
FUNCTIONAL LIPID CONSTRUCTS TECHNICAL FIELD The
invention relates to methods for effecting qualitative
and quantitative changes in the functional moieties
expressed at the surface of cells and multi-cellular
structures, and functional lipid constructs for use in
such methods. In particular, the 'invention relates to
functional lipid constructs and their use in
diagnostic and therapeutic applications, including
serodiagnosis, where the functional moiety is a
carbohydrate, peptide, chemically reactive group,
conjugator or fluorophore . BACKGROUND ART The ability
to effect qualitative and quantitative changes in the
functional moieties expressed at the surface of
liposomes, cells and multi-cellular structures
provides for a range of diagnostic and therapeutic
applications. A functional moiety may be a
carbohydrate, peptide, chemically reactive group (e.g.
maleimide) , conjugator (e.g. biotin) or fluorophore
(e.g. fluorescein). The specification accompanying
international application number PCT/NZ2005/000052
(publication number WO 2005/090368) describes the
preparation of carbohydrate-lipid constructs for use
in methods of effecting qualitative and quantitative
changes in the level of carbohydrates expressed at the
surface of cells and multi-cellular structures. The
use of the constructs to prepare quality control cells
for use in blood grouping and diagnostics is
described.The specification accompanying international
application number PCT/NZ2006/00024-5 (publication
number WO 2007/035116) describes another method for
the preparation of carbohydratelipid constructs where
the carbohydrate is the polymer hyaluronic acid. The
use of the constructs to modify embryos to promote
association with endometrial cells is described. The
specification accompanying international application
number PCT/NZ2007/000256 (publication number WO
2008/030115) describes the preparation of
fluorophore-lipid constructs. The use of the
constructs in methods o f fluorescently labeling cells
is described. Known methods of effecting changes in
the peptides expressed at the surface of cells include
gene manipulation, chemical modification of membrane
peptides, and "cell surface painting" using lipid
anchors such as GPI (Legler e t al (2004), McHugh e t
al (1995), Medof et al (1996), Metzner e t al (2008),
Morandat e t al (2002), Premkumar et al (2001), Ronzon
et al (2004), Skountzou et al (2007)). In addition to
these methods of effecting changes of endogenously
expressed peptides, exogenously prepared peptides may
be coupled to lipids of the membrane utilising
biotinavidin conjugation. Biotin binds to the
tetrameric protein avidin with a dissociation constant
(K ) of the order O 15 mol/L. This strong binding is
exploited in a number of laboratory applications. In
these laboratory applications biotin is linked to a
molecule such as a carbohydrate or a peptide. The
preferential binding of avidins to biotin is exploited
in anumber of isolation or separation applications in
addition to 



the coupling of peptides to the lipids of membranes.
The specification accompanying international
application no. PCT/NZ02/00214 (publication no. WO
03/039074) describes a "two-step method" of localizing
an antigen such as a peptide to the surface of cells.
In the method the biotinylated glycoside (BioG) is
contacted with a suspension of cells for a time and at
a temperature sufficient to allow the BioG molecules
to incorporate via their diacyl lipid tails into the
cell membrane of the cells. An exogenously prepared
avidinylated peptide may then be localized to the
surface of the BioG modified cells by contacting the
peptide with the modified cells. Alternatively, an
exogenously prepared biotinylated peptide may be
localized to the surface of the modified cells via a
biotin-avidin bridge. In either alternative of the
"two-step method" the amount of peptide localized to
the surface of the cells may be controlled by
controlling the concentration, time and temperature at
which the BioG molecules are contacted with the
suspension of cells to provide the modified cells.
However, the utility of the method is limited by the
availability and dispersibility of BioG in
biocompatible media such a saline. The specification
accompanying international application no.
PCT/NZ2005/000052 (publication no. WO 2005/090368)
describes a "one-step method" of localizing
carbohydrate antigen to the surface of cells. The
"one-step method" utilizes carbohydrate-lipid
constructs that are dispersible in biocompatible media
and can therefore be used to preparemodified cells
without l.oss -of vitality. However, a method o f
preparing peptide-lipid constructs with comparable
dispersibility in biocompatible media and of general
applicability to peptides has not been described.
Relatively little work has been performed on the
coupling of peptides to" phospholipids as individual
components prior to their incorporation in self
assembling lipid structures, such as liposomes.
However, a variety of standard techniques have been
described for the covalent coupling of peptides to
liposome surfaces . Martin et al (1990) has reviewed
methods of attaching moieties including peptides, to
the surface of liposomes. Blume et al (1993) describes
the coupling of the water soluble Glu-plasminogen to
liposomes by the method described by Kung and Redemann
(1986). The chemical ECDI (l-ethyl-(3-
dimethylaminopropyl) carbodiimide hydrochloride) is
used to activate the liposomes prior to incubation of
the activated liposome suspension with
Glu-plasminogen. Proteo-PEG-coated liposomes with
Glu-plasminogen covalently attached to the ends of the
distearylyphosphatidylethanolamine (DSPE) -PEG-COOH
are provided. Haselgr bler et al (1995) describes a
heterobifunctional crosslinker used to facilitate the
preparation o f immunoliposomes . The crosslinker is
synthesised from a diamine derivative of poly
(ethylene glycol) (PEG, average molecular weight 800
dalton (lQmer) ). The crosslinker has 2- (pyridylthio)
propronyl (PDP) and N-hydroxysuccinimide ester 



(NHS) as functional groups. v .Ishida et al (2001)
describes the preparation of liposomes bearing
polyethylene glycol-coupled trasnferrin. Transferrin
was conjugated via the terminal carboxyl residue of
DSPE-PEGCOOH. The liposomes were proposed as having
utility in in 'vivo cytoplasmic targeting of
chemotherapeutic agents or plasmi 'd DNAs to target
cells. Massaguer et al (2001) describes the
incorporation of a peptide sequence (GGRGRS) and
hydrophobic derivatives to the surface of chemically
activated liposomes. The incorporation was carried out
through the carboxyl group of N-glutaryl dipalmitoyl
phosphatidyl choline (NGPE) . Massaguer et al (2001)
noted that considering potential in vivo applications,
where sterility and simplicity would be some of the
most important requirements, processes based on
chemical reactions on the surface of liposomes
involving extra steps would be more difficult to be
scaled up at the industrial level . A hydrophobic
derivative of the peptide sequence was identified as
providing optimal properties for incorporation to the
surface of liposomes. Chung et al (2004) describe the
antigenic determinant shielding effect of DOPE-PEG
incorporated into the membranes of cells and
speculated concerning the potential of lipid- PE G (n
) (s) to regulate biological cell responses and the
extension of this concept to the introduction of
functional molecules at the end of the PEG chain. Kato
et al (2004) describe a method for anchoring of
macromolecular proteins into the membranes of living
mammalian cells. A dioleylphosphatidylethanolamine
(DOPE) derivative coupled with hydrophilic poly
(ethylene glycol) (PEG80) wasused as the synthetic
membrane anchor. Peptides were conjugated at the
distal terminal of the PEG moiety via an
amino-reactive N-hydroxysuccinimide derivative of the
synthetic membrane anchor. The PEG80 moiety
facilitated solublisation of the synthetic membrane
anchor in water. As noted by Kato et al (2004) if the
anchor is insoluble in water, undesirable and
complicated processes such as liposome preparation and
the fusion of liposomes with the cell membrane may be
required to anchor the conjugates into the cell
membrane. An additional advantage noted by Kato et al
(2004) was that synthetic membrane anchors with high
hydrophile-lipophile balance values (attributable to
PEG spacer with a high number of oxyethylene units)
were concluded to have no cytolytic activity. However,
difficulties arise in the use of synthetic membrane
anchors including a PEG spacer with a high number of
oxyethylene units. Firstly, the expression of the
conjugative peptide or other endogenous cell surface
peptides may be masked by the PEG spacer. Secondly, a
PEG spacer with a high number of oxyethylene units may
elicit non-specific adherence of protein (including
antibodies in certain individuals) and/or the non
specific activation of the complement cascade. Winger
et al (1996) describes the conjugation of
bromoacetylated DSPE with a thiol terminated
decapeptide comprising at its C-terminus the minimal
human thrombinreceptor 



peptide agonist (HS SerPheLeuLeuArgAsn) .Hashimoto et
al (1986) describes the conjugation of iodoacetylated
DSPE with thiolated compounds. A need exists for a
general method of preparing peptide-lipid constructs
that may be incorporated as individual components in
self assembling lipid structures, such as liposomes,
by a "one-step method". The method should desirably
provide peptide-lipid constructs that are readily
dispersible in biocompatible media and spontaneously
incorporate in to the membranes of cells and
multi-cellular structures. Peptide-lipid constructs
with these characteristics are anticipated to have
utility in a range of therapeutic and diagnostic
applications, especially serodiagnosis, in addition to
the preparation of functionalized liposomes. It is an
object of this invention to provide functional-lipid
constructs that are dispersible in biocompatible media
and spontaneously incorporate into the membranes of
cells and multi-cellular structures. It is an object
of this invention to provide functional-lipid
constructs for use in the preparation of peptide-lipid
constructs that are dispersible in biocompatible media
and spontaneously incorporate into the membranes of
cells and multi-cellular structures. It is an object
of this invention to provide peptide-lipid constructs
that are dispersible in biocompatible media and
spontaneously incorporate into the membranes of cells
and multi-cellular structures. These objects are to be
read disjunctively with the object toat least provide
the public with a useful choice DISCLOSURE OF
INVENTION In a first aspect the invention provides a
functional lipid construct of the structure F-S-L
where F is a functional moiety, L is a diacyl or a
dialkyl lipid, and S is a spacer covalently linking F
to L including the substructure: where g i s the
integer 1, 2 or 3, Mi s a monovalent cation or
substituent, and * i s other than H. - Preferably, the
substructure i s : where h is the integer 1 , 2 , 3 or
4. Preferably, g is the integer 2 and h is the integer
1 , 2 or 4 Preferably, M is H or CH3.Preferably, L is
a diacylglycerophospholipid. More preferably, L is
phosphatidylethanolamine . Preferably, the structure
of the functional lipid construct includes the partial
structure: where v is the integer 3 , 4 or 5 , M ' is
a monovalent cation, and R i and R are independently
selected from the group consisting of: alkyl or
alkenyl substituents of the fatty acids
trans-3-hexadecenoic acid, cis-5-hexadecenoic acid,
cis- 7-hexadecenoic acid, cis-9-hexadecenoic acid,
cis- b- octadecenoic acid, cis-9-octadecenoic acid,
trans-9- octadecenoic acid, trajis-ll-octadecenoic
acid, cis-11- octadecenoic acid, cis-11-eicosenoic
acid or cis-13-docsenoic acid. Preferably, F is a
functional moiety selected from the group consisting
of: carbohydrate, peptide, chemically reactive group,
conjugator or fluorophore.In a first alternative of
the first aspect the invention provides a functional
lipid construct of the structure: 



where F is a carbohydrate, x is the integer 2 , 3 or 4
, y is the integer 1 , 2 or 3 , and R3 is O of a
substituted hydroxyl of the carbohydrate. [followed by
page 11]In a second alternative of the first aspect
the invention provides a functional lipid construct of
the structure: where F is a peptide, w is the integer
1 or 2 , and R is S of a substituted sulfhydryl of a
Cys residue of the peptide. [followed by page 12]In a
third alternative of the first aspect the invention
provides a functional lipid 'construct of the
structure: where F is the chemically reactive group
maleimide and w is the integer 1 or 2 . [followed by
page 13]In a fourth alternative of the first aspect
the invention provides a functional lipid construct of
the structure: ) w where F is the conjugator biotin
and k is the integer 2 , 3 or 4 . [followed by page
14]In a fifth alternative of the first aspect the
invention provides a functional lipid construct of the
structure: where F is the fluorophore of fluorescein
(or one .of its _ derivatives) , z is the integer 3 ,
4 or 5 , and R 3 is C of the thiocyanate substituent
of the isothiocyanate derivative of fluorescein (or
one of its derivatives) . Preferably, the substructure
is: designated MCMG(I);designated MCMG (2 ) ;
designated CMG ( I ) ; or designated CMG (2) . In a
second aspect the invention provides a water soluble
peptide-lipid construct of the structure F-S-L where S
is a spacer linked to F via a sulphide bond and
includes the substructure: where g is the integer 1 ,
2 or 3 , M is a monovalent cation or substituent, and
is other than H .Preferably, the substructure is:
where h is the integer 1 , 2 , 3 or 4 . Preferably, g
and h are the integer 2 . Preferably, M is H or CH3.
Preferably, L is a diacylglycerophospholipid. More
preferably, L is phosphatidylethanolamine. [followed
by page 17]Preferably, the structure of the
peptide-lipid construct includes the partial
structure: where v is the integer 3 , 4 or 5 , M ' is
a monovalent cation, and R i and R .2 are
independently selected from the group consisting of:
alkyl or alkenyl substituents of the fattyacids
tra.ns-3-hexadecenoic acid, cis-5-hexadecenoic acid,
cis- 7-hexadecenoic acid, cis-9-hexadecenoic acid,
cis-6- octadecenoic acid, cis-9-octadecenoic acid,
trans-9- octadecenoic acid, trans-11-octadecenoic
acid, cis-11- octadecenoic acid, cis-11-eicosenoic
acid or cis-13-docsenoic acid. [followed by page
18]Preferably, the structure of the peptide-lipid
construct includes the partial structure: where w is
the integer 1 or 2 , and R3 is S of a substituted
sulfhydryl of a Cys residue of the peptide. [followed
by page 19]In an embodiment of the ,second aspect the
invention provides a peptide-lipid construct of the
structure: 



where the sum of x and y is greater than 5 .
Optionally, F is a peptide including a proximal
terminal sequence (PTS) selected to promote solubility
of the peptide In a preferment of this option, the PTS
of the peptide is selected from the group consisting
of: SerLysLysLysLysGly AIaAIaAIaAIa GlySerGlySerGly
Preferably, the Cys residue is a terminal Cys residue
of the peptide (Cys ).Preferably, the terminal
sequence of the peptide is selected from the group
consisting of: GlyLysLysLysLysSer Cys AlaAl aAl
aAlaCys GlySerGlySerGly Cys CysSerLysLysLysLysGly CysA
laAlaAlaAla CysGlySerGlySerGly Preferably, the Cys
residue is a terminal Cys residue of the peptide at
the carboxy-terminus of the peptide. Preferably, F is
a peptide comprising an epitope of antigens selected
from the group consisting of: Glycophorin A ,
Glycophorin B , or mutations thereof (including the
MNS blood group system) . More preferably, F is a
peptide selected from the List of Peptides . Most
preferably, F is a peptide selected from the group
consisting of:
GlnThrAsnAspLysHisLysArgAspThrTyrAlaAlaAlaAlaAlaCys
GlnThrAsnAspLysHisLysArgAspThrTyrGlySerGlySerGlyCy_s_
GlnThrAsnAspMetHisLysArgAspThrTyrGlySerGlySerGlyCy_s_
SerSerGlnThrAsnAspLysHisLysArgAspThrTyr Cys
ThrTyrProAlaHisThrAlaAsnGluVal Cys
ThrTyrProAlaHisThrAlaAsnGlu Cys
ProAlaHisThrAlaAsnGluVal Cys
SerGlnThrAsnAspLysHisLysArgAsp Cys
CysThrTyrProAlaHisThrAlaAsnGluPreferably, L is a
glycerophospholipid selected from the group consisting
of: 1 ,2-0-dioleoyl-sn-glycero-3-
phosphatidylethanolamine (DOPE) and 1
,2-O-distearyl-suglycero- 3-phosphatidylethanolamine
(DSPE) . In an exemplifying first embodiment of the
second aspect the invention provides a peptide-lipid
construct of the structure: designated DOPE-Ad-CMG (2)
-bAla-Mal-PTS-Milt (K) (IX ) .In an exemplifying
second embodiment of the second aspect the invention
provides a peptide-lipid construct of the structure:
designated DOPE-Ad-CMG (2) -bAla-Mal-Milt (K, M ) (X)
[followed by page 23]In an exemplifying third
embodiment of the second aspect the invention provides
a peptide-lipid construct of the structure: where Ri
and R2 are both (CH2 ) 7CHCH (CH2 ) 7 and designated
DOPEAd- CMG (2 ) - bAla-Mal-Mur (D14C) (XI) .
[followed by page 24 ]In an exemplifying fourth
embodiment of the second aspect the invention provides
a peptide-lipid construct of the structure: where R i
and R2 are both (CH2 CHCH(CH 2 ) and designated
DOPEAd- CMG (2) -bAla-Mal-Syph(V8C) (XII) . In a third
aspect the invention provides a method of detecting
reactive antibody in the serum of a subject including
the steps of:  Contacting a sample of the serum with a
suspension of 



cells modified to incorporate a functional lipid
construct (F-S-L) of the first or second alternatives
of the first aspect of .the invention or a
peptide-lipid construct of the second aspect of the
invention to provide a mixture; Incubating the mixture
for a time and at a temperature sufficient to allow
agglutination; and  Determining the degree of
agglutination of the cells in the mixture; where : F
is a carbohydrate or peptide comprising an epitope for
the reactive antibody. Optionally, the method includes
the intermediate step of:  Adding an anti-subject
globulin antibody to the mixture prior to determining
the degree of agglutination of the cells of the
mixture. Preferably, the anti-subject globulin
antibody is anti-human globulin (AHG) antibody.
Optionally, where F is a peptide, the method includes
the preliminary step of:  Adding an amount of the
peptide to the sample of the serum; where the amount o
f the peptide is sufficient to neutralize non-specific
agglutination or confirm specificity of the reactive
antibody.Preferably, the reactive antibody is reactive
to an antigen selected from the group consisting of:
Glycophorin A , Glycophorin B , or mutations thereof
(including the MNS blood group system) . - Preferably,
the subject is a human. Preferably, the cells are red
blood cells. In a third aspect the invention provides
a method of preparing a peptide-lipid construct of the
second aspect of the invention including the step of:
Reacting a peptide including a Cys residue with a
functional lipid construct of the third alternative of
the first aspect of the invention. In a fourth aspect
the invention provides a method of effecting
qualitative and quantitative changes in the functional
moieties expressed at the surface of a cell or a
multi-cellular structure including the step of:
contacting the cell or multi-cellular structure with a
solution of a functional lipid construct of the first
aspect of the invention for a time and at a
temperature sufficient to allow the construct to
incorporate into the cell or multi-cellular
structure.In a fifth aspect the irwention provides a
method of immobilizing one or more cells or
multi-cellula'r structures including the steps of:
Contacting the cells or multi-cellular structures with
a solution of constructs of the fourth alternative of
the first aspect of the invention for a time and at a
temperature sufficient to allow an effective amount of
the constructs to incorporate into the cells or multi
cellular structures to provide modified cells or multi
cellular structures; and  Contacting the modified
cells or multi-cellular 



structures with an avidin-coated substrate capable of
being reversibly localized to a surface. Preferably,
the avidin-coated substrate is selected from the group
consisting of: avidin-coated magnetic beads.
Preferably, the being reversibly localized to a
surface is by application of a magnetic field.
[followed by page 28]In an embodiment of the fifth
aspect the invention provides a method of immobilizing
one or more cells or multi-cellular structures
including the steps of:  Contacting the cells or
multi-cellular structures with a dispersion of
constructs of the structure: for a time and at a
temperature sufficient to allow an effective amount of
the construct to incorporate into the cells or
multi-cellular structures to provide modified cells or
multi-cellular structures;  Contacting the modified
cells or multi-cellular structures with avidin-coated
magnetic beads; and  Applying a magnetic field to
localize the beads to a surface;where R1 and R2 are
both (CH2)7CHCH (CH2)7. In a sixth aspect the
invention provides a method of promoting the
aggregation of a first and second population of cells
including the steps of:  Contacting the first
population of cells with a solution of constructs of
the fourth alternative of the first aspect of the
invention for a time and at a temperature sufficient
to allow an effective amount of the constructs to
incorporate into the cells to provide modified cells
of the first population;  Contacting the second
population of cells with a solution of constructs of
the fourth alternative of the first aspect of the
invention for a time and at a temperature sufficient
to allow an effective amount of the constructs to
incorporate into the cells to provide modified cells
of the first population;  Contacting the modified
cells of one of the populations with an excess of
avidin; and then  Contacting the modified cells of the
first and second populations .In an embodiment of the
.sixth aspect the invention provides a method of
promoting the aggregation of a first and second
population of cells including the steps of:
Contacting the first population of cells with a
solution of constructs of the structure for a time and
at a temperature sufficient to allow an effective
amount of the constructs to incorporate into the cells
to provide modified cells of the first population;
Contacting the second population of cells with a
solution of the constructs for a time and at a
temperature sufficient to allow an effective amount of
the constructs to incorporate into the cells to
provide modified cells of the first population;
Contacting the modified cells of one of the
populations with an excess of avidin; and then
Contacting the modified cells of the first and second
populations . 



In all aspects of the invention M is typically H+, but
may be replaced by another cation such as Na+, K+ or
NH + or monovalent substituent such as CH3 . The
notation M ' excludes M being a monovalent substituent
such as CH3. For the most part amino acid residues of
peptides are identified according to Table 3 of
Appendix 2 of Annex C of the Administrative
Instructions under the Patent Cooperation Treaty dated
7 February 2007 and in accordance with the convention:
H2N-XaaXaaXaa XaaXaaXaa-COOH In Tables the
corresponding one-letter codes for amino acid residues
may be employed to provide Tables of acceptable
dimensions . In the description and claims of the
specification the following acronyms, terms and
phrases have the meaning provided: "Avidins" means the
biotin-binding tetrameric protein produced in the
oviducts of birds, reptiles and amphibians and
deposited in the whites of their eggs, its
biotin-binding homomers and biotin-binding modified
forms thereof including EXTRAVIDIN(tm),
NEUTRAVIDIN(tm) and NEUTRALITE(tm)."Biotin-binding"
means non-covalent binding to the biotin moiety with a
dissociation constant (KD) under biocompatible
conditions of the order ICT15 M . "Diagnostic marker"
means a molecule, the presence of which in a body
fluid of a subject is diagnostic of a phenotype or
pathological condition of the subject. "Dispersible in
biocompatible media" means capable of forming a
stable, single phase system in a medium at a
concentration sufficient to effect qualitative and
quantitative changes in the functional moieties
expressed at the surface of a cell or a multi-cellular
structure without loss of vitality. "(or one of its
derivatives)" means a chemical modification of the
chemical structure to provide a fluorophore with
substantially equivalent physico-chemical properties,
but modified spectral characteristics. "MNS blood
group system means blood group antigens or epitopes of
those antigens and mutations which are present on
either glycophorin A , glycophorin B or mutations
which result in glycophorin A/B hybrids. "pcv" means
packed cell volume. "Proximal terminal sequence" means
that portion of the peptide sequence proximal to the
amino- or carboxy- terminus of the peptide (F) .
"Reactive antibody" means an immunoglobulin, the
presence of which in a body fluid of a subject is
diagnostic of a phenotype or pathological condition of
the subject."RBC" means red blood cells. "Water
soluble" means a stable, single phase system is formed
when the construct is contacted with water or saline
(such as PBS) at a concentration of at least 100 mg/ml
and in the absence of organic solvents or detergents.
The terms "soluble" and "dispersible" are used
synonymously. Exemplifying embodiments of the
invention will now -be described in detail with
reference to the Figures of the accompanying drawings
pages. 



BRIEF DESCRIPTION OF DRAWINGS Figure 1 . 1H-NMR
spectrum of the construct DOPE-Ad-CMG (I )amine (11)
(5 mg/ml in D2O/CD 3OD 2:1 d ppm) . Figure 2 .
MALDI-TOF MS spectrum of DOPE-Ad-CMG (I
)-bAla-Mal-Syph (V8C) (XII) (FLEX-PC (Bruker), DHB).
Figure 3 . 1H-NMR spectrum of the construct
DOPE-Ad-CMG (I) -bAla-Mal- Syph (V8C) (XII) (7 mg/ml
in D2O/CD 3OD 4:1, pH c . 7.5; 600 MHz, 30 C, d ppm) .
, Figure 4 . 1H NMR spectrum of Biotin-CMG (2)
-Ad-DOPE (I) (2.5 mg/ml in CD3OD/D 2O 1:1, d ppm, 600
MHz). Figure 5 . ESI-MS spectrum of Biotin-CMG (2)
-Ad-DOPE (I) (ThermoFinnigan LCQDecaXP (negative mode,
30% MeOH) ). Figure 6 . Fluorescence microscopy of
avidin AF labelled red blood cells modified with the
construct designated Biotin-CMG (2) -Ad-DOPE (I) (1
mg/mL) and stored for 14 days.Figure 7 . Fluorescence
micros.copy of avidin AF labelled zona-free D3 . 5pc
murine embryos modified with the construct designated
Biotin-CMG (2 )-Ad- DOPE (I) (0 . 1 mg/mL) (40Ox
magnification) . Figure 8 . Fluorescence confocal
microscopy of an avidin AF labelled Biotin-CMG (2)
-Ad-DOPE (I) modified murine embryo. Figure 9.
Attachment of streptavidin beads t o spermatozoa
following modification of the spermatozoa by
incubation with the construct designated Biotin-CMG (2
)-Ad-DOPE (I) . Figure 10. Retention by streptavidin
beads of following modification of the RBCs by
incubation with the construct designated Biotin-CMG
(2) -Ad-DOPE ( I ) Figure 11. Structure of the
construct designated Biotin-CMG (2 )-Ad-DOPE. Figure
12. RL95-2 monolayers modified with 20, 100 and 500
mg/mL biotin- CMG (2) -Ad-DOPE or media alone i n
serum-free media (A, C, E and G) and serum-containing
media (B, D, F and H) . Figure 23. Addition of Avidin
Alexa Fluor(r) 488 t o RL95-2 monolayers modified with
biotin-CMG (2) -Ad-DOPE. Fluorescence microscopy
images of cells after addition of Avidin Alexa
Fluor(r) 488 incubated at 37 C show fluorescence
starts t o internalize within 4 hr (C) and i s present
i n the cell interior i n 24 hr (E) . No
internalization was observed when cells were incubated
at 4 C (D, F) . DETAILED DESCRIPTION The invention
resides primarily i n conjugating functional moieties
t o a diacyl or dialkyl lipid (L) via a spacer (S) t o
provide a construct (F-S-L) that i s dispersible i n
biocompatible media, but will also spontaneously
incorporate into the lipid bilayer of a cell membrane
or multi-cellular structure .The invention resides
secondarily in the use of the selected structural
motif (CMG) in the applications described and the
advantages that accrue from using this structural
motif and derivatives thereof. Despite the advances in
cell surface modification described in the
specifications accompanying the international PCT
applications referred to under the heading Background
Art, the availability of constructs for use in the
"one-step method", in particular peptide-lipid
constructs, and the availability of BioG for use in
the "two-step method", places a limitation on the
broad application of these methods. For example, a
two-step method of localizing peptide antigen to the
surface of cells or multi-cellular structures that 



avoids the use of BioG, or other conjugates obtained
from biological sources, is desirable. Although it was
recognized that the biotinylation of the
carbohydrate-lipid constructs described in the
specification accompanying international application
no. PCT/NZ2005/000052 provided a substitute for BioG
in the "two-step method", it remains desirable to be
able to use a biotin-lipid construct that has the
favourable properties of these biotinylated
carbohydrate-lipid constructs and could be used in the
"onestep method" . In contrast with the preparation of
constructs where the function (F) is a carbohydrate,
the preparation of constructs where F is a peptide
presents additional technical problems. Firstly, it is
desirable for the peptide (F) ligated to the LS or S-L
moiety to be dispersible in water such as a
buffered.solution of solutes, e.g. PBS, or at least a
biocompatible solvent. Overcoming this difficulty may
require the selection of a proximal terminal sequence
(PTS) to promote solubility without modifying the
desired biological properties of the construct.
Secondly, it is desirable for the peptide-lipid
construct to be dispersible in water, or at least a
biocompatible buffered solution or serum, according to
the requirements of the proposed application (i.e. it
is desirable for the construct to be "water soluble"
as defined herein) . Overcoming this difficulty
requires the selection of a spacer (S) to promote
solubility of the construct. Thirdly, where the
proposed application is the modification of cells such
as red blood cells (RBCs) for use in diagnostic
applications, or as quality controls in blood group
typing, it is required for the construct to be
dispersible in a biocompatible buffered solution
without participating in antigen-antibody cross
reactivity not specific to the diagnostic peptide or
blood group type antigen. Satisfying this requirement
requires the identification of suitable structural
motifs for the spacer (S) and/or proximal terminal
sequence (PTS) when the latter is present. Where the
application is for use in the modification of the
surface of cells or multi-cellular structures (e.g. an
embryo) with a view to promoting the association of
the modified cell or modified multi-cellular structure
with a target surface (e.g. the endometrium) exposing
the cell or multi-cellularstructure to solvents or.
buffered solutions that are not biocompatible must be
avoided. Fourthly, the presentation of the peptide of
the peptide lipid construct at the surface of the
modified cell or multi cellular structure will have an
influence on the extent of cross reactivity with
diagnostic markers. The ability to localise peptides
to the surface f cells or multi-cellular structures
via a residue proximal to either the N- or C- terminus
of the peptide may allow the naturally occurring
configuration of the peptide sequence relative to the
cell surface to be approximated. The presentation of
the peptide sequence in the tertiary (or quaternary)
structure of the parent polypeptide (or protein) may
therefore be mimicked. It is contemplated that
peptides 



may be localised to the surface of cells via multiple
residues. For example, where both a residue proximal
to the amino terminus and a residue proximal to the
carboxyl terminus are used to localise the peptide a
"looped" configuration of the peptide may be promoted
at the surface. The poly-ethylene glycol (PEG) spacer
of known peptide-lipid constructs is selected to
provide solubility. However, polymers of PEG may
interfere with the expression and function of the
peptide at the surface. The as yet unpublished
specification accompanying international application
number PCT/NZ2008/000239 describes the preparation of
peptide-lipid constructs for use in methods of
effecting qualitative and quantitative changes in the
level of peptides expressed at the surface of cells
and multicellular structures where an oligomer of
ethylene glycol is used as a spacer covalently linking
lipid of the construct to the peptide moiety. The use
of the constructs to prepare cells for use in
serodiagnosis is described. In the peptide-lipid
constructs of the present invention the structural
motif designated CMG is used as a component (Si) of
the spacer (S) covalently linking the lipid (L) and
peptide (F). Inclusion of this structural motif
provides a degree of rigidity to the spacer,
distancing the functional moiety (peptide) of the
peptide-lipid construct from the surface of the
modified cell or multi-cellular structure. It will be
recognized that this attribute of the invention may be
favourably applied to the development of other
functional lipid constructs as demonstrated here with
reference to the use of constructs including this
structural motif where the functional moiety is a
carbohydrate, such as the glycotope of the antigens of
the ABO blood grouping, a fluorophore such as
fluorescein (or one of its derivatives), or a
conjugator, such as biotin. Biotin ([3aS-(3aa, 4b,
6aa)]-hexahydro-2-oxo-lH-thieno [3, 4- d
]imidazole-4-pentanoic acid) is a water soluble
vitamin of the B complex, also referred to as vitamin
H . Biotin is a growth factor present in minute
amounts in every living cell. The compound plays an
indispensible role in numerous naturally occurring
carboxylation reactions, including the production of
fatty acids. Biotin has a solubility (25 0C ) in water
of approximately 22 mg/100 mL and approximately 80
mg/100 mL in 95% alcohol. The compound has increased
solubility in hot water and m dilutealkali, but is
relatively insoluble in other common organic solvents.
The ability to localize this functional moiety to the
surface of cells and multi-cellular structures
provides a number of applications as demonstrated.
Whilst not wishing to be bound by theory it is
believed that the properties of the functional lipid
constructs may be modified and refined to suit
particular applications by by selection of the cation
(M +) or derivation of the free carboxyl groups of the
structural motif to provide modified structural
motifs, e.g. by substitution with methyl (CH3; MCMG) .
The properties of the functional-lipid constructs for
use in the claimed methods must be such that they can
be readily 



dispersed in biologically compatible media in the
absence of solvents or detergents, but incorporate
into the lipid bilayer of a membrane when a solution
of the construct is contacted with a suspension of
cells or multi-cellular. Peptide-lipid constructs with
these potentially conflicting properties are prepared
by selection of other components of the spacer (S) in
addition to the inclusion of the unmodified (CMG) or
modified (e.g. -MCMG) structural motif and/or the
inclusion of a proximal terminal sequence (PTS) in the
peptide (F) . The preparation of the peptide-lipid
constructs where S is linked to F via a sulphide bond
formed with a terminal Cys (Cys ) residue of the
peptide at the carboxy-terminus of the peptide is
preferred as the peptide is less prone to oxidation.A
range of peptides may therefore be prepared as
peptide-lipid constructs for use in methods of
effecting qualitative and quantitative changes in the
levels of peptide expressed at the surface of cells
and multi-cellular structures. A particular advantage
of the biotin-lipid constructs is that they permit
cells or multi-cellular structures to be localized to
surfaces with minimal detriment to the biological
activity and viability of the cells or multi-cellular
structure. Examples of the localization of cells to a
surface are provided. It will be noted that where the
localization to a surface is achieved by means of
avidin-coated magnetic beads the localization is
reversible, thereby providing the opportunity to
control the selection and positioning of cells on a
surface. The utility of the constructs in sub-cellular
fractionation and localization of membrane bound
organelles to surfaces is contemplated. The utility of
the constructs in promoting the aggregation of
populations of cells as may be required in the
generation of hybridomas is also contemplated.
[followed by page 41]SCHEME I DMF (CH3CH2 3N CH3OH/H2O
NaOH N, N' -Dicyclohexylcarbodiimide
N-Hydoxysuccinimide DMFIt will be understood that for
a non-specific interaction, such as the interaction
between diacyl- or dialkylglycerolipids or
glycerophospholipids and a membrane, structural and
stereo-isomers of naturally occurring lipids can be
functionally equivalent. For example, it is
contemplated that diacylglycerol 2- phosphate could be
substituted for phosphatidate (diacylglycerol
3-phosphate) . Furthermore it is contemplated that the
absolute configuration of phosphatidate can be either
R or S . The structural motif (CMG) may be prepared by
the method summarized in Scheme I and Scheme II to
provide the substructures designated MCMG(I) and
CMG(2). The preparation of the structural motif, the
preparation of 



functional-lipid constructs utilizing this structural
motif, and the use of these constructs in chemical and
biological applications is described below Preparation
of the structural motif designated CMG Materials and
Methods Acetone, benzene, chloroform, ethylacetate,
methanol, toluene and o-xylene were from Chimmed
(Russian Federation) . Acetonitrile was from Cryochrom
(Russian Federation) . DMSO, DMF, CF3COOH, Et3N , N ,N
'-dicyclohexylcarbodiimide and Nhydroxysuccinimide
were from Merck (Germany) . Iminodiacetic acid
dimethyl ester hydrochloride was from Reakhim (Russian
Federation) .Dowex 50X4-400 and Sephadex LH-20 were
from Amersham Biosciences AB (Sweden) . Silica gel 60
was from Merck (Germany). Tetraamine (H 2N-CH 2 C x
2H2SO was synthesized as described by Litherland et
al. (1938). Thin-layer chromatography was performed
using silica gel 60 F254 aluminium sheets (Merck,
1.05554) with detection by charring after 7% H3PO4
soaking. Preparation of {[2-
(2-tert-butoxycarbonylamino-acetylamino) - acetyl]
-methoxycarbonylmethyl-amino} -acetic acid methyl
ester (SCHEME I ) To a stirred solution of
(methoxycarbonylmethyl-amino) -acetic acid methyl
ester hydrochloride (988 mg, 5 mmol) in DMF (15 ml)
were added Boc-GlyGlyNos (3293 mg, 10 mmol) and
(CH3CH2 3N (3475 mL , 25 mmol) were added. The mixture
was stirred overnight at room temperature and then
diluted with o-xylene (70 ml) and evaporated. Flash
column chromatography on silica gel (packed in
toluene, and eluted with ethyl acetate) resulted in a
crude product. The crude product was dissolved in
chloroform and washed sequentially with water, 0.5 M
NaHCO and saturated KCl. The chloroform extract was
evaporated and the product purified on a silica gel
column (packed in chloroform and eluted with 15:1
(v/v) chlorof orm/methanol) . Evaporation of the
fractions and drying under vacuum of the residue
provided a colourless thick syrup. Yield 1785 mg,
(95%). TLC: Rf=O. 49 (7:1 (v/v) chlorof orm/methanol
). 1H NMR (500 MHz, [D6]DMSO, 30 C) d, ppm: 7.826 (t,
J=5 .1 Hz, IH; NHCO), 6.979 (t, J=5 .9 Hz, IH; NHCOO),
4.348 and 4.095 (s,2H; NCH 2COO), 3.969 (d, J=5 .1 Hz,
2H; COCH 2NH), 3.689 and 3.621 (s, 3H; OCH3) , 3.559
(d, J=5 .9 Hz, 2H; COCH 2NHCOO), 1.380 (s, 9H; C(CH 3
3). Preparation of {[2-
(2-tert-butoxycarbonylamino-acetylamino) - acetyl]
-methoxycarbonylmethyl-amino} -acetic acid (SCHEME I )
To a stirred solution of {[2-
(2-tert-butoxycarbonylaminoacetylamino) -acetyl]
-methoxycarbonylmethyl-amino} -acetic acid methyl
ester (1760 mg, 4.69 mmol) in methanol (25 ml) 0.2 M
aqueous NaOH (23.5 ml) was added and the solution kept
for 5 min at room temperature. The solution was then
acidified with acetic acid (0.6 ml) and evaporated to
dryness. Column chromatography of the residue on
silica gel (packed in ethyl acetate and eluted with
2:3:1 (v/v/v) i-PrOH/ethyl acetate/water) resulted in
a recovered {[2- (2-tertbutoxycarbonylamino-
acetylamino) -acetyl] - methoxycarbonylmethyl-amino}
-acetic acid methyl ester (63 mg, 



3.4%) and target compound (1320 mg) . The intermediate
product was then dissolved in methanol/water/pyridine
mixture (20:10:1, 30 ml) and passed through an ion
exchange column (Dowex 50X4-4 00, pyridine form, 5 ml)
to remove residual sodium cations . The column was
then washed with the same solvent mixture, the eluant
evaporated, the residue dissolved in
chloroform/benzene mixture (1:1, 50 ml) and then
evaporated and dried under vacuum. Yield of 10 was
1250 mg (74%), white solid. TLC: R =O. 47 (4:3:1
(v/v/v) i-PrOH/ethyl acetate/water). 1H NMR (500 MHz,
[D6]DMSO, 30 0C), mixture of cis- and transconformers
of N-carboxymethylglycine unit c.3:l. Majorconformer;
d, ppm: 7.717 (t, J=5 Hz, IH; NHCO), 7.024 (t, J=5.9
Hz, IH; NHCOO), 4.051 (s, 2H; NCH 2COOCH 3) , 3.928
(d, J=5 Hz, 2H; COCH 2NH), 3.786 (s, 2H; NCH 2COOH),
3.616 (s, 3H; OCH 3 ) , 3.563 (d, J=5.9 Hz, 2H; COCH
2NHCOO), 1.381 (s, 9H; C(CH 3 3) ppm; minor conformer,
d = 7.766 (t, J=5 Hz, IH; NHCO), 7.015 (t, J=5.9 Hz,
IH; ^NHCOO), 4.288 (s, 2H; NCH 2COOCH 3 ) , 3.928 (d,
J=5 Hz, 2H; COCH 2NH), 3.858 (s, 2H; NCH 2COOH), 3.676
(s, 3H; OCH 3) , 3.563 (d, J=5 .9 Hz, 2H; COCH
2NHCOO), 1.381 (s, 9H; C(CH 3 3). Preparation of {[2-
(2-tert-Butoxycarbonylamino-acetylamino) - acetyl]
-methoxycarbonylmethyl-amino} -acetic acid N -
oxysuccinimide ester (BoC-GIy2 (MCMGIy) Nos) (SCHEME I
) To an ice-cooled stirred solution of {[2-
(2-tertbutoxycarbonylamino- acetylamino) -acetyl] -
methoxycarbonylmethyl-amino} -acetic acid (1200 mg,
3.32 mmol) and N-hydroxysuccinimide (420 mg, 3.65
mmol) in DMF (10 ml) was added N ,N
-dicyclohexylcarbodiimide (754 mg, 3.65 mmol). The
mixture was stirred at 0C _for 30 min, then for 2
hours at room temperature . The precipitate of N , T
-dicyclohexylurea was filtered off, washed with DMF (5
ml), and filtrates evaporated to a minimal volume. The
residue was then agitated with (CH3CH2)20 (50 ml) for
1 hour and an ether extract removed by decantation.
The residue was dried under vacuum providing the
active ester (1400 mg, 92%) as a white foam. TLC:
Rf=O. 71 (40:1 (v/v) acetone/acetic acid) . 1H NMR
(500 MHz, [D 6]DMSO, 30 0C), mixture of cis- and
transconformers of W-carboxymethylglycine unit c .
3:2.Major conformer; d, ppm: 7.896 (t, J=5 .1 Hz, IH;
NHCO), 6.972 (t, J=5.9 Hz, IH; NHCOO), 4.533 (s, 2H;
NCH2COON), 4.399 (s, 2H; NCH 2COOCH 3) , 3.997 (d, J=5
.1 Hz, 2H; COCH2NH), 3.695 (s, 3H; OCH 3) , 3.566 (d,
J=5 .9 Hz, 2H; COCH2NHCOO), 1.380 (s, 9H; C (CH3)3).
Minor conformer; 6 , ppm: 7.882 (t, J=5.1 Hz, IH;
NHCO), 6.963 (t, J=5.9 Hz, IH; NHCOO), 4.924 (s, 2H;
NCH2COON), 4.133 (s, 2H; NCH2COOCH 3) , 4.034 (d, J=5
.1 Hz, 2H; COCH 2NH), 3.632 (s, 3H; OCH 3) , 3.572 (d,
J=5 .9 Hz, 2H; COCH2NHCOO), 1.380 (s, 9H; C(CH 3 3).
The active ester (1380 mg) was dissolved in DMSO to
provide a volume of 6 ml and used as a 0.5 M solution
(stored at -18 0C ) . [followed by page 47]SCHEME I
IPreparation of {[2-
(2-tert-Butoxycarbonylamino-acetylamino) - acetyl]
-methoxycarbonylmethyl-amino }-acetic acid methyl
ester To the stirred solution of
(methoxycarbonylmethyl-ammo) - 



acetic acid methyl ester hydrochloride (98 8 mg, 5
irunol) in DMF (15 ml) Boc-GlyGlyNos (3293 mg, 10
mmol) and Et3N (3475 ml , 2 5 mmol) were added. The
mixture was stirred overnight at room temperature
(r.t.), then diluted with o-xylene (70 ml) and
evaporated. Flash column chromatography on silica gel
(packed in toluene and eluted with ethyl acetate)
resulted in crude product. The crude product was
dissolved in chloroform and washed sequentially with
water, 0.5 M NaHCO 3 and saturated KCl. The chloroform
extract was evaporated, and the product was purified
on a silica gel column (packed in chloroform and
eluted with chloroform/methanol 15:1). Evaporation o f
fractions and vacuum drying of residue resulted in a
colorless thick syrup o f (3) (1785 mg, 95%). TLC: R f
= 0.4 9 (chloroform/methanol 7:1). 1H NMR (500 MHz, [D
6]DMSO, 30 0 C ) d = 7.826 (t, J = 5.1 Hz, IH; NFCO),
6.979 (t, J = 5.9 Hz, IH; NHCOO) , 4 .348 and 4.095
(s, 2H; NCH 2COO), 3.969 (d, J = 5.1 Hz, 2H; COCH
2NH), 3.689 and 3.621 (s, 3H; OCH 3 ) , 3.559 (d, J =
5.9 Hz, 2H; COCH 2NHCOO), 1.380 (s, 9H; CMe 3)
ppm.Preparation of {[2-
(2-tert-Butoxycarbonylamino-acetylamino) - acetyl]
-methoxycarbonylmethyl-amino }-acetic acid To the
stirred solution of {[2-
(2-tert-Butoxycarbonylaminoacetylamino) -acetyl]
-methoxycarbonylmethyl-amino} -acetic acid methyl
ester (1760 mg, 4.69 mmol) in methanol (25 ml) 0.2 M
aqueous NaOH (23.5 ml) was added. The solution was
kept for 5 min at r.t., then acidified with acetic
acid (0.6 ml) and evaporated to dryness. Column
chromatography of the residue on silica gel (packed in
ethyl acetate and eluted with iPrOH/ethyl
acetate/water (2:3:1)) resulted in recovered (3) (63
mg, 3.4%) and crude target compound (1320 mg) . The
crude target compound was dissolved in
methanol/water/pyridine mixture (20:10:1, 30 ml) and
passed through an ion-exchange column (Dowex 50X4-400,
pyridine form, 5 ml) to remove residual Na cations.
The column was washed with the same mixture, eluant
evaporated, dissolved in chloroform/benzene mixture
(1:1, 50 ml) then evaporated and dried in vacuum to
provide a yield of pure (10) was 1250 mg (74%), white
solid. TLC: Rf = 0.47 (iPrOH/ethyl acetate/water
(4:3:1)). 1H NMR (500 MHz, [D 6]DMSO, 30 C) of mixture
of cis- and trans- conformers of
N-carboxymethyl-glycine unit c.3:l. Major conformer: d
= 7.717 (t, J = 5 Hz, IH; NHCO), 7.024 (t, J = 5.9 Hz,
IH; NHCOO), 4.051 (s, 2H; NCH2COOMe), 3.928 (d, J = 5
Hz, 2H; COCH 2NH), 3.786 (s, 2H; NCH2COOH), 3.616 (s,
3H;OCH 3 ) , 3.563 (d, J = 5.9,Hz, 2H; COCF 2NHCOO),
1.381 (s, 9H; CMe ) ppm. Minor conformer: d = 7.766
(t, J = 5 Hz, IH; NHCO), 7.015 (t, J = 5.9 Hz, IH;
NHCOO), 4.288 (s, 2H; NCH 2COOMe), 3.928 (d, J = 5 Hz,
2H; COCH 2NH), 3.858 (s, 2H; NCH 2COOH), 3.676 (s, 3H;
OCH 3) , 3.563 (d, J = 5.9 Hz, 2H; COCH 2NHCOO), 1.381
(s, 9H; CMe ) ppm. Preparation of {[2-
(2-tert-Butoxycarbonylamino-acetylamino) - acetyl]
-methoxycarbonylmethyl-amino} -acetic acid N -
oxysuccinimide ester Boc-Gly2 (MCMGIy) Nos 



To an ice-cooled stirred solution of {[2- (2-tert-
Butoxycarbonylamino-acetylamino) -acetyl] -
methoxycarbonylmethyl-amino} -acetic acid (1200 mg,
3.32 mmol) and N-hydroxysuccinimide (420 mg, 3.65
mmol) in DMF (10 ml) N ,N '-dicyclohexylcarbodiimide
(754 mg, 3.65 mmol) was added. The mixture was stirred
at 0 C for 30 min, then for 2 h at r.t. . The
precipitate of N ,N '-dicyclohexylurea was filtered
off, washed with DMF (5 ml) and the filtrates
evaporated to a minimal volume. The residue was
agitated with Et O (50 ml) for 1 h . An ether extract
was removed by decantatio h, and the residue dried in
vacuum to yield the target compound (1400 mg, 92%) as
a white foam. TLC: Rf = 0.71 (acetone/acetic acid
40:1).1H NMR (500 MHz, [D6] DMSO, 3 0 0C) , mixture o
f cis- and transconformers o f N-carboxymethyl-glycine
unit c . 3 : 2 . Maj or conformer : d = 7 . 8 9 6 (t,
J = 5 . 1 Hz , IH; NHCO) , 6 . 972 (t , J = 5 . 9 Hz,
IH; NHCOO) , 4 . 533 (s , 2H; NCH2COON) , 4 . 399 (s ,
2H; NCH2COOMe) , 3 . 997 (d, J = 5 . 1 Hz , 2H;
COCH2NH) , 3 . 695 (s , 3H; OCH3 ) , 3 . 566 (d, J = 5
. 9 Hz, 2H; COCH2NHCOO) / 1 . 380 (s , 9H; CMe3 ) ppm.
Minor conformer : d = 7 . 882 (t , J = 5 . 1 Hz , IH;
NHCO) , 6 . 963 (t, J = 5 . 9 Hz, IH; NHCOO) , 4 . 924
(s , 2H; NCH2COON) , 4 . 133 (s , 2H; NCH2COOMe) , 4 .
034 (d, J = 5 . 1 Hz, 2H; COCH2NH) , 3 . 632 - (s ,
3H; OCH3 ) , 3 . 572 (d, J = 5 . 9 Hz, 2H; COCH2NHCOO)
, 1 . 380 (s , 9H; CMe3 ) ppm. Prepara tion of
DOPE-Ad-CMG (I) amine (SCHEME III) DOPE-Ad-CMG (2
)amine was prepared from { [2-
(2-tertbutoxycarbonylamino- acetylamino) -acetyl] -
methoxycarbonylmethyl-amino }-acetic acid
N-oxysuccinimide ester BoC-GIy (MCMGIy) NoS according
t o Scheme III . [followed by page 52 ]METHODS OF
MAINTAINING OR INCREASING GROWTH OR COGNITIVE
DEVELOPMENT FIELD OF THE INVENTION [0001] The present
invention relates to using one or more complex lipids
including gangliosides to achieve particular health
benefits including maintaining or increasing cognitive
development or maintaining or increasing growth in a
foetal, infant or child subject. [0002] This
application is based on New Zealand provisional
specifications NZ 562706 and NZ 562708, both
incorporated herein by reference in their entirety.
BACKGROUND [0003] The composition of mammalian milk is
specifically targeted to support normal growth and
development of the infant or child (International Code
of Marketing Breastmilk Substitutes, World Health
Organisation, Geneva, 1981). [0004] Maternal formulas,
infant formulas, follow-on formulas, growing-up
formulas, dietetic products and other dairy containing
compositions are typically produced using non-human
milk. However, the nutritional composition of human
milk differs in some respects to that of non-human
milk. Non-human whole milk such as cow, goat or sheep
milk, contains a higher proportion of saturated fatty
acids than human milk and has lower levels of linoleic
acid and alpha-linolenic acid, and polyunsaturated
fatty acids that are essential for normal growth and
development. (Fox & McSweeney, 2006) [0005] Standard
maternal formulas, infant formulas, follow-on formulas
and growing-up formulas among other products are
typically produced using low-fat dairy products such
as skim milk. Using a reduced-fat dairy product means
allegedly undesirable components in milk fat are not
included in the final product, but it also means that
complex lipids such as phospholipid and
(glyco)srhingolipid levels 



are significantly lower than those in human milk.
(Sanchez-Diaz et al 1997; Pan and Imuzi 2000) [0006]
Optimal cognitive development and growth is a key part
of infant and child development. Clearly, impaired
cognitive development will have significant effects on
quality of life. Additionally, restricted growth has
been shown to have detrimental effects on long-term
health. Therefore, any agent shown to increase
cognitive development or maintain healthy growth will
have wide benefits for infants and children. (Bryan et
al 2004) [0007] Complex lipids such as gangliosides
are reported to have a range of potential functions
because ganglioside profiles vary from one tissue to
another (Rueda et al., 1998). The profile of
individual ganglioside species is reported to change
profoundly during development (Rsner, 2003)
andgangliosides are reported to have beneficial
effects on neural development (Rahmann, 1995) and are
reported to be essential synaptic components and
elicitors of neuronal migration and neurite outgrowth
(Mendez-Otero & Santiago, 2003). [0008] Ganglioside
GMIa is reported to cross the placenta in rats
(Hungund et al, 1993) but definitive evidence of
ganglioside transfer across the human placenta is
lacking. Variation of gangliosides in human and bovine
milk, and infant formulas is reported to potentially
have some biological significance for neonatal brain
development, allergies and infant growth (Pan et al,
2000; Rueda, 2007; Tram et al 1997). [0009]
Accordingly, it is an object of the present invention
to provide means for maintaining or increasing the
cognitive development or growth of a subject, or to at
least provide the public with a useful choice. SUMMARY
OF THE INVENTION [0010] In a first aspect the
invention relates to one or more complex lipids for
maintaining or increasing growth or maintaining or
increasing cognitive development of a foetal, infant,
or child subject. [0011] In another aspect the
invention relates to use of one or more complex
lipids, such as (i) one or more pure gangliosides, or
(ii) a composition comprising one or more gangliosides
(such as a milk fat extract) in the manufacture of a
formulation for maintaining or increasing growth or
maintaining or increasing cognitive development of a
foetal, infant, or child subject wherein the
formulation is orally administered to a mother during
gestation. [0012] In another aspect the invention
relates to the use of one or more complex lipids in
the manufacture of a formulation for maintaining or
increasing growth or maintaining or increasing
cognitive development of a foetal, infant, or child
subject. [0013] In another aspect die invention
relates to a method for maintaining or increasing
growth or maintaining or increasing cognitive
development of a foetal, infant, or child subject by
administering a composition comprising one or more
complex lipids to a foetal, infant, or child subject
in need thereof. [0014] In another aspect the
invention relates to a method of using one or more
complex lipids such as one or more gangliosides for
maintaining or increasing growth or maintaining or
increasing cognitive development of a foetal subject,
the method comprising providing a pregnant mother with
acomposition comprising one or more complex lipids
such as one or more gangliosides and informing the
mother that the composition will maintain or increase
growth or maintain or increase cognitive development
of the foetal subject. [0015] In another aspect the
invention relates to a method of using one or more
complex lipids such as one or more gangliosides for
maintaining or increasing growth or maintaining or
increasing cognitive development in a subject, the
method comprising providing a subject with a
composition comprising one or more complex lipids such
as one or more gangliosides and informing the subject
that the composition will maintain or increase growth
or maintain or increase cognitive development of the
subject. [0016] The following embodiments may relate
to any of the above aspects. [0017] In one embodiment,
the one or more complex lipids are administered to a
mother during gestation and the growth is brain weight
of a foetal subject or brain ganglioside content of a
foetal subject. [0018] In one embodiment, the one or
more complex lipids are administered to an infant or
child subject and the growth is one or more of body
weight, body length, and bone mineral density. [0019]
Preferably the ganglioside is GM3. Alternatively the
ganglioside is GD3. More preferably the ganglioside
comprises GM3 and GD3. In other embodiments, the
composition comprising one or 



more gangliosides comprises one or more gangliosides
selected from GMl, GM2, GM3, GM4, GDI, GD2, GD3, GTl,
GT2, GT3, GQl, and GPl, and any one or more of the
"a", "b", or "c" derivatives where they exist, and any
combination of any two or more thereof. [0020]
Preferably the composition comprising one or more
complex lipids comprises at least about 0.1%
gangliosides w/w on a dry basis. More preferably the
composition comprising one or more complex lipids
comprises at least 0.2% gangliosides w/w on a dry
basis. [0021] Alternatively, a formulation useful
herein comprises at least about 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 11, 12, 13, 14, 15, 16, 18, 19, 19 or 20 mg,
preferably at least about 5 mg or at least about 10 mg
gangliosides /10Og formulation, and useful ranges may
be chosen between any of these values (for example,
about 1 to about 20, about 2 to about 20, about 3 to
about 20, about 1 to about 10, about 2 to about 10, or
about 3 to about 10 mg). Preferably the formulation
comprises about 5 mg to about 20 mg gangliosides /
lOOg formulation. [0022] Alternatively the formulation
is formulated to provide at least about 1, 2, 3, 4, 5,
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 18, 19, 19 or
20 mg, preferably at least about 7.5 mg gangliosides
per day tothe mother, and useful ranges may be chosen
between any of these values (for example, about 1 to
about 20, about 2 to about 20, about 3 to about 20,
about 1 to about 10, about 2 to about 10, or about 3
to about 10 mg). Preferably the formulation is
formulated to provide about 7.5 mg to about 10 mg
gangliosides per day to the mother. [0023] In one
embodiment, a formulation useful herein may comprise:
(a) 80-99.9% of a milk powder selected from whole milk
powder, skim milk powder, milk protein concentrate
(MPC), milk protein isolate (MPP;, and whey protein
such as a WPC or WPI (b) 0-20% lipid such as milk fat
or one or more vegetable oil (c) 0-25% sugars or
carbohydrate ingredient (d) 0.1-0.5% vitamin and
mineral mix (e) 0-5% flavour ingredients, and (f) 0-5%
ganglioside ingredient. [0024] Preferably the complex
lipid comprises one or more phospholipids, or one or
more sphingolipids, or one or more sphingomyelins or
derivatives thereof, or .one or more ceramides, or one
or more gangliosides, or a combination of any two or
more thereof. Preferably the ganglioside is GM3.
Alternatively die ganglioside is GD3. Alternatively
the ganglioside comprises a mixture of at least GM3
and GD3. [0025] In preferred embodiments, the
formulation is a liquid (concentrate or
ready-to-drink) or powdered maternal formula, infant
formula, follow-on formula, growing-up formula or
dietetic product. [0026] In some embodiments the
composition comprising one or more gangliosides (such
as a milk fat extract) comprises at least about 0.1,
0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1 5, 2,
2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5 8, 8.5, 9,
9.5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,
70, 75, 80, 85, 90, 95, 99 or 99.5% by weight total
lipid, and useful ranges may be selected between any
of these values (for example, about 5 to about 95%,
about 10 to about 95%, about 15 to about 95%, about 20
to about 95%, about 25 to about 95%, about 30 to about
95%, about 35 to about 95%, about 40 to about 95%,
about 45 to about 95%, about 50 to about 95%, about 5
to about 99%, about 10 to about 99%, about 15 to about
99%, about 20 to about 99%, about 25 to about 99%,
about 30 to about 99%, about 35 to about 99%, about 40
to about 99%, about 45 to about 99%, about 50 to about
99%, about 5 to about 70%, about 10 to about 70%,
about 15 to about 70%, about 20 to about 70%, about 25
to about 70%, about 30 to about 70%, about 35 to about
70%, about 40 to about 70%, about 45 to about 70%, and
about 50 to about 70% by weight total lipid).[0027] In
some embodiments the composition comprising one or
more gangliosides (such as a milk fat extract)
comprises at least about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7, 0.8, 0.9, 1.0, 1 5, 2, 2.5, 3, 3.5, 4, 4.5, 5,
5.5, 6, 6.5, 7, 7.5 8, 8.5, 9, 9.5, 10, 15, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,
95, 99 or 99.5% by weight phospholipid, and useful
ranges may be selected between any of these values
(for example, about 5 to about 95%, about 10 to about
95%, about 15 to about 95%, about 20 to about 95%,
about 25 to about 95%, about 30 to about 95%, about 35
to about 95%, about 40 to about 95%, about 45 to about
95%, about 50 to about 95%, about 5 to about 99%,
about 10 to about 99%, about 15 to about 99%, about 20
to about 99%, about 25 to about 99%, about 30 to about
99%, about 35 to about 99%, about 40 to about 99%,
about 45 to about 99%, about 50 to about 99%, about 5
to about 70%, about 10 to about 70%, about 15 to about
70%, about 20 to about 70%, about 25 to about 70%, 



about 30 to about 70%, about 35 to about 70%, about 40
to about 70%, about 45 to about 70%, and about 50 to
about 70% by weight phospholipid). [0028] In some
embodiments the composition comprising one or more
gangliosides (such as a milk fat extract) comprises at
least about 0.1, 0.2, 0.3, 0.4, 0.5, 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29 or 30% by weight of
one or more phospholipids selected independently from
phosphatidylcholine, phosphatidylethanolamine,
sphingomyelin, phosphatidylserine, and
phosphatidylinositol, and useful ranges may be
selected between any of these values (for example,
about 0.1 to about 30%, about 0.5 to about 30%, about
1 to about 30%, about 2 to about 30%, about 3 to about
30%, about 4 to about 30%, about 5 to about 30%, about
10 to about 30%, about 15 to about 30%, about 20 to
about 30%, about 0.1 to about 5%, about 0.5 to about
5%, about 1 to about 5%, about 2 to about 5%, about 3
to about 5%, about 0.1 to about 10%, about 0.5 to
about 10%, about 1 to about 10%, about 2 to about 10%,
about 3 to about 10%, about 4 to about 10%, about 5 to
about 10%, about 6 to about 10%, about 0.1 to about
20%, about 0.5 to about 20%, about 1 to about 20%,
about 2 to about 20%, about 3 to about 20%, about 4 to
about 20%, about 5 to about 20%, about 10 to about
20%, about 15 to about 20% by weight of one or more
phospholipids selected independently from
phosphatidylcholine, phosphatidylethanolamine,
sphingomyelin, phosphatidylserine, and
phosphatidylinositol). [0029] In some embodiments the
composition comprising one or more gangliosides (such
as a milk fat extract) comprises at least about 0.1,
0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1 5, 2,
2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5 8, 8.5, 9,
9.5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,
70, 75, 80, 85, 90, 95 or 99.5% by weight ganglioside,
and useful ranges may be selected between any of these
values (for example, about 5 to about 95%, about 10 to
about 95%, about 15 to about 95%, about 20 to about
95%, about 25 to about 95%, about 30 to about 95%,
about 35 to about 95%, about 40 to about 95%, about 45
to about 95%, about 50 to about 95%, about 10 to about
70%, about 15 to about 70%, about 20 to about 70%,
about 25 to about 70%, about 30 to about 70%, about 35
to about 70%, about 40 toabout 70%, about 45 to about
70%, and about 50 to about 70% by weight
phospholipid). In one embodiment die composition
comprising one or more gangliosides comprises GD3 or
GM3 or a combination thereof. In one embodiment, the
composition comprising one or more gangliosides
comprises one or more gangliosides selected from GMl,
GM2, GM3, GM4, GDI, GD2, GD3, GTl, GT2, GT3, GQl, and
GPl, and any one or more of the "a", "b", or "c"
derivatives where they exist, and any combination of
any two or more thereof. [0030] In some embodiments
the composition comprising one or more gangliosides
(such as a milk fat extract) comprises at least about
0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1,
1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2.0, 3, 4, 5,
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30% by
weight of one or more gangliosides selected
independently from GD3 and GM3, and useful ranges may
be selected between any of these values (for example,
about 0.1 to about 30%, about 0.5 to about 30%, about
1 to about 30%, about 2 to about 30%, about 3 to about
30%, about 4 to about 30%, about 5 to about 30%, about
10 to about 30%, about 15 to about 30%, about 20 to
about 30%, about 0.1 to about 5%, about 0.5 to about
5%, about 1 to about 5%, about 2 to about 5%, about 3
to about 5%, about 0.1 to about 10%, about 0.5 to
about 10%, about 1 to about 10%, about 2 to about 10%,
about 3 to about 10%, about 4 to about 10%, about 5 to
about 10%, about 6 to about 10%, about 0.1 to about
20%, about 0.5 to about 20%, about 1 to about 20%,
about 2 to about 20%, about 3 to about 20%, about 4 to
about 20%, about 5 to about 20%, about 10 to about
20%, about 15 to about 20% by weight of one or more
gangliosides selected independently from GD3 and GM3.
[0031] In one embodiment, the composition comprising
one or more gangliosides comprises about 15% to about
99% by weight total lipid, about 1% to about 80% by
weight phospholipid, about 1% to about 25% by weight
phosphatidylcholine, about 0.1% to about 15% by weight
phosphatidylinositol, about 0.1% to about 15% by
weight phosphatidylserine, about 1% to about 30% by
weight phosphatidylethanolamine, about 0.5% to about
25% by weight sphingomyelin, and about 0.1 to about
10% by weight ganglioside. In some embodiments the
composition comprising one or more gangliosides
comprises about 1% to about 60% by weight lactose,
about 1% to about 15 % by weight lactose or about 50%
to about 65% by weight lactose. [0032] In alternative
embodiments, the composition comprising one or more
gangliosides comprises about 20% to about 40 % by
weight total lipid, about 5% to about 25% by weight
phospholipid, and amounts of one or more phospholipids
as described above. In other alternative embodiments,
the 



composition comprising one or more gangliosides
comprises about 70% to about 99 % by weight total
lipid, about 25% to about 80% by weight phospholipid,
and amounts of one or more phospholipids as described
above.[0033] In still further alternative embodiments,
the composition comprising one or more gangliosides
comprises about 0.1% to about 10%, about 0.1% to about
2.5%, or about 3% to about 10% by weight of one or
more gangliosides, preferably independently selected
from GD3 and GM3. [0034] In another embodiment, the
composition comprising one or more gangliosides
comprises about 15 to 40% total lipid, about 10 to 25%
phospholipid, about 1% to about 6%
phosphatidylcholine, about 1% to about 6%
phosphatidylinositol, about 1% to about 6%
phosphatidylserine, about 1% to about 6%
phosphatidylethanolamine, and about 1% to about 3%
sphingomyelin. In a preferred embodiment, the
composition comprising one or more gangliosides
comprises at least about 3% to about 6% myristic acid
(14:0), at least about 12% to about 20% palmitic acid
(16:0), at least about 0.5% to about 3% palmitoleic'
acid (16:1), at least about 0.1% to about 1.5%
margaric acid (17:0), at least about 13% to about 20%
stearic acid (18:0), at least about 28% to about 35%
oleic acid (18:1), at least about 3% to about 5%
linoleic acid (18:2) and at least about 0.5% to about
2.5% linolenic (18:3). In some embodiments, the
composition comprising one or more gangliosides
comprises about 0.1% to about 2.5% ganglioside GD3,
about 0.1% to about 1% ganglioside GM3, or both.
[0035] In one embodiment the composition comprising
one or more gangliosides comprises one or more
phosphatidylethanolamines, one or more
phosphatidylinositols, one or more
phosphatidylserines, one or more phosphatidylcholines,
one or more sphingolipids (including one or more
sphingomyelins, one or more dihydrosphingomyelins, one
or more ceramides, one or more cerebrosides, or one or
more gangliosides, or any combination of any two or
more thereof), one or more lysophospholipids
(phospholipids with one fatty acid lost), or any
combination of any two or more thereof. [0036] In some
embodiments the milk fat extract comprises (a) about
15 to about 25% w/w lipid, about 5 to about 15% w/w
phospholipid, and about 0.1 to about 1% w/w
ganglioside, or (b) about 15 to about 25% w/w lipid,
about 5 to about 15% w/w phospholipid, about 1 to
about 5% w/w phosphatidylcholine, about 0.1 to 2% w/w
phosphatidylinositol, about 0.5 to about 2% w/w
phosphatidylserine, about 1.5 to about 6% w/w
phosphatidylethanolamine, about 1 to about 5% w/w
sphingomyelin, and about 0.1 to about 1% w/w
ganglioside, or (c) about 25 to about 45% w/w lipid,
about 10 to about 25% w/w phospholipid, and about 0.1
to about 2.0% w/w ganglioside, or (d) about 25 to
about 45% w/w lipid, about 10 to about 25% w/w
phospholipid, about 1 to about 5% w/w
phosphatidylcholine, about 0.1 to 2% w/w
phosphatidylinositol, about 0.5 to about 2%w/w
phosphatidylserine, about 1.5 to about 6% w/w
phosphatidylethanolamine, about 1 to about 5% w/w
sphingomyelin, and about 0.1 to about 2.0% w/w
ganglioside, or (e) about 12 to about 32% w/w lipid,
about 5 to about 25% w/w phospholipid, and about 0.1
to about 2.0% w/w ganglioside, or (f) about 12 to
about 32% w/w lipid, about 5 to about 25% w/w
phospholipid, about 2 to about 8 % w/w
phosphatidylcholine, about 0.5 to 3% w/w
phosphatidylinositol, about 1 to about 3.5% w/w
phosphatidylserine, about 1 to about 10% w/w
phosphatidylethanolamine, about 1 to about 8% w/w
sphingomyelin, and about 0.5 to about 2.5% w/w
ganglioside, or (g) about 80 to about 99% w/w lipid,
about 20 to about 75% w/w phospholipid, and about 0.5
to about 5% w/w ganglioside, or (h) about 80 to about
99% w/w lipid, about 20 to about 75% w/w phospholipid,
about 2 to about 22 % w/w phosphatidylcholine, about 1
to about 10% w/w phosphatidylinositol, about 1 to
about 10% w/w phosphatidylserine, about 5 to about 30%
w/w phosphatidylethanolamine, about 1 to about 20% w/w
sphingomyelin, and about 0.5 to about 5% w/w
ganglioside, or (i) about 90 to about 99% w/w lipid,
about 20 to about 40% w/w phospholipid, and about 0.5
to about 5% w/w ganglioside, or Q) about 80 to about
99% w/w lipid, about 60 to about 80% w/w phospholipid,
and about 0.5 to about 5% w/w ganglioside, or (k)
about 15 to about 45% w/w lipid, about 8 to about 25%
w/w phospholipid, and about 0.1 to about 5 % w/w
ganglioside, or (1) about 15 to about 45% w/w lipid,
about 8 to about 25% w/w phospholipid, about 1 to 



about 5% w/w phosphatidylcholine, about 1 to about 5%
w/w phosphatidylinositol, about 2 to about 8% w/w
phosphatidylserine, about 2 to about 8% w/w
phosphatidylethanolamine, about 0.5 to about 5% w/w
sphingomyelin, and about 0.1 to about 5% w/w
ganglioside, or (m) about 50 to about 99% w/w lipid,
about 15 to about 60% w/w phospholipid, and about 1 to
about 10% w/w ganglioside, or (n) about 50 to about
99% w/w lipid, about 15 to about 60% w/w phospholipid,
about 1 to about 10% w/w phosphatidylcholine, about 1
to about 15% w/w phosphatidylinositol, about 1 to
about 20% w/w phosphatidylserine, about 1 to about 20%
w/w phosphatidylethanolamine, about 1 to about 10% w/w
sphingomyelin, and about 0.1 to about 10% w/w
ganglioside.[0037] In one embodiment, a formulation
useful herein comprises at least about 0.1, 0.2, 0.5,
1, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,
70, 75, 80, 85, 90, 95, 99, 99.5, 99.8 or 99.9% by
weight of the composition comprising one or more
gangliosides and useful ranges may be selected between
any of these foregoing values (for example, from about
0.1 to about 50%, from about 0.2 to about 50%, from
about 0.5 to about 50%, from about 1 to about 50%,
from about 5 to about 50%, from about 10 to about 50%,
from about 15 to about 50%, from about 20 to about
50%, from about 25 to about 50%, from about 30 to
about 50%, from about 35 to about 50%, from about 40
to about 50%, from about 45 to about 50%, from about
0.1 to about 60%, from about 0.2 to about 60%, from
about 0.5 to about 60%, from about 1 to about 60%,
from about 5 to about 60%, from about 10 to about 60%,
from about 15 to about 60%, from about 20 to about
60%, from about 25 to about 60%, from about 30 to
about 60%, from about 35 to about 60%, from about 40
to about 60%, from about 45 to about 60%, from about 5
1 to about 60%, from about 5 1 to about 60%, from
about 0.1 to about 70%, from about 0.2 to about 70%,
from about 0.5 to about 70%, from about 1 to about
70%, from about 5 to about 70%, from about 10 to about
70%, from about 15 to about 70%, from about 20 to
about 70%, from about 25 to about 70%, from about 30
to about 70%, from about 35 to about 70%, from about
40 to about 70%, from about 45 to about 70%, from
about 5 1 to about 70%, from about 0.1 to about 80%,
from about 0.2 to about 80%, from about 0.5 to about
80%, from about 1 to about 80%, from about 5 to about
80%, from about 10 to about 80%, from about 15 to
about 80%, from about 20 to about 80%, from about 25
to about 80%, from about 30 to about 80%, from about
35 to about 80%, from about 40 to about 80%, from
about 45 to about 80%, from about 5 1 to about 80%,
from about 0.1 to about 90%, from about 0.2 to about
90%, from about 0.5 to about 90%, from about 1 to
about 90%, from about 5 to about 90%, from about 10 to
about 90%, from about 15 to about 90%, from about 20
to about 90%, from about 25 to about 90%, from about
30 to about 90%, from about 35 to about 90%, from
about 40 to about 90%, from about 45 to about 90%,
from about 5 1 to about 90%, from about 0.1 to about
99%, from about 0.2 to about 99%, from about 0.5 to
about 99%, from about 1 to about 99%, from about 5 to
about 99%, from about 10 to about 99%, from about 15
to about 99%, from about 20 to about 99%, from about
25 to about 99%, from about 30 to about 99%, from
about 35 to about 99%, from about 40 to about 99%,
from about 45 to about 99%, and from about 5 1 to
about 99%). Hydrolysed forms of the composition
comprising one or more gangliosides may be used, where
hydrolysis is performed using known methods to a
desired degree of hydrolysis. [0038] In one embodiment
a formulation useful herein comprises at least about
0.001, 0.01, 0.05, 0.1, 0.15, 0.2, 0.3, 0.4, 0.5, 1,
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18 or 19 grams of the composition comprising one
or more gangliosides as described above and useful
ranges may be selected between any of these foregoing
values (for example, from about 0.01 to about 1 grams,
about 0.01 to about 10 grams, about 0.01 to about 19
grams, from about 0.1 to about 1 grams, about 0.1
toabout 10 grams, about 0.1 to about 19 grams, from
about 1 to about 5 grams, about 1 to about 10 grams,
about 1 to about 19 grams, about 5 to about 10 grams,
and about 5 to about 19 grams). [0039] It is intended
that reference to a range of numbers disclosed herein
(for example, 1 to 10) also incorporates reference to
all rational numbers within that range (for example,
1, 1.1, 2, 3, 3.9, 4, 5, 6, 6.5, 7, 8, 9 and 10) and
also any range of rational numbers within that range
(for example, 2 to 8, 1.5 to 5.5 and 3.1 to 4.7) and,
therefore, all sub-ranges of all ranges expressly
disclosed herein are hereby expressly disclosed. These
are only examples of what is specifically intended and
all possible combinations of numerical values between
the lowest value and die highest value enumerated are
to be considered to be expressly stated in this
application in a similar manner. [0040] In this
specification where reference has been made to patent
specifications, other external documents, or other
sources of information, this is generally for the
purpose of providing a context for discussing the
features of the invention. Unless specifically stated
otherwise, reference to such external 



documents is not to be construed as an admission that
such documents, or such sources of information, in any
jurisdiction, are prior art, or form part of the
common general knowledge in the art. [0041] To those
skilled in die art to which the invention relates,
many changes in construction and widely differing
embodiments and applications of the invention will
suggest themselves without departing from the scope of
the invention as defined in the appended claims. The
disclosures and the descriptions herein are purely
illustrative and are not intended to be in any sense
limiting. BRIEF DESCRIPTION OF THE DRAWINGS [0042]
Figures 1 to 3 show results of various testing
parameters from the Morris Water Maze Task of Example
1 of Example 1. Data are mean  SEM, n=16 per control
(Blank gel) and Low dose gel groups, n=15 in the High
dose gel treated group. [0043] Figure 4 shows die
results from the Novel Object Recognition Test of
Example 1. [0044] Figure 5 is a graph showing the
postnatal growth of the rats in Example 2. N= 16 per
group, data are mean + SEM. [0045] Figure 6 is a graph
showing the changes in ganglioside composition in rat
pups in Example 4. Gangliosides GMIa, GDIa, GDIb and
GTIb were signif cantiy increased (p<0.05). DETAILED
DESCRIPTION OF THE INVENTION 1. Definitions [0046] The
term "beta-serum" means an aqueous dairy ingredient
separated from dairy streams containing greater dian
60% fat that have been dirough phase inversion from an
oil-in-water to awater-in-oil emulsion, as described
below. Cream is the preferred starting material for
the production of beta-serum. For example, beta-serum
is produced during the production of butter-oil (also
known as anhydrous milk fat or AMF) from cream as
shown in Figure 2 ofWO 2006/041316, incorporated
herein by reference. Preferably the beta serum is
dried; preferably dried beta-serum is a powder. [0047]
The term "comprising" as used in this specification
and claims means "consisting at least in part of. When
interpreting statements in this specification and
claims which include that term, the features, prefaced
by that term in each statement, all need to be present
but other features can also be present. Related terms
such as "comprise" and "comprised" are to be
interpreted in the same manner. [0048] The term
"levels in foetal circulation" as used herein means
foetal blood levels and/or foetal lymph levels and/or
foetal tissue levels. [0049] The term "complex lipid"
as used in this specification means a lipid selected
from the group consisting of phospholipids and
sphingolipids including glycosphingolipids (both
cerebrosides and gangliosides), ceramides and
sphingomyelins. Different types of complex lipids are
discussed in more detail below. Complex lipids may be
found in milk and other dairy sources. Other sources
of some complex lipids include any animal tissue but
especially brain and nervous tissue, eggs, fish, deer
velvet and plant lipids. Preferably the complex lipids
used in the present invention are derived from a dairy
ingredient. Suitable dairy ingredients include
colostrum, milk, fractions of colostrum or fractions
of milk. Preferably the dairy ingredient is derived
from cows, buffalos, goats, sheep or human. Most
preferably the dairy ingredient is cow-derived.
Preferably the complex lipid is in the form of a milk
fat extract. [0050] An "effective amount" is the
amount required to confer therapeutic effect. The
interrelationship of dosages for animals and humans
(based on milligrams per meter squared of body
surface) is described by Freireich, et al. (1966).
Body surface area can be approximately determined from
height and weight of the subject. See, e.g.,
Scientific Tables, Geigy Pharmaceuticals, Ardley, New
York, 1970, 537. Effective doses also vary, as
recognized by those skilled in the art, dependent on
route of administration, carrier usage, and the like.
[0051] The terms "increasing cognitive development" or
"to increase cognitive development" are used
interchangeably herein and refer to increasing the
rate, ability, interest, willingness, or openess to
learn, remember or apply knowledge. In some
embodiments, "cognitive development" refers to brain
weight and brain ganglioside content. [0052] The terms
"increasing or maintaining growth" or "to increase or
maintain growth" are used interchangeably herein and
refer to increasing or maintaining healthy growth
which may refer toincreasing or maintaining the
absolute growth or rate of growth with reference to
weight, length, or height, while not increasing
adiposity or decreasing bone density. [0053] The term
"maternal formula" as used in this specification means
a composition for pregnant woman to take during
pregnancy. The term "infant formula" as used in this
specification means a composition for infants aged
between 0 days and 6 months old. The term "follow-on 



formula" as used in this specification means a
composition for infants aged 6 months to 1 year. The
term "growing up formula" as used in this
specification means a compositions directed to infants
and children aged 1 year upwards. Growing-up formula
includes growing-up milk powders or GUMPs. [0054] It
will be appreciated by diose skilled in the art that
the age ranges for the different compositions: "infant
formula", "follow-on formula" and "growing-up formula"
can vary from child to child depending on the
individual's development. These products may be in
liquid form as concentrates or ready-to-drink liquids
or provided as powder concentrates. [0055] The term
"dietetic product" means a product specially processed
or formulated to satisfy particular dietary
requirements which exist because of a particular
physical or physiological condition and/or specific
diseases and disorders and which are presented as
such. [0056] The term "milk fat extract" means an
isolated extract of non-human mammalian milk fat where
the phospholipid and ganglioside concentration of the
extract is higher than the phospholipid and
ganglioside concentration of naturally occurring
non-human mammalian milk fat. Preferably die
concentration of at least one phospholipid and at
least one ganglioside in an extract useful herein is
at least about 0.5, 1, 5, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100%
higher than the concentration in naturally occurring
non-human mammalian milk fat, and useful ranges may be
selected between these values. In alternative
embodiments the concentration in the extract is higher
than the concentration in whole milk, or in whole
colostrum, or in cream from milk, or in cream from
colostrum, or in anhydrous milk fat (AMF) from milk,
or AMF from colostrum. [0057] In a formulation useful
herein, the formulation may comprise, consist
essentially of, or consist of about 0.1, 0.5, 1, 5,
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, 85, 90, 95, 99, or 100% by weight of fresh,
recombined or powdered whole milk or a milk derivative
and useful ranges may be selected between any of these
foregoing values (for example, from about 0.1 to about
50%, from about 0.2 to about 50%, from about 0.5 to
about 50%, from about 1 to about 50%, from about 5 to
about 50%, from about 10 to about 50%, from about 15
to about 50%, from about 20 to about 50% from about 25
to about 50%, from about 30 to about 50%, from about
35 to about 50% , from about 40 to about 50%, and from
about 45 to about 50%). The milk derivative is
preferably selected from recombined, powdered or fresh
skim milk, reconstituted whole or skim milk powder,
skim milkconcentrate, skim milk retentate,
concentrated milk, ultrafltered milk retentate, milk
protein concentrate (MPC), milk protein isolate (MPI),
calcium depleted milk protein concentrate (MPC), low
fat milk, low fat milk protein concentrate (MPC),
casein, caseinate, milk fat, cream, butter, ghee,
anhydrous milk fat (AMF), buttermilk, butter serum,
hard milk fat fractions, soft milk fat fractions,
sphingolipid fractions, milk fat globule membrane
fractions, phospholipid fractions, complex lipid
fractions, colostrum, a colostrum fraction, colostrum
protein concentrate (CPC), colostrum whey, an
immunoglobulin fraction from colostrum, whey, whey
protein isolate (WPI), whey protein concentrate (WPC),
sweet whey, lactic acid whey, mineral acid whey,
reconstituted whey powder, a composition derived from
any milk or colostrum processing stream, a composition
derived from the retentate or permeate obtained by
ultrafiltration or microfiltration of any milk or
colostrum processing stream, a composition derived
from the breakthrough or adsorbed fraction obtained by
chromatographic (including but not limited to ion and
gel permeation chromatography) separation of any milk
or colostrum processing stream, extracts of any of
these milk derivatives including extracts prepared by
multistage fractionation, differential
crystallisation, solvent fractionation, supercritical
fractionation, near supercritical fractionation,
distillation, centrifugal fractionation, or
fractionation with a modifier (e.g. soaps or
emulsifiers), hydrolysates of any of these
derivatives, fractions of the hydrolysates, and
combinations of these derivatives, including
combinations of hydrolysed and/or non-hydrolysed
fractions. It should be understood that the source of
these derivatives may be milk or colostrum or a
combination thereof. It should also be understood that
the milk fat may be provided as fresh, recombined or
powdered whole milk, one or more milk derivatives as
described above, or combinations thereof. [0058] In
one embodiment a formulation useful herein further
comprises a pharmaceutically acceptable carrier. In
another embodiment the formulation is or is formulated
as a food, drink, food additive, drink additive,
dietary supplement, nutritional product, medical food,
enteral or parenteral feeding product, meal
replacement, nutraceutical, medicament or
pharmaceutical. In one embodiment the formulation is
in the form of a tablet, a caplet, a pill, a hard or
soft capsule or a lozenge. In one embodiment the
formulation is in the form of a cachet, a dispensable
powder, granules, a suspension, 



an elixir, a liquid, or any other form that can be
added to food or drink, including for example water,
milk or fruit juice. In one embodiment the formulation
further comprises one or more constituents (such as
antioxidants) which prevent or reduce degradation of
the formulation during storage or after
administration. These formulations may include any
edible consumer product which is able to carry lipid.
Examples of suitable edible consumer products include
aqueous products, baked goods, confectionary products
including chocolate, gels, ice creams, reconstituted
fruit products, snack bars, food bars, muesli bars,
spreads, sauces, dips, dairy products including
yoghurts and cheeses, drinks including dairy and
non-dairy based drinks, milk, milk powders, sports
supplements including dairy andnon-dairy based sports
supplements, fruit juice, food additives such as
protein sprinkles and dietary supplement products
including daily supplement tablets. Suitable
nutraceutical compositions useful herein may be
provided in similar forms. [0059] The term "oral
administration" includes oral, buccal, enteral and
intra-gastric administration. [0060] The term
"pharmaceutically acceptable carrier" is intended to
refer to a carrier including but not limited to an
excipient, diluent, auxiliary or combination thereof
that can be administered to a subject as a component
of a composition of the invention that does not reduce
the activity of the composition and is not toxic when
administered in doses sufficient to deliver an
effective amount of the active ingredient. The
formulations can be administered orally or nasally.
[0061] A "subject" is an animal, preferably a mammal,
more preferably a mammalian companion animal or human.
Preferred companion animals include cats, dogs and
horses. 2. Complex lipids [0062] Phospholipids are a
class of lipids and a major component of cell
membranes. Sphingolipids are also a class of lipids
the most structurally diverse class of membrane
lipids. Sphingolipids are lipids mosdy comprising the
18-carbon base sphingosine (some other base lengths
are found), which has an acyl group attached by an
amide linkage to form a ceramide (Newburg, 1996).
There are three main types of sphingolipids: (1)
Glycosphingolipids (sugar-containing sphingolipids),
which may be further subdivided into cerebrosides and
gangliosides. (2) Ceramides (consist simply of a fatty
acid chain attached through an amide linkage to
sphingosine). (3) Sphingomyelins (phosphorylcholine or
phosphoroethanolamine molecule esterified to the 1-
hydroxy group of a ceramide). Sphingomyelins are also
phospholipids. [0063] Dairy-derived complex lipids are
discussed comprehensively by Fox and McSweeney,
incorporated herein by reference. 3. Ganglioside
structure [0064] What distinguishes the gangliosides
from the other glycosphingolipids is that they contain
die sugar sialic acid, which is negatively charged at
physiological pH. [0065] A wide variety of ganglioside
glycans can be formed by the combination of glucose
(GIc), galactose (Gal), N-acetyl galactosamine
(GaINAc) and sialic acid together. As the glycan size
increases,so does the hydrophilicity of the glycan
portion. The ceramide portion is hydrophobic, making
the whole molecule amphophilic. [0066] The
nomenclature most commonly employed, because of its
simplicity compared with the IUPAC nomenclature is
that of Svennerholm (Svennerholm, 1963), which relates
to the glycan portion of the ganglioside. All
gangliosides start with G, and die next letter
describes the number of sialic acid residues present
in the molecule (M = mono, D = di, T = i Q quad etc.).
The next part of the nomenclature is a number, which
describes the number of non-sialic-acid sugars in the
molecule (1 indicates four sugars other than the
sialic acid/s linked, Gal-GalNAc-Gal-Glc-ceramide; 2
indicates three sugars, GalNAc-Gal-Glc-ceramide; and 3
indicates two sugars, Gal-Glc-ceramide). Sometimes,
there is a lower case letter attached at the end to
designate where the sialic acids are attached, which
is usually to galactose or another sialic acid. To add
to the already complex glycan, further complexity is
derived by die possible addition of fucose or
modification of die sialic acid hydroxyl groups with
additions of acetate (or odier groups). Acetylation
(4-, 7- or 9-O-acetylation) has major effects on
bioactivity or recognition by other molecules such as
proteins. Even further complexity is realised with the
sialic acids because, although the most common sialic
acids are N-acetyl neuraminic acid (NANA) and
N-glycolyl neuraminic acid (NGNA), more than 30 have
been shown to exist in nature (Schauer, 2004). 



[0067] Small structural changes in gangliosides can
elucidate markedly different biological activities. An
example of this is die binding of cholera toxin to
gangliosides, die toxin is specific for one
ganglioside, ganglioside GMl. The addition of a
further NANA molecule (GDIa) or the loss of a
galactose (GM2) leads to negligible binding. As
mentioned above the O-acetyladon effects the
biological activity, for example the difference in
effect between GD3 and 9-O-acetyl GD3 on neuronal out
growth where the later promotes but the former does
not. The former examples are changes in the glycan
structure, recent work suggests that even changes in
the fatty acid bound to the sphingosine influences
activity. Thus one skilled in the art would not assume
that biological activity attributed to one ganglioside
would be attributed to another given the specificity
of activity to specific ganglioside structures. [0068]
Gangliosides can be measured by a number of
techniques. Ganglioside measurement may be done by
measuring Lipid Bound Sialic Acid (LBSA) or individual
species quantified by Thin Layer Chromatography (TLC),
High Performance Liquid Chromatography with UV
detection (HPLC-UV) or by liquid chromatography linked
to mass spectrometry. A number of techniques can be
employed to extract gangliosides from a variety of
materials and these are well known to those skilled in
the art.[0069] Gangliosides useful herein include any
one or more of GMl, GM2, GM3, GM4, GDI, GD2, GD3, GTl,
GT2, GT3, GQl, and GPl, and any of the "a", "b", or
"c" derivatives where they exist, and any combination
of any two or more thereof. Structure and synthesis of
gangliosides is reviewed by Rosner, 2003, incorporated
herein by reference. 4. Increasing cognitive
development [0070] Optimal cognitive development is a
key part of infant and child development. Therefore
any agent shown to increase cognitive development will
have wide benefits for infants and children. [0071] As
outlined earlier, the terms "increasing cognitive
development" or "to increase cognitive development"
are used interchangeably herein and refer to
increasing the rate, ability, interest, willingness,
or openess to learn, remember or apply knowledge.
[0072] A wide variety of methods to assess cognitive
development are well known to those skilled in the
art. It will be apparent that particular methods may
be preferred depending on the nature of the cognition
to be assessed, the characteristics or identity (such
as but not limited to the species, age, health or
wellbeing) of the subject, or other factors as may be
applicable. For example, methodology useful for the
assessment of cognitive development in non-human
subjects includes the Morris Water Maze Test and the
Novel Object Recognition Task Test, as described in
Example 1. Methodology useful for the assessment of
cognitive development in human subjects includes the
tools summarised in Table 1. Table 1-Methods for
assessment of human development Parameter Tool used
Age group Components of tool Reference Cognitive and
Bayley Scales 0-3 years Global assessments of
cognitive The Essentials of Bayley Scales of Motor of
Infant and motor development assesses Infant
Development II Assessment, Development. Development,
the motor (fine and gross), Maureen M. Black, Kathleen
Matula. Version 2, language (receptive and New York:
John Wily, 1999. ISBN: expressive), and cognitive
978-0-471-32651-9 development Intelligence Weschler
2.6-7.3 Verbal comprehension WPPSI (Wechsler Preschool
and Quotient Preschool & years Primary Scale of
Intelligence - Third primary scale Edition, 2002)
published: Harcourt Assessment, David Wechsler Memory
Children's 5-8 years 1. Attention and working
Children's Memory Scale (CMS) Memory Scale memory
1997, Morris Cohen 2. Verbal and Visual memory 3.
Short Delay and long delay 4. Recall and recognition
5. Learning Characteristics Development Denver 0-6
years General childhood development www.denverii.com
Developmental Materials Executive Wisconsin card 5+
years 1. Preservative thinking Wisconsin Card Sorting
Test: 



functioning sorting test 2. Assess abstract reasoning
Computer Version 4 (WCST: CV4), Robert K. Heaton.
Academic School Report 4-7 years School Performance
Report Cards (Academic Achievement Cards Performance
in School Setting), Young Children
AchievementParameter Tool used Age group Components of
tool Reference Test,Wayne P. Hresko 5. . Enhancing
growth [0073] Optimal growth is a key part of infant
and child development. Restricted growth has been
shown to have detrimental effects on long-term health
and cognitive development. Therefore any agent shown
to increase or maintain healthy growth will have wide
benefits for infants and children. [0074] As outHned
earlier, the terms "increasing or maintaining growth"
or "to increase or maintain growth" are used
interchangeably herein and refer to increasing or
maintaining healthy growth which may refer to
increasing or maintaining the absolute growth or rate
of growth with reference to weight, length, or height,
while not increasing adiposity or decreasing bone
density. These terms also refer to increasing bone
mineral density and/or brain weight. 6. Isolation of
complex lipids [0075] Extracts or fractions containing
higher levels of complex lipids than natural milk may
be prepared in a number of ways. These include the
extraction of milk or milk powder with
chloroform/methanol mixtures (for an example see
Martin et al, 2001) or Tetrahydrofuran (Neeser et al.,
1991) or sub critical extraction with Dimethyl ether
(WO 2006/041 3 16A). Extraction of complex lipids from
other tissues such as mammalian, marine and plant
sources, including brain, neural tissue, liver, fish
blood, egg, and plant materials has been achieved by a
wide range of methodologies known to those skilled in
the art (one such example is given in Svennerholm et
al., 1994). Gangliosides may also be produced
synthetically or semi-synthetically. Gangliosides
useful herein include any one or more of GMl, GM2,
GM3, GM4, GDI, GD2, GD3, GTl, GT2, GT3, GQl, and GPl,
and any of the "a", "b", or "c" derivatives where they
exist, and any combination of any two or more thereof.
Structure and synthesis of gangliosides is reviewed by
Rosner, 2003, incorporated herein by reference. [0076]
Examples of extracts useful according to the invention
include any "high fat" milk fraction for example:
cream, butter, ghee, anhydrous milk fat (AMF),
buttermilk, butter serum, beta serum, hard milk fat
fractions, soft milk fat fractions, milk fat globule
membrane fractions, and combinations thereof, and
hydrolysates thereof. [0077] Milk fat is discussed
comprehensively by Fox and McSweeney (2006), hereby
incorporated by reference. In addition to lipids, milk
fat includes vitamins, sterols, and minor components.
See Chapter 1, Composition and Structure of Bovine
Milk Lipids, Fox and McSweeney, for a description of
naturally occurring bovine milk fat. Fractionation of
milk fat is discussed in by Bylund, 1995, Illingworth,
2002, and Rombaut et al, 2006(b), all hereby
incorporated by reference. Seasonal variation of milk
fat is discussed by Fox and McSweeney (2006).[0078]
Examples of sources of complex lipids useful herein
include cream (typically about 20 to about 40% fat by
weight, preferably about 40% fat by weight), butter,
ghee, anhydrous milk fat (AMF) (typically produced by
phase inversion of cream or dehydration of butter),
buttermilk, butter serum, beta serum, hard milk fat
extracts, soft milk fat extracts, sphingolipid
extracts, milk fat globule membrane extracts, milk fat
globule membrane lipid extracts, phospholipid
extracts, and complex lipid (lipids that yield 3 or
more types of hydrolysis product per molecule)
extracts, and combinations thereof, and hydrolysates
thereof. [0079] Buttermilk, butter serum, and beta
serum are discussed by Bylund, 1995, Rombaut et al,
2005, Rombaut et al, 2006(a), Rombaut et al, 2006(b),
and published international application WO
2006/041316, for example, all incorporated herein by
reference. Buttermilk is a term used to describe the
aqueous liquid phase obtained from traditional butter
production using a butter making process which may be
a batch (churn) process or a continuous (Fritz)
process. Buttermilk is also a term used to describe
the aqueous by-product produced by the cream
concentration step of the traditional method of
producing AMF from cream. This traditional method
involves concentration then phase inversion of cream
to produce oil that is further concentrated and
polished to produce AMF. Finally, buttermilk is also a
term used to describe a combination of the secondary
skim and beta serum by-products of a two-serum process
for AMF production - see for example, Bylund (1995)
and published international application WO 2006/041316
(see Figure 2) that describe this process in detail.
In that two-serum 



process, the by-product from die cream concentration
step is further separated to produce secondary skim
and the by-product from the oil concentration step is
further separated to produce beta-serum. In the first
two instances, die buttermilk is produced before any
phase inversion has occurred. In the third instance,
the buttermilk is a combination of secondary skim
produced before phase inversion and beta serum
produced after phase inversion. Concentration and
polishing in these processes is typically achieved by
centrifugation. Phase inversion is typically achieved
by homogenisation. It should be understood that the
source of these dairy lipid extracts may be milk or
colostrum or a combination thereof. Useful starting
materials for fractionation include cream, AMF, butter
milk, butter serum, or beta serum, from milk or
colostrum or a combination thereof. [0080] Multistage
fractionation of milk fat may be carried out by
differential crystallisation. Milk fat extracts are
heated to a set temperature and the crystallised or
solid ("stearin" -hard fraction) and liquid ("olein"
-soft fraction) fractions are separated. Multi-step
fractionation refers to re-fractionation in a
subsequent step of a product of a previous
fractionation step. Successive soft fractions may be
produced by fractionating parent soft fractions into
soft and hard sub-fractions. [0081] Other
fractionation methods include phase inversion,
interesterification, glycerolysis, solvent
fractionation (such as with ethanol, water, or
acetone, used alone or sequentially),
supercriticalfractionation (see Astaire, et al, 2003,
for example), near critical fractionation (see WO
2004/066744, for example), distillation, centrifugal
fractionation, suspension crystallisation, dry
crystallisation, fractionation with a modifier (e.g.
soaps or emulsifiers), ultra-filtration, micro-
filtration, and any process for fractionation of lipid
known in the art, and combinations of these methods,
all as known in the art. In one embodiment, the
fractionation method is selected from solvent
fractionation of cream, AMF, butter milk, butter
serum, or beta serum, using ethanol, water, or
acetone, alone or sequentially. [0082] Lipids present
in the compositions of the invention may be fully or
partially modified, whether naturally, chemically,
enzymatically, or by any other methods known in the
art, including, for example, glycosylated, sialylated,
esterified, phosphorylated or hydrolysed. Lipid
hydrolysates may be prepared using known techniques,
including but not limited to acid hydrolysis, base
hydrolysis, enzymatic hydrolysis using a lipase, for
example as described in Fox and McSweeney ((2006),
Chapter 15 by HC Deeth and CH Fitz-Gerald), and
microbial fermentation. One method of base hydrolysis
includes adding 1% KOH (in ethanol) and heating for 10
minutes. Hydrolysed material may be neutralised with
acetic acid or hydrochloric acid. [0083] Milk fat
globule membrane material may be isolated according to
the acidification method of Kanno & Dong-Hyun, 1990,
and further fractionated into lipid and protein
fractions by the addition of methanol, as described by
Kanno et al, 1975. A phospholipid extract may be
isolated by extracting the lipid mixture with acetone
according to the procedure of Purthi et al, 1970.
Lipid residue may be further enriched in milk fat
globule membrane lipids by the selective extraction of
non-polar lipids with pentane. [0084] Fractionation
methods useful to produce milk fat extracts useful
herein are also described in published international
patent applications WO 2006/041316, WO 2007/123424,
and WO 2007/123425 that are each hereby incorporated
herein by reference in their entirety. [0085]
Particularly preferred milk fat extracts useful herein
includes those described in the examples below and
those summarised in the following Tables I a and Ib.
These extracts may be dried, and may be powders,
optionally with components including flow aids such as
lactose added to improve flowability. Fraction 1 is
beta-serum. Fractions 2, 3, 4, and 6 are prepared by
ethanol extraction of beta-serum powder. Beta serum is
the liquid phase produced during AMF manufacture. The
fractions including beta-serum, the G600(tm) milk fat
precursor (Batch 1 is an emulsion, Batch 2 and Batch 3
are freeze dried powders; all manufacturing precursors
to the G600(tm) milk fat extract), the G500(tm) milk
fat extract, and the G600(tm) milk fat extract were
obtained from Fonterra Co-operative Group Limited, New
Zealand. Fractions 7 to 11 described in Table 2b below
may be produced according to themethods described in
published international patent application WO
2006/041316 (see examples 3 to 6). Fraction 11 may be
produced by supercritical carbon dioxide extraction of
Fraction 9. Table 2a -Milk fat extracts useful herein
ND = not determined; %w/w = % by weight. Table 2b -
Milk fat extracts useful herein ND = not determined;
<0.01 = trace amounts. [0086] The G500(tm) milk fat
extract is a spray dried milk ganglioside concentrate
to which lactose has been added to improve powder
flowability. The G500(tm) milk fat extract has a
typical fatty acid 



composition of myristic acid (14:0) 5.6%, palmitic
acid (16:0) 18.4%, palrnitoleic acid (16:1) 1.2%,
margaric acid (17:0) 0.5%, stearic acid (18:0) 14.9%,
oleic acid (18:1) 31.0%, linoleic acid (18:2) 3.8%,
linolenic acid (18:3) 1.5%, and arachidonic acid
(20:4) 0.5%. The G600(tm) milk fat extract is a spray
dried milk ganglioside concentrate to which lactose
has been added to improve powder flowability.The
G600(tm) milk fat extract has a typical fatty acid
composition of myristic acid (14:0) 4.7%, palmitic
acid (16:0) 16.4%, palmitoleic acid (16:1) 1.2%,
margaric acid (17:0) 0.5%, stearic acid (18:0) 17.0%,
oleic acid (18:1) 33.4%, linoleic acid (18:2) 4.2%,
linolenic acid (18:3) 1.4%, and arachidonic acid
(20:4) 0.6%. Before addition of lactose, the G500(tm)
milk fat extract and the G600(tm) milk fat extract are
useable as precursors, with or without drying such as
freeze-drying or spray-drying and without added
lactose. [0087] In the fractions described above,
protein levels were determined by total nitrogen
multiplied by 6.38. Phospholipid levels were
determined by 3 1P NMR. Ganglioside levels were
determined as follows. In triplicate, approximately
O.lg of powder was weighed into a 16 ml kimax tube and
the weight recorded. 6ml of methanol was added and
mixed by vortexing for 1 min: The solution was
incubated at 500C for 10 min then 6 ml water was added
and mixed by vortexing. The solution was allowed to
stand for 2 hrs at 4C to settle and a sample was taken
and passed through a 0.45mm filter. The sample was
analysed by HPLC. A Cosmosil(tm) 5NH2-MS waters column
(Nacalai Tesque Inc, USA) was used with a NH2 security
guard (Phenomenex(tm) AJO-4302 in a Phenomenex(tm)
KJO-4282 holder). The guard cartridge was changed
every day of analysis. Injections of sample were
injected onto the column and eluted at a flow rate of
2ml/min using solvent A ( 90% acetonitrile, 5% water
and 5% 5mM phosphate buffer pH5.6) and solvent B (50%
acetonitrile, 45% water and 5% 20OmM phosphate buffer
pH5.6). The following Gradient was used: 100% A for
3.5 min, then 100% A to 55% A over 26.5 min, then 55%
A to 100% A over 1 min and then 100% A for 5 min
(Wagener et al. (1996), Journal of Lipid Research 37,
1823-1829). An external standard curve of 0-2 ug GD3
was generated using buttermilk GD3 (Matreya #1504).
Elution was monitored at 203nm. 7. Compositions useful
according to the invention [0088] A composition useful
herein may be formulated as a food, drink, food
additive, drink additive, dietary supplement,
nutritional product, medical food, enteral or
parenteral feeding product, meal replacement,
cosmeceutical or pharmaceutical. Appropriate
formulations may be prepared by an art skilled worker
with regard to that skill and the teaching of this
specification. [0089] As will be appreciated, the dose
of the composition administered, the period of
administration, and the general administration regime
may differ between subjects depending on such
variables as the mode of administration chosen, and
the age, sex and/or general health of a subject.
[0090] In one embodiment, compositions useful herein
include maternal formulas, infant formulas, follow-on
formulas and growing up formulas, in liquid
(concentrate or ready-to-drink) or powder form. Such
products are formulated to target nutrients to the
foetus, infant and child. It is appreciated by the
first life-stages (foetus, infant and growing child)
involve significant growth anddevelopment. Any support
which enhances development can have significant
effects on the development of the individual. [0091]
In another embodiment, compositions useful herein
include dietetic products. [0092] Examples of formulas
such as maternal formula, infant formula, follow-on
formula, or growing-up formula, in powder or liquid
form, include the following. One example of an infant
formula, follow-on formula or growing-up formula
useful herein comprises (w/w) (a) 30 - 60 % lactose
(b) 15 - 35% vegetable oils (c) 0 - 40% skim milk
powder (d) 0 - 40% whey protein, such as a WPC or WPI,
preferably an 80% WPC (WPC80), and (e) 1-50% of one or
more complex lipids useful herein. [0093] Another
example of an infant formula, follow-on formula or
growing-up formula useful herein comprises (w/w) (a)
40 - 60 % lactose (b) 20 - 30% vegetable oils (c) 10 -
15% skim milk powder (d) 6 - 8% whey protein,
preferably WPC80, and (e) 1 - 10% of one or more
complex lipids useful herein. [0094] One example of a
material formula useful herein comprises (w/w) 



(a) 80-99.9% of a milk powder selected from whole milk
powder, skim milk powder, milk protein concentrate
(MPC), milk protein isolate (MPI), and whey protein
such as a WPC or WPI (b) 0-20% lipid such as milk fat
or one or more vegetable oil (c) 0-25% sugars or
carbohydrate ingredient (d) 0.1-0.5% vitamin and
mineral mix (e) 0-5% flavour ingredients, and (f) 0-5%
one or more complex lipids useful herein. [0095] Any
of these formulas may also comprise 0.1 to 4% w/w,
preferably 2 to 4% w/w/ of one or more of a vitamin
premix, a mineral premix, lecithin, one or more
antioxidants, one or more stabilisers, or one or more
nucleotides, or a combination of any two or more
thereof. In some embodiments, these formulas may be
formulated to provide from about 2700 to about 3000
kJ/L.[0096] In alternative embodiments, the
compositions useful herein may be formulated to allow
for administration to a subject by any chosen route,
including but not limited to oral administration.
[0097] The following non-limiting examples are
provided to illustrate the present invention and in no
way limits the scope thereof. EXAMPLES Test Material
[0098] G600(tm) precursor (Fonterra Co-operative Group
Limited) is a dairy derived complex lipid ingredient
having the composition shown in the following table
(energy 2730 kJ/100 g). Table 3 - G600(tm) precursor
composition Component % w/w Protein 7.3 Fat 80
Phospholipid 46 PC 5.9 PI 8.6 PS 12.4 PE 12.4 SM 6.3
Gangliosides 5.8 GD3 5.2 Docosahexaenoic acid PHA)
0.034 Choline 0.45 Lactose 3 Ash 7.7 Moisture 2 [0099]
The measurement of gangliosides in the G600(tm)
precursor was conducted by dissolving 0.1 g in 12.5 mL
of methanol followed by incubation at 50C for 10
minutes followed by the addition of 12.5 mL of water
and incubation at 4C for 2 hours then analysis by
HPLC-UV (Wagner et al., 1996). EXAMPLE 1 - Effect on
cognition and learning 1.1 Timed-matings [0100] Timed
mating of Wistar rats was performed at 100 days of age
using estrous cycle monitor (EC-40, Fine Science
Tools, San Francisco, USA). Confirmation of mating was
via a vaginal lavage with sterile saline and
visualisation of spermatozoa under a microscope.
Pregnancy success rate was 100% with 28 dams mated.1.2
Nutritional supplementation [0101] Dams were fed a
standard rat chow (Diet 2018, Harlan Teklad, Oxon, UK)
throughout pregnancy and lactation that contained no
complex milk lipids. Dams were supplemented with
gangliosides using the gel described below. [0102]
Neonates were supplemented with gangliosides from
postnatal day 10 until day 22 (early post-weaning) at
a concentration of 0.02% (low) to 1% (high)
weight/bodyweight (w/w) relative to measured food
intake. [0103] Gels for dams and pups were prepared
using a gel formulation comprising 10% w/v gelatin,
10% w/v sucrose, 5% v/v flavouring concentrate
(Hansells(tm) Raspberry flavouring) and 0 



(Blank), 0.384% w/v (Low) or 1.92% w/v (High) of
G600(tm) precursor. Equivalent to 0, 48 and 240 mg per
12.5ml gel per day. 1.3 Pre-weaning supplementation
[0104] The supplement was administered by oral gavage
using feeding tubes specifically designed for use in
rat pups/weanlings (Instech Laboratories, product
number FTP 20-30, 20 gauge, (9 mm OD x 0.5 mm ID) x 30
mm)). Dose was 0.1 ml in sterile water. Control
animals were administered a sham gavage containing
sterile water. 1.4 Post-weaning gel supplementation
[0105] At weaning (postnatal day 22), animals were
weight-matched within treatment group and housed two
per cage under standard conditions. The chow diet
(described above) was fed to pups and was supplemented
with a ganglioside-containing gel described above at
the doses stated above. [0106] The chow diet was
supplemented with the gels at the doses defined above
based on food intake and adjusted according to changes
in dietary consumption. The gels were placed at either
end of the feeding platform in each cage and the gels
were preferentially consumed over the chow. There were
no significant gel remnants from any of the animals
using this technique. 1.5 Morris Water Maze Testing
[0107] The Morris Water Maze is widely used in the
Wistar rat. The Morris Water Maze is based upon the
premise that animals have evolved an optimal strategy
to explore their environment and escape from the water
with a minimum amount of effort. The protocol was
taken from Current Protocols in Neuroscience (VoI 3,
Section 8.5A.5) and was performed over a 5 day period.
In its most basic form, the water maze assesses
spatial learning and memory (Brandeis et al, 1989).
All data was collected automatically via computer
using an automated tracking system (AnyMaze,
Stoelting, USA).1.5.1 Morris Water Maze Testing
Results [0108] Figure 1 shows the time each group of
rats spent to reach the submerged platform during 4
days of acquisition testing. All groups were similar
at the start of acquisition testing. The effect of
learning over time was/><0.0001 for all groups. On day
2, the High dose gel treated animals learnt
significantly (p<0.05) quicker than the Blank gel and
Low dose gel treatment groups. However, by day 4, all
groups were similar in their ability to locate the
platform. [0109] Figure 2 shows the average swim speed
over the 4 days of acquisition testing in the water
maze and Figure 3 shows the average swim distance.
There were no significant differences in swim speed
between any of the treatment groups. The trend for
change in swim speed over time was p<0.0001 for all
treatment groups. There was a trend towards decreased
swim speed in High dose gel treated animals (p=0.09).
With swim distance, there was a significant difference
in overall swim length in High dose gel treated
animals versus Blank gel (controls) on day 2 of
testing which parallels the shortened time to platform
in this group (/Kq.05). The trend for change in swim
distance over time wasjfKO.0001 for all treatment
groups. 1.5.2 Morris Water Maze Summary [0110] There
was an improved rate of learning and swim parameters
of distance and speed on day 2 of the acquisition
phase in High dose gel treated animals. But by day
four there where no significant differences between
the groups. The results indicated the High dose
animals learnt the task faster than the control
animals. The analysis indicates the animals did this
by shorter swim distance and without swimming faster.
Conversely no detrimental effects of G600(tm)
precursor were observed on the parameters tested.
Overall therefore the data indicate that G600(tm)
precursor is supportive of learning. 1.6 Novel Object
Recognition Task Testing [0111] The Novel Object
Recognition task if also widely used in the Wistar
rat. Exploration is a typical learning behaviour for
rats when they have been placed into a novel
environment. (Ennaceur and Delacour, 1988) 1.6.1 Novel
Object Recognition Task Results [0112] Total
exploratory activity, measured by the time spent on
exploring 4 different objects, gradually reduced from
approximately 120 second to 80 seconds consistent with
the inventors experience with this model. The learning
slopes were similar between the groups (data not
shown). Notably, increases in exploring activity were
more prominent in the groups treated with Low dose gel
or High dose gel compared to the Blank gel treated
group when a novel object was introduced during the
second trial of testing day 4.[0113] Following 1 of 4
familiar objects being replaced with a novel object,
there was an approximate 3-4 fold increase in
exploratory activity in the groups treated with Low
dose gel or High 



dose gel, particularly the High dose group (31.14
9.34) compared to the Blank (control) treated group
(8.28  10.22, r=0.011, two tailed t-test). These data
may suggest that the treatment with complex lipids
improved the awareness of an altered environment
(Figure 4). 1.6.2 Novel Object Recognition Task
Summary [0114] The introduction of a novel object did
result in a significant (p=0.0\l) 3-4 fold increase in
exploring activity in the groups treated with G600(tm)
precursor. These data may suggest more awareness of
changing environment by complex lipid supplementation.
Conversely no detrimental effects of supplementation
were observed in this system. EXAMPLE 2 - Effect on
growth 2.1 Timed-matings and nutritional
supplementation [0115] Timed mating of Wistar rats and
nutritional supplementation was performed as described
for Example 1. 2.2 DEXA scanning [0116] Body
composition was assessed using dual energy X-ray
absorptiometry (DEXA). The DEXA instrument
differentiates body weight into the components of lean
soft tissue, fat soft tissue and bone, based on the
differential attenuation by tissues of two levels of
x-rays. This technique allows determination of whether
growth includes or is independent of an increase in
body fat composition or bone mineral/density. 2.3
Results [0117] Twenty eight dams were time mated using
and estrous cycle monitor and all 28 pregnancies were
successful. The litter from one dam was excluded from
the experimental study due to small litter si2e and
macrosomic pups. Litter size, pup weight and
male:female sex ratios were all well within the normal
range (mean litter size 14  2, mean pup weight 6.2
0.2 g). Litters were adjusted to 8 pups to standardise
nutrition until weaning. Males were used with the
balance made up with females where necessary. [0118]
At neonatal day 10, animals were randomly assigned
within litter to receive a Blank, Low dose or High
dose by gavage as detailed in Example 1 above. For
example in a litter containing 6 males and 2 females,
2 males were treated per treatment group and females
left untreated. All treated pups were handled
identically. No mortalities or adverse events were
observed in any of the animals (n=156pups dosed).
Neonatal dosing by gavage ceased at weaning (day 22)
and replaced with oral supplementation with gels as
described above. [0119] Weaning weights were in the
normal range although there was a small but
significant increase (p<0.05) in weaning weight in the
High dose gel treated animals compared to controls:
Blank gel 61.49  0.43 g, Low dose gel 62.33  0.42 g,
High dose gel 63.22  0.48 g. 2.3.1 Postnatal Growth
[0120] Postnatal growth was significantly increased in
offspring supplemented with G600(tm) precursor (either
Low dose gel or High dose gel). This is shown in
Figure 5. This effect was not dose dependent and is
also independent of the marginal calorific effects of
the gel supplement. By weaning (day 22) there was a
small but significant increase in body weight in the
High dose group compared to control. By postnatal day
80 there was a significant increase in body weight in
both treatment groups (p<0.05). 2.3.2 Body composition
[0121] There were no significant differences in body
fat composition or bone mineral/density markers
between any of the treatment groups. Thus, the
increased weight gain observed in animals supplemented
with G600(tm) precursor (either Low dose gel or High
dose gel) did not reflect increased adiposity. There
was a slight trend towards an increased fafclean ratio
in Low dose gel treated animals compared to controls
(p-0.1). High dose gel treated animals were slighdy
but significantly longer (p<0.05, nose-anus length)
than control animals. These results are shown in Table
4 below. There was a small but significant increase in
BMD in High dose treated animals compared to controls
(p<0.05). Table 4 -Total body fat, fat:lean ratios,
bone mineral density and body lengths. Data are mean
SEM, n=16 per group. Group % Fat Fat:lean ratio BMD
Length (mm) Control 20.9  0.7 0.266  0.01 0.147  0.001
245.3  1.5 Low dose gel 22.2  0.8 0.297  0.02** 0.148
0.001 247.5  1.56 High dose gel 21.1  0.8 0.270  0.01
0.150  0.001* 249.7  1.38* 



*: p<0.05 compared to control; **: p<0.1 compared to
control 2.4 Finding [0122] The inventors therefore
discovered that complex lipid supplementation led to
an unexpected but significant increase in body weight
gain (both Low dose and High dose gel groups) and
length (High dose group). This growth was not due to
increased adiposity as assessed by DEXA
scanning.EXAMPLE 3 - Placental transfer trial [0123]
Dual perfused human lobules were taken from six
placentae of uncomplicated term pregnancies (normal
elective Caesarean patients). Maternal and fetal
arterial and venous supplies were isolated,
catheterised and the placenta maintained by perfusion
of sterile krebs buffer (that also contains serum
albumin to aid transport of lipophilic substances) at
room temperature in a sterile air perfusion chamber at
constant flow rate and pressure. The perfusion
technique used was modified from Glance et al (1984)
according to Collier et al (2004). [0124]
Equilibration was performed for 60 min to assess
physical integrity of tissue and circuits (fetal
arterial pressure < 40 mmHg and leakage of perfusate
from fetal to maternal circuit < 2 ml/h) then the
maternal and fetal reservoirs replaced with fresh
media containing doses of test substances. Time zero
and then hourly samples are collected from all
circuits and stored frozen for analysis. Metabolic
viability of the preparation is assessed with samples
collected hourly from maternal and fetal arteries and
analysed for oxygen and carbon dioxide saturation,
electrolytes and glucose consumption (Bayer 865 Blood
Gas Analyzer, Bayer Diagnostics and lactate production
(Hitachi 917, Roche Diagnostics). 10 mg/mL of
milk-derived ganglioside mixture (GM3 + GD3 -isolated
from G600(tm) precursor described above) was added to
the maternal reservoir. Perfusion was conducted for up
to 3 hours using a closed loop system. Samples were
taken from both reservoirs at that point (t 0) and at
regular time-points, snap frozen in liquid nitrogen,
and subsequently assayed for GM3, GD3, and lobule
viability. [0125] GM3 and GD3 contents of the
perfusates were measured by LC-MS using a Hypersil
APS2 column, normal phase acetonitrile gradient and
detected in the LTQ orbitrap in negative ion full
scan, as described below. Perfusate samples were
"protein crashed" by addition into methanol, allowed
to stand for 60 min at 4C before centrifugation
(20,000 x g). An aliquot (10-50 mL) was loaded onto an
online Cl 8 trap, washed (50% MeOH), before eluted
onto a Hypersil APS2 column (Thermo Finnigan, MA,
USA). Gangliosides were separated on a normal phase
gradient, and detected in the LTQ Orbitrap Mass
spectrometer (ThermoFinnigan, Ma, USA) in negative ion
mode. The LC-MS system was calibrated using GD3 and
GM3 standards purchased from Matreya (Pa, USA). Lobule
viability was assessed by Glucose uptake and lactate
production, measured with an Autoanalyzer. [0126] The
inventors discovered that in all experiments there was
evidence of transfer of GM3. GM3 foetal perfusate
concentrations increased approximately 6-fold over
time and by a significant amount over background.
Maternal perfusate GM3 concentrations were reduced on
average by half from approximately 300 ng/ml. The
inventors also discovered that there was evidence in
all cases of asignificant reduction in maternal GD3
concentrations averaging 25-30% but the concentrations
in foetal perfusate were below assay sensitivity.
[0127] The inventors therefore conclude that
gangliosides can transfer across the human placenta.
Although uptake of both GD3 and GM3 from the maternal
perfusate occurs, there appears to be a preference for
GM3 uptake and release into the foetal side. EXAMPLE 4
-Assessment of brain gangliosides [0128] An HPLC-MS
method was used to measure changes in the relative
concentration of 8 classes of brain gangliosides (GMl,
GM2, GM3, GD3, GDIa, GDIb, GTIb, and GQIb). The
acquired mass spectra were filtered post analysis for
the known masses of each ganglioside species. The
method was then used to compare the ganglioside levels
in the brains of 2 day old rat pups. [0129] Pregnant
rats were fed a diet supplemented with either a dairy
derived complex lipid (G600(tm) precursor, described
above) or a calorific equivalent control. Two days
after birth the pups were sacrificed and the brain
lipids extracted using the extraction protocol
reported by Svennerholm and Fredman (1980). The
Svennerholm & Fredman method was scaled down for rat
brain extraction using initial solvent proportions of
2 mL water (including 0.25g sample), 5.4 mL CH3OH, and
2.7 mL CHCl3. The final upper phase extract containing
gangliosides were made up to a final volume of 20 mL
in CH3OH: water (50:50). Chloroform containing ethanol
as a stabiliser was used. [0130] The upper phase was
used for ganglioside LC-MS analysis. HPLC analysis was
performed 



on an Agilent 1100 series HPLC system consisting of a
quaternary pump, binary pump, degasser, column heater
(60C) and refrigerated auto-sampler (5C). Samples or
standards (lOuL) were initially loaded (0.5 mL/min;
50% MeOH) onto a wide pore, reversed-phase trap (Cl 8,
4 x 2.0 mm, 5 u, Phenomenex, CA, USA) for
preconcentration/desalting. After 2 min, the trap was
switched in-line with an APS-2 Hypersil hydrophilic
column (150 mm x 2.1 mm, 3 mm, Thermo) coupled to an
APS-2 guard column (10 mm x 2.1 mm id). The
gangliosides were separated with an acetonitrile
(ACN)/ ammonium acetate buffer gradient described in
Table 5 where Solvent A comprised 95% Acetonitrile, 5%
50 mM Ammonium Acetate Buffer, pH 5.6, Solvent B
comprised 50:50 acetonitrile : 5OmM Ammonium Acetate
buffer, pH 5.6, and Solvent C comprised. 50:50 MeOH:
Water. The fiowrate: 0.5 mL/min.Table 5 - HPLC
gradient [0131] Negative polarity electrospray
ionisation, in full scan mode (700-1650 m/z), at a
resolution of 30000 was used for the analysis of the 8
ganglioside classes named above. The acquired spectra
were filtered post analysis for the known masses of
each ganglioside species. Analysis time was 25
minutes. [0132] Ganglioside standards (Matreya,
Pleasant Gap, PA, USA), were prepared at 1 mg/mL or
0.5mg/mL in methanol: water (50:50), and serially
diluted to give an 7 point standard curve for each
ganglioside class that was used for comparison of the
similarities and differences in composition and
relative amount of these ganglioside classes found in
the extracts of the control and treatment groups
(Brugger et al, 1997; Koivusalo M et al, 2001). [0133]
Total ganglioside was significandy increased in the
treatment group (p=0.013 compared to control). While
the distribution of the major brain gangliosides was
not significandy different, amounts of GMl, GDIa,
GDIb, and GTIb were significandy increased (Figure 6;
r<0.05). Brain weight for the treatment group was also
significandy higher (p= 0.003). INDUSTRIAL APPLICATION
[0134] The present invention has utility in achieving
particular health benefits including maintaining or
increasing cognitive development and maintaining or
increasing growtii. The described formulations and
compositions may be employed in a number of different
ways including maternal formulas, infant formulas,
follow-on formulas, growing-up formulas or dietetic
products. [0135] Those persons skilled in the art will
understand that the above description is provided by
way of illustration only and that die invention is not
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Organisation, GenevaWHAT WE CLAIM IS: 1. One or more
complex lipids for maintaining or increasing growth of
a foetal, infant, or child subject. 2. The product of
claim 1, wherein the product is administered to a
mother during gestation and the growth is brain weight
of a foetal subject or brain ganglioside content of a
foetal subject. 3. The product of claim 1, wherein the
product is administered to an infant or child subject
and the growth is one or more of body weight, body
length, and bone mineral density. 4. One or more
complex lipids for maintaining or increasing cognitive
development in a foetal, infant, or child subject. 5.
The product of claim 4, wherein the product is
administered to a mother during gestation and the
cognitive development is brain weight of a foetal
subject or brain ganglioside content of a foetal
subject. 



6. The product of any one of the preceding claims,
wherein the one or more complex lipids comprises one
or more phospholipids, one or more sphingolipids, one
or more sphingomyelins or derivatives thereof, one or
more ceramides, one or more cerebrosides, one or more
gangliosides, or any combination of any two or more
thereof. 7. The product of claim 6, wherein the one or
more gangliosides comprises GM3, GD3, or a mixture of
at least GM3 and GD3. 8. The product of any one of the
preceding claims, wherein the one or more complex
lipids comprises at least about 0.1% gangliosides w/w
on a dry basis. 9. The product of any one of the
preceding claims, wherein the product comprises at
least about 2 mg gangliosides per 10Og. 10. The
product of claim 9, wherein the product comprises
about 5 mg to about 20 mg gangliosides per 10Og. 11.
The product of any one of the preceding claims,
wherein the one or more complex lipids comprises a
milk fat extract.12. The product of claim 11, wherein
the milk fat extract comprises about 15% to about 99%
by weight total lipid, about 1% to about 80% by weight
phospholipid, about 1% to about 25% by weight
phosphatidylcholine, about 0.1% to about 15% by weight
phosphatidylinositol, about 0.1% to about 15% by
weight phosphatidylserine, about 1% to about 30% by
weight phosphatidylethanolamine, about 0.5% to about
25% by weight sphingomyelin, and about 0.1 to about
10% by weight ganglioside. 13. The product of claim
12, wherein the product comprises at least about 2 mg
milk fat extract per 10Og. 14. The product of claim
12, wherein the product comprises at least about 5 mg
milk fat extract per 10Og. 15. The product of claim
12, wherein the product comprises at least about 7.5
mg milk fat extract per 10Og. 16. Use of one or more
complex lipids in the manufacture of a formulation for
maintaining or increasing growth of a foetal, infant,
or child subject. 17. The use of claim 16, wherein die
formulation is administered to a mother during
gestation and the growdi is brain weight of a foetal
subject or brain ganglioside content of a foetal
subject. 18. The use of claim 16, wherein the
formulation is administered to an infant or child
subject and the growth is one or more of body weight,
body length, and bone mineral density. 19. Use of one
or more complex lipids in the manufacture of a
formulation for maintaining or increasing cognitive
development in a foetal, infant, or child subject. 20.
The use of claim 19, wherein the formulation is
administered to a mother during gestation and die
cognitive development is brain weight of a foetal
subject or brain ganglioside content of a foetal
subject. 21. The use of any one of claims 16 to 20,
wherein the one or more complex lipids comprises one
or more phospholipids, one or more sphingolipids, one
or more sphingomyelins or derivatives diereof, one or
more ceramides, one or more cerebrosides, one or more
gangliosides, or any combination of any two or more
thereof. 22. The use of claim 21, wherein the one or
more gangliosides comprises GM3, GD3, or a mixture
ofat least GM3 and GD3.23. The use of any one of
claims 16 to 22, wherein the one or more complex
lipids comprises at least about 0.1% gangliosides w/w
on a dry basis. 24. The use of any one of claims 16 to
23, wherein the formulation comprises at least about 2
mg gangliosides per 10Og. 25. The use of claim 24,
wherein the formulation comprises about 5 mg to about
20 mg gangliosides per 10Og. 26. The use of any one of
claims 16 to 25, wherein- the one or more complex
lipids comprises a milk fat extract. 27. The use of
claim 26, wherein the milk fat extract comprises about
15% to about 99% by weight total lipid, about 1% to
about 80% by weight phospholipid, about 1% to about
25% by weight phosphatidylcholine, about 0.1% to about
15% by weight phosphatidylinositol, about 0.1% to
about 15% by weight phosphatidylserine, about 1% to
about 30% by weight phosphatidylethanolamine, about
0.5% to about 25% by weight sphingomyelin, and about
0.1 to about 10% by weight ganglioside. 28. The use of
claim 27, wherein the formulation comprises at least
about 2 mg milk fat extract per 



10Og. 29. The use of claim 27, wherein the formulation
comprises at least about 5 mg milk fat extract per
10Og. 30. The use of claim 27, wherein the formulation
comprises at least about 7.5 mg milk fat extract per
10Og. 3 1. A method for maintaining or increasing
growth of a foetal, infant, or child, the method
comprising administering a composition comprising one
or more complex lipids to a foetal, infant, or child
subject in need thereof. 32. The method of claim 31,
wherein the composition is administered to a mother
during gestation and the growth is brain weight of a
foetal subject or brain ganglioside content of a
foetal subject. 33. The method of claim 31, wherein
the composition is administered to an infant or child
subject and the growth is one or more of body weight,
body length, and bone mineral density.34. A method for
maintaining or increasing cognitive development of a
foetal, infant, or child subject by administering a
composition comprising one or more complex lipids to a
foetal, infant, or child subject in need thereof. 35.
The method of claim 34, wherein the composition is
administered to a mother during gestation and the
cognitive development is brain weight of a foetal
subject or brain ganglioside content of a foetal
subject. 36. A method for maintaining or increasing
growdi or maintaining or increasing cognitive
development of a foetal subject, the method comprising
providing a pregnant mother with a composition
comprising one or more complex lipids and informing
the mother that the composition will maintain or
increase growth or maintain or increase cognitive
development of the foetal subject. 37. A method for
maintaining or increasing growth or maintaining or
increasing cognitive development in a subject, the
method comprising providing a subject with a
composition comprising one or more complex lipids and
informing the subject that the composition will
maintain or increase growth or maintain or increase
cognitive development of the subject. 38. The method
of any one of claims 3 1 to 37, wherein the one or
more complex lipids comprises one or more
phospholipids, one or more sphingolipids, one or more
sphingomyelins or derivatives thereof, one or more
ceramides, one or more cerebrosides, one or more
gangliosides, or any combination of any two or more
thereof. 39. The method of claim 38, wherein the one
or more gangliosides comprises GM3, GD3, or a mixture
of at least GM3 and GD3. 40. The method of any one of
claims 3 1 to 39, wherein the one or more complex
lipids comprises at least about 0.1% gangliosides w/w
on a dry basis. 41. The method of any one of claims 31
to 40, wherein the composition comprises at least
about 2 mg gangliosides per 10Og. 42. The method of
claim 41, wherein the composition comprises about 5 mg
to about 20 mg gangliosides per 10Og. 43. The method
of any one of claims 3 1 to 42, wherein die one or
more complex lipids comprises a milk fat extract.44.
The method of claim 43, wherein the milk fat extract
comprises about 15% to about 99% by weight total
lipid, about 1% to about 80% by weight phospholipid,
about 1% to about 25% by weight phosphatidylcholine,
about 0.1% to about 15% by weight
phosphatidylinositol, about 0.1% to about 15% by
weight phosphatidylserine, about 1% to about 30% by
weight phosphatidylethanolamine, about 0.5% to about
25% by weight sphingomyelin, and about 0.1 to about
10% by weight ganglioside. 45. The method of claim 44,
wherein the composition comprises at least about 2 mg
milk fat extract per 10Og. 46. The method of claim 44,
wherein the composition comprises at least about 5 mg
milk fat extract per 10Og. 47. The method of claim 44,
wherein the composition comprises at least about 7.5
mg milk fat extract per 10Og. 


