.3) galactosyltransferases (E.C. No. 2.4.1.151, 
see, e.g., Dabkowski et al., Transplant Proc. 25:2921 (1993) 
and Yamamoto et al. Nature 345:229-233 (1990), bovine 
(GenBank j04989, Joziasse et al. (1989) J. Biol. Chem. 
264: 14290-14297), murine (GenBank m26925; Larsen et al. 
(1989) Proc. Natl. Acad. Sci. USA 86:8227-8231), porcine 
(GenBank L36152; Strahan et al (1995) Immunogenetics 
41:101-105)). Another suitable C.1.3 galactosyltransferase is 
that which is involved in synthesis of the blood group B 
antigen (EC 2.4.1.37, Yamamoto et al. (1990).J. Biol. Chem. 
265:1146-1151 (human)). Also suitable for use in the meth 
ods and recombinant cells of the invention are C(1,4) 
galactosyltransferases, which include, for example, EC 
2.4.1.90 (LacNAc synthetase) and EC 2.4.1.22 (lactose 
synthetase) (bovine (D’Agostaro et al (1989) Eur. J. Bio 
chem. 183:211-217), human (Masri et al. (1988) Biochem. 
Biophys. Res. Commun. 157:657-663), murine (Nakazawa et 
al. (1988) J. Biochem. 104:165-168), as well as E.C. 
2.4.1.38 and the ceramide galactosyltransferase (EC 
2.4.1.45, Stahl et al. (1994) J. Neurosci. Res. 38:234-242). 
Other Suitable galactosyltransferases include, for example, 
C.1.2 galactosyltransferases (from e.g., Schizosaccharomy 
ces pombe, Chapell et al (1994) Mol. Biol. Cell 5:519-528). 
0.055 Sialyltransferases are another type of glycosyl 
transferase that is useful in the recombinant cells of the 
invention. Examples of Sialyltransferases that are Suitable 
for use in the present invention include ST3Gal III (prefer 
ably a rat ST3Gal III), ST3Gal IV, ST3Gal I, ST6Gal I, 
ST3Gal V, ST6Gal II, ST6GalNAc I, ST6GalNAc II, and 
ST6GalNAc III (the sialyltransferase nomenclature used 
herein is as described in Tsuji et al. (1996) Glycobiology 6: 
V-xiv). An exemplary O(2.3)Sialyltransferase referred to as 
C.(2.3)sialyltransferase (EC 2.4.99.6) transfers sialic acid to 
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the non-reducing terminal Gal of a Galf1->3Glc disaccha 
ride or glycoside. See, Van den Eijnden et al., J. Biol. Chem., 
256:3159 (1981), Weinstein et al., J. Biol. Chem., 257:13845 
(1982) and Wen et al., J. Biol. Chem., 267:21011 (1992). 
Another exemplary C2.3-sialyltransferase (EC 2.4.99.4) 
transferS Sialic acid to the non-reducing terminal Gal of the 
disaccharide or glycoside. See, Rearicket al., J. Biol. Chem., 
254:4444 (1979) and Gillespie et al., J. Biol. Chem., 
267:21004 (1992). Further exemplary enzymes include Gal 
f-1,4-GlcNAc C-2,6 Sialyltransferase (See, Kurosawa et al. 
Eur: J. Biochem. 219:375-381 (1994)). 
0056. Other glycosyltransferases that can be used the 
recombinant host cells of the invention have been described 
in detail. In particular, the glycosyltransferase can also be, 
for instance, glucosyltransferases, e.g., Alg8 (Stagljov et al., 
Proc. Natl. Acad. Sci. USA 91:5977 (1994)) or Alg5 (Heesen 
et al. Eur: J. Biochem. 224:71 (1994)), N-acetylgalactosami 
nyltransferases Such as, for example, a(1,3) N-acetylgalac 
tosaminyltransferases, f(1,4) N-acetylgalactosaminyltrans 
ferases (Nagata et al. J. Biol. Chem. 267: 12082-12089 
(1992) and Smith et al. J. Biol Chem. 269:15162 (1994)) and 
polypeptide N-acetylglucosaminyltransferases (Homa et al. 
J. Biol Chem. 268: 12609 (1993)). Suitable N-acetylglu 
cosaminyltransferases include GnTI (2.4.1.101, Hull et al., 
BBRC 176:608 (1991)), GnTII, and GnTIII (Ihara et al. J. 
Biochem. 113:692 (1993)), GnTV (Shoreiban et al. J. Biol. 
Chem. 268: 15381 (1993)), O-linked N-acetylglucosaminyl 
transferase (Bierhuizen et al. Proc. Natl. Acad Sci. USA 
89:9326 (1992)), N-acetylglucosamine-1-phosphate trans 
ferase (Rajput et al. Biochem J. 285:985 (1992), and hyalu 
roman Synthase. Suitable mannosyltransferases include C.(1, 
2) mannosyltransferases, C.(1,3) mannosyltransferase, B(1,4) 
mannosyltransferase, Dol-P-Man synthase, OCh1, and 
Pmt1. 

0057 Prokaryotic glycosyltransferases are also useful in 
the recombinant cells. Such glycosyltransferases include 
enzymes involved in Synthesis of lipooligosaccharides 
(LOS), which are produced by many gram negative bacteria. 
The LOS typically have terminal glycan Sequences that 
mimic glycoconjugates found on the Surface of human 
epithelial cells or in host secretions (Preston et al. (1996) 
Critical Reviews in Microbiology23(3): 139-180). Thus, the 
use of Such enzymes is particularly useful for making a 
recombinant delivery microorganism that mimics these 
receptor glycoconjugates and thus blockS binding of the 
pathogenic LOS-containing organisms. Such enzymes 
include, but are not limited to, the proteins of the rifa operons 
of Species Such as E. coli and SalmOnella typhimurium, 
which include a B1,6 galactosyltransferase and a B13 galac 
tosyltransferase (see, e.g., EMBL Accession Nos. M80599 
and M86935 (E. coli); EMBL Accession No. S56361 (S. 
typhimurium)), a glucosyltransferase (Swiss-Prot Accession 
No. P25740 (E. coli), an B1.2-glucosyltransferase (rfa 
J)(Swiss-Prot Accession No. P27129 (E. coli) and Swiss 
Prot Accession No. P19817 (S. typhimurium)), and an B1,2- 
N-acetylglucosaminyltransferase (rfaK)(EMBL Accession 
No. U00039 (E. coli). Other glycosyltransferases for which 
amino acid Sequences are known include those that are 
encoded by operons Such as rfaB, which have been charac 
terized in organisms Such as Klebsiella pneumoniae, E. coli, 
Salmonella typhimurium, Salmonella enterica, Yersinia 
enterOcolitica, Mycobacterium leproSum, and the rh1 operon 
of Pseudomonas aeruginosa. 
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0.058 Also suitable for use in the cells of the invention 
are glycosyltransferases that are involved in producing 
Structures containing lacto-N-neotetraose, D-galactosyl-3-1, 
4-N-acetyl-D-glucosaminyl-B-1,3-D-galactosyl-3-1,4-D- 
glucose, and the p' blood group trisaccharide sequence, 
D-galactosyl-O-1,4-D-galactosyl-3-1,4-D-glucose, which 
have been identified in the LOS of the mucosal pathogens 
Neisseria gonorrhoeae and N. meningitidis (Scholten et al. 
(1994) J. Med. Microbiol. 41:236-243). The genes from N. 
meningitidis and N. gonorrhoeae that encode the glycosyl 
transferases involved in the biosynthesis of these Structures 
have been identified from N. meningitidis immunotypes L3 
and L1 (Jennings et al. (1995) Mol. Microbiol. 18: 729-740) 
and the N. gonorrhoeae mutant F62 (Gotshlich (1994) J. 
Exp. Med. 180: 2181-2190). In N. meningitidis, a locus 
consisting of three genes, lgtA, lgtB and lg, E, encodes the 
glycosyltransferase enzymes required for addition of the last 
three of the Sugars in the lacto-N-neotetraose chain (Wakar 
chuk et al. (1996) J. Biol Chem. 271: 19166-73). Recently 
the enzymatic activity of the lgtB and lgtA gene product was 
demonstrated, providing the first direct evidence for their 
proposed glycosyltransferase function (Wakarchuk et al. 
(1996) J. Biol. Chem. 271 (45): 28271-276). In N. gonor 
rhoeae, there are two additional genes, lgtD which adds 
B-D-GalNAc to the 3 position of the terminal galactose of 
the lacto-N-neotetraose structure and lgtC which adds a 
terminal C-D-Gal to the lactose element of a truncated LOS, 
thus creating the P. blood group antigen structure (Got 
shlich (1994), Supra.). In N. meningitidis, a separate immu 
notype L1 also expresses the P blood group antigen and has 
been shown to carry an 1gtC gene (Jennings et al. (1995), 
Supra.). Neisseria glycosyltransferases and associated genes 
are also described in U.S. Pat. No. 5,545,553 (Gotschlich). 
An C.1,3-fucosyltransferase gene from Helicobacter pylori 
has also been characterized (Martin et al. (1997) J. Biol. 
Chem. 272: 21349-21356). 
0059. In some embodiments, the recombinant delivery 
cells of the invention can contain at least one heterologous 
gene that encodes a Sulfotransferase. Such cells also produce 
the active Sulfating agent 3'-phosphoadenosine-5-phos 
phosulfate (PAPS). Incorporation of one or more sulfotrans 
ferase genes into a cell that also produces PAPS, either 
naturally or through the addition of the PAPS cycle regen 
eration enzymes, provides one with cells that can Sulfate 
oligosaccharides or polysaccharides. Suitable Sulfotrans 
ferases include, for example, chondroitin-6-Sulphotrans 
ferase (chicken cDNA described by Fukuta et al. (1995).J. 
Biol. Chem. 270:18575-18580; GenBank Accession No. 
D49915), glycosaminoglycan N-acetylglucosamine 
N-deacetylase/N-sulphotransferase 1 (Dixon et al. (1995) 
Genomics 26:239-241; UL18918), and glycosaminoglycan 
N-acetylglucosamine N-deacetylase/N-Sulphotransferase 2 
(murine cDNA described in Orellana et al. (1994) J. Biol 
Chem. 269:2270-2276 and Eriksson et al. (1994) J. Biol. 
Chem. 269:10438-10443; human cDNA described in Gen 
Bank Accession No. U2304). 
0060 Glycosyltransferase nucleic acids, and methods of 
obtaining Such nucleic acids, are known to those of skill in 
the art. Glycosyltransferase nucleic acids (e.g., cDNA, 
genomic, or Subsequences (probes) can be cloned, or ampli 
fied by in vitro methods Such as the polymerase chain 
reaction (PCR), the ligase chain reaction (LCR), the tran 
Scription-based amplification System (TAS), the Self-sus 
tained sequence replication System (SSR). A wide variety of 
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cloning and in vitro amplification methodologies are well 
known to perSons of skill. Examples of these techniques and 
instructions Sufficient to direct perSons of skill through many 
cloning exercises are found in Berger and Kimmel, Guide to 
Molecular Cloning Techniques, Methods in Enzymology 152 
Academic Press, Inc., San Diego, Calif. (Berger); Sambrook 
et al. (1989) Molecular Cloning A Laboratory Manual 
(2nd ed.) Vol. 1-3, Cold Spring Harbor Laboratory, Cold 
Spring Harbor Press, NY, (Sambrook et al.); Current Pro 
tocols in Molecular Biology, F. M. Ausubel et al., eds., 
Current Protocols, a joint venture between Greene Publish 
ing Associates, Inc. and John Wiley & Sons, Inc., (1994 
Supplement) (Ausubel); Cashion et al., U.S. Pat. No. 5,017, 
478; and Carr, European Patent No. 0.246,864. Examples of 
techniques Sufficient to direct perSons of Skill through in 
Vitro amplification methods are found in Berger, Sambrook, 
and Ausubel, as well as Mullis et al. (1987) U.S. Pat. No. 
4,683.202; PCR Protocols A Guide to Methods and Appli 
cations (Innis et al., eds) Academic Press Inc. San Diego, 
Calif. (1990) (Innis); Arnheim & Levinson (Oct. 1, 1990) 
C&EN 36-47; The Journal Of NIH Research (1991) 3: 
81-94; (Kwoh et al. (1989) Proc. Natl. Acad. Sci. USA 86: 
1173; Guatelli et al. (1990) Proc. Natl. Acad. Sci. USA 87, 
1874; Lomell et al. (1989) J. Clin. Chem., 35: 1826;Lande 
gren et al., (1988) Science 241: 1077-1080; Van Brunt 
(1990) Biotechnology 8: 291-294; Wu and Wallace (1989) 
Gene 4: 560; and Barringer et al. (1990) Gene 89: 117. 
0061 DNA that encodes glycosyltransferase proteins or 
Subsequences, as well as DNA that encodes the enzymes 
involved in formation of nucleotide SugarS described below, 
can be prepared by any Suitable method as described above, 
including, for example, cloning and restriction of appropri 
ate Sequences or direct chemical Synthesis by methods Such 
as the phosphotriester method of Narang et al. (1979) Meth. 
Enzymol. 68:90-99; the phosphodiester method of Brown et 
al. (1979) Meth. Enzymol 68: 109-151; the diethylphos 
phoramidite method of Beaucage et al. (1981) Tetra. Lett., 
22: 1859-1862; and the solid support method of U.S. Pat. 
No. 4,458,066. In one preferred embodiment, a nucleic acid 
encoding a glycosyltransferase can be isolated by routine 
cloning methods. A nucleotide Sequence of a glycosyltrans 
ferase as provided in, for example, GenBank or other 
Sequence database can be used to provide probes that 
Specifically hybridize to a glycosyltransferase gene in a 
genomic DNA sample, or to a glycosyltransferase mRNA in 
a total RNA sample (e.g., in a Southern or Northern blot). 
Once the target glycosyltransferase nucleic acid is identified, 
it can be isolated according to Standard methods known to 
those of skill in the art (see, e.g., Sambrook et al. (1989) 
Molecular Cloning. A Laboratory Manual, 2nd Ed, Vols. 
1-3, Cold Spring Harbor Laboratory; Berger and Kimmel 
(1987) Methods in Enzymology, Vol. 152: Guide to Molecu 
lar Cloning Techniques, San Diego: Academic PreSS, Inc.; or 
Ausubel et al (1987) Current Protocols in Molecular Biol 
ogy, Greene Publishing and Wiley-Interscience, New York). 
0062) A glycosyltransferase nucleic acid can also be 
cloned by detecting its expressed product by means of 
assays based on the physical, chemical, or immunological 
properties. For example, one can identify a cloned glyco 
Syltransferase nucleic acid by the ability of a polypeptide 
encoded by the nucleic acid to catalyze the transfer of a 
monosaccharide from a donor to an acceptor moiety. In a 
preferred method, capillary electrophoresis is employed to 
detect the reaction products. This highly Sensitive assay 
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involves using either monosaccharide or disaccharide ami 
nophenyl derivatives which are labeled with fluorescein as 
described in Wakarchuk et al. (1996) J. Biol. Chem. 271 
(45): 28271-276. For example, to assay for a Neisseria lgtC 
enzyme, either FCHASE-AP-Lac or FCHASE-AP-Gal can 
be used, whereas for the Neisseria lgtB enzyme an appro 
priate reagent is FCHASE-AP-GlcNAc (Id.). 
0.063 As an alternative to cloning a glycosyltransferase 
gene, a glycosyltransferase nucleic acid can be chemically 
Synthesized from a known Sequence that encodes a glyco 
Syltransferase. Chemical Synthesis produces a single 
Stranded oligonucleotide. This can be converted into double 
stranded DNA by hybridization with a complementary 
Sequence, or by polymerization with a DNA polymerase 
using the Single Strand as a template. One of skill would 
recognize that while chemical synthesis of DNA is often 
limited to Sequences of about 100 bases, longer Sequences 
may be obtained by the ligation of shorter Sequences. 

0064. Alternatively, Subsequences can be cloned and the 
appropriate Subsequences cleaved using appropriate restric 
tion enzymes. The fragments may then be ligated to produce 
the desired DNA sequence. 

0065. The glycosyltransferase-encoding nucleic acids 
can be cloned using DNA amplification methods Such as 
polymerase chain reaction (PCR). Thus, for example, the 
nucleic acid Sequence or Subsequence is PCR amplified, 
using a Sense primer containing one restriction site (e.g., 
Ndel) and an antisense primer containing another restriction 
Site (e.g., HindIII). This will produce a nucleic acid encoding 
the desired glycosyltransferase Sequence or Subsequence 
and having terminal restriction sites. This nucleic acid can 
then be easily ligated into a vector containing a nucleic acid 
encoding the Second molecule and having the appropriate 
corresponding restriction sites. Suitable PCR primers can be 
determined by one of skill in the art using the Sequence 
information provided in GenBank or other Sources. Appro 
priate restriction Sites can also be added to the nucleic acid 
encoding the glycosyltransferase protein or protein Subse 
quence by Site-directed mutagenesis. The plasmid contain 
ing the glycosyltransferase-encoding nucleotide Sequence or 
Subsequence is cleaved with the appropriate restriction 
endonuclease and then ligated into an appropriate vector for 
amplification and/or expression according to Standard meth 
ods. 

0.066 Other physical properties of a polypeptide 
expressed from a particular nucleic acid can be compared to 
properties of known glycosyltransferases to provide another 
method of identifying glycosyltransferase-encoding nucleic 
acids. Alternatively, a putative glycosyltransferase gene can 
be mutated, and its role as a glycosyltransferase established 
by detecting a variation in the Structure of an oligosaccha 
ride normally produced by the glycosyltransferase. 

0067. In addition to, or instead of, glycosyltransferases, 
one can use a different enzyme that adds Sugar residues to, 
or removes from, an acceptor molecule. Accordingly, the 
invention provides recombinant microorganisms that have 
an exogenous nucleic acid that encodes an enzyme Such as 
a sialidase (e.g., trans-Sialidase), mannosidase, galactosi 
dase, glucosidase. Through use of Such enzymes, an accep 
tor molecule can be modified to obtain an oligosaccharide 
Structure that exhibits the desired biological property. 
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0068. In some embodiments, it may be desirable to 
modify the glycosyltransferase or accessory enzyme nucleic 
acids. One of Skill will recognize many ways of generating 
alterations in a given nucleic acid construct. Such well 
known methods include site-directed mutagenesis, PCR 
amplification using degenerate oligonucleotides, exposure 
of cells containing the nucleic acid to mutagenic agents or 
radiation, chemical Synthesis of a desired oligonucleotide 
(e.g., in conjunction with ligation and/or cloning to generate 
large nucleic acids) and other well-known techniques. See, 
e.g., Giliman and Smith (1979) Gene 8:81-97, Roberts et al. 
(1987) Nature 328: 731-734. For example, one can modify 
the glycosyltransferase gene to change the Specificity or, for 
example, to Stabilise a gene that might be Subject to phase 
variation during normal cellular processes Such as replica 
tion. 

0069. In a preferred embodiment, the recombinant 
nucleic acids present in the cells of the invention are 
modified to include preferred codons which enhance trans 
lation of the nucleic acid in a Selected organism (e.g., yeast 
preferred codons are Substituted into a coding nucleic acid 
for expression in yeast). 

0070 2. Accessory Enzymes Involved in Nucleotide 
Sugar Formation 

0071. In selecting the delivery microorganism it may be 
found that a Suitable complement of endogenous glycosyl 
transferases are already present but there is a Surfeit of 
enzymes for the production of precursor nucleotide Sugars, 
Such enzyme could include epimerases, dehydrogenases, 
transmutases. The addition of one of these enzyme can be 
sufficient to provide for a chimeric carbohydrate that is 
capable of acting as a receptor mimic, more commonly it is 
anticipated that a gene encoding an exogenous enzyme 
required for nucleotide precursor production may need to be 
introduced in addition to the one or more exogenous gly 
cosyl transferases. 

0072 Accordingly, the recombinant microorganisms of 
the invention can also include, in addition to or in place of 
the nucleic acid encoding a glycosyltransferase or other 
enzyme involved in oligosaccharide Synthesis, at least one 
heterologous nucleic acid that encodes an accessory 
enzyme. Accessory enzymes include, for example, those 
enzymes that are involved in the formation of a nucleotide 
Sugar. The accessory enzyme can be involved in attaching 
the Sugar to a nucleotide or can be involved in making the 
Sugar or the nucleotide, for example. Examples of nucleotide 
Sugars that are used as Sugar donors by glycosyltransferases 
include, for example, GDP-Man, UDP-Glc, UDP-Gal, UDP 
GlcNAc, UDP-GalNAc, CMP-sialic acid, UDP-xylose, 
GDP-Fuc, GDP-GlcNAc, among others. 

0073. Accessory enzymes that are involved in synthesis 
of nucleotide Sugars are well known to those of Skill in the 
art. For a review of bacterial polysaccharide Synthesis and 
gene nomenclature, See, e.g., Reeves et al., Trends Micro 
biol. 4: 495-503 (1996). The methods described above for 
obtaining glycosyltransferase-encoding nucleic acids are 
also applicable to obtaining nucleic acids that encode 
enzymes involved in the formation of nucleotide Sugars. For 
example, one can use one of nucleic acids known in the art 
directly or as a probe to isolate a corresponding nucleic acid 
from other organisms of interest. 
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0.074 3. Expression Cassettes and Host Cells for 
Expressing the Fusion Polypeptides 
0075) A wide variety of microorganisms are useful for 
Synthesis and/or carrying of oligosaccharides according to 
the methods of the invention. To obtain expression of the 
glycosyltransferase and/or other enzymes that are involved 
in Synthesis of the binding moieties, the nucleic acids that 
encode the enzymes are placed under the control of a 
promoter that is functional in the desired host cell. An 
extremely wide variety of promoters are well known, and 
can be used in the expression vectors of the invention, 
depending on the particular application. Ordinarily, the 
promoter Selected depends upon the cell in which the 
promoter is to be active. Other expression control Sequences 
Such as ribosome binding Sites, transcription termination 
Sites and the like are also optionally included. Constructs 
that include one or more of these control Sequences are 
termed “expression cassettes.” 
0.076 Expression control sequences that are suitable for 
use in a particular host cell are often obtained by cloning a 
gene that is expressed in that cell. Commonly used prokary 
otic control Sequences, which are defined herein to include 
promoters for transcription initiation, optionally with an 
operator, along with ribosome binding site Sequences, 
include Such commonly used promoters as the beta-lacta 
mase (penicillinase) and lactose (lac) promoter Systems 
(Change et al., Nature (1977) 198: 1056), the tryptophan 
(trp) promoter system (Goeddel et al., Nucleic Acids Res. 
(1980) 8: 4057), the tac promoter (DeBoer. et al., Proc. Natl. 
Acad. Sci. U.S.A. (1983) 80:21-25); and the lambda-derived 
P. promoter and N-gene ribosome binding site (Shimatake 
et al., Nature (1981) 292: 128). The particular promoter 
System is not critical to the invention, any available pro 
moter that functions in prokaryotes can be used. 
0.077 For expression of fusion polypeptides in prokary 
otic cells other than E. coli, a promoter that functions in the 
particular prokaryotic Species is required. Such promoters 
can be obtained from genes that have been cloned from the 
Species, or heterologous promoters can be used. For 
example, a hybrid trp-lac promoter that functions in Bacillus 
in addition to E. coli is described in WO982O111. 

0078 A ribosome binding site (RBS) is conveniently 
included in the expression cassettes of the invention. An 
RBS in E. coli, for example, consists of a nucleotide 
Sequence 3-9 nucleotides in length located 3-11 nucleotides 
upstream of the initiation codon (Shine and Dalgarno, 
Nature (1975) 254:34; Steitz, In Biological regulation and 
development. Gene expression (ed. R. F. Goldberger), vol. 1, 
p.349, 1979, Plenum Publishing, NY). 
0079 For expression of the fusion polypeptides in yeast, 
convenient promoters include GAL1-10 (Johnson and 
Davies (1984) Mol. Cell. Biol. 4:1440-1448) ADH2 (Russell 
et al. (1983).J. Biol. Chem. 258:2674-2682), PHO5 (EMBO 
J. (1982) 6:675-680), and MFO. (Herskowitz and Oshima 
(1982) in The Molecular Biology of the Yeast Saccharomy 
ces (eds. Strathern, Jones, and Broach) Cold Spring Harbor 
Lab., Cold Spring Harbor, N.Y., pp. 181-209). Another suit 
able promoter for use in yeast is the ADH2/GAPDH hybrid 
promoter as described in Cousens et al., Gene 61:265-275 
(1987). For filamentous fungi Such as, for example, Strains 
of the fungi Aspergillus (McKnight et al., U.S. Pat. No. 
4.935,349), examples of useful promoters include those 
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derived from Aspergillus nidulans glycolytic genes, Such as 
the ADH3 promoter (McKnight et al., EMBOJ 4: 2093 2099 
(1985)) and the tpiA promoter. An example of a suitable 
terminator is the ADH3 terminator (McKnight et al.). 
0080 Either constitutive or regulated promoters can be 
used in the microorganisms of the invention. Regulated 
promoters can be advantageous because the host cells can be 
grown to high densities before expression of the glycosyl 
transferases is induced. High level expression of heterolo 
gous proteins slowS cell growth in Some situations. An 
inducible promoter is a promoter that directs expression of 
a gene where the level of expression is alterable by envi 
ronmental or developmental factorS Such as, for example, 
temperature, pH, anaerobic or aerobic conditions, light, 
transcription factors and chemicals. Such promoters are 
referred to herein as “inducible” promoters, which allow one 
to control the timing of expression of the glycosyltransferase 
or other enzyme involved in nucleotide Sugar Synthesis. 
Such promoters can also be useful for Suppressing Synthesis 
of the oligosaccharide until after the organisms have been 
administered. At a desired time a Stimulus can be applied, So 
that the oligosaccharide Structure is Synthesized after the 
delivery microorganism has arrived at a desired target Site. 
0081 For E. coli and other bacterial host cells, inducible 
promoters are known to those of skill in the art. These 
include, for example, the lac promoter, the bacteriophage 
lambda P. promoter, the hybrid trp-lac promoter (Amann et 
al. (1983) Gene 25: 167; de Boer et al. (1983) Proc. Natl. 
Acad Sci. USA 80: 21), and the bacteriophage T7 promoter 
(Studier et al. (1986).J. Mol. Biol. Tabor et al. (1985) Proc. 
Natl. Acad Sci. USA 82: 1074-1078). These promoters and 
their use are discussed in Sambrook et al., Supra. A particu 
larly preferred inducible promoter for expression in prokary 
otes is a dual promoter that includes a tac promoter com 
ponent linked to a promoter component obtained from a 
gene or genes that encode enzymes involved in galactose 
metabolism (e.g., a promoter from a UDPgalactose 4-epi 
merase gene (galE)). The dual tac-gal promoter, which is 
described in PCT Patent Application Publ. No. WO98/20111, 
provides a level of expression that is greater than that 
provided by either promoter alone. 
0082 DNA encoding the exogenous genes can be carried 
on a non-integrated vector Such as a plasmid, Selected to be 
Stable within the delivery microorganism. Such vectors are 
known to those skilled in the art. One benefit in having the 
DNA in a non-integrated form is that a high copy number of 
the encoding DNA can mean that where competitive addi 
tion of Sugars to an intermediate acceptor molecule is 
required, the enzyme encoded by the high copy number gene 
can prevail. An alternative is to have the exogenous gene or 
genes incorporated into the microorganism chromosome. 
This tends to provide a greater measure of Stability. 
0083 Methods for cloning a glycosyltransferase gene 
from one species to another to make chimeric lipopolysac 
charides are described in, for example, Phillips et al., (2000) 
J. Biol Chem. 275:47474758 and Abu Kwaik et al., (1991) 
Molec. Microbiol. 5:2475-24.80. 

0084 Methods of Administering Recombinant Microor 
ganisms 

0085. The invention also provides methods of adminis 
tering the recombinant microorganisms, or oligosaccharide 
containing fractions thereof, to a human or other animal. The 
microorganisms or fractions thereof can thus function as 
carriers for the oligosaccharides. The oligosaccharides are 
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preferably displayed on the Surface of the microorganism, or 
are otherwise exposed to the environment after administra 
tion to the animal. Such exposure can result from the natural 
expression, or from processing of the microorganism after 
Synthesis of the oligosaccharide. For example, a membrane 
preparation, lipopolysaccharide, glycoprotein, glycolipid, or 
other moiety that upon which an oligosaccharide can be 
attached can be administered. The preparation can be used 
unpurified, or partially or completely purified. It is often 
desirable that the preparation is at least Substantially free of 
nucleic acids from the microorganism. 
0.086 The oligosaccharide-containing binding moieties 
can be delivered to, for example, a mucosal Surface of a 
mammal. Such mucosal Surfaces include, for example, the 
gastrointestinal tract, the pulmonary and bronchial tissues, 
vaginal Surfaces. The binding moieties can also be admin 
istered to, for example, the eye, skin, etc. 
0087. The quantity administered is chosen to be sufficient 
is have the desired effect. For example, in Some applications 
the amount of binding moiety administered is Sufficient to 
reduce adherence of a pathogen or a toxin produced by a 
pathogen to a mucosal or other Surface. 
0088. The delivery microorganism is chosen to be non 
harmful when administered. It is also possible that a patho 
gen or an organism with potentially adverse health effects is 
used, and this would be administered in an attenuated form, 
or may be administered in a killed form. The killing of the 
microorganism is to be conducted understandard conditions 
that maintain the chimeric carbohydrate molecule, and in 
particular the receptor mimic intact. Examples of methods of 
providing killed microorganism include, but are not limited 
to, treatment with chemical agents Such as formalin, thi 
omersal, or Streptomycin or other bactericidal antibiotic, or 
exposure to heat or UV irradiation. Bacterial ghosts gener 
ated by induction of a bacteriophage lysis protein may also 
be a Suitable delivery vehicle for receptor mimics, as would 
liposomes incorporating the chimeric LPS. In the alternative 
purified membrane vesicles (MVs) can be used. MVs are 
naturally released by gram negative bacteria and can be 
described as blebs of the outer membrane. Purified 
lipopolysaccharide can be used however preferably the 
delivery microorganism expresses mutations which decrease 
endotoxin activity of LPS, and Such mutations can include 
phoP(67) or msbB (waaN) (68, 69). 
0089. The delivery microorganism can be utilised in a 
live form so that it can multiply in vivo at least to a limited 
extent, thereby producing more receptor mimics, So that 
smaller doses can be effective. However, particularly for 
administration to humans, it is preferable that an at least 
partially purified preparation of the oligosaccharides is used. 

0090 The stomach of an individual presents a consider 
able barrier to the introduction of microorganism and acid 
labile macromolecules. It can be desirable to provide for 
Some acid resistance. For example a particle can be deliv 
ered that has a protective coating, Such as those that are 
commonly used in the delivery of pharmaceuticals, which 
can then be Selectively released either in the Small intestine, 
large intestine or both. Such coatings and capsules are well 
known. An alternative approach can be to make the delivery 
microorganism more acid tolerant, for example the delivery 
microorganism could have a constitutive acid-tolerance 
response. It is Sometimes desired to grow the delivery 
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microorganism in media that enhance their capacity to pass 
the acid barrier of the Stomach, for example the culture can 
be grown under low pH conditions to induce acid tolerance. 
0091 Additionally one can provide for some resistance to 
anti microbial activity that is presented by the resident 
microflora. Thus for example the delivery microorganism 
could be modified or chosen to be resistant to the major 
families of colicins (for example Col E1, E2 and E3) by the 
introduction of, for example, the btuB mutation. 
0092. The choice of delivery microorganism is wide 
insofar as what is required is that the organism is capable of 
expressing the chimeric carbohydrate molecule being deliv 
ered to the gut. The delivery mode can be in a protected 
environment Such as by being coated or inside a capsule, and 
thus the organism need not necessarily be acid resistant. It is 
also possible that the delivery microorganism need not 
Survive in the gut and these measures may also be useful for 
delivery of killed microorganism or partially or fully puri 
fied carbohydrates carrying the receptor mimic. All that is 
required is that the receptor mimic be exposed in Sufficient 
quantities to adsorb toxin or the pathogenic organism. It is 
preferred however that the organism does Survive and grow 
and therefore presents an increasing level of the chimeric 
carbohydrate for adsorption, accordingly it is desired that 
the organism is resistant to conditions found in the gut and 
thus is an enteric organism. 
0093. The delivery microorganism can be selected from 
the genuses Escherichia and Salmonella, and more prefer 
ably Escherichia coli and Salmonella enterica SV typhimu 
rium. However, certain other bacterial genera may be con 
Venient to use, notably those Such as Acidophilus, 
Lactobacillus, Lactococcus or Bifidobacterium, which being 
food bacteria, are known to be safe to administer orally to 
humans, and are also capable of Survival in the gut. These 
later organisms have, in common with Escherichia and 
Salmonella, been relatively well characterised. 
0094) To be more effective it is desired that the delivery 
microorganism properly exposes the receptor mimic in as 
effective a manner as possible. Accordingly it is desired that 
the delivery microorganism does not produce or has a 
limited capacity to produce any of the following: O-antigen, 
a Slime layer, capsule or exopolysaccharide, where Such 
carbohydrates are not the carrier of the receptor mimic. 
These molecules might otherwise mask the receptor mimic. 
0095. It is also desirable that the microorganism express 
ing the receptor mimic colonizes the gastrointestinal tract for 
only a limited period of time, So as not to perturb normal 
receptor-ligand interactions, or disturb the State of immune 
tolerance which prevents elicitation of potentially deleteri 
ous anti-receptor antibodies. Incorporation of an inducible 
Suicide gene may help eliminate the recombinant microor 
ganism from the host when its presence is no longer nec 
essary. An example of Such as System is the Stochastic lethal 
containment System described by Klemm et al (42). 
0096. The recombinant microorganisms of the invention 
find use human pharmaceutical use, and also for veterinary 
use. For example, microorganisms that display an appropri 
ate oligosaccharide for animal pathogens are useful to treat 
livestock and other animals of interest. Such animals 
include, but are not limited to, humans, pigs, cows, horses, 
canines, felines, chickens, turkeys, goats, rabbits, sheep, 
geese, ducks. 
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0097. In a second form of the second aspect the invention 
provides a recombinant microorganism expressing one or 
more exogenous Sugar transferases and an acceptor mol 
ecule, Said one or more exogenous Sugar transferases being 
Specific for the transfer of one or more Sugar residues 
represented progressively from a non reducing terminal end 
of a receptor of either a toxin or an adhesin of a pathogenic 
organism, Said delivery microorganism expressing the exog 
enous Sugar transferases, and progressively transterning Said 
one or more Sugar resides onto the acceptor molecule to 
thereby form a chimeric carbohydrate molecule with an 
exposed receptor mimic, Said exposed receptor mimic 
capable of binding the toxin or the adhesin. 
0.098 Suitable excipients for the delivery of the receptor 
mimic are readily ascertainable, and examples can be found 
in Remington's Pharmaceutical Sciences, Mack Publishing 
Company, 16th Edition, 1980. Similarly methods for deliv 
ery by packing in capsules or within a matrix Such as a tablet 
can be found in the same reference. 

0099] Uses of the Recombinant Microorganisms 
0100. The recombinant microorganisms of the invention 
are useful for a wide variety of applications upon adminis 
tration to a human or other mammal. 

0101 1. Toxins and Adhesins 
0102) The invention provides methods of reducing the 
amount of a toxin or a pathogenic organism from an envi 
ronment. These methods involve introducing at least an 
inoculum of a recombinant microorganism into the environ 
ment. The recombinant microorganism carries a binding 
moiety that mimics a receptor of either the toxin or an 
adhesin of the pathogenic organism is exposed to the envi 
ronment for contact with the toxin or adhesin. The oligosac 
charide-containing binding moiety can be, for example, 
anchored to the outer Surface of the microorganism, or 
Secreted into the environment. 

0103) For example, a recombinant microorganism that 
displays a chimeric carbohydrate molecule that functions as 
a mimic of a receptor for a toxin, or for an adhesin of a 
pathogenic organism, can be administered to block binding 
of the toxin and/or pathogenic organism to the receptor. The 
chimeric receptor can be chosen to bind toxins, adhesins of 
enteric bacterial or viral or parasitic pathogens, or lectins 
asSociated with these organisms. 
0104. The toxins include those made in the gut and can be 
Selected from, but not limited to, a group comprising Shiga 
toxins, cloStridial toxins, cholera toxins, E. coli enterotoxins, 
and Staphylococcal enterotoxins. 
0105. As an illustrative example, the shiga toxins can be 
Selected from the group comprising, StX, StX1, StX2, StX2c, 
Stx2d, and StX2e. In the case where the shiga toxin is Stx, 
Stx1, Stx2, Stx2c, or Stx2d, the receptor mimic preferably is 
formed by a terminal Sugar moiety of Galo.1->4)Galf1-> 
4Glc. The one or more transferases is either an O. 1->4 
galactosyl transferase capable of forming an O.1->4 bond 
with a galactose residue bonded by a B1->4 bond to a 
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glucose on the acceptor molecule, or both an O.1->4 galac 
tosyltransferase and a B1->4 galactosyltransferase capable 
of forming a 31->4 bond to a glucose on the acceptor 
molecule. While it might be desirable that the exogenous 
glycosyl transferases add Sugars to a Sugar residue of the 
acceptor molecule, it may be adequate that the glycosyl 
transferases compete with an endogenous transferase, and 
that the acceptor molecule is a partially completed endog 
enous oligosaccharide or polysaccharide. 
0106 Where the shiga toxin is StX2e the an alternative 
oligosaccharide moiety of the receptor for a terminal chain 
is suggested to be GalNAc31->3Galo.1->4Galf1->4) 
Glc. The one or more transferases are Selected to transfer one 
or more SugarS Selected from the terminal portion of the 
receptor for StX2e. In addition to those transferases listed 
above, the one or more transferases are Selected to include 
a B1->3GalNAc transferase capable of forming a 31->3 
bond with a galactose residue. 
0107 For Stx, Stx1, Stx2, Stx2c, and Stx2d receptors, the 
N-terminal Sugar transferase gene can be Selected from the 
group comprisinglgtC of N. meningitidis or N. gonorrhoeae 
and the penultimate terminal Sugar transferase gene may be 
Selected from the group comprisinglgtE of N meningitidis or 
N. gonorrhoeae, Haemophilus influenzae strain Rd is also 
known to contain genes encoding enzymes with analogous 
functions. 

0108. In the case of K88ad adhesin its receptor includes 
the lactoneotetraose Series of glycolipids. These carbohy 
drates are produced by N. meningitidis, N. gonorrhoeae, and 
Some Strains of Haemophilus influenzae as one of their 
variable LOS components, and genetic material from these 
Strains can be used to construct a recombinant receptor 
mimic. 

0109 The clostridial toxins include, for example, tetanus 
toxin, botulinum toxin, C. difficile toxins A and B. The 
natural receptor for C. dificile toxin A is known to contain 
a Galf1->4GlcNAc moiety. Also, however, Galo.1->3) 
Gal(1->4GlcNAc- or Galo.1->3)GalB1->4)Glc-are also 
known to interact with toxin A. The receptor for botulinum 
toxin is also believed to be a Sialic acid containing glyco 
protein or glycolipid present on neurons. 
0110. The cholera toxins include cholera toxin and E. coli 
heat labile enterotoxin types I and II. The receptor for 
cholera toxin and E. coli heat labile enterotoxin type I is the 
ganglioside GM, the Structure being as follows: 

Galp1->3)GalNAcp1->4Galp1->4)Gle-ceramide 

NeuNAcc.2->3) 

0111. The receptor mimic can be chosen from 2 or more 
adjacent Sugar residues in the configuration as Set out 
immediately above. 
0112 The receptor mimic can be selected from any one 
of the receptors set out in Table 1. 

TABLE 1. 

Glycosyl structures of receptors for toxins and adhesins 

Shiga toxin Stx1, Stx2, Stx2c, Stx2d, 
StX2e, uropathogenic E. coli pap pili 
uropathogenic E. coli pap pili 
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TABLE 1-continued 

Glycosyl structures of receptors for toxins and adhesins 

GalNAcf.1->3GalC1->4Galf1->4Glc Shiga toxin Stx2e 
Galf1->4GlcNAc C. difficile toxin A 
GalC1->3Galf1->4Glc C. difficile toxin A 
GalC1->3Galf1->4GlcNAc C. difficile toxin A 
Galf1->4GlcNAcf.1->3Galf1->4Glc C. difficile toxin A 
GlcC1->6Glc- C. difficile toxin B 
GlcC1->6GlcC1->6Glc- C. difficile toxin B 
NeunAc- C. botulinum toxin 

Galp1--3GalNAcp1->4)Galp1->4Gle- Vibrio cholera toxin (CT), E. coli heat 
labile enterotoxin Type 1 

NeuNAcc2-3) 

Galf1->3GalNAcf.1->4Galf1->4Glc- Enterotoxigenic E. coli CEA adhesin, 
porcine enterotoxigenic E. coli K88ad 
fimbriae adhesin 

GalNAcf.1->4Gal Enterotoxigenic E. coli CS3 pili adhesin 
GalNAc- Entamoeba histolyticum trophozoite 

adherence 
Gal- E. histolyticum adherence 
NeuGc->GM Porcine rotavirus adherence 
NeuNAc->GM Porcine rotavirus adherence 

0113. The receptor mimic can be a mimic of the natural 
receptor for adhesins or toxins produced by micro-organism 
Selected from a group of genera comprising the following:- 
Escherichia, Salmonella, Shigella, Citrobacter, Helico 
bacter, Yersinia, Vibrio, Aeromonas, Campylobacter, 
Pseudomonas, Pasteurella, Neisseria, Haemophilus, 
Moraxella, Klebsiella, Staphylococcus, Streptococcus, 
CloStridium, Bacteriodes as well as viruses including rotavi 
US. 

0114. Additional examples of oligosaccharides that can 
be displayed on the microorganism, and examples of their 
use, are listed in Table 2. 

TABLE 2 

Terminal Example 
Sugar Oligosaccharide Inhibits adhesion of: Reference 

Sialic acid Ganglioside Staphylococcus pneumonia, H. van Alphen et al. (1991) 
influenzae, H. parainfluenza, Infect. Immun. 59: 4473 

Pseudomonas 
Sialic acid LSTd, LSTe Staphylococcus pneumonia, H. Simon et al., WO 

influenzae, H. parainfluenza, 96.f4O169 
Pseudomonas Simon et al., U.S. Pat. 

No. 5,736,533 
Idanbaan-Heikkila et al. 
(1997) J. Infect. Dis. 

176: 704-712 
Galactose LNT Staphylococcus pneumonia, H. Simon et al., WO 

infinenzae, H. parainfluenza, 96.f4O169 
Pseudomonas Simon et al., U.S. Pat. 

No. 5,736,533 
Idanbaan-Heikkila et al. 
(1997) J. Infect. Dis. 

176: 704-712 
Galactose asialo-N-linked Chlamydia trachomatis Kuo et al. (1996) J. 

oligosaccharides Clin. Invest. 98: 2813 
281.8 

Mannose Oligomannose Acanthamoeba (e.g., adhesion Cao et al. (1998) J. 
to cells in eye) Biol. Chem. 273: 15838 

Fucose 2"Fucosides Candida abilicans Cameron, BJ (1996) 
linked to Gal Infect. Immun. 64: 891 

Fucose 2' and 3 Helicobacter pylori (e.g., Falk et al. (1993) Proc. 
fucosides (e.g., 
Lewis, Lewis 

adhesion to gastric cells) Natl. Acad. Sci. USA 
90: 2035 
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TABLE 2-continued 

Terminal 
Sugar 

GalNAc 

Example 
Oligosaccharide 

Many 

Inhibits adhesion of: Reference 

pulmonary pathogenic bacteria 

Fucose or 
GlcNAc 

GalNAc 

Sialic acid 

Sialic acid 

GalNAc-Gal 

Fuc 

Gal-Gal 

Fuc 

Sialic acid 

Sialic acid 

Sialic acid 

Gal 

Sialic acid 

Fucose 

Fucose 

Sialic acid 

9-OAc-sialic 
acid 

GalNAc 

Sialic acid 

Blood groups A, 
B, H 

Many 

3' and 6' 
sialylosides (e.g., 

sialyllactose) 
SLe and SLe 

LNnT, LNT, etc. 

(incl. N-Ac 
sialic acid; N-Gc 
sialic acid, and 9 
Oac-silalic acid 

2'-fucosides such 
as 2'- 

fucosyllactose 
2'-fucosides 

GalNAc(B1,3)Gal 
(c.14)Gal 
3' or 6'- 
sialosides 

Krivan et al. (1988) 
Proc. Natl Acad. Sci. 

USA 85: 6157 
Critchley et al. (1987) J. 
Gen. Microbiol. 133: 

637; Matei et al. (1997) 
Rev. Roum. Biochim. 

(see list in reference) 

Candida abilicans 

34:123 
Streptococcus pneumoniae Tuomanen et al. (WO 

(e.g., adhesion to pulmonary 95/33467) 
cells) 

Enterotoxigenic E. coli Sioberg et al. (1988) 
Biochem. J. 255: 105 
Schwertmann et al. 
(1999) J. Pediatric 

Gastroenterology and 
Nutrition 28: 257 

Roberts et al. (1989) J. 
Biol. Chem. 264: 9289 
Krivan et al., U.S. Pat. 

No. 5,089,479 

Mycoplasma pneumonia (e.g., 
ear infections, pneumonia) 

E. coli heat-labile enterotoxin Barra et al. (1992) Mol. 
Cell. Biochem. 115: 63 

70 

E. coli heat-labile enterotoxin Barra et al. (1992) Mol. 
Cell. Biochem. 115: 63 

70 

Adhesion to stomach Zopf et al., U.S. Pat. 
No. 5,514,660 

Inhibition of selectin-mediated 
inflammation 

Paulson et al., U.S. 
Pat. No. 5,753,631 
Ratcliffe et al., U.S. 
Pat. No. 5,576,305 
DeFrees et al., U.S. 
Pat. No. 5,811,404 
Neeser et al. (1995) 
Glycobiology 5: 97 

Streptococcus Sanguis (e.g., 
adhesion to human buccal 

epithelial cells) 
Streptococcus pyrogenes (e.g., 
adhesion to pharyngeal cells) 
Influenza (e.g., adhesion to 

cells) 

Gaffar et al., U.S. Pat. 
No. 5,401,723 

Eisen et al. (1997) 
Virology 232: 19 

Gambaryan et al. (1997) 
Virology 232: 345 
Connor et al. (1994) 
Virology 205: 17 

Herrier et al. (1987) 
Virology 159: 102 
Prieto et al., WO 

99.156754 
E. coli and Vibrio cholerae 

(e.g., adhesion to 
gastrointestinal cells) 

Campylobacter jejuni (e.g., 
adhesion to gastrointestinal 

cells) 
Stable enterotoxin (ST) of E. 
coli (binding of toxin to cells) 

Paramyxovirus 

Newburg, DS (1997) 
Am. Symp. Nutritional 

Sci. 98OS-984S 

Klenket al. (1997) 
Nova Acta Leopoldina 
NF75, NR. 301,131 
Klenket al. (1997) 

Nova Acta Leopoldina 
NF75, NR. 301,131 
Brown et al. (1993) 

Science 262: 114-117 
Cells and molecules involved in U.S. patent application No. 
inflammation, irritation (e.g., of 09/123,251 

Human coronavirus 
Bovine coronavirus 

Parvovirus 

skin, intestine, etc) 
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0115) In one form the acceptor molecule is a molecule 
which comprises at least Some Sugar units, these Sugar units 
are normally exposed to the outside of the delivery micro 
organism. A preferred acceptor molecule is a lipopolysac 
charide (LPS) molecule, and in which case the acceptor 
molecule is all or a portion of the core of the lipopolysac 
charide. 

0116. In the case where the two terminal Sugars of the 
chimeric receptor binds to Stx, Stx1, Stx2, Stx2c, and Stx2d, 
it may be preferred that the acceptor molecule has a terminal 
glucose. The acceptor molecules can be the LPS core of 
waaO mutants of Escherichia coli R1 wherein a terminal 
glucose is presented in the completed acceptor molecule of 
the mutant concerned. Alternatively a terminal glucose need 
not be provided, and the choice of bacterium based on LPS 
core Structure is wide indeed. Specific examples of core 
Structure that are Suitable as acceptor molecules include but 
are not limited to the following, Escherichia coli R1, includ 
ing waaC) mutants thereof, Escherichia coli K-12 and vari 
ous waa mutants thereof, Salmonella typhimurium LT2, and 
various waa mutants thereof It will be understood however 
that the range of molecules from which the acceptor mol 
ecule can be chosen is wide. 

0117 The elucidation of the nature of the oligosaccharide 
receptorS is an ongoing endeavour, and more receptors for 
toxins and adhesins are being defined as time goes on. 
Selecting appropriate carbohydrate Structures can be 
achieved by Searching through a database of known carbo 
hydrate structures such as Carbbank which is available over 
the internet; CDrom versions are also available from NBRF, 
National Biomedical Research Foundation, 3900 Reservoir 
Road, NW. Washington D.C. 20007 USA. Selecting appro 
priate nucleic acid Sequences for expression of the desired 
glycosyl transferases can be achieved by Searching through 
a database of genes encoding glycosyltransferases available 
over the internet, Such as CAZy. This database is adminis 

Compound 

Sialyl lactose 

Sialic acid derivatives 
(e.g., sialosides from 
cows milk) 

Sialyl lactose 

Sialyl lactose 
(multivalent) 
Sialyl lactose 

Sialyl lactose 

Sialyl lactose 
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tered by AFMB-CNRS a contact being at 31 Chemin Joseph 
Aiguier F-13402 Marseille Cedex 20 (France). An alterna 
tive is to search for structures in the Chemical Abstracts. The 
Search concerned will identify the Sugar Specificity of the 
transferase, the Sugar to which it binds, the nature of the 
bond, and the Overall nature of the acceptor molecule. Thus 
where the acceptor molecule is a LPS then a transferase 
specific for LPS will be preferred. The gene encoding the 
transferase of interest can be either made Synthetically or 
alternatively the gene may be isolated from an appropriate 
organism either by direct cloning methods or by PCR 
amplification methods and incorporated into an expression 
vector. A database Suitable for Searching of enzymes that 
may be used to provide for nucleotide precursors Such as 
epimerases, dehydrogenases, transmutases and the like can 
be found at the following internet address: http://wit.mc 
s.anl.gov/WIT2/. 

0118 Toxins are often produced by pathogens in precur 
Sor form, and in that case it may be the precursor form that 
can recognise the toxin receptor referred to in this specifi 
cation. 

0119 2. Other Applications 

0120) The recombinant microorganism of the invention, 
and oligosaccharides obtained from the microorganism, are 
also useful as carriers for oligosaccharides that have a 
cosmeceutical, diagnostic or pharmacological application. 
The recombinant microorganisms can, for example, be used 
to reduce the number of pathogenic organisms from envi 
ronments Such as the oral cavity, the urogenital tract or other 
mucosal Surface, or external environments Such as water 
ways. 

0121 Examples of Such oligosaccharides and uses that 
involve modulation of cell adhesion and/or interactions are 
listed in Table 3. 

TABLE 3 

Possible 
Mechanism 

protection; no.JPO727929 
suppression of 
dandruff and 
itchiness 

Inhibits immune Rheumatoid arthritis U.S. Pat. No. 
complex formation 5,614,374 
(in vitro) 
EGF receptor Treatment for cancer WO97/03701 
antagonist 
Reduces Psoriasis and acute 
inflammation dermatitis 

Maintain ganglioside Japan patent appl. 
content in brain JPO9315981 

Reduces Reduction in skin US Patent Appl. No. 
inflammation reddening (e.g., 09/123,251 
(selectin and/or cosmetics, Sun 
sialoadhesin screens, baby care 
inhibitor) products, OTC anti 

Use 

nerve growth factor 
like agent for treating 
aging of nervous 
system 
Hair growth and 

inflammatory agents 
acne agents 

Reference 

Japan patent appl. 
No. 07258093A 

Japan patent appl. 
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TABLE 3-continued 

Possible 
Compound Mechanism Use Reference 

Sialyl lactose Sialoadhesins Immunosuppression Crocker et al. (1997) 
(inhibition of (macrophages, Glycoconjugate J. 
adhesion) granulocytes) 14: 6O1 

sialoadhesin, MAG, 
CD33, SMP (Swann 
cell myelin protein) 

May et al. (1997) 
Protein Sci. 6: 717 

0122). In other applications, the recombinant microorgan 
ism of the invention, and oligosaccharides obtained from the 
microorganism, are useful for gastrointestinal administra 
tion. Examples of Such uses are listed in Table 4. 

Compound 

Sialyl lactose 

Sialyl lactose 

Sialyl lactose 

Sialyl lactose 

Sialyl lactose 

Sialyl lactose (and 
sialic acid 
derivatives) 

N-Gc-sialyl lactose 

Sialyl lactose 

Sialyl lactose 

0123) 

TABLE 4 

Possible 
Mechanism 

Bifidobactor growth 
promoter 

Cholera toxin 
antagonist 

Rotavirus adhesion 
inhibitors 

Heat-labile E. coli 
toxin adhesion 
inhibited 
Prevents toxin 
adhesion 

K99 toxin adhesion 

Prevents 
enterotoxigenic E. 
coli cell adhesion 
through the CS2 
lectin 

Use 

Promotes mineral 
absorption 
Maintain gut normal 
flora 

Prevents binding of 
toxin, reducing 
diarrhea 
Prevents viral 
binding, thereby 
reducing diarrhea 

Prevents toxin 
adhesion, limiting 
diarrhea 
Bacterial toxin 
neutralizer, limiting 
or preventing 
diarrhea 
Reduces calf scours 

Reduces incidence of 
diarrhea 

Intestinal metabolism 
improving agent 

Reference 

Idota et al., Biosci. 
Biotech. Biochem. 
58: 1720 
Idota et al. (1995) 
Biosci. Biotech. 
Biochem. 59: 417 
See, e.g., Taiyo 
Kaguki (1995) J. 
Agric. Food Chem. 
43: 858 
U.S. Pat. No. 
5,627,163 

U.S. Pat. No. 
5,260,380 

Lanne et al. (1995) 
Biochemistry 34: 
1845 
Willemsen and 
DeGraaf (1993) 
Infect. Immun. 61: 
4518 
Sioberg et al. (1988) 
Biochem J. 255: 105 

Japan patent appl. 
no.JP 10O299.45 

In other applications the recombinant microorgan 
ism of the invention, and oligosaccharides obtained from the 
microorganism, are useful for nasopharyngeal administra 
tion. Examples of Such uses are listed in Table 5. 

TABLE 5 

Compound 

Sialyl lactose 
(a) 2, 3 and 2, 6 
(b) multivalent 

Possible 
Mechanism 

Influenza A and B 
adhesion 

Use 

Reduces influenza 
symptoms by 
preventing viral 
adhesion 

Reference 

Frank et al. (1997) J. 
Mol. Model. 3: 408 
Gambaryan et al. 
(1997) Virology 232: 
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Compound 

Sialyl lactose 

Sialyl lactose 

Sialyl lactose 

Sialyl lactose 

Sialyl LNnT (sialyl 
lactose) 

Sialyl lactose 

Sialyl lactose 

Sialyl lactose and 
derivatives (e.g., 
SLNnT) 

Sialyl lactose (and 
sialic acid) 

Sialyl lactose 
(multivalent) 

Sialyl LNnT 

Sialyl lactose 

TABLE 5-continued 

Possible 
Mechanism 

Paramyxovirus 

C. albicans adhesion 

Polyoma virus 
adhesion 

StreptococcuS 
adhesion 
e.g., pyogenes and 
iiiliar.S 

e.g., Sanguis 
S. pneumonia 
adhesion 

B. pertussi toxin 
adhesion 

H. influenza adhesion 

Prevents Aspergillus 
fumigatus binding to 
lamina and fibrinogen 

Mycoplasma 
pneumoniaefhoninus 
adhesion to laminin 

Pneumococcal 
pneumonia adhesion 

Use 

Treats pig blue eye 
disease 

Reduces incidence of 
lung infection 

Reduces incidence of 
cavities 
Reduces incidence of 
gingivitis 

Reduces otitis media 
and respiratory tract 
infections 
Reduces whooping 
cough coughing 
symptoms 
Expectorant 

otitis media and 
meningitis 

Reduces infection 
and severity of 
infections in diseases 
such as assinusitis 
and 
bronchopulmonary 
aspergillosis 
Treat or prevent 
laryngitis and 
pneumonia, cervical 
and genital diseases 

Pneumonia 

Gargle to prevent 
colds 

15 

Reference 

345 
Synthesome, WO 
98/14215 
Eisen et al. (1997) 
Virology 237: 19 
Reyes-Leyva et al. 
(1993) Arch. Virol. 
133: 195 
Annaix et al. (1990) 
FEMS Microbiol. 
Immun. 64: 147 
Thilo and Hanison 
(1996) Structure 4: 
183 

Bauer et al. (1995) J. 
Virol. 69: 7925 
U.S. Pat No. 
5,401,723 
Nesser et al. (1995) 
Glycobiology 5: 97 

WO95/33467 

U.S. Pat No. 
4,698,332 
Lock van Alphen et 
al. (1991) Infect. 
Immun. 59: 4473 
WO 96/4O169 
Bouchara et al. 
(1997) Infect, and 
Immun. 6.5: 2717 

Krivan, U.S. Pat. 
No. 5,089,479 
Roberts et al. (1989) 
J. Biol. Chem. 65: 
271 7 
Tokojenko et al. 
(1994) Microbiol Zh. 
56:3 
Idanpaan-Heikkila et 
al. (1997) J. Infect. 
Dis. 176: 704 
WO95/33467 
Japan Patent appl. 
no.JP90268129 
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0.124. The recombinant microorganisms of the invention 
are also useful to carry bacteriocins. Bacteriocins are 
described in, for example, WO9506736. 

0.125 The invention also encompasses a method of test 
ing for the presence of a toxin or a pathogenic microorgan 
ism, including the Steps of contacting a Sample with a 
recombinant microorganism, or a purified oligosaccharide 
from a microorganism. Either the carbohydrate or the 
Sample can be immobilised, if desired. Upon binding of the 
toxin or pathogenic microorganism to the oligosaccharide, 
the unbound toxin or pathogenic microorganism can be 
removed by Washing. A detection agent is then used to detect 
bound toxin or pathogenic microorganism. 

EXAMPLES 

0.126 The following examples are offered to illustrate, 
but not limit the invention. 

Example 1 

0127 Background 
0128 Shiga toxin-(Stx-) producing strains of Escherichia 
coli (STEC) are important causes of diarrhoea and haemor 
rhagic colitis (HC) in humans. This can lead to potentially 
fatal Systemic Sequelae, Such as haemolytic uraemic Syn 
drome (HUS) which is the leading cause of acute renal 
failure in children (1, 2, 3, 4). Certain other Enterobacteri 
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aceae are also known to produce StX and cause Serious 
gastrointestinal disease in humans. The most notable of 
these is Shigella dysenteriae type 1, the causative agent of 
bacillary dysentery, which is frequently associated with 
StX-induced Systemic sequelae, including HUS (1). Indeed, 
it is the principal cause of HUS in parts of Africa and Asia 
(4). Stx-producing Citrobacter freundii has also been shown 
to cause diarrhea and HUS in humans, including one out 
break in a German child-care centre (4). 
0129. The mortality rate for HUS is 5-10%; other acute 
complications include Stroke, diabetes mellitus, and necro 
tising colitis necessitating collectomy. The Center for Dis 
ease Control and Prevention (Atlanta, Ga.) has estimated 
that the annual cost for acute care of patients with STEC 
disease in the USA is in the range of S1-2 billion, with 
approximately 500 deaths each year (3). In addition, up to a 
third of Survivors Sustain permanent renal impairment and 
may eventually require transplantation (2). Estimates of the 
on-going cost of management of these long-term complica 
tions are not available. 

0130 STEC are commonly found in the intestines of 
livestock, and human infections usually result from con 
Sumption of contaminated meat or dairy products, fruit and 
Salad vegetables contaminated with manure, and contami 
nated drinking or Swimming water are also common STEC 
vehicles. In addition, approximately 20% of all cases of 
STEC disease are believed to result from person to person 
transmission (3, 6). STEC belonging to over 100 O:H 
Serotypes have been associated with human disease. How 
ever, those belonging to Serogroup O157 (particularly 
O157:H7) are the most prevalent causes of HUS and account 
for the majority of the major food-bourne outbreaks in the 
United States, Europe and Britain (2, 3). It is likely, how 
ever, that the epidemiological data on the Overall incidence 
of STEC disease and serotype prevalence has been skewed 
by underdetection of cases caused by non-O 157 STEC, 
which are much more difficult to detect (3,4). In recent years 
there have been a number of large outbreaks of STEC 
disease in North America, the UK, Europe, Japan and 
Australia. Such outbreaks have the potential to overwhelm 
acute care facilities, even in developed countries with 
Sophisticated health-care Systems. The largest (Sakai, Japan, 
May-June 1996) involved over 8,000 cases of HC (600 
requiring hospitalization) and 107 cases of HUS. Another 
outbreak involving over 500 people and 20 deaths occurred 
in Scotland in December 1996. 

0131 StX is a compound toxin, consisting of an enzy 
matically active A subunit (a RNA-N-glycosidase), which 
inhibits eukaryotic protein Synthesis, and a pentameric B 
Subunit responsible for binding to glycolipid receptors in 
target cell membranes (2). Two major classes of Stx (Stx1 
and StX2) have been distinguished, both by Serological 
methods, as well as by DNA sequence analysis. Individual 
STEC strains may produce toxins belonging to either or both 
of the two major StX classes. However, Substantial variation 
in amino acid Sequence occurs within both the StX1 and StX2 
groups (7, 8, 9, 10, 11, 12). Within the Stx2 class, several 
Subtypes have been distinguished on the basis of differences 
in biological properties. All StX types associated with human 
disease recognize the same glycolipid receptor, globotriao 
syl ceramide (Gb), which has the structure Galo.1-4Galf 
1-4Glc-ceramide (13). Vero (African green monkey kid 
ney) cells express large amounts of Gb on their Surface, 
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consequently, this cell line is highly Susceptible to StX, and 
Vero cytotoxicity is the generally recognised Standard assay 
for Stx activity. However, one particular subgroup of Stx2 
variants, designated StX2c, share specific B Subunit amino 
acid differences with respect to classical StX2 (Asp-ASn 
and Asp-Ala), which correlate with a Somewhat reduced 
binding affinity for the receptor Gb and reduced in vitro 
cytotoxicity for HeLa cells (14). A separate Subgroup, des 
ignated Stx2d, is distinguished from other Stx toxins by 
increased cytotoxicity for Vero cells after incubation in the 
presence of either mouse proximal Small intestinal mucus or 
human colonic mucus. Activation appears to be a function of 
the A Subunit, because the B subunit is identical to Stx2c, 
which was not activatable. Activatable Stx2d toxins exam 
ined to date Share two A Subunit amino acid differences with 
respect to Stx2c (Ser and Glue), although these alone 
may not necessarily be Sufficient for activation, as they are 
also found in some Stx2 subtypes which are not activatable 
(15). A final major Stx2 subtype is Stx2e, which is produced 
by STEC associated with pigletoedema disease. This is a 
Serious, frequently fatal illness affecting piglets at the time 
of weaning, and is characterized by neurological Symptoms 
including ataxia, convulsions and paralysis, oedema is typi 
cally present in the eyelids, brain, Stomach, intestine and 
mesentery of the colon (16). It is associated with particular 
STEC serotypes (most commonly O138:K81, O139:K82 
and O141:K85, which are not associated with human dis 
ease. These particular STEC Strains also cause post-weaning 
diarrhoea in piglets. StX2e has a different glycolipid receptor 
Specificity from other members of the StX family, recogn 
ising globotetraosyl ceramide (Gb, GalNAcB1->3)Galo. 
1->4Galf1->4) Glc-ceramide) preferentially over Gb 
(17). Two amino acid differences in the Stx2e B subunit 
(Gin, and Lyss) are critical for this altered specificity, 
which impacts on the tissue tropism of the toxin, thereby 
accounting for the distinctive clinical presentation of 
oedema disease (18). 
0132) The pathological features seen in severe human 
STEC disease (HC and HUS) are directly attributable to the 
StX toxins, which are essential for virulence. Pathogenesis of 
disease initially involves colonization of the gut by the 
STEC; the bacteria do not invade the gut epithelium, but 
locally produced StX is absorbed into the circulation, and the 
toxin then targets Specific tissues in accordance with their 
Gb, content. In humans Gba is found in highest concentra 
tions in renal tissue, and in microvascular endothelial cells 
(particularly in the kidneys, gut, pancreas and brain), thereby 
accounting for the distinct clinical and pathological features 
of HUS (microangiopathic haemolytic anaemia, thrombocy 
topoenia and renal failure). 
0133. There is increasing evidence that STEC strains 
vary in their capacity to cause Serious disease in humans, 
and that this, at least in part, is a function of the type and/or 
amount of StX produced. Indeed, up to 1000-fold differences 
in the cytotoxicities of various STEC isolates from humans 
have been reported. Moreover, patients infected with STEC 
producing Stx2 are more likely to develop Serious compli 
cations such as HUS than those infected with STEC pro 
ducing Stx1 (19,20). The link between Stx2 production and 
HUS may be a direct consequence of increased in vivo 
toxicity of StX2. Indeed, human renal microvascular endot 
helial cells have been shown to be far more susceptible to the 
cytotoxic action of Stx2 than Stx1 (21). This is consistent 
with Studies employing a Streptomycin-treated mouse model 
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of toxin-induced renal tubular damage. Oral challenge with 
E. coli K-12 carrying cloned StX2 genes, but not StX1 genes 
was capable of inducing fatal tubular damage (22). 
0134) The availability of rapid and sensitive methods for 
diagnosis of STEC infection early in the course of disease 
has created a window of opportunity for therapeutic inter 
vention. Indeed, during two outbreaks which have occurred 
in Adelaide we diagnosed STEC infection in patients by 
PCR almost a week before symptoms of HUS became 
apparent. The increased awareness that occurs during major 
outbreaks is likely to result in more patients presenting 
during the early (diarrhoeal) stage, and when a Source of 
infection has been identified and publicised, perSons 
exposed to the contaminated product may come forward 
before Symptoms appear. An opportunity also exists to treat 
close contacts of perSons with proven or Suspected STEC 
infection (e.g. family members, children in child-care cen 
tres, School classmates, etc.), to prevent them from devel 
oping Serious disease. Antibiotic therapy is contraindicated 
for STEC infection because of the risk of increasing free Stx 
in the gut lumen through release of cell-associated toxin and 
induction of toxin gene expression. There are also concerns 
that antibiotic therapy might disturb gut flora and result in 
overgrowth by the STEC. Administration of antimotility 
agents is also contraindicated (2,4). 
0135). During the early stages of human infections, STEC 
may colonize the gut at high levels (>90% of aerobic flora), 
exposing the host to Sustained high concentrations of StX 
and increasing the likelihood of Systemic complications. 
However, as disease progresses, the numbers of STEC 
decrease markedly, and may even be undetectable in patients 
who have already progressed to HUS. Western blot analysis 
using convalescent Sera from HUS patients Suggests that the 
elimination of STEC from the gut during the latter stages of 
HUS is probably a consequence of local immune responses 
to STEC surface antigens (23). Clearly, in cases of natural 
STEC infection, the immune response occurs too slowly to 
prevent StX-induced complications. Thus, in Vivo binding or 
neutralization of StX is a potentially important therapeutic 
Strategy. Substances capable of binding StX in the gut can 
also play a role as an adjunct to antibiotic therapy. 
0.136 All Stx types affecting humans recognise the same 
glycolipid receptor (Gb), and at least one Strategy exploit 
ing this interaction has been developed. This agent, called 
Synsorb-Pk, consists of chemically synthesised Galo.1->4) 
Gal(31->4Glc-(the trisaccharide component of Gb) 
covalently linked via an 8 carbon Spacer to Silica particles 
derived from diatomaceous earth. Synsorb-Pk is capable of 
binding and neutralizing Stx1 and Stx2 in STEC culture 
extracts, and in faeces from patients with HC and HUS, 
although binding of Stx2-related toxins is less efficient than 
for Stx1 (24.25). 1 mg of Synsorb-Pk-has been shown to be 
capable of binding 93% of a 0.5 ng aliquot of radioiodinated 
Stx1 (24). Other in vitro studies using purified toxins indi 
cate that the Saturation binding capacity of 1 mg of SynSorb 
Pk is approximately 5 ng of purified Stx1 or Stx2 (26). In 
this latter Study coincubation experiments indicated that 1 
mg of Synsorb-Pk could protect 50% of cells in tissue 
culture from 2ng of Stx1 or 0.4ng of Stx2. A phase I clinical 
trial did not detect any adverse effects associated with oral 
administration, and Synsorb-Pk retained its Stx-binding 
capacity after passage through the human gastrointestinal 
tract (27). Results of a randomized, double-blind trial vs 
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placebo in children with STEC diarrhoea indicated that oral 
administration of approximately 500 mg Synsorb-Pk per kg 
per day reduced the relative risk of progression to HUS by 
approximately 40%, but only if administered within 3 days 
of onset of disease (25). 
0.137 Materials and Methods, Results and Discussion 
0.138. In this example, the invention resides in construc 
tion of a harmless recombinant microorganism capable of 
incorporating the trisaccharide Galo.1->4)Galf1->4Glc 
into the outer core region of its lipopolysaccharide, Such that 
a mimic of the natural host receptor for the toxin is displayed 
on the bacterial Surface. This recombinant microorganism, 
either live or killed, is capable of binding all Stx types 
asSociated with human disease. This microorganism binds 
Stx2, Stx2c, and Stx2d toxins as effectively as it does Stx1. 
This is a very important property, Since the StX2-related 
toxins have greater toxicity for human renal microvascular 
endothelial cells than StX1, and Strains producing StX2 are 
more frequently associated with HUS than those producing 
only Stx1, as described above. Moreover, this finding was 
unexpected, given that the Synthetic product SynSorb-Pk has 
a lower binding affinity for Stx2-related toxins than it has for 
StX1 (See above). In addition, the recombinant microorgan 
ism is capable of binding the oedema disease-associated 
toxin StX2e. 

0.139 Procedure for Construction of Recombinant Bac 
teria Expressing the Trisaccharide Galo.1-4Galf1-4Glc 
on Their Surface. 

0140. In order to locate a source of bacterial genes 
encoding biosynthesis of the trisaccharide component of the 
receptor for StX, we conducted a Search of carbohydrate 
structure databases. This revealed that Galo.1->4)Galf1-> 
4Glc-> is found in the outer core region of the lipooli 
gosaccharides (LOS) of Neisseria meningitidis (28) and N. 
gonorrhoeae (29), as well as in the LOS of certainstrains of 
Haemophilus influenzae (30). LOS are the major glycolipids 
expressed on the Surface of these bacteria, and are analogous 
to the LPS of other Gram-negative bacterial genera Such as 
Escherichia and Salmonella. LOS and LPS have many 
Structural features in common. Lipid A is the common 
hydrophobic moiety, and this forms the outer leaflet of the 
outer membrane. This is linked to the inner core oligosac 
charide, which consists largely of heptose and KDO 
(3-deoxy-D-manno-Oct-2-uloSonic acid). The general Struc 
tural features of lipid A and the inner core oligosaccharide 
are highly conserved amongst diverse bacterial Species, as 
they are important for outer membrane stability (31.32). The 
outer region of the core oligosaccharide comprises hexoses, 
which are linked to the inner core by a variety of highly 
Specific glycosyl transferases. Thus, this region varies in 
Structure from Species to Species and even within a given 
bacterial Strain (see below). In Enterobacteriaceae, an anti 
genic repeat-structure O-polysaccharide is attached to the 
distal end of the outer core oligosaccharide to form high 
molecular weight LPS. However, in genera such as Neis 
Seria, this does not occur, resulting in a much lower molecu 
lar weight LOS (31.32). Pathogenic species of Neisseria 
have also been shown to sialylate their LOS, an important 
Virulence trait, as this confers a high degree of resistance to 
the bactericidal activity of serum (29.31). 
0141 Another important property of N. gonorrhoeae and 
N. meningitidis is the capacity to undergo phase variation 
which alters the structure (and hence the antigenicity) of the 
outer core oligosaccharide, thereby avoiding host immune 
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responses. In both Species, one of the alternative LOS 
immunotypes has an outer core consisting of GalC1->4) 
Gal(31->4Glc-> (referred to as immunotype L1). Phase 
variation occurs Spontaneously and at Such high frequency 
that in any given culture, cells expressing LOS with different 
outer core oligosaccharide immunotypes will be present. 
This, as well as the fact that they are pathogens, precludes 
use of these Neisseria Sp. as in Vivo toxin-binding agents. 
Genetic characterization of the region of the N. gonorrhoeae 
chromosome encoding outer core biosynthesis has provided 
a molecular explanation for the LOS phase variation phe 
nomenon (33.34). This region contains five glycosyl trans 
ferase genes, lgtA, lgtB, lgtC, lgtD and lgtE, arranged as an 
operon. Three of these genes (lgtA, lgtC and lgtD) contain 
poly-G tracts within the respective open reading frame, 
which renders them highly Susceptible to Slipped Strand 
mispairing during replication. Such slippage results in frame 
shift mutations and concomitant premature termination of 
translation of the respective specific glycosyl transferase 
(34). Thus, the actual outer core oligosaccharide structure, 
and hence immunotype, will depend on which of the ligt 
genes are encoding functional enzymes at a given point in 
time. The exact Specificity of the five gonococcal glycosyl 
transferases has been determined by mutational analysis 
(34). From this we have deduced that expression of the L1 
immunotype LOS requires functional lgtE and lgtC genes, 
which encode the transferaseS responsible for linking the 
O-galactosyl and 3-galactosyl residues onto the glucose 
residue attached to the distal end of the inner core oligosac 
charide. For this to happen in Neisseria, lgtA must be 
non-functional, as this gene encodes a highly active 
N-acetylglucosamine transferase which adds GlcNAc to the 
outer core in lieu of the terminal C-Gal. The products of lgtB 
and lgtD, on the other hand, do not appear to interfere with 
Synthesis of immunotype L1, presumably because these 
transferases have absolute specificity for acceptor oligosac 
charides containing GlcNAc (34). 
0142 Sequence data for the entire lgt region from both N. 
gOnorrhoeae and N. meningitidis are available on the Gen 
Bank database (accession numbers U14554 and U65788, 
respectively). This was used to design the oligonucleotide 
primers shown in Table 6 to direct amplification of 1gtC and 
lgtE genes: 

TABLE 6 
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ucts were cloned into the vector pK184 (35) after digestion 
of both vector and PCR product with EcoRI/BamHI or 
BamHI/HindIII, respectively, and transformed into E. coli 
K-12. Since the lgtC gene is one of those with a poly-G tract, 
it was necessary to mutate this region to Stabilize expression 
of the encoded transferase. The DNA sequence of N. men 
ingitidis lgtC from nt 157-171 of the open reading frame is 
CGGGGGGGGGGGGGT (SEQ ID NO:5), which encodes 
the amino acid sequence Arg-Gly-Gly-Gly-Gly (SEQ ID 
NO:6). This region of the lgtC gene cloned in pK184 was 
mutated to CGTGGCGGTGGCGGT (SEQED NO:7) by 
overlap extension PCR. This involved separate PCR ampli 
fication of overlapping 5' and 3' portions of the cloned 1gtC 
gene. The 5' portion was amplified using the universal M13 
reverse Sequencing primer and another with the Sequence 
ATATTACCGCCACCGCCACGCAAATTGGCGGC (SEQ 
ID NO:8), whereas the 3' portion was amplified using the 
universal M13 forward Sequencing primer and another with 
the sequence AATTTGCGTGGCGGTGGCGGTAATATC 
CGCTT (SEQ ID NO:9). The two PCR products were then 
purified, aliquots were mixed, and full length lgtC with the 
desired modifications was amplified by PCR using the M13 
forward and reverse primers. The PCR product was digested 
with EcoRI/BamHI and once again cloned into similarly 
digested pK184, and Subjected to Sequence analysis to 
confirm mutagenesis of the poly G tract. This eliminated the 
possibility of Slipped Strand mispairing without affecting the 
amino acid Sequence of the encoded protein. The mutated 
1gtC gene was then excised from the pK184 construct with 
EcoRI/BamHI and cloned into the compatible restriction 
Sites in the pK184 derivative containinglgtE. This places the 
1gtC and lgtE genes in tandem in pK184, in the same 
orientation as the Vector lac promoter. The altered lgtC gene 
Sequence take from nt 157-171 of the open reading frame is 
as follows, the altered nucleotides are shown in bold and 
underlined TTTGCGTGGCGGTGGCGGTAATAT (SEQ 
ID NO: 10). 
0144. The recombinant pK184:lgtCE plasmid was then 
transformed into a Suitable E. coli host. In the first instance 
we used a derivative of E. coli R1 (designated CWG308) 
which has a non-polar insertion mutation in the WaaO gene, 
resulting in expression of an LPS core consisting of just the 
inner core plus Glc linked to the terminal heptose residue 

Primers used for amplification of ligt C and ligt E genes 

Restriction site 
Primer Sequence (5'-3+) inserted (underlined) 

LGTCF GAACAGGAATTCGGCAAGATTATTGTGCC EcoRI (SEQ ID. NO: 1) 

LGTCR TACGTCGGATCCCGTCTGAAGGCTTCAGAC BaHI (SEQ ID. NO: 2) 

LGTEF GCCCTTGGATCCACCGCAGCTATTGAAACC BaHI (SEQ ID. NO:3) 

LGTER CCATTTAAGCTTTTAATCCCCTATATTTTACAC Hic (SEQ ID. NO: 4) 

0143. The lgtC and 1gtE genes were PCR amplified using 
primer pairs LGTCF/LGTCR and LGTEF/LGTER, respec 
tively, with N. meningitidis and N. gonorrhoeae DNA as 
template respectively (the lgtC and lgtE genes from the two 
species are approximately 95% identical). These PCR prod 

(36). This structure is very similar to the natural Substrate for 
the galactosyl transferase LgtE, and so CWG308 is an 
appropriate host for expression of lgtCE. A derivative of E. 
coli K-12 with mutations in waaO and waaB is also a 
Suitable host for expression of lgtCE, as it has the same 
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lipopolysaccharide core structure as CWG308. This host has 
an additional advantage in that it has been proven to be safe 
for oral administration to humans in very high doses (37). 
Extensive studies carried out in the early 1980s demon 
Strated that although it is capable of growth in the human 
gut, it can not establish long-term, high level colonization, 
as it lackS adhesins found in pathogenic Strains of E. coli 
(37). 
0145 Transformation of CWG308 with pK184/1gtCE 
resulted in synthesis of LPS with an outer core oligosac 
charide containing a terminal Galo.1->4)Galf1->4Glc-> 
epitope, as judged by reactivity on dot-immunoblot with a 
monoclonal antibody specific for the N. meningitidis L1 
immunotype. Moreover, CWG308: pK184/lgtCE is capable 
of directly binding and neutralizing StX, as detailed below. 

0146 Procedure for Testing the Capacity of Recombinant 
Bacteria to Neutralise StX 

0147 CWG308 and CWG308:pK184/lgtCE were grown 
overnight at 37° C. in LB broth (supplemented with IPTG 
and also with 25 ug/ml kanamycin in the case of 
CWG308:pK184/1gtCE), harvested by centrifugation, 
washed and resuspended in phosphate-buffered saline (PBS) 
at a density of approximately 1x10 CFU/ml (equivalent to 
approximately 2 mg dry weight of cells per ml). In the first 
instance, French pressure cell (FPC) lysates of fresh over 
night LB broth cultures of the following E. coil strains were 
used as a Source of StX. 

TABLE 7 

E. coli strains used as a source of stX 

Strain Description Ref. 

EDL933 Wild type O157:H7 STEC (38) 
producing Stx1 and Stx2 

JM109:pJCP521 E. coli JM109 with Stx. (11) 
cloned in pBluescript 

JM109:pJCP525 E. coli JM109 with Stx, (9) 
cloned in pBluescript 

JM109:pJCP539 E. coli JM109 with Stx, (39) 
cloned in pBluescript 

JM109:pJCP542 E. coli JM109 with Stx (8) 
cloned in pBluescript 
Wild type pigletoedema 
disease STEC producing Stx2e 

128/12 

0148 FPC lysates of each of the above cultures were 
filter-sterilized and 0.5 ml aliquots were incubated with 1 ml 
of CWG308 or CWG308:pK184/1gtCE suspension, or PBS, 
for 1 hour at 37 C. with gentle agitation. The mixtures were 
then centrifuged and filter-sterilized. Twelve serial 2-fold 
dilutions were prepared in tissue culture medium (Dulbec 
co's Modified Eagles Medium buffered with 20 mM 
HEPES, and supplemented with 2 mM L-glutamine, 50 
IU/ml penicillin and 50 ug/ml Streptomycin), commencing 
at a dilution of 1:20. Fifty ul of each dilution was transferred 
onto washed Vero cell monolayers in 96-well tissue culture 
trays, and after 30 min incubation at 37 C., a further 150 ul 
of culture medium was added to each well. Cells were 
examined microscopically after 72 hours incubation at 37 
C., and scored for cytotoxicity. The endpoint Stx titre was 
defined as the reciprocal of the highest dilution which still 
resulted in detectable cytotoxicity. Results for the various 
StX extracts are shown below. 
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TABLE 8 

Neutralization of Stx toxins 

% Six neutralized by: 

CWG308: 
Stx Stx pK184? 

StX source type titre CWG308 lgtCE 

EDL933 Stx1 & 4O960 O 99.6 
Stx2 

JM109:pJCP521 Stx2c 10240 O 99.8 
JM109:pJCP525 Stx1 >40960 O 99.6 
JM109:pJCP539 Stx2 10240 O 98.4 
JM109:pJCP542 StX2d 128O O >99.2 
128/12 Stx2e 128O O 87.5 

0149 The capacity of killed CWG308:pK184/1gtCE cells 
to bind and neutralize StX was also examined. Cell Suspen 
sions were killed by heating at 65 C. for 3 hours, or by 
treatment with 1% formaldehyde for 16 hours at 4 C. 
Capacity to neutralize cytotoxicity in FPC extracts contain 
ing Stx1 or Stx2c was then compared with that for live 
CWG308: pK184/lgtCE cells, under the standard conditions 
described above. The StX titres for the StX1 and Stx2c 
extracts used in this experiment were 40960 in both cases. 
Heat-killed CWG308:pK184/1gtCE neutralized 93.7% of 
the Stx1 and 96.8% of the Stx2c. Formaldehyde-killed 
CWG308:pK184/1gtCE neutralized 99.6% of the Stx1 and 
99.2% of the Stx2c. Live CWG308:pK184/1gtCE cells neu 
tralized 99.2% of the Stx1 and 99.6% of the Stx2c. Thus, 
heat-treatment slightly reduces the capacity of 
CWG308:pK184/1gtCE cells to bind and neutralize StX, but 
formaldehyde-killed CWG308: pK184/lgtCE cells are as 
effective as live cells. Whilst it is preferable to use live 
CWG308:pK184/1gtCE from an efficiency point of view 
because of its capacity to multiply in the gut, thereby 
increasing the number of cells capable of binding StX, 
formaldehyde-killed cells could be used in circumstances 
where administration of live cells is contraindicated (e.g. 
immunocompromised patients), or where regulatory 
approval requirements dictate otherwise. 

0150 Presence of both lgtC and 1gtE genes in the recom 
binant plasmid was essential, as CWG308 carrying deriva 
tives of pK184 containing either lgtC or lgtE alone did not 
bind StX toxin. 

0151 Strains with mutations in genes encoding outer 
core glycosyltransferaseS Such that a rough LPS comprising 
the inner core plus Glc linked to the terminal heptose residue 
is produced can be expected to be preferred hosts for 
expression of lgtCE. However, it is possible that if expres 
Sion of these genes in the heterologous host is Sufficient, the 
two encoded galactosyl transferases may compete with 
endogenous transferases in host Strains lacking outer core 
mutations. This may direct biosynthesis of a modified LPS 
containing a StX-binding epitope. This was examined by 
transforming a range of wild type and mutant E. coli and 
Salmonella typhimurium (S enterica SV typhimurium) LT2 
Strains with pK184/lgtCE and examining the capacity to 
bind StX. Experimental conditions were the same as those 
used for the CWG308 derivative. FPC lysates of E. coil 
JM109:p.JCP525 and JM109:p.JCP521 were used as a source 
of Stx1 and Stx2c, respectively. 



US 2005/025O196A1 

TABLE 9 

Neutralization using live receptor mimics 

% Stx1 neutralized 

Strain -pK184/lgtCE +pK184/1gtCE 

E. coli K-12 C600 O 99.6 O 
E. coli K-12 D21 O 99.2 O 
E. coli K-12 D21e7 O 99.6 O 
E. coli K-12 D21f O 98.4 O 
E. coli BBL21 O O O 
S. typhimurium LT2 O 99.6 O 
SL3748 
S. typhimurium LT2 O 99.2 O 
SL37SO 
S. typhimurium LT2 O 93.7 O 
SL3769 

0152 All E. coli strains are references to in (64), all 
Salmonella strains are obtainable from Salmonella Genetic 
Stock Centre accessible on the internet at the following 
address. http://www.acs.ucalgary.ca/~keSander/index.html 

0153. Thus, host strains suitable for expression of lgtCE 
are not limited to strains with mutations in outer core LPS 
synthesis. Vectors other than pK184 may also be suitable for 
expression of these genes, including those with higher or 
lower copy number, different Strength promoters (either 
constitutive or inducible), and those which utilize alternative 
Selection markers, e.g. alternative antibiotic resistance 
genes, or markers capable of complementing auxotrophic 
mutations, such as thy A. Alternatively, the lgtC and lgtE 
genes could be integrated into the host chromosome by 
allellic exchange using an appropriate Suicide vector Such as 
pCACTUS, or others known to those skilled in the art. 
0154 Procedure for Measuring Total Stx Binding Capac 
ity of CWG308-pK184/lgtCE. 

O155 To determine the total binding capacity of 
CWG308:pK184/1gtCE cells, suspensions containing 5x10 
CFU (1 mg dry weight) in PBS were incubated at 37° C. for 
1 hour with aliquots (ranging from 1 ng to 640 ug) of 
purified Stx1 and Stx2 (obtained from Toxin Technologies 
Inc., Florida, USA) in a final volume of 0.5 ml, and 
cytotoxicity was compared with that for Similar aliquots of 
toxin incubated with CWG308. 

TABLE 10 

Six binding capacity of recombinant strains 

% Stx1 neutralized Amount of Stx % Stx2 neutralized 

1 ng 99.98 99.95 
5 ng 99.98 99.95 

20 ng 99.98 99.95 
50 ng 99.95 99.9 

100 ng 99.95 99.9 
200 ng 99.95 99.9 
500 ng 99.2 99.9 

1 tug 99.2 99.2 
2 lig 99.2 99.2 
4 lig 98.4 98.4 
8 leg 98.4 96.8 
16 lig 98.4 96.8 
32 leg 98.4 96.8 
40 tug 98.4 96.8 
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% Stx1c neutralized 

99.2 
98.4 
93.7 
98.4 
O 

98.4 

96.8 

O 

TABLE 10-continued 

Six binding capacity of recombinant strains 

Amount of Stx % Stx1 neutralized % Stx2 neutralized 

80 tug 98.4 93.7 
160 lug 87.5 87.5 
320 ug 50 50 
640 tug O O 

0156 From Table 10 it can be seen that the saturation Stx 
binding capacity of 1 mg of CWG308:pK184/1gtCE cells is 
approximately 100 lug for both Stx1 and Stx2. This binding 
capacity is more than 10,000 times greater than that claimed 
for Synsorb-Pk (25.26). 
0157 Procedure for Testing Capacity of Live 
CWG308:pK184/1gtCE Cells to Protect Mice from Fatal 
Infection with STEC. 

0158. A streptomycin-treated mouse model of lethal 
StX2-induced renal damage has been described previously 
(12.22.40). Two wild type STEC strains were used; B2F1 
(which produces Stx2d), and 97MW1 (which produces 
Stx2). B2F1 is known to have very high virulence in this 
model; mice fed as few as 10 organisms. Succumb (41). Two 
groups of 8 Streptomycin-treated Balb/C mice were chal 
lenged with approximately 1x10 CFU of STEC B2F1; 
another two groups of 8 mice were challenged with STEC 
97MW1. Mice were then given oral doses of approximately 
4x10 CFU of either CWG308 or CWG308: pK184/1gtCE 
suspended in 60 ul of 20% sucrose, 10% NaHCO, twice per 
day. The numbers of STEC, as well as either CWG308 or 
CWG308: pK184/lgtCE, as appropriate, were monitored in 
faecal Samples from each group. One day (24 hours) after 
challenge, faecal pellets contained approximately 10 CFU 
of the respective STEC per g. Faecal pellets from groups 
which received CWG308:pK184/lgtCE also contained 
approximately 10 CFU of this strain. For both the B2F1 and 
97MW1 groups, all of the mice which received oral 
CWG308 died (median Survival time 4 days). However, all 
of the mice which received CWG308:pK184/lgtCE survived 
and were alive and well two weeks after challenge. This 
difference in survival rate (8/8 vs 0/8) is highly significant 
(P<0.005; Fisher exact test) and demonstrates unequivo 
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cally that oral administration of CWG308: pK184/1gtCE is 
capable of preventing the fatal Systemic complications of 
STEC disease. 

0159. This example has now been published by the 
inventors in the following journal Nature Medicine 6, 265 
270 (March 2000). 

Example 2 

0160 Here we examine the capacity of oral administra 
tion of killed recombinant cells to protect mice from other 
wise fatal challenge with a highly virulent STEC strain. We 
have also examined the effect of delaying commencement of 
therapy on protective efficacy. 
0161) Material and Methods 
0162 Bacterial strains and plasmids. E. coli CWG308 
has been described previously (36) and was provided by 
Chris Whitfield (Department of Microbiology, University of 
Guelph, Canada). Construction of plasmid pK184/lgtCE 
(referred to in this example as pCP-Gb3) is as described in 
example 1. The Stx2-producing O113:H21 STEC strains 
97MW1 and 98NK2 are both clinical isolates from the 
Women's and Children's Hospital, North Adelaide, South 
Australia which have been described previously (39). Spon 
taneous Streptomycin-resistant derivatives of these Strains 
used in challenge experiments were isolated by in vitro 
exposure to the drug. All E. coli Strains were routinely grown 
in Luria-Bertani (LB) medium (44) with or without 1.5% 
Bacto-Agar. Where appropriate Streptomycin or kanamycin 
were added to growth media at a concentration of 50 lug/ml. 
0163 Formaldehyde-treatment of E. coli. E. coli 
CWG308 or E. coli CWG308:p.JCP-Gb3 cells were grown 
overnight in LB broth supplemented with 20 tug/ml IPTG, 
and 50 lug/ml kanamycin for CWG308: p.JCP-Gb3. Cells 
were harvested by centrifugation, washed and resuspended 
in PBS at a density of 109 CFU/ml (equivalent to 20 mg dry 
weight of cells per ml). Formaldehyde was added to a final 
concentration of 1% (vol/vol) and the suspension was held 
at 4 C for 16 hours. Cells were then washed twice with 
PBS to remove the formaldehyde and resuspended at the 
same density in sterile PBS. Complete killing of the E. coli 
Suspensions was confirmed by culture. Suspensions were 
stored at 4 C. for up to two weeks before use. 
0164. In vivo protection studies. The streptomycin 
treated mouse model of STEC-induced renal injury has been 
described previously (Example 1,40.22). Male 5-6 week old 
Balb/c mice were given oral Streptomycin (5 mg/ml in 
drinking water) for 24 hours before oral challenge with 
1x10 CFU of the streptomycin-resistant STEC. Successful 
colonisation of each mouse, and maintenance at a level of at 
least 10 CFU/gm, was confirmed by quantitative culture of 
faeces on MacConkey agar Supplemented with Streptomy 
cin. Mice were then given oral doses of approximately 8 mg 
dry weight of either CWG308 or CWG-308:p.JCP-Gb3 
(formaldehyde-killed) freshly resuspended in 60 ul of 20% 
sucrose, 10% NaHCO, twice or three times daily for up to 
12 days. Oral Streptomycin was continued throughout the 
experiment. The Survival times of mice in each of the groups 
were recorded. The differences in Survival rate between 
STEC-challenged mice treated with killed CWG308 or 
CWG308:p.JCP-Gb3 were analysed using the Fisher exact 
test. Kidneys were also removed from Selected mice, fixed 
in formalin and hematoxylin/eosin(HE)-stained Sections 
were examined for histological evidence of renal injury. 
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0165 Results 
0166 In an initial experiment we examined the degree of 
protection against the highly virulent STEC strain 97MW1 
afforded by oral administration of formaldehyde-killed 
CWG308: p.JCP-Gb3. Four groups of six mice were chal 
lenged with 97MW1 and then treated with either killed 
CWG308 or CWG308:p.JCP-Gb3. The dose administered 
(approximately 8 mg dry weight) was the same as that used 
in example 1 for live bacteria, and this was given either 
twice daily (ie. every 12 hours, as in our previous study) or 
three times daily (every 8 hours). FIG. 1 shows that all 
STEC-challenged mice treated with CWG308 died, with a 
median Survival time of approximately four days. Five of the 
six mice which were treated with CWG308:p.JCP-Gb3 twice 
daily Survived; all Six mice which received three doses per 
day were alive and well at the termination of the experiment. 
For both of these groups, the Survival rate was significantly 
better than that of the respective control group treated with 
CWG308 (P<0.005). Histological examination of kidneys 
removed from CWG308-treated mice revealed extensive 
StX-induced tubular necrosis consistent with that seen in 
previous Studies (40.22). In contrast, kidneys removed at the 
end of the experiment from STEC-challenged mice treated 
with CWG308: p.JCP-Gb3 were indistinguishable from those 
of unchallenged healthy mice (FIG. 2). 
0.167 We then investigated the impact of delaying com 
mencement of therapy on Survival of STEC-challenged 
mice. Six groups of four mice were challenged with 
97MW1. For five of the groups, therapy with formaldehyde 
killed CWG308:p.JCP-Gb3 (8 mg dry weight administered 
8-hourly) was commenced immediately, or after a delay of 
8, 16, 24 or 48 hours; the sixth group did not receive 
treatment. As shown in FIG. 3, all mice in the untreated 
group died within four days. All of the mice also died when 
treatment with CWG308:pjCP-Gb3 was commenced 24 or 
48 hours after challenge, although the median Survival time 
was extended slightly. Only one mouse Survived when 
therapy was commenced after 16 hours, but all mice Sur 
Vived when treatment commenced either immediately or 
eight hours after challenge with 97MW1 (P<0.025, com 
pared with the untreated group).97MW1 is a highly virulent 
O113:1H21 STEC strain which grows rapidly in the mouse 
gut and carries three StX2-related genes (39). Thus, it is 
capable of releasing large amounts of StX2 into the gut 
lumen within hours of infection, and this probably contrib 
utes to the rapidly fulminant course of disease. In humans, 
the lag between acquisition of STEC infection and onset of 
HUS may be as much as two weeks, and so the above model 
may underestimate the extent to which commencement of 
treatment can be delayed. Accordingly, we conducted a 
Similar experiment to that described above using a Some 
what less virulent STEC challenge strain, 98NK2. This is 
also a O113:H21 strain and is closely related to 97MW1, on 
the basis of pulsed-field gel electrophoretic analysis of 
genomic DNA, but it carries only one stx2 gene (39). 
Nevertheless, both strains produce similar levels of Stx in 
vitro; the titre in culture lysates (determined by Vero cell 
cytotoxicity assay) was 8.2x10 tissue culture cytotoxic 
doses per ml. Using 98NK2 as the challenge strain, five of 
eight untreated mice died, with a median Survival time of Six 
days (FIG. 4). In contrast, all eight mice survived in the 
groups in which treatment with CWG308: p.JCP-Gb3 com 
menced either 0, 8, 16 or 24 hours after challenge (P<0.025). 
Six of the eight mice also Survived when treatment com 
menced 48 hours after challenge. 
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0168 Conclusion 
0169. The results of this study unequivocally demon 
strate that oral administration of formaldehyde-killed 
recombinant bacteria expressing a mimic of the StX receptor 
protects mice from otherwise fatal challenge with a highly 
virulent STEC strain. The dose of bacteria used was similar 
to that employed in Example 1. Thus, the capacity to Survive 
in the gut is not an essential feature of this novel therapeutic 
agent. However, in order to maintain 100% protection, it was 
necessary to administer formaldehyde-killed cells three 
times rather than twice daily. The Slight reduction in pro 
tective efficacy observed with twice daily administration is 
probably a consequence of clearance of the toxin-binding 
agent between doses. Estimates of the gut transit time for 
mice are of the order of eight hours, and So at lower 
treatment frequencies, mice may be unprotected for the latter 
portion of each treatment period. 
0170 Commencement of therapy immediately after chal 
lenge was 100% protective, but in the human Setting Such 
early intervention will only be possible for contacts of 
confirmed cases, who have not yet, or have only just, 
become infected with STEC. When using the highly virulent 
challenge strain 97MW1 in our mouse model, delaying 
commencement of therapy with formaldehyde-killed 
CWG308:p.JCP-Gb3 by 16 or more hours resulted in loss of 
protection. However, the window of opportunity for treat 
ment was extended to 24-48 hours when a less virulent 
challenge strain (98NK2) was used. 98NK2 is closely 
related to 97MW1 and has a similar gut colonisation capac 
ity in the mouse model, as judged by quantitative culture of 
faeces (result not presented). The principal difference 
between the two strains is that 97MW1 has three stx2 genes 
whereas 98NK2 has only one. Nevertheless 98NK2 has high 
human virulence and was the first LEE-negative STEC 
strain to be associated with an outbreak of HUS (39). 
Moreover, 98NK2 is more virulent in the mouse model than 
most O157:H7 STEC Strains. 

0171 Although the median Survival time of unprotected 
mice challenged with 98NK2 was six days, compared with 
only four days for those challenged with 97MW1, this still 
represents a significant time compression relative to the 
kinetics of human disease. In the mouse model, Streptomy 
cin treatment eliminates endogenous gut flora prior to chal 
lenge, and the STEC do not have to compete with other 
organisms. Under these circumstances, the numbers of 
STEC in the gut increase very rapidly to 10 to 10' CFU per 
g faeces. Thus, the host is exposed to very high levels of StX 
in the lumen almost from the outset, and presumably an 
ultimately lethal dose is absorbed into the circulation rela 
tively early in the course of infection. In human disease, 
ingested doses of STEC are usually very low and the 
pathogen must establish colonisation in competition with 
endogenous flora. Thus, the time lag between actual infec 
tion and onset of Systemic complications Such as HUS is 
probably of the order of two weeks. In view of these 
considerations, it seems probable that a significantly broader 
window will exist for treatment of human infections. This is 
Supported by the preliminary findings of a phase II clinical 
trial of a synthetic Stx-binding agent Synsorb-Pk for the 
prevention of progression of STEC disease in children from 
diarrhea to HUS. Treatment was associated with a 40% 
reduction in progression if commenced within three days of 
onset of gastrointestinal Symptoms (45). However, the num 
ber of patients was Small and a Statistically significant 
difference between treatment and placebo groups was not 
demonstrable. The practical difficulties of conducting Such 
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efficacy trials are considerable, particularly given the low 
incidence of sporadic STEC cases and the unpredictability 
of outbreaks. The need to target patients in the early Stage of 
illness is also complicated by the inevitable delays associ 
ated with laboratory confirmation of STEC infection; retro 
Spective eXclusion of patients whose Stool Samples ulti 
mately prove to be negative for STEC can upset 
randomization. 

0172 In Example 1 we demonstrated that the in vitro 
Stx-binding capacity of CWG308:p.JCP-Gb3 was 10,000 
times better than that reported by others for Synsorb-Pk 
(24.26). For this reason, we would anticipate improved in 
vivo performance in humans relative to Synsorb-Pk, 
although this can only be determined in a large Scale clinical 
trial. Another important consideration is that the StX-binding 
microorganism is likely to be extremely cheap to produce on 
a large Scale, and the formaldehyde treatment should pre 
Serve it Such that it has a long shelf life, particularly in dried 
form. Low cost and long shelf life will permit presumptive 
treatment of perSons with Suspected STEC disease, pending 
the results of laboratory analysis of faecal Samples. This is 
an important consideration, Since the findings of this Study 
indicate that early commencement of therapy will be essen 
tial to prevent progression of disease to life-threatening 
Systemic complications. 

Example 3 

0173 Neutralization of Shiga Toxins Stx1, Stx2c and 
StX2e by Recombinant Bacteria Expressing Mimics of Glo 
botriose and Globotetraose 

0.174. The construct of example 1, was somewhat less 
effective at neutralizing the variant toxin StX2e produced by 
STEC Strains associated with piglet oedema disease. This 
was not unexpected Since StX2e has been reported to have a 
different receptor Specificity, recognising globotetraoSyl 
ceramide (Gb; GalNAcB1->3Galo.1->4)Galo.1->1 
Glc-ceramide) preferentially over Gb (17). Piglet oedema 
disease is a Serious, frequently fatal STEC-related illness 
characterized by neurological Symptoms including ataxia, 
convulsions and paralysis, oedema is typically present in the 
eyelids, brain, Stomach, intestine and mesentery of the 
colon. It is caused by particular STEC serotypes (most 
commonly O138:K81, O139:K82 and O141: K85), which 
are not associated with human disease (16,46). The altered 
glycolipid receptor Specificity affects the tissue tropism of 
the toxin accounting for the distinctive clinical presentation 
of Oedema disease. Oedema disease occurs principally at the 
time of weaning and So incorporation of an effective StX2e 
binding agent into the feed should be capable of preventing 
disease outbreaks and the associated economic losses. In this 
example we have constructed a recombinant microorganism 
expressing globotetraose on its Surface and examined its 
capacity to bind and neutralize StX2e in Vitro. 
0175 Construction of an E. coli CWG308 Derivative 
Expressing GalNAcR1->3Galo.1->4Galf1->4)Glc. 
0176 Globotetraose differs from globotriose only by the 
additional N-acetylgalactosamine (GalNAc) linked (1->3) 
to the terminal galactose (Gal). Thus, insertion of a gene 
encoding the appropriate GalNAc transferase into pCP 
Gb3 would be expected to direct globotetraose expression 
when introduced into CWG308. The Neisseria lgt locus 
includes Such a gene (lgtD), but this contains a poly-G tract 
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and So is unstable because of Susceptibility to slipped Strand 
mispairing (33.34). To overcome this we mutagenized the 
1gtD gene by overlap extension PCR using N. gonorrhoeae 
chromosomal DNA as template. The 5' portion of lgtD was 
amplified using primers 5'-CAGACGGGATCCGACG 
TATCGGAAAAGGAGAAAC-3' (LGTDF) (SEQ ID NO: 
11) incorporating BamBHI site and 5'-GCGCGCAATATAT 
TCACCGCCACCCGACTTTGCC-3 (LGTDOLF) (SEQ 
ID NO: 12). The 3' portion of 1gtD was amplified using 
primers 5'-GGCAAAGTCGGGTGGCGGTGAATATAT 
TGCGCGC-3' (LGTDOLF) (SEQ ID NO: 13) and 5'-CAT 
GATGGATCCTGTTCGGTTTCAATAGC-3' (LGTDR) 
(SEQID NO: 14) also incorporating a BamHI site. PCR was 
performed using the Expand TM High Fidelity PCR System 
(Roche Molecular Biochemicals) under conditions recom 
mended by the Supplier. The two PCR products were then 
purified, aliquots were mixed, and the complete lgtD coding 
Sequence with the desired modifications was amplified using 
primers LGTDF and LGTDR. This procedure mutates GGG 
codons in the poly-G tract to GGT or GGC (all of which 
encode Gly), eliminating the risk of Slipped-Strand mispair 
ing without changing the encoded amino acid Sequence. The 
modified PCR product was then digested with BamHI and 
cloned into similarly digested pCP-Gb3 between 1gtC and 
1gtE, and transformed into E. coli JM109 (47). Insertion of 
1gtD with the correct mutations and the appropriate orien 
tation was confirmed by Sequence analysis of plasmid DNA 
using custom made oligonucleotide primers and dye-termi 
nator chemistry on an ABI model 377 automated DNA 
Sequencer. That part of the lgtD gene Sequence that has been 
altered is shown below, the Sequence shown is taken from 
nucleotide 3576 to 3586 of genbank accession number 
U14554, altered nucleotides are shown in bold and under 
lined. GGGTGGCGGTG (SEQ ID NO: 15). This plasmid 
(designated pCP-lgtCDE) was then transformed into E. coli 
CWG3O8. 

0177 LPS was then purified from the above strain as well 
as from E. coli CWG308 and CWG308: p.JCP-Gb3 and 
analysed by SDS-polyacrylamide gel electrophoresis with 
silver-staining as previously described (64). Whilst there 
was a clear difference in mobility of the LPS from CWG308 
and CWG308: p.JCP-Gb, expression of the additional trans 
ferase gene in CWG308:p.JCP-lgtCDE did not further retard 
LPS mobility (FIG. 5). This could be explained either by 
failure to produce functional LgtD or by absence of the 
essential precursor UDP-GalNAc. This would require a 
functional UDP-GalNAc-4-epimerase, an enzyme not nec 
essarily present in all E. coli Strains. In a previous study (49) 
we described the genetic locus for biosynthesis of E. coli 
O113 O-antigen, the repeat unit structure of which includes 
GalNAc. This locus contains two genes (designated gne and 
wbnF) encoding proteins with Similarity to nucleotide Sugar 
epimerases and we postulated that one or other of these may 
be a functional UDP-GalNAc-4-epimerase. We therefore 
amplified the gne and wbnF genes from E. coli O113 
chromosomal DNA using primers 5'-TTTATTAAGCTTC 
CAATTAAGG AGGTAACTC-3' (SEQ ID NO: 16) and 
5'-AATTACAAGCTTATAATTTTAATTACCA TACCC-3' 
(SEQ ID NO: 17) forgne and primers 5'-ATATTCAAGCT. 
TGAGTGAGGAT TATAAATGAAATT-3' (SEQ ID NO: 
17) and 5'-TTTCTTAAGCTTTTGTAAAATCAAA CTT. 
TATAGAAG-3' (SEQ ID NO: 18) for wbnF (each primer 
incorporates a HindIII site). Each PCR product was purified, 
digested with HindIII and ligated with HindIII-digested 
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pCP-lgtCDE and then transformed into E. coli JM109. 
Correct insertion and orientation of each construct (desig 
nated pCP-lgtCDE/gne and pCP-lgtCDE/wbnF) was con 
firmed by Sequence analysis, and then each plasmid was 
transformed into CWG308. Comparison of the electro 
phoretic mobility of LPS purified from these recombinant 
strains (FIG. 5) indicated that expression of the gne gene 
resulted in an increase in molecular size of the LPS. This 
gene was originally designated galE (15) because it encoded 
a product with a high degree of Similarity to putative GalE 
proteins (UDP-Glc-4-epimerases) from a large number of 
bacteria, the most closely related being that from Yersinia 
enterocolitica 0:8 (57% identity, 73% similarity) (23) How 
ever, the Yersinia galE gene is now designated gne on the 
Bacterial Polysaccharide Gene Database (available at www 
microbio.usyd.edu.au/BPGD/default.htm) and the function 
of its product is listed as a UDP-GalNAc-4-epimerase. 
Given the high degree of similarity between the Yersinia and 
E. coli O113 proteins, and the fact that LgtD is a proven 
GalNAc transferase (33), we conclude that galE from the E. 
coli O113 rfb locus also encodes a functional UDP-GalNAc 
4-epimerase, and accordingly it has been renamed gne. 
0178. Adsorption/Neutralization of Stx. 
0179 The capacity of the above CWG308 derivatives to 
adsorb and neutralize various StX types was then assessed. 
Filter-sterilized French pressure cell (FPC) lysates of E. coli 
JM109:pJCP522 (13) and JM109:pJCP521 (11) were used 
as a source of Stx1 and Stx2c, respectively. For Stx2e, we 
first PCR-amplified the complete six operon from chro 
mosomal DNA extracted from an O141 STEC strain isolated 
from a piglet with Oedema disease. The primers used were 
5'-GCATCATGCGTTGTTAGCTC-3' (SEQ ID NO:19) and 
5'-AAAGACGCGCATAAATAAACCG-3' (SEQ ID 
NO:20). The PCR product was purified and blunt-cloned 
into SmaI-digested pBlueScript-SK (Stratagene, La Joll, 
Calif.) and then transformed into E. coli JM109. The insert 
of this plasmid (designated pCP543) was sequenced and 
found to be identical to that previously published for StX. 
(50), except for a single nucleotide Substitution in the A 
Subunit coding region which did not affect the amino acid 
sequence. Accordingly, a FPC lysate of JM109:p.JCP543 
was used as a Source of StX2e. The crude StX extracts were 
prepared by growing the various E. coli JM109 derivatives 
in 10 ml Luria Bertani (LB) broth supplemented with 50 
lug/ml amplicillin overnight at 37 C. Cells were harvested by 
centrifugation and resuspended in 10 ml phosphate-buffered 
saline, pH 7.2 (PBS), and lysed in a French pressure cell 
(FPC) operated at 12,000 p.s.i. Lysates were then sterilized 
by passage through a 0.45 um filter. 
0180 E. coli CWG308, CWG308:pJCP-Gb3, CWG308 
pCP-lgtCDE, CWG308:pJCP-1gtCDE/gne and 
CWG308: p.JCP-lgtCDE/wbnF were then grown overnight in 
LB Supplemented with 20 tug/ml IPTG and 50 tug/ml kana 
mycin (except for CWG308). Cells were harvested by 
centrifugation, washed and resuspended in PBS at a density 
of 10 CFU/ml. Aliquots (250 ul) of the Stx1, Stx2c, and 
StX2e extracts were incubated with 500 ul of each of the 
above suspensions, or PBS, for 1 hour at 37 C. with gentle 
agitation. The mixtures were then centrifuged and the Super 
natants were filter-Sterilized. Cytotoxicity of the Supernatant 
fraction was then assayed using Vero (African green monkey 
kidney) cells, which are highly Susceptible to all Stx-related 
toxins (2). Twelve serial 2-fold dilutions were prepared in 
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tissue culture medium (Dulbecco's Modified Eagles 
Medium buffered with 20 mM HEPES, and supplemented 
with 2 mM L-glutamine, 50 IU/ml penicillin and 50 lug/ml 
Streptomycin), commencing at a dilution of 1: 1 for StX2e, 
or 1:20 for Stx1 or Stx2c. Fifty ul of each dilution was 
transferred onto washed Vero cell monolayers in 96-well 
tissue culture trays, and after 30 min incubation at 37 C., a 
further 150 ul of culture medium was added to each well. 
Cells were examined microscopically after 72 hours incu 
bation at 37 C., and scored for cytotoxicity. The endpoint 
StX titre (cytotoxic doses CD per ml) was defined as the 
reciprocal of the highest dilution resulting in cytotoxicity in 
at least 10% of the cells in a given monolayer. AS a 
permanent record, cell monolayers were then fixed in 3.8% 
formaldehyde-PBS and stained with crystal violet. The 
percent of StX adsorbed/neutralized was calculated using the 
formula 100-(100xCD/CDPs), where CDces is the 
StX titre in the extracts incubated with the CWG308 deriva 
tives and CDs is the StX titre in the respective StX extract 
treated only with PBS. As shown in Table 1, CWG308 
exhibited O neutralization activity, whereas 

CWG308:pJCP-Gb, bound 99.9, 99.2 and 98.4% of the 
cytotoxicity of Stx1, Stx2c and StX2e, respectively. This is 
in accordance with our previous findings for this globotri 
ose-expressing construct (Example 1) except for a slightly 
improved neutralization of StX2e. In Example 1 we observed 
87.5% neutralization using a crude lysate of a wild type 
STEC isolate from a case of Oedema disease as a Source of 
StX2e, but some of the residual cytotoxicity may have been 
due to the presence of other toxic Substances. Neutralization 
of the various toxin types was not significantly diminished 
for CWG308:p.JCP-lgtCDE and CWG308:p.JCP-lgtCDE/ 
wbnF, which was not surprising given that PAGE analysis 
indicated that the LPS from both of these strains was 
indistinguishable from that of CWG308: p.JCP-Gb. How 
ever, neutralization of both StX1 and Stx2c was significantly 
lower for CWG308: p.JCP-lgtCDE/gne, which is consistent 
with the altered electrophoretic mobility of its LPS. Inter 
estingly, it exhibited the same in vitro neutralization activity 
against StX2e as the other constructs (98.4%), in spite of 
expression of what has hitherto been believed to be the 
preferred receptor for this toxin type. 
0181 Conclusion 
0182. In the present study we have modified the globot 
riose-expressing bacterium CWG308:p.JCP-Gb3 (example 
1) Such that it expresses globotetraose (the preferred recep 
tor for StX2e) by introducing additional genes encoding a 
GalNAc transferase (1gtD) and a UDP-GalNAc-4-epimerase 
(gne). Addition of an extra Sugar residue to the Outer LPS 
core required both genes, and was demonstrated by electro 
phoretic analysis. Furthermore, the fact that the LPS 
migrated as a single Species implied that this reaction 
proceeds to completion. The globotetraose-expressing bac 
terium had a reduced capacity to neutralize StX1 and Stx2c 
in Vitro compared to the globotriose expressing bacterium 
presumably because the terminal GalNAc residue Sterically 
hinders the interaction between the StX B subunit and the 
(now Subterminal) globotriose moiety. However, its capacity 
to bind Stx2e was similar to that of the globotriose-express 
ing construct; both neutralized 98.4% of the cytotoxicity in 
lysates of E. coli JM109 expressing cloned stX2e. It has long 
been held that the piglet Oedema disease-associated toxin 
StX2e has a higher affinity for Gb4 than for Gb3 (17.13.51). 
Thus, the findings of this Study were Somewhat unexpected. 
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Some of the early Studies on StX receptor Specificity 
involved overlaying glycolipids Separated by thin layer 
chromatography with toxin. However, it has been Suggested 
that the polyisobutylmethacrylate used in these Studies (to 
Stabilize the Silica gel prior to reaction of the Separated lipids 
with toxin) may have induced conformational changes in the 
carbohydrate moieties which affected toxin-receptor inter 
actions (52). Receptor Specificity was also examined on the 
basis of Susceptibility of cell lines containing varying 
amounts of Gb and Gb to the toxin. Interestingly, fatty acyl 
chain length is known to influence the interaction of Gb 
with StX1 and Stx2 to differing extents, and so it is possible 
that factors other than the Structure of the oligosaccharide 
component may have been a compounding factor in the cell 
culture Studies (13). In the present study the globotriose and 
globotetraose moieties were expressed on an otherwise 
identical platform comprising the inner core oligosaccharide 
and the lipid Acomponents of E. coli LPS. Thus, differences 
in toxin-receptor interactions (or lack thereof) truly reflect 
the impact of oligosaccharide Structure and conformation. 

Example 4 
0183) Clostridium difficile 
0.184 C. difficile infection is associated with broad spec 
trum antibiotic therapy and is the commonest cause of 
infectious diarrhoea and life-threatening pseudomembra 
nous colitis in hospitalized patients. Antibiotic therapy per 
mits overgrowth of the gut by this bacterium, which elabo 
rates two potent cytotoxins (exotoxins A and B). Exotoxin A 
is enterotoxic and is essential for human virulence, eXotoxin 
B can only damage host tissues after destruction of the 
epithelial barrier by exotoxin A (53). C. dificile exotoxin A 
binds to Several human glycolipids, all of which contain a 
Galf1D4GlcNAc moiety. Genes encoding transferases 
capable of assembling this epitope are also found in the 
Neisseria lgt locus. Expression of lgtABE in E. coli 
CWG308 was predicted to result in synthesis of a LPS outer 
core oligosaccharide comprising Galf1->4)GlcNAc31-> 
3Galf1->4)Glc-> (lacto-N-neotetraose). The lgtA-B 
genes were amplified from N. gonorrhoeae DNA by PCR, 
and the poly-G tract in 1gtA was mutagenized by overlap 
extension PCR, as follows. The 5' portion of 1gtA was 
amplified using primerS 5'-CAGGCGAATTCAAAT 
TATCGGGAGAGTA-3' (LGTAF) (SEQ ID NO:21) incor 
porating an EcoRI site (underlined) and 5'-ATATTCGC 
CACCGCCACCGCCCGACTTTGCCAATTCG-3 
(LGTAOLR) (SEQ ID NO:22). The 3' portion of 1gtA and all 
of lgtB was amplified using primers 5'-GTCGGGCGGTG 
GCGGT GGCGAATATATTGCGCGCACCG-3' (LGTA 
OLF) (SEQ ID NO:23) and 5'-CATCTTGGATCCTTTTAT 
TGGAAAGGCAC-3' (LGTBR) (SEQ ID NO:24) 
incorporating a BamHI site (underlined). PCR was per 
formed using the Expand TM High Fidelity PCR System 
(Roche Molecular Biochemicals) under conditions recom 
mended by the Supplier. The two PCR products were then 
purified, aliquots were mixed, and the complete lgtAB 
coding Sequence with the desired modifications was ampli 
fied using primers LGTAF and LGTBR. This procedure 
mutates the four consecutive GGG codons in the poly-G 
tract in 1gtA to GGT or GGC (all of which encode Gly), 
eliminating the risk of Slipped-Strand mispairing without 
changing the encoded amino acid Sequence. That part of the 
1gtA gene Sequence that has been altered is shown below, the 
sequence shown is taken from nucleotide 699 to 715 of 
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GenBank accession number U14554, altered nucleotides are 
shown in bold and underlined. GGGCGGTGGCGGTG 
GCG (SEQ ID NO:25). The modified PCR product was then 
digested with EcoRI and BamHI and cloned into the simi 
larly digested derivative of pK184 containinglgtE described 
earlier. This places lgtAB between the pK184 vector pro 
moter and lgtE, with all three genes in the same orientation 
such that they will be co-transcribed. Insertion of lgtAB with 
the correct mutations and the appropriate orientation was 
confirmed by Sequence analysis of plasmid DNA using 
custom made oligonucleotide primerS and dive-terminator 
chemistry on an ABI model 377 automated DNA sequencer. 
This plasmid (designated pCP-LNT) was then transformed 
into E. COlli CWG308. 

0185. LPS was then purified from CWG308 derivatives 
expressing this construct and analysed by SDS-PAGE (using 
Silver Staining). This confirmed that expression of lgtABE 
(encoded on pCP-LNT) in E. coli CWG308 resulted in 
production of a higher molecular weight LPS than either 
CWG308 or CWG308 carrying pCP-Gb. This is consistent 
with expression of the Gal(1->4GlcNAcR1->3Galf1-> 
4Glc-> (lacto-N-neotetraose) epitope on the cell surface. 
Capacity to bind and neutralize eXotoxin A can then be 
assessed using filter-Sterilized C. dificile culture Supernatant 
or lysate of E. coli K12 expressing cloned toxin genes or 
purified toxin A as a Source of toxin. Such extracts will be 
incubated with suspensions of (live or formalin-killed) 
CWG308:p.JCP-LNT (or control constructs) with gentle 
mixing for 1 h at 37° C. Cells can be removed by centrifu 
gation, and Serial 2-fold dilutions of filter-Sterilized Super 
natant will be transferred to Vero cell monolayers (in 96-well 
trays). Monolayers will be scored for C. difficile cytotoxicity 
at 24 h and the endpoint titre determined. The endpoint titre 
(cytotoxic doses CD per ml) is defined as the reciprocal of 
the highest dilution resulting in cytotoxicity (characteristic 
rounding up of cells) in at least 10% of a given monolayer. 
AS a permanent record, cell monolayers can be fixed in 3.8% 
formaldehyde-PBS and stained with crystal violet. The 
percent of toxin neutralized can be calculated using the 
formula 100-(100xCDs/CDPBs), where CDs is is 
the toxin titre in the extracts incubated with a given 
CWG308 construct, and CDs is the toxin titre in the 
respective sample treated only with PBS. 
0186 Interestingly, in Vitro studies indicate that even 
Stronger binding occurs between eXotoxin A and the trisac 
charide GalC1->3GalB1->4GlcNAc->, even though it is 
not present in humans (54). A strain expressing this epitope 
can be constructed by incorporating a gene encoding a 
transferase capable of forming the necessary GalC1->3) 
Galf linkage into pCP-LNT. Databases will be searched for 
a Source of Such a transferase. An alternative Source is the 
capsule locus of StreptococcuS pneumoniae type 11F, which 
is known to encode Such an enzyme. Candidate transferase 
genes from this locus can be amplified by PCR and cloned 
into the lacto-N-neotetraose-encoding construct. HeerZe et 
al. (U.S. Pat. No. 5,635,606) have also demonstrated that 
Several other immobilized oligosaccharides, including the 
trisaccharide Galo.1->3GalB1->4)Glc-are capable of 
binding C. difficile toxin A. A Strain expressing this latter 
epitope in its Outer core LPS can be constructed by express 
ing the Galo.1->3GalB transferase gene referred to above 
along with just 1gtE in E. coli CWGG308. These derivatives 
can be tested for toxin binding in parallel with the above 
COnStructS. 
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0187 Although C. difficile toxin A is necessary for viru 
lence, Significant tissue damage may also result from the 
action of toxin B, particularly if adsorption of toxin A is 
incomplete. The actual human receptor for toxin B has not 
been characterized, but Heerze et al. (U.S. Pat. No. 6,013, 
635) disclose that immobilized GlcC1->6Glc-(isomaltose) 
or GlcC1->6GlcC1->6Glc-> (isomaltotriose) bind and 
neutralize toxin B in vitro. Thus, expression of an appro 
priate glucosyl transferase gene(s) in CWG308, is predicted 
to confer the capacity to neutralize this cytotoxin. 

Example 5 
0188 A Receptor Mimic Construct for Treatment of 
Traveller's Diarrhoea. 

0189 Traveller's diarrhoea is caused by infection with 
enterotoxigenic E. coli (ETEC). Heat labile enterotoxin (LT) 
is a major ETEC virulence factor. It binds principally to the 
ganglioside GM (Galf1->3)GalNAcf:1->4(Neu AcO2-> 
3) Gal(31->4)Glc?->ceramide) on the enterocyte surface 
and induces diarrhoea by Stimulating adenylate cyclase 
activity (55). LT is also capable of binding to a variety of 
other glycoconjugates, as described by Heerze et al. (U.S. 
Pat. No. 6,069,137). The principal adhesins of ETEC are a 
family of pili called colonization factor antigens (CFA) or 
coli surface antigens (CS), and these enable the ETEC to 
colonize the Small intestine, an essential Step of the patho 
genic proceSS. Several potential oligosaccharide receptors 
have been identified for CFAS, including asialo G (Galf 
1->3GalNAcR1->4)Gal?31->4)Glc?->ceramide) as well 
as Several Sialic acid containing glycoconjugates (56.57). In 
addition, the disaccharide GalNAc1->4Gal has been 
shown to be a binding sequence for ETEC that express CS3 
pili (58). Thus, administration of appropriate receptor mimic 
constructs would be expected to neutralize the enterotoxic 
effects of LT as well as blockade adherence of ETEC to the 
intestinal epithelium. Importantly, LT is Structurally and 
functionally related to cholera toxin (CT) produced by 
Vibrio cholerae, which also binds to GM. Thus, any product 
developed for neutralization of LT and treatment of travel 
ler's diarrhoea will also be effective against cholera. 
0.190 GM is mimicked by-the LPS outer core of several 
Campylobacter jejuni Strains including the Strain deposited 
as NCTC 11168. These are known to be capable of binding 
purified CT in vitro (59). The genome sequence of NCTC 
11168 is available at http//www.sanger.ac.uk/Projects/C je 
juni. Moreover, Linton et al. (60) have identified the LOS 
encoding region within this Sequence and have functionally 
characterized one of the genes (wlaN) involved in Synthesis 
of the GM mimic LOS structure. AS with Some of the 
Neisseria ligt genes described previously, wilaN has a poly-G 
tract which will have to be mutagenized to Stabilize expres 
Sion, as described above for lgtA, lgtC, and lgtD. Sequence 
data for the C. jejuni LOS region will be used to design 
primers for PCR amplification of the appropriate genes for 
assembly of the GM mimic on the Outer core LPS of 
CWG308. Additional CWG308 derivatives expressing the 
alternative LT-binding oligosaccharide epitopes listed in 
U.S. Pat. No. 6,069,137 can also be constructed. LPS can be 
extracted from each construct and analysed by SDS-PAGE 
as before. CWG308 derivatives can then be tested for 
binding and neutralization of purified CT and LT using a 
commercial ELISA assay or by direct blotting using com 
mercially available peroxidase-conjugated CT. Protective 
capacity of any toxin-binding constructs can also be tested 
in an infant mouse cholera model. 

0191 CWG308 derivatives capable of interfering with 
adherence of ETEC to epithelial cells can be constructed by 
deletion of the Sialyl transferase gene from the GM-express 
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ing Strain. Derivatives expressing alternative oligosaccha 
ride receptor mimics capable of blocking adherence of a 
pathogen can also be constructed. Where data on the recep 
tor specificity of a given CFA/CS family are not available, 
attempts can be made to determine this by competitive 
adherence inhibition assay using a panel of Soluble mono-, 
di- and tri-saccharides. This will enable Selection of appro 
priate transferase genes to direct assembly of the chosen 
epitope on the CWG308 surface. The various constructs can 
then be tested for capacity to agglutinate a variety of ETEC 
Strains representing all common CFA/CS families, and for 
capacity to blockade in vitro adherence of these ETEC 
strains to HEp-2 and Henle 407 cells. 

Example 6 

0.192 Uropathogenic E. coli and Porcine Enterotoxigenic 
E. coli. 

0193 Two further model systems can be used to demon 
Strate the utility of recombinant receptor mimic technology 
for blockade of bacterial adhesion. The first is adherence of 
uropathogenic E. coli, this is mediated by Pappili, which are 
known to target the terminal Galo.1->4Galf moiety of Gb 
receptors on the uroepithelium (54). Accordingly it is pro 
posed to test the capacity of our existing CWGG308: p.JCP 
Gb construct of Example 1 to agglutinate reference uro 
pathogenic E. coli Strains as well as E. COil K-12 clones 
expressing cloned pap genes. Capacity to blockade in Vitro 
adherence to Gb-expressing epithelial cell lines (HeLa or 
Vero cells) can also be examined using Standard tissue 
culture assays. The Second example is adhesion of porcine 
enterotoxigenic E. coli Strains which express K88ad fim 
briae. These pili are known to be specific for lacto-N- 
neotretraose (43), and so CWG308:p.JCP-LNT constructed 
as described above for use with C. dificile is predicted to be 
capable of binding to K88ad fimbriae. 

Example 7 

0194 Entamoeba histolyticum 
0.195 E. histilyticum is an enteric protozoan parasite 
which causes nearly 40 million cases of colitis or liver 
abscess each year, of which about 100,000 are fatal. Patho 
genesis involves adherence to colonic mucin and colonic 
epithelial cells, followed by mucosal invasion and host 
cytolysis (61). Adherence is mediated by a Gal/GalNAc 
specific lectin, and inhibition of this lectin activity blocks 
cytotoxicity. E. histolyticum binds monomeric and poly 
meric GalNAc-BSA conjugates with very high efficiency 
(61). Thus E. coli derivatives expressing GalNAc moieties 
on their Surface are proposed to be used for the treatment and 
prevention of E. histolyticum infections. In the first instance, 
we can investigate whether the CWG308:Gb receptor 
mimic construct of Example 3 (which has a terminal Gal 
NAc moiety) is capable of blockading the infectivity of E. 
histolyticum trophozoites. This can be assayed in vitro by 
binding to CHO cells, and by cytopathic effect for Caco-2 
cells (61). Binding by constructs expressing additional Gal 
NAc moieties can be examined using constructs expressing 
additional GalNAc transferase genes. 

Example 8 

0196. Rotavirus 
0.197 Although the receptor for human rotavirus is yet to 
be characterized, that for porcine Strains has recently been 
shown to be the Sialated gangliosides NeuGc-GM and 
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NeuNAc-GM. Moreover, similar glycolipids present in 
human breast milk are believed to be responsible for the 
protection from rotavirus observed in breast-fed infants. 
0198 Asialic acid-containing glycolipid termed lactad 
hesin has been shown to block interaction of human rotavi 
rus with its receptor (65), and thus Sialic acid is proposed to 
act as a mimic for human rotavirus and may be used for 
therapeutic purposes. 
0199. It will be understood that recombinant microorgan 
isms that form the chimeric carbohydrate receptor mimic 
can be used in the treatment of disease, So that post onset 
administration can prevent persistence by providing com 
petition with binding receptorS or by inhibiting the binding 
of toxin. Equally it will be apparent in circumstances Such 
as in the outbreak of an infectious event that individuals at 
high or moderate risk can have the receptor mimics admin 
istered to prevent infection. 
0200. It will however also be understood that, especially 
in commercial or Sporting animals, administration of the 
present invention can be prescribed to prevent the onset of 
a condition. Thus the onset of Scours or oedema disease in 
weanling pigs can be prevented by addition of the micro 
organisms, or extracts from the microorganisms that include 
the oligosaccharide-containing binding moieties, to feed. 
This can be administered over a continuous period during 
which the weanling piglets are fed or perhaps at intervals 
during that period to reduce the Severity or frequency of 
OnSet. 

Example 9 
0201 Detection of Pathogenic Organisms and Toxins 
Produced by Them. 
0202) Detection methods, particularly immunological 
methods require Sufficient avidity between the interaction 
between for example the antibody on the one part and the 
antigen on the other. It has been found that for the detection 
of at least Some toxigenic pathogens that monoclonal anti 
body reagents have not been sufficiently avid to allow the 
commercialisation of So called dip Stick methods. One of the 
findings of the present invention is the very high capacity of 
the receptor mimics to interact with toxins. It is thus 
probably that the chimeric carbohydrates will not only be 
useful as means of inhibiting the affects of infection or toxin 
action but also as reagents for the detection of Such infec 
tious agents and toxins. 
0203 Thus for example lipopolysaccharide is known as a 
reagent for coating beads, or plastics trayS Such as ELISA 
trays, or Suitable Support Surfaces. Thus chimeric carbohy 
drates can be partially or wholly purified from the recom 
binant microorganism of the Second aspect of the invention 
and bonded to the Support. The Sample is then added, 
washed and then perhaps a Suitable labelled antibody used to 
detect for the presence of bound toxin. 
0204. The following protocol can be used: 
0205 LPS-Gb3 is prepared using the method of Darveau 
and Hancock (48). LPS is alkali treated to improve solubility 
and adhesion to plastics. LPS is used to coat ELISA trays. 
Non-specific binding sites are blocked with BSA. Diluted 
Samples containing toxin are added to Wells of the tray. After 
incubation, the Wells are washed, then incubated with anti 
toxin monoclonal antibody. After incubation, the well are 
washed, then an enzyme conjugated Secondary antibody is 
added to detected bound anti-toxin antibody. After incuba 
tion, the Wells are washed, then a colour Substrate is added, 
and developed 
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0206. An ELISA reader is used to quantitate the level of 
toxin binding. This protocol is more particularly Set out in 
reference (65): 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 26 

<21 Oc 
<211 
<212> 
<213> 
<22O > 

SEQ ID NO 1 
LENGTH 29 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 

<400 SEQUENCE: 1 

gaacaggaat toggcaagat tattgtgcc 

SEQ ID NO 2 
LENGTH 30 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 

<400 SEQUENCE: 2 

tacgt.cggat cocqtctgaa ggcttcagac 

SEQ ID NO 3 
LENGTH 30 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 

<400 SEQUENCE: 3 
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0276. It is understood that the examples and embodi 
ments described herein are for illustrative purposes only and 
that various modifications or changes in light thereof will be 
Suggested to perSons Skilled in the art and are to be included 
within the Spirit and purview of this application and Scope of 
the appended claims. All publications, patents, and patent 
applications cited herein are hereby incorporated by refer 
ence for all purposes. Also, a reference within this specifi 
cation to a document is not to be taken as an admission that 
the disclosure therein constitutes common general knowl 
edge in Australia. 

OTHER INFORMATION: Description of Artificial Sequence: primer LGTCF 

29 

OTHER INFORMATION: Description of Artificial Sequence: primer LGTCR 

30 

OTHER INFORMATION: Description of Artificial Sequence: primer LGTEF 
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29 

-continued 

gcc.cittggat coaccgcago tattgaaacc 30 

<210> SEQ ID NO 4 
&2 11s LENGTH 33 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: primer LGTER 

<400 SEQUENCE: 4 

ccatttaagc titttaatccc ctatattitta cac 33 

<210 SEQ ID NO 5 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Neisseria 

meningitidis ligtC open reading frame DNA sequence 
from nt 157-171 

<400 SEQUENCE: 5 

cggggggggg ggggt 15 

<210> SEQ ID NO 6 
&2 11s LENGTH 5 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: amino acid 

sequence encoded by Neisseria meningitidis ligtC 
open reading frame DNA sequence from nt 157-171 

<400 SEQUENCE: 6 

Arg Gly Gly Gly Gly 
1 5 

<210 SEQ ID NO 7 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence:mutated 

region of ligtC gene cloned in pK184 by overlap extension PCR 

<400 SEQUENCE: 7 

Cgtggcggtg gcggit 15 

<210 SEQ ID NO 8 
&2 11s LENGTH 32 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: cloned ligtC 
gene 5' portion amplification primer 

<400 SEQUENCE: 8 

atattaccgc caccgc.cacg caaattgg.cg gc 32 

<210 SEQ ID NO 9 
&2 11s LENGTH 32 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: cloned ligtC 
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-continued 

gene 3' portion amplification primer 

<400 SEQUENCE: 9 

aatttgcgtg gcggtggcgg taatato.cgc tit 32 

<210> SEQ ID NO 10 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: altered ligtC 

gene open reading frame sequence from nt 157-171 

<400 SEQUENCE: 10 

tittgcgtggc ggtggcggta atat 24 

<210> SEQ ID NO 11 
&2 11s LENGTH 34 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: ligtD gene 5' 

portion amplification primer LGTDF 

<400 SEQUENCE: 11 

cagacgggat cogacgtato ggaaaaggag aaac 34 

<210> SEQ ID NO 12 
&2 11s LENGTH 34 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: ligtD gene 5' 

portion amplification primer LGTDOLR 

<400 SEQUENCE: 12 

gc gcgcaata tatto accgc cacco gacitt tocc 34 

<210> SEQ ID NO 13 
&2 11s LENGTH 34 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: ligtD gene 3' 

portion amplification primer LGTDOLF 

<400 SEQUENCE: 13 

ggcaaagttcg ggtggcggtg aatatattgc gcgc 34 

<210> SEQ ID NO 14 
&2 11s LENGTH 29 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: ligtD gene 3' 

portion amplification primer LGTDR 

<400 SEQUENCE: 14 

catgatggat cotgttcggit ttcaatago 29 

<210 SEQ ID NO 15 
<211& LENGTH: 11 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
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-continued 

&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: altered part 

of ligtD gene sequence from nucleotide 3576 to 3586 

<400 SEQUENCE: 15 

gggtgg.cggt g 11 

<210> SEQ ID NO 16 
&2 11s LENGTH: 31 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: E. coli O113 

gne gene amplification primer 

<400 SEQUENCE: 16 

tittattaa.gc titccaattaa gaggtaact c 31 

<210 SEQ ID NO 17 
&2 11s LENGTH 33 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: E. coli O113 
gne gene amplification primer 

<400 SEQUENCE: 17 

aattacaagc titataattitt aattaccata ccc 33 

<210> SEQ ID NO 18 
&2 11s LENGTH 35 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: E. coli O113 

wbnF gene amplification primer 

<400 SEQUENCE: 18 

atattoaa.gc titgagtgagg attataaatgaaatt 35 

<210 SEQ ID NO 19 
&2 11s LENGTH 36 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: E. coli O113 

wbnF gene amplification primer 

<400 SEQUENCE: 19 

tittcttaagc titttgtaaaa toaaactitta tagaag 36 

<210> SEQ ID NO 20 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: O141STEC 

strain complete stx-2e operon PCR amplification primer 

<400 SEQUENCE: 20 

gcatcatgcg ttgttagcto 20 

<210> SEQ ID NO 21 
<211& LENGTH 22 
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-continued 

&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: O141STEC 

strain complete stx-2e operon PCR amplification primer 

<400 SEQUENCE: 21 

aaagacgc.gc. ataaataaac cq 22 

<210> SEQ ID NO 22 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: ligtA 5' 

portion amplification primer LGTAF 

<400 SEQUENCE: 22 

caggcgaatt caaattatcg g gagagta 28 

<210> SEQ ID NO 23 
&2 11s LENGTH 37 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: ligtA 5' 

portion amplification primer LGTAOLR 

<400> SEQUENCE: 23 

atatto go.ca cc.gccaccgc ccg actittgc caatticg 37 

<210> SEQ ID NO 24 
&2 11s LENGTH 38 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: ligtA 3' 

portion and all of ligtB amplification primer LGTAOLF 

<400 SEQUENCE: 24 

gtoggg.cggt gg.cggtgg.cg aatatattgc gcgcaccg 38 

<210> SEQ ID NO 25 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: ligtA 3' 

portion and all of ligtB amplification primer LGTBR 

<400 SEQUENCE: 25 

catcttggat cottttattg gaaaggcac 29 

<210> SEQ ID NO 26 
&2 11s LENGTH 17 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: altered part 

of ligtA gene sequence from nucleotide 699-715 

<400 SEQUENCE: 26 

ggg.cggtggc ggtggcg 17 
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1-116. (canceled) 
117. A method of preventing or treating a pathogenic 

microorganism infection of the gastrointestinal tract, the 
method including the Step of administering to the gas 
trointestinal tract an effective amount of a recombinant 
bacterium that displays on its Surface a binding moiety that 
act as a receptor mimic, or a fraction of Said recombinant 
bacterium comprising Said binding moiety, the binding moi 
ety being a receptor mimic of a receptor for a toxin of the 
pathogenic microorganism or an adhesin of the pathogenic 
microorganism, wherein the binding moiety consists of an 
oligosaccharide which comprises a Sugar residue that is 
attached to an acceptor moiety by a glycosyltransferease that 
is encoded by an exogenous nucleic acid which is present in 
the bacterium Said oligosaccharide forming part of a 
lipopolysaccharide molecule, the recombinant bacterium 
Selected from the group of Species consisting of Escherichia 
coli and Salmonella enterica 

118. The method of claim 117, wherein the receptor 
mimic is a mimic of the receptor of a toxin. 

119. The method of claim 118, wherein the toxin is 
Selected from the group consisting of Shiga toxins, 
cloStridial toxins, cholera toxins, E. coli enterotoxins, and 
Staphylococcal enterotoxins. 

120. The method of claim 119, wherein the toxin is 
Selected from the group consisting of cholera toxin, E. coli 
heat labile enterotoxin types I and II, and ST toxins. 

121. The method of claim 119, wherein the toxin is a shiga 
toxin. 

122. The method of claim 121, wherein the shiga toxin is 
Selected from the group consisting of, StX, StX1, StX2, StX2c, 
StX2d, and StX2e. 

123. The method of claim 119, wherein the toxin is a 
cloStridial toxin. 

124. The method of claim 117, wherein the receptor 
mimic is partially or wholly formed within a Sugar moiety of 
Selected from the group consisting of: 
Galo.1->4Gal1->4Glc, 
Galo.1->4Gal?, 
GalNAcR1->3Galo.1->4)GalB1->4)Glc, 
Gal1->4GlcNAc, 
Galo.1->3GalB1->4Glc, 
Galo.1->3GalB143 4GlcNAc, 
Gal1->4GlcNAcR1->3)GalR1->4)Glc, 
Glco.1->6Glc, 
Glco.1->6GlcC1->6Glc, 
NeuNAc, 
Gal1->3GalNAcR1->4)Galf1->4)Glc, 

I 

NeuNAcc2->3) 
Gal1->3GalNAcR1->4)Galf1->4)Glc, 
GalNAcR1->4Gal, 
GalNAc, 
Gal, 
NeuGc->GM, and 
NeuNAc->-GM. 
125. The method of claim 117, wherein the receptor 

mimic of the purified carbohydrate is partially or wholly 
formed within a Sugar moiety Selected from the group 
consisting of 
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Gal(1->3GalNAc,B1->4Gal?31->4Glc. 
126. The method of claim 117, wherein the binding 

moiety comprises Galo.1->4Galo.1->4Glc. 
127. The method of claim 117, wherein the binding 

moiety comprises GalNAcB->3Galo.1->4Galf1->4) 
Glc. 

128. The method of claim 117, wherein the binding 
moiety comprises an oligosaccharide Selected from the 
group consisting of: Galf1->4GlcNAc, Galf1->4Gal 
NAco.1->3GalB1->4Glc, Galo.1->3Gal?31->4Gal 
NAc and Galo.1->3GalB1->4Glc. 

129. The method of claim 117, wherein the binding 
moiety comprises NeuNAc. 

130. The method of claim 117, wherein the binding 
moiety comprises an oligosaccharide Selected from the 
group consisting of GlcC1->6Glc and GlcC1->6GlcC. 
1->6Glc. 
131. The method of claim 117, wherein the binding 

moiety comprises the oligosaccharide: 

NeuNAcc2->3) 
132. The method of claim 117, wherein the binding 

moiety comprises an oligosaccharide Selected from the 
group consisting of NeuGc->GM and NeuNAc->GM. 

133. The method of claim 117, wherein the binding 
moiety is a mimic of natural receptor for adhesins or toxins 
produced by a microorganism Selected from a group of 
genera consisting of Escherichia, SalmOnella, Shigella, Cit 
robacter, Helicobacter, Yersinia, Vibrio, Aeromonas, 
Campylobacter, Pseudomonas, Pasteurella, Neisseria, Hae 
mophilus, Klebsiella, Staphylococcus, Streptococcus, 
CloStridium, rotavirus, and Entamoeba. 

134. The method of claim 117, wherein the microorgan 
ism further comprises one or more exogenous enzymes 
involved in Synthesis of a nucleotide Sugar which Serves as 
a donor for the glycosyltransferase. 

135. The method of claim 134, wherein the nucleotide 
Sugar is Selected from the group consisting of GDP-Man, 
UDP-Glc, UDP-Gal, UDP-GlcNAc, UDP-GalNAc, CMP 
sialic acid, GDP-Fuc, and UDP-xylose. 

136. The method of claim 134, wherein the enzyme is a 
nucleotide Sugar Synthetase. 

137. The method of claim 134, wherein the enzyme is 
involved in Synthesis of a nucleotide that comprises the 
nucleotide Sugar. 

138. The method of claim 134, wherein the enzyme is 
involved in Synthesis of a Sugar that comprises the nucle 
otide Sugar. 

139. The method of claim 134, wherein the one or more 
Sugars transferred to the acceptor molecule by the exog 
enous glycosyltransferases make up the entirety of the 
receptor mimic. 

140. The method of in claim 117, wherein a combination 
of Sugars of the acceptor molecule and the one or more 
Sugars transferred to the acceptor molecule by the exog 
enous transferases make up the entirety of the receptor 
mimic. 
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141. The method of claim 140, wherein the acceptor 
molecule is all or a portion of the core of the lipopolysac 
charide. 

142. The method of claim 117, wherein one or more 
exogenous nucleotide Sugar precursor Synthesizing enzymes 
are also expressed by Said organism, Said Sugar precursor 
enzymes forming precursors to make up said chimeric 
carbohydrate. 

143. The method of claim 117, wherein the delivery 
microorganism is non harmful and live. 

144. The method of claim 117, wherein the administration 
is orally. 

145. The method of claim 144, wherein the delivery 
microorganism is protected by a protective capsule or held 
within a protective matrix. 

146. The method of claim 117, wherein the delivery 
microorganism is killed. 

147. The method of claim 146, wherein the delivery 
microorganism is killed by treatment with a chemical agent 
Selected from the group consisting of formalin, or thiomer 
Sal, or a bactericidal antibiotic, or by exposure to heat or to 
UV irradiation. 

148. A method of testing for the presence of a toxin or a 
pathogenic microorganism in a Sample, the method com 
prising: 

contacting a Sample with a recombinant bacterium that 
displays on its Surface a binding moiety that act as a 
receptor mimic, or a fraction of Said recombinant 
bacterium comprising Said binding moiety, 

either the recombinant microorganism or fraction thereof, 
or the Sample being immobilized; 

Washing off unbound purified carbohydrate or toxin or 
pathogenic microorganism; and adding detection 
means to detect bound purified carbohydrate and the 
toxin or pathogenic microorganism, 

the binding moiety of the recombinant microorganism 
being a receptor mimic of a receptor for the toxin or an 
adhesin or toxin of the pathogenic microorganism, 
wherein the binding moiety consists of an oligosaccha 
ride which comprises a Sugar residue that is attached to 
an acceptor moiety by a glycosyltransferease that is 
encoded by an exogenous nucleic acid which is present 
in the bacterium Said oligosaccharide forming part of a 
lipopolysaccharide molecule, the recombinant bacte 
rium Selected from the group of Species consisting of 
Escherichia coli and Salmonella enterica. 

149. The method of testing as in claim 148, wherein the 
recombinant bacterium or fraction thereof is immobilised on 
the Support. 

150. The method of testing as in claim 148, wherein the 
receptor mimic is a mimic of the receptor of a toxin. 

151. The method of testing as in claim 150, wherein the 
toxin is Selected from the group consisting of Shiga toxins, 
cloStridial toxins, cholera toxins, E. coli enterotoxins, and 
Staphylococcal enterotoxins. 

152. The method of testing as in claim 150, wherein the 
toxin is a Shiga toxin. 

153. The method of testing as in claim 150, wherein the 
toxin is a cloStridial toxin. 

154. The method of testing as in claim 148, wherein the 
receptor mimic is partially or wholly formed within a Sugar 
moiety Selected from the group consisting of 
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NeuNAc->GM. 
155. The method of testing as in claim 148, wherein the 

receptor mimic of the purified carbohydrate is partially or 
wholly formed within a Sugar moiety selected from the 
group consisting of 

Gal(1->3GalNAc,B1->4Gal?31->4Glc. 
156. The method of testing as in claim 148, wherein the 

binding moiety comprises Galo.1->4Galf1->4Glc. 
157. The method of testing as in claim 148, wherein the 

binding moiety comprises GalNAcB1->3)GalC1->4)Galf 
1->4Glc. 
158. The method of testing as in claim 148, wherein the 

binding moiety comprises an oligosaccharide Selected from 
the group consisting of: Galf1->4GlcNAc, Galf1->4) 
GalNAc,B1->3GalB1->4Glc, Galo.1->3GalB1->4) 
GalNAc and Galo.1->3GalB1->4Glc. 

159. The method of testing as in claim 148, wherein the 
binding moiety comprises NeuNAc. 

160. The method of testing as in claim 148, wherein the 
binding moiety comprises an oligosaccharide Selected from 
the group consisting of GlcC1->6Glc and GlcC1->6) 
Glco.1->6Glc. 

161. The method of testing as in claim 148, wherein the 
binding moiety comprises the oligosaccharide: 

NeuNAcc2->3) 
162. The method of testing as in claim 148, wherein the 

binding moiety comprises an oligosaccharide Selected from 
the group consisting of NeuGc->GM and NeuNAc->GM. 

k k k k k 


