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Breast-milk has a well-known anti-microbial effect, which is in part due to the many different carbohydrate structures
expressed. This renders it a position as a potential therapeutic for treatment of infection by different pathogens, thus
avoiding the drawbacks of many antibiotics. The plethora of carbohydrate epitopes in breast-milk is known to differ
between species, with human milk expressing the most complex one. We have investigated the expression of protein-bound
carbohydrate epitopes in milk from man, cow, goat, sheep, pig, horse, dromedary and rabbit. Proteins were separated
by SDS-PAGE and the presence of carbohydrate epitopes on milk proteins were analysed by Western blotting using
different lectins and carbohydrate-specific antibodies. We show that ABH, Lewis (Le)*, sialyl-Le*, Le?, sialyl-Le? and Le®
carbohydrate epitopes are expressed mainly on man, pig and horse milk proteins. The blood group precursor structure H
type 1 is expressed in all species investigated, while only pig, dromedary and rabbit milk proteins carry H type 2 epitopes.
These epitopes are receptors for Helicobacter pylori (Le® and sialyl-Le*), enteropathogenic (H type 1, Le? and LeX) and
enterotoxic Escherichia coli (heat-stable toxin; H type 1 and 2), and Campylobacter jejuni (H type 2). Thus, milk from these
animals or their genetically modified descendants could have a therapeutic effect by inhibiting pathogen colonization and
infection.
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Abbreviations: ER, endoplasmatic reticulum; MALT, mucosa-associated lymphoid-tissue; BSA, bovine serum albumin;
Blood group antigens A: GalNAca1-3[Fuca1-2]Gals; B: Gala1-3[Fuca1-2]Gal3; Htype 1: Fuca1-2Gal31-3GlcNAc; H type 2:
Fuca1-2Gal31-4GlcNAc; Lewis a: Gal31-3[Fuca1-4]GIlcNAc; sialyl Lewis a: NeuAcx2,3Gal31-3[Fuca1-4]GIcNAc; Lewis b:
Fuca1-2Gal31-3[Fuca1-4]GlcNAc; Lewis x: Gal31-4[Fuca1-3]GlcNAc; sialyl Lewis x: NeuAca2,3Gal31-4[Fuca1-3]GIcNAc;
pk: Gala1-4Gal31-4Glc; P1: Gala1-4Gal31-4GIcNAc.

Introduction

Host cell adhesion of pathogens in humans and other species is
a prerequisite for most infections and for many bacteria, viruses
and bacterial toxins, binding is mediated by lectins that recog-
nize and bind to different carbohydrate epitopes [1]. Today, the
most common treatment for bacterial infections is the use of
various antibiotics; a treatment that can be complicated by the
occurrence of pathogenic strains resistant to commonly used
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antibiotics, as well as patient allergy to antibiotics. Studies
in infants have shown that milk has a general anti-microbial
effect that stems from the presence of antibodies specific for
pathogens encountered by the mother, enzymes that may lyse
micro-organisms, and proteins competing with bacteria for es-
sential molecules such as iron [2]. In addition, milk contains
free oligosaccharides and glycoconjugates such as glycopro-
teins and glycolipids [2-5] that are believed to confer protec-
tion of the infant against a variety of bacterial pathogens in-
cluding Helicobacter pylori [6], Streptococcus pneumoniae and
Haemophilus influenzae [7], enteropathogenic and S-fimbriated
Escherichia coli [8,9], Vibrio cholerae [10], and their prod-
ucts, for instance Shiga and Shiga-like toxins [11,12]. The
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complexity of the milk carbohydrate repertoire differs between
species [3], and it may be speculated that this repertoire in var-
ious species has evolved to protect the host against microbes
pathogenic to that particular species.

In recent years, techniques used to generate transgenic ani-
mals have improved [13,14], and transgenic animals are now
being used as bioreactors for production of recombinant pro-
teins in their mammary gland [15,16]. The carbohydrate struc-
tures expressed in milk are produced and processed in the en-
doplasmic reticulum (ER) and the Golgi of mammary gland
epithelial cells. Thus, glycosyltransferases transgenically ex-
pressed in the breast gland of different animals can be used to
modify existing milk glycoconjugates for production of spe-
cific, humanized carbohydrate epitopes [17] resulting in milk
that may have a therapeutic value in terms of prevention or
treatment of microbial infections. This was recently shown in
a model in which transgenic mice expressing the human «1,2-
fucosyltransferase (FUT1), thus expressing H antigens in their
milk, provided protection against Campylobacter jejuni infec-
tions in their suckling pups [18].

Although mice provide a good model for animal studies,
production of larger volumes of milk with a potential therapeu-
tic effect against pathogens, will necessarily have to be carried
out in larger mammals. However, so far the expression of
different carbohydrate epitopes in milk has been investigated
in man and cow mainly, and a large part of those studies are
confined to oligosaccharides and not to saccharides carried by
proteins [3,19,20].

Protein-carbohydrate interactions are generally known to be
of low affinity, and are characterized by weak chemical in-
teractions. Nature’s way of enhancing these interactions is
multivalency, i.e. the simultaneous binding of multiple lig-
ands on one biological entity, to multiple receptors on an-
other [21]. Studies have also shown that a multivalent lig-
and displays a higher inhibitory capacity than its monova-
lent counterpart [22,23]. Consistently, the multiple expression
of a specific carbohydrate epitope on a protein (or as a gly-
colipid in a micelle) may provide considerably higher pro-
tective properties towards a specific pathogen than the same
carbohydrate epitope expressed as an oligosaccharide. Thus,
phenotyping of protein-bound carbohydrate epitopes with a
potential anti-adhesive effect on microbes is of particular
relevance.

In order to identify animal species whose milk may have a
therapeutic anti-microbial effect, or which could be genetically
modified to produce a human spectrum of milk saccharides, we
investigated the carbohydrate epitopes present on milk proteins
from various species. We show that the ABH, Lewis (Le)*,
sialyl-Le*, Le?, sialyl-Le? and Le® carbohydrate epitopes were
expressed mainly on man, pig and horse milk proteins. The
blood group precursor structure H type 1 were, with varying
intensity, expressed in all species investigated, while only pig,
dromedary and rabbit milk proteins showed a clear staining
with an anti H type 2 antibody.

Gustafsson et al.

Materials and methods
Chemicals

Bovine serum albumin (BSA) neoglycoproteins carrying de-
fined carbohydrate epitopes (H type 1, LeP, Le*, sialyl-Le*,
3’sialyl-LacNAc, and Galo 1,3Gal) were purchased from Dextra
(Reading, UK). Globotriose-APD-HSA were purchased from
IsoSep (Tullinge, Sweden) and BSA was from Sigma Chemical
Co (St Louis, MO, USA).

Lectins and antibodies

HRP-conjugated lectin Griffonia simplicifolia 1B-4 (GSA
IB-4), biotinylated lectins Arachis hypogaea (AHA) and Ulex
europaeus 1 (UEA-I), and HRP-conjugated goat anti-mouse
IgG [F(ab)’;] antibody were obtained from Sigma. Biotiny-
lated lectins Erythrina cristagalli, Maackia amurensis (MAA),
Sambucus nigra (SNA), and Vicia villosa 1B4 (VVA) were pur-
chased from Vector (Burlingame, CA, USA). Mouse anti-H
type 1 (IgGs, clone 17-206) and anti-Le® (IgM, clone T218)
antibodies were purchased from Signet (Dedham, MA, USA).
Mouse anti-H type 2 antibody (IgM, clone 92FR-A2), mouse
anti-A antibody (IgM, clone 81FR2.2) and mouse anti-B anti-
body (IgM, clone 3E7") were obtained from Dako (Carpinteria,
CA, USA). Mouse anti-sialyl-Le* antibody (IgM, clone KM93),
mouse anti-Le* antibody (IgM, clone P12), mouse anti-sialyl-
Le? (IgGl1, clone KM231), and mouse anti-Le? antibody (IgG1,
clone T174) were purchased from Calbiochem-Novabiochem
(San Diego, CA, USA). Rat anti-CD77 (blood group pk, IgM.k,
clone 38-13) and HRP-conjugated goat anti-rat IgM antibody
was purchased from Nordic BioSite (Taby, Sweden). Mouse
anti-P1 antibody (IgM, clone 650) was purchased from Biotest
(Dreieich, Germany). HRP-conjugated goat anti-mouse IgM
antibody, HRP-conjugated goat anti-mouse IgG3 antibody, and
HRP-conjugated NeutrAvidin were purchased from Cappel
(Durham, NC, USA), Serotec (Oxford, England), and Pierce
(Rockford, IL, USA), respectively. For antibodies and lectins
used, and their carbohydrate specificity, see Table 1.

Milk samples

Milk samples from man, cow, goat, sheep and pig were collected
from two individuals of each species, while milk samples from
horse, dromedary and rabbit was from one individual of each
species. For cow, one colostrum sample was also collected.
All samples—except the colostrum—were collected from mid-
lactating animals that were in good health condition with no
signs of clinical or subclinical mastitis.

Determination of the total protein concentration in milk
sample

Milk samples were frozen immediately upon collection and
stored at —20°C until further processed. The protein concen-
tration in individual milk samples was determined using the
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Table 1. Antibodies and lectins used in the western blot experiments with their known carbohydrate specificity

Name Clone Carbohydrate specificity

Anti H type 1 17-206 Fuce1-2Galg1-3GIcNAc

Anti H type 2 92FR-A2 Fuca1-2Galp1-4GIcNAc

Anti A 81FR2.2 GalNAca1-3[Fuce1-2]Galg

Anti B 3E7! Gala1-3[Fuca1-2]Galg

Anti Lewis a T174 Galp1-3[Fuca1-4]GIcNAc

Anti sialyl Lewis a KM231 NeuAcw2,3GalB1-3[Fuca1-4]GIcNAc
Anti Lewis b T218 Fuca1-2Galp1-3[Fuca1-4]GIcNAc
Anti Lewis x P12 Galp1-4[Fuca1-3]GIcNAc

Anti sialyl Lewis x KM93 NeuAcw2,3GalB1-4[Fuca1-3]GIcNAc
Anti p* 38-13 Gala1-4Galp1-4Glc

Arachis hypogaea (Peanut)
Erythrina cristagalli

Griffonia simplicifolia IB-4
Maackia amurensis
Sambucus nigra (Elder)

Ulex europaeus | (Furze)
Vicia villosa 1B, (Hairy vetch)

Galg1-3GalNAc; T-antigen
Galg1-4GIcNAc

aGal
Neu5Aca2-3Gals1-4GIcNAc/Glc
Neu5Aca2-6Gal/GalNAc
Fuca1-2Gal

GalNAca1-Ser/Thr; Tn-antigen

microtiter plate protocol of the BCA (bicinchoninic acid) Pro-
tein Assay Reagent (Pierce) according to the manufacturer’s
instructions. Samples were run in triplicate.

One-dimensional SDS-PAGE

SDS-PAGE was run by the method of Laemmli [24] with
5% stacking gels and 8% resolving gels using a vertical
Mini-Protean II electrophoresis system (Bio-Rad, Hercules,
CA, USA) and non-reducing conditions or with 4-12%
Bis-Tris discontinuous polyacrylamide gels (NuPAGE; Invit-
rogen, California, USA) using a MES-buffer and non-reducing
conditions. Before electrophoresis, individual milk samples
were adjusted to a concentration of 3 mg/ml and, in order to
avoid streaking, mixed with EDTA to a final concentration of
10mM. A total protein amount of 11 ug was loaded per well.
Separated proteins were visualized by a kit detecting glyco-
sylated proteins by virtue of periodate oxidation of carbohy-
drate residues followed by conjugation to a fluorochrome emit-
ting a bright green-fluorescent signal. Subsequently, the Ruby
stain, which detects all proteins (Molecular Probes, Leiden, The
Netherlands), was used.

Western blotting

Separated proteins were electrophoretically blotted onto nitro-
cellulose membranes (Invitrogen) using a Mini Trans-Blot elec-
trophoretic transfer cell (Bio-Rad, Hercules, CA). Membranes
were blocked overnight in Phosphate-buffered saline with 0.2%
Tween-20 (PBS-T) and 3% BSA, and were then incubated at
room temperature for 1 h with antibodies diluted in the blocking
buffer. Membranes were washed with PBS-T five times and in-
cubated with HRP-conjugated secondary antibody. Bound sec-

ondary reagents were detected using the ECL Western blotting
reagents (Amersham Biosciences) followed by exposure of the
membrane on Hyperfilm ECL (Amersham Biosciences). The
expression levels of various epitopes were assessed by densito-
metry of the films using the Quantity One software (Bio-Rad).

Results

As seen in Figure 1a, the size distribution and relative amounts
of different proteins varied both within and between species.
The main glycosylated proteins in human milk were tentatively
characterized on the basis of molecular size as the mucins
MUC-1 and MUC-X (>250 kDa), lactoferrin (79 kDa), bu-
tyrophilin (66—67 kDa), lactadherin (45-50 kDa), lactophorin
(28 kDa) and lysozyme (14 kDa) (Figure 1b, lanes H). The main
glycosylated proteins in bovine milk were, according to their
apparent molecular masses, tentatively identified as MUC-1
(160-200 kDa), butyrophilin, lactadherin, lactophorin, x -casein
(20kDa) and lysozyme (Figure 1b, lanes C). In colostrum, a
band that could correspond to orosomucoid (>400 kDa) was
also seen (Figure 1b, lane CC). Goat (lanes G) and sheep (lanes
S) showed a glycoprotein pattern similar to mature bovine milk,
while the expression of pig milk glycoproteins (lanes P) were
more similar to bovine colostrum. The glycoprotein expression
pattern in milk from horse (lane Ho), dromedary (lane D) and
rabbit (lane R) differed from the other species in terms of the
number and amounts of glycoproteins expressed, with horse
expressing the least of glycosylated proteins.

After separation by SDS-PAGE, the presence of carbohy-
drate epitopes on milk proteins were analysed by Western blot-
ting using different lectins and carbohydrate-specific antibodies
(Table 1).
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Figure 1. SDS-PAGE analysis of milk proteins showing all proteins as detected by staining with Ruby (a) and glycosylated proteins
as detected by periodate oxidation and fluorochrome conjugation (b). Milk from man (lanes H), cow (lanes C; mature cow milk,
and lane CC; cow colostrum), goat (lanes G), sheep (lanes S), pig (lanes P), horse (lane Ho), dromedary (lane D) and rabbit (lane
R) were analyzed. 11 g of total milk proteins were loaded per lane, and the total protein concentration in the milk of the various

species is shown in c.

Lectin reactivities

Tn-, as defined by V. villosa reactivity, and T-antigens, as de-
fined by A. hypogaea reactivity, were ubiquitously expressed
and could be seen on a number of milk glycoproteins from
all species investigated (Figure 2a and b). The Tn reactivity
appeared stronger than the T-antigen reactivity. Type 2 struc-
tures, as defined by E. cristagalli reactivity, were expressed
on milk glycoproteins from all species but rabbit (Figure 2c).
However, goat and sheep in particular showed a considerably
weaker staining. Expression was seen mainly on glycoproteins
of molecular masses above 66 kDa, although pig and dromedary
showed expression on a protein of around 45 kDa. U. europaeus-
reactive epitopes could be detected on various milk glycopro-
teins in all species. Staining was especially strong for proteins
from cow, goat, sheep and dromedary milk (Figure 2d). Sialy-
lated epitopes were detected by the M. amurensis (Figure 3a)
and the S. nigra (Figure 3b) lectins, with the former one be-

ing specific for «2-3-sialylated epitopes while the latter one is
specific for «2-6-linked sialic acids. The expression of these
epitopes seemed to be mutually exclusive to one another, al-
though some overlapping reactivity was seen. For instance, milk
proteins from cow, goat, sheep, dromedary and rabbit showed
strong staining with M. amurensis, but weak staining with S.
nigra. In contrast, milk proteins from man, cow colostrum and
pig showed strong staining with S. nigra, but week staining
with M. amurensis. Horse milk proteins were practically non-
reactive with M. amurensis, while strong staining could be seen
for one single protein with an apparent molecular weight of
>220 kDa with the S. nigra lectin. The milk samples from the
two pigs differed in their reactivity with the two sialic acid bind-
ing lectins. Milk proteins from both individuals showed strong
staining with S. nigra, but only one of the individuals showed
strong staining on a number of glycoproteins with M. amuren-
sis. Terminal «-galactosylated epitopes could be detected on
milk proteins of various sizes in all animal species using the
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Figure 2. Graphs of the (a) V. villosa, (b) A. hypogaea, (c) E. cristagalli, (d) U. europaeus and (e) G. simplicifolia 1B-4 | lectin
reactivities. For simplicity, only one individual of each species were analyzed, using the same individual for each lectin. The expression
levels of the carbohydrate epitopes for each species were defined by creating an intensity profile of the individual lanes for each
Western blot film using the Quantity One software (Bio-Rad). For each lectin the optical density (Y-axis; pixels) of individual lanes
was plotted against the Mr (X-axis, kDa) of detected milk proteins. Background noise in individual lanes on all films was subtracted
using a rolling disk radius value of 50 pixels. Note that the optical density values (Y-axis) vary between the different lectins. 11 ug
of total milk proteins were loaded per lane for the analyzed Western blots.
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Figure 3. Western blotting of milk proteins probed with the lectins (a) Maackia amurensis (MAA) and (b) Sambucus nigra. For MAA,
BSA conjugated with 3'Sialyl-LacNAc (100 ng) was used as a positive (+) control, while BSA (100 ng) was used as a negative (—)
control for both lectins. Abbreviations; see Figure 1. 11 ug of total milk proteins were loaded per lane.

G. simplicifolia 1B4 lectin (Figure 2e). This was also the case
for human milk proteins even though man lack «1,3-linked
galactose except as part of the blood group B determinant. The
G. simplicifolia reactivity in human milk may be explained by
a terminal «-galactose linked to another carbon but carbon 3 in
the penultimate sugar residue.

The ABH blood group antigens

Strong staining with the blood group H type 1 chain-specific an-
tibody was seen on proteins of apparent molecular weights from
66 to 220 kDa in human milk. Also, strong bands of approxi-
mately 150, 70 and 30 kDa were seen for rabbit, pig and horse
milk, respectively. The antibody also showed very weak reactiv-
ity with proteins of different sizes in milk from the other animals
investigated (Figure 4a). Expression of the blood group H type 2
antigen, as detected by an anti-H type 2 chain-specific antibody,
was seen in the milk of one of the pigs on proteins of apparent
molecular weights of 150 and 50 kDa (Figure 4b). Staining was
also seen for a protein of around 30 kDa in dromedary, rabbit,
horse and cow, albeit very weakly for the latter two species.
Man, one of the pigs and horse milk proteins showed reactivity
with an anti-A antibody (Figure 4c). In human milk, staining
was seen for proteins of apparent molecular weights of 150,
90 and 66 kDa. Reactivity with proteins of apparent molecular
weights of 150 and 50 kDa were seen in the milk of one pig.
In horse milk, binding was seen to proteins of apparent molec-
ular weights of >220 and 66 kDa. Weak reactivity with the
blood group B antigen, as detected by an anti-B antibody, was
seen on two proteins of an apparent molecular weight of 220
and 150 kDa in sheep and pig, respectively (Figure 4d). As the
pig is known to express the H and A blood group antigens only,
this binding is most likely due to cross-reactivity with the Galili
antigen (Galw 1-3GalB1-4GIcNAc), also known as the linear B
saccharide.

The Lewis blood group antigens

Le? reactivity was seen for human milk proteins of molecular
masses between 50 and 200 kDa (Figure 5a). One of the in-
dividuals showed especially strong reactivity (H; second lane,
Figure 5a). Weak staining was seen also for some animal milk
proteins, especially pig, but this reactivity was consistent with
non-specific secondary antibody binding (not shown). Sialyl-
Le? reactivity was also seen for human milk proteins of molec-
ular masses between 50 and 200 kDa. However, this staining
was, especially for one of the individuals, weaker than the Le*
reactivity (Figure 5b). Non-specific secondary antibody stain-
ing to some animal milk proteins could be seen here as well,
but in contrast to the Le® reactivity, the binding of the anti-
sialyl-Le? antibody to pig milk proteins of molecular masses
between 100 and 200 kDa was specific. Human milk proteins
of molecular masses of 45 kDa and larger showed a very strong
staining with the anti-Le® antibody. The same epitope, albeit
with considerably weaker staining intensity, was detected on
pig and horse milk proteins of apparent molecular masses of
150 and 50 kDa (pig) and >220 and 66 kDa (horse) (Figure 5c).
Milk from the rest of the animals showed a weak staining on
a few proteins of mainly low molecular weights (<50 kDa).
Milk proteins from man and pig also showed a strong staining
with an anti-Le* antibody. This was seen on human proteins of
apparent molecular masses of 45 kDa and larger, and on pig
proteins of apparent molecular masses of 66—150 and 50 kDa.
A significantly weaker staining was seen on several different
proteins from cow, goat, sheep, horse, and rabbit (Figure 5d).
In addition, milk proteins from man and pig showed staining
with an anti-sialyl-Le* antibody. These proteins have molecu-
lar weights of 90 kDa (human milk) as well as of 150, 66 and
50 kDa (pig milk). Horse milk expressed the sialyl-Le* epitope
on proteins of apparent molecular weights of >220 and 66 kDa.
A very weak staining was also seen for a cow milk protein with
an apparent molecular weight of 66 kDa (Figure 5e).
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Figure 4. Western blotting of milk proteins probed with an anti-H type 1 antibody (a), H type 2 antibody (b), A antibody (c) and B
antibody (d). BSA conjugated with H type 1 (100 ng) was used as a positive (+) control for the anti-H type 1 chain-specific antibody.
BSA (100 ng) was used as a negative (—) control for all antibodies. For abbreviations see Figure 1. 11 ng of total milk proteins were

loaded per lane.

The P blood group system

Anti-p¥, but not anti-P1, reactivity was seen on milk proteins
from man and horse (not shown). These proteins and their re-
activity with Shiga-like toxins and uropathogenic E. coli will
be described elsewhere (A. Gustafsson et al., manuscript in
preparation).

Discussion

Our results showed that the determinants and the precursor
chains of several carbohydrate epitopes known to mediate bind-
ing of pathogens were found in milk from all animals investi-
gated. The blood group antigen H type 2 was expressed on
milk proteins from cow, pig, horse, dromedary and rabbit. Fur-
thermore, NeuSAca2-3LacNAc, the epitope recognized by the
lectin M. amurensis, and also the precursor for sialyl-Le*, was
expressed on milk proteins from all species investigated, with
especially strong staining on cow, dromedary and rabbit milk
proteins. Several different fucosyltransferases (FUT III-VII)
can biosynthesize sialyl-Le* from NeuSAca2-3LacNAc [25-
27]. The Le® epitope is produced by the action of FUT III,
an enzyme adding fucose in an «1-4 linkage to the GlcNAc

residue in H type 1 [28]. The blood group antigen H type 1, as
well as its precursor, the type 1 chain, was expressed on milk
proteins from all animals investigated. Transgenic expression of
the above mentioned fucosyltransferase genes in the mammary
gland of these animals could therefore result in the production
of the Lewis blood group antigens Le® and sialyl-Le*, which are
known binding epitopes for Helicobacter pylori. This pathogen
infects some 50% of the world population and in 10% of these
cases, infection results in the development of peptic ulcer dis-
ease, mucosa-associated lymphoid-tissue (MALT) lymphoma
or gastric adenocarcinoma [29,30]. Both human and bovine
milk has been shown to have protective properties against H.
pylori [6,31-33], although this protection was not linked to ex-
pression of Le® and sialyl-Le* carbohydrate epitopes. Human,
pig and horse milk proteins were found to also express the Le®
and sialyl-Le* carbohydrate epitopes. The binding properties
of H. pylori to different glycoconjugates have been extensively
studied, and a number of binding specificities identified [34—
39]. H. pylori binding to different carbohydrate structures are
mediated by adhesins expressed on its surface. Two of these, the
BabA and the SabA adhesins have been purified and character-
ized. The BabA adhesin mediates binding to Le® [34,40] while
the SabA adhesin preferentially binds sialyl-Le* [41,42]. The
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Figure 5. Western blotting of milk proteins probed with an anti-Le? antibody (a), sialyl-Le? antibody (b), Le® antibody (c), Le*
antibody (d), and sialyl-Le* antibody (e). For the anti-Le®, anti-Le*, and the anti-sialyl Le* antibodies, Le®-BSA (100 ng), Le*-BSA
(100 ng) and sialyl Le*-BSA (100 ng), respectively, were used as positive (+) controls and BSA (100 ng) as a negative (—) control.
For abbreviations, see Figure 1. 11 ug of total milk proteins were loaded per lane.

expression of Le® and sialyl-Le* on milk proteins from different
pig breeds and its potentially inhibitory effect on H. pylori col-
onization is currently being investigated (A. Gustafsson et al.,
manuscript in preparation).

Enteropathogenic Escherichia coli (EPEC) is in developing
countries one of the main causes of infantile diarrhea and death
in children less than five years of age [43]. Localized adherence
of this bacterium to HEp-2 cells was inhibited by fucosylated
human milk oligosaccharides e.g. H type 1, Le® and Le* [44].
The heat-stable toxin (ST) of enterotoxic E. coli (ETEC) is also
known to cause infantile diarrhea, although its pathogenic ef-

fect is less aggressive compared to EPEC [45]. Suckling mice
were protected from ST by a minor, non-identified fucosylated
oligosaccharide in human milk [46]. Also, infants whose moth-
ers expressed more 2-linked (H type 1 and 2) than non 2-linked
(Le* and Le*) fucosyloligosaccharides in their milk exhibited
higher protection against ST [47]. Finally, the expression of the
H type 2 blood group antigen in human milk was shown to in-
hibit binding and infection by Campylobacter jejuni, another
common cause of infantile diarrhea [18]. All of these epitopes
were identified on human milk proteins, but some of the epi-
topes were also clearly expressed in animal milk, especially in
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pig, but also in horse, dromedary and rabbit milk. S-fimbriated
E. coli, a pathogen causing sepsis and meningitis in neonates,
have been shown to recognize the NeuSAcw2-3Galg1-4 se-
quence in oligosaccharides [48]. The same structure could be
recognized on human milk glycoproteins and brain microvas-
cular endothelial cells [9,49]. As stated above, this epitope was
present in milk from all species (as part of the structure recog-
nized by the lectin Maackia amurensis), although staining of
man and horse milk proteins was very weak.

For the production of large volumes of milk from genetically
modified animals, cow would be the immediate choice consid-
ering its already established status as a milk producer in the
industrialized world. However, for production of certain car-
bohydrate epitopes, transgenic expression of several different
glycosyltransferases might be necessary. It remains to be shown
whether this would actually result in production of the desired
carbohydrate epitopes, if pathogen binding can be achieved,
and if the amounts produced of specific carbohydrate epitopes
are enough for pathogen inhibition. These factors will depend
on the capability of the expressed glycosyltransferases to utilize
preexisting milk glycoconjugates, but also on the binding pref-
erences of the pathogen considering the fact that inner saccha-
ride core structures have been shown to affect the conformation
of terminal carbohydrate epitopes.

In conclusion, we have shown that the carbohydrate epi-
topes, and/or their precursor structures, recognized by different
pathogens were expressed on milk proteins from several of the
animals investigated. The study is of importance as it gives some
general information regarding the carbohydrate structures ex-
pressed on milk proteins from different animals. However, the
expression of carbohydrate epitopes can be both individual- and
breed-specific, therefore more specific information regarding
the carbohydrate epitopes expressed in a given breed of a par-
ticular species will necessarily have to include a larger number
of animals. The results presented here may provide some initial
guidance as to the animal of choice for a potential establishment
of milk as a therapeutic agent for pathogen inhibition.
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