
PRODUCTION OF CAROTENOIDS IN OLEAGINOUS YEAST AND
FUNGI Related Applications [0001] This application
claims the benefit of U.S. Provisional Application No.
60/663,621, filed March 18, 2005, the contents of
which are hereby incorporated by reference in their
entirety. Background of the Invention [0002]
Carotenoids are organic pigments ranging in color from
yellow to red that are naturally produced by certain
organisms, including photosynthetic organisms (e.g.,
plants, algae, cyanobacteria), and some fungi.
Carotenoids are responsible for the orange color of
carrots, as well as the pink in flamingos and salmon,
and the red in lobsters and shrimp. Animals, however,
cannot produce carotenoids and must receive them
through their diet. [0003] Carotenoid pigments (e.g.,
b-carotene and astaxanthin) are used industrially as
ingredients for food and feed stocks, both serving a
nutritional function and enhancing consumer
acceptability. For example, astaxanthin is widely used
in salmon aquaculture to provide the orange coloration
characteristic of their wild counterparts. Some
carotenoids are also precursors of vitamin A. Also,
carotenoids have antioxidant properties, and may have
various health benefits (see, for example, Jyonouchi
et al., Nutr, Cancer 16:93, 1991; Giovannucci et al.,
. Natl. Cancer Inst. 87:1767, 1995; Miki, PureAppl.
Chem 63:141, 1991; Chew et al., Anticancer Res.
19:1849, 1999; Wang et al., Antimicrob. Agents
Chemother. 44:2452, 2000). Some carotenoids such as
b-carotene, lycopene, and lutein are currently sold as
nutritional supplements. [0004] jn general, the
biological systems that produce carotenoids are
industrially intractable and/or produce the compounds
at such low levels that commercial scale isolation is
not practicable. Thus, most carotenoids used in
industry are produced by chemical synthesis. There is
a need for improved biological systems that produce
carotenoids. Some efforts have previously been made to
genetically engineer certain bacteria or fungi to
produce higher levels of carotenoids (see, for
example, Misawa et al., J. Biotechnol. 59:169, 1998;
Visser et al., FEMS Yeast Research 4:221, 2003).
However, improved systems, allowing higher levels of
production and greater ease of isolation, are needed.
Summary of the Invention [0005] The present invention
provides improved systems for the biological
production of carotenoids. In one aspect, the
invention encompasses the discovery that it is
desirable to produce carotenoids in oleaginous
organisms. Without wishing to be bound by any
particular theory, the present inventors propose that
biological systems may be able toaccumulate higher
levels of carotenoids if the compounds are sequestered
in lipid bodies. Regardless of whether absolute levels
are higher, however, carotenoids that are accumulated
within lipid bodies in oleaginous organisms are
readily isolatable through isolation of the lipid
bodies. [0006] The present invention therefore
provides oleaginous fungi (including, for example,
yeast or other unicellular fungi) that produce one or
more carotenoids. The present invention also provides
methods of constructing such yeast and fungi, methods
of using such yeast and fungi to produce carotenoids,
and methods of preparing carotenoid-containing
compositions, such as food or feed additives, or
nutritional supplements, using carotenoids produced in
such oleaginous yeast or fungi. In particular, the
present invention provides systems and methods for
generating yeast and fungi containing one or more
oleaginic and/or carotenogenic modifications that
increase the oleaginicity and/or alter their
carotenoidproducing capabilities as compared with
otherwise identical organisms that lack the modif
cation(s). [0007] The present invention further
encompasses the general recognition that
lipidaccumulating systems are useful for the
production and/or isolation of lipophilic agents (such
as, but not limited to isoprenoids, or
isoprenoid-derived compounds). Thus, according to the
present invention, it is desirable to engineer
organisms to produce such lipophilic agents and/or to
accumulate lipid. [0008] Various other aspects of the
present invention will be apparent to those of
ordinary skill in the art from the present
description, including the appended claims. Brief
Description of the Drawing [0009] Figure IA-ID depicts
certain common carotenoids. [0010] Figure 2 depicts
how sufficient levels of acetyl-CoA and NADPH may be
accumulated in the cytosol of oleaginous organisms to
allow for production of significant levels of
cytosolic lipids. Enzymes: 1, pyruvate decarboxylase;
2, malate dehydrogenase; 3, malic enzyme; 4, pyruvate
dehydrogenase; 5, citrate synthase; 6, ATP-citrate
lyase; 7, citrate/malate translocase. [001 1] Figures
3A and 3B depict the mevalonate isoprenoid
biosynthesis pathway, which typically operates in
eukaryotes, including fungi. [0012] Figure 4 depicts
the mevalonate-independent isoprenoid biosynthesis
pathway, also known as the DXP pathway, which
typically operates in bacteria and in the plastids of
plants. [0013] Figure 5 depicts intermediates in the
isoprenoid biosynthesis pathway and how they feed into
biosynthetic pathways of other biomolecules, including
carotenoids aswell as non-carotenoid compounds such as
sterols, steroids, and vitamins, such as vitamin E or
vitamin K. [0014] Figures 6A-6D illustrate various
carotenoid biosynthetic pathways. Figure 6A highlights
branches leading to various cyclic and acyclic
xanthophylls; Figure 6B shows certain X. dendrorhous
pathways that generate dicyclic and monocyclic
carotenoids, including astaxanthin; Figure 6C shows
interconnecting pathways for converting b-carotene
into any of a variety of other carotenoids, including
astaxanthin; Figure 6D depicts possible routes of
synthesis of cyclic carotenoids and common plant and
algal xanthophylls from neurosporene. [0015] Figures
7A-7C show an alignment of certain representative
fungal HMGCoA reductase polypeptides. As can be seen,
these polypeptides show very high identity across the
catalytic region, and also have complex membrane
spanning domains. In some embodiments of the
invention, these membrane-spanning domains are
disrupted or are removed, so that, for example, a
hyperactive version of the polypeptide may be
produced. [0016] Figures 8A-8D depict schematic
representations of plasmids generated and described in
detail in the exemplification. Definitions [0017]
Carotenogenic modification: The term "carotenogenic
modification", as used herein, refers to a
modification of a host organism that adjusts
production of one or more carotenoids, as described
herein. For example, a carotenogenic modification may
increase the 



production level of one or more carotenoids, and/or
may alter relative production levels of different
carotenoids. In principle, an inventive carotenogenic
modification may be any chemical, physiological,
genetic, or other modification that appropriately
alters production of one or more carotenoids in a host
organism produced by that organism as compared with
the level produced in an otherwise identical organism
not subject to the same modification. In most
embodiments, however, the carotenogenic modification
will comprise a genetic modification, typically
resulting in increased production of one or more
selected carotenoids. In some embodiments, the
selected carotenoid is one or more of astaxanthin,
b-carotene, canthaxanthin, lutein, lycopene, phytoene,
zeaxanthin, and/or modifications of zeaxanthin or
astaxanthin (e.g., glucoside, esterif ed zeaxanthin or
astaxanthin). In some embodiments, the selected
carotenoid is one or more xanthophylls, and/or a
modification thereof (e.g., glucoside, esterif ed
xanthophylls). In certain embodiments, the selected
xanthophyl is selected from the group consisting of
astaxanthin, lutein, zeaxanthin, lycopene, and
modifications thereof. In some embodiments, the
selected carotenoid is one or more of astaxanthin,
b-carotene, canthaxanthin, lutein, lycopene, and
zeaxanthin and/or modifications of zeaxanthin or
astaxanthin. In some embodiments, the carotenoid is
b-carotene. In someembodiments, the selected
carotenoid is astaxanthin. In some embodiments, the
selected carotenoid is other than b-carotene. [0018]
Carotenogenicpolypeptide: The term "carotenogenic
polypeptide", as used herein, refers to any
polypeptide that is involved in the process of
producing carotenoids in a cell, and may include
polypeptides that are involved in processes other than
carotenoid production but whose activities affect the
extent or level of production of one or more
carotenoids, for example by scavenging a substrate or
reactant utilized by a carotenoid polypeptide that is
directly involved in carotenoid production.
Carotenogenic polypeptides include isoprenoid
biosynthesis polypeptides, carotenoid biosynthesis
polypeptides, and isoprenoid biosynthesis competitor
polypeptides, as those terms are defined herein. The
term also encompasses polypeptides that may affect the
extent to which carotenoids are accumulated in lipid
bodies. [0019] Carotenoid: The term "carotenoid" is
understood in the art to refer to a structurally
diverse class of pigments derived from isoprenoid
pathway intermediates. The commitment step in
carotenoid biosynthesis is the formation of phytoene
from geranylgeranyl pyrophosphate. Carotenoids can be
acyclic or cyclic, and may or may not contain oxygen,
so that the term carotenoids include both carotenes
and xanthophylls. In general, carotenoids are
hydrocarbon compounds having a conjugated polyene
carbon skeleton formally derived from the five-carbon
compound IPP, including triterpenes (C30
diapocarotenoids) and tetraterpenes (C40 carotenoids)
as well as their oxygenated derivatives and other
compounds that are, for example, C35, C 0, C6o C70,
C80 in length or other lengths. Many carotenoids have
strong light absorbing properties and may range in
length in excess of C2oo- C30 diapocarotenoids
typically consist of six isoprenoid units joined in
such a manner that the arrangement of isoprenoid units
is reversed at the center of the molecule so that the
two central methyl groups are in a 1,6-positional
relationship and the remaining non-terminal methyl
groups are in a 1,5- positional relationship. Such C30
carotenoids may be formally derived from the acyclic
C30H42 structure, having a long central chain of
conjugated double bonds, by: (i) hydrogenation (ii)
dehydrogenation, (iii) cyclization, (iv) oxidation,
(v) esterification/glycosylation, or any combination
of these processes. C40 carotenoids typically consist
of eight isoprenoid units joined in such a manner that
the arrangement of isoprenoid units is reversed at the
center of the molecule so that the two central methyl
groups are in a 1,6-positional relationship and the
remaining non-terminal methyl groups are in a 1,5-
positional relationship. Such C40 carotenoids may be
formally derived from the acyclic C40H5 structure,
having a long central chain of conjugated double
bonds, by (i) hydrogenation, (ii) dehydrogenation,
(iii) cyclization, (iv) oxidation, (v)
esterification/glycosylation, or any combination of
these processes. The class of C40carotenoids also
includes certain compounds that arise from
rearrangements of the carbon skeleton, or by the
(formal) removal of part of this structure. More than
600 different carotenoids have been identified in
nature; certain common carotenoids are depicted in
Figure 1. Carotenoids include but are not limited to:
antheraxanthin, adonirubin, adonixanthin, astaxanthin,
canthaxanthin, capsorubrin, b-cryptoxanthin,
a-carotene, b-carotene, b,y- carotene, d-carotene,
e-carotene, echinenone, 3-hydroxyechinenone,
3'-hydroxyechinenone, g- carotene, y-carotene, 4-keto-
g-carotene, z-carotene, a-cryptoxanthin,
deoxyflexixanthin, diatoxanthin,
7,8-didehydroastaxanthin, didehydrolycopene,
fucoxanthin, fucoxanthinol, isorenieratene,
b-isorenieratene, lactucaxanthin, lutein, lycopene,
myxobactone, neoxanthin, neurosporene,
hydroxyneurosporene, peridinin, phytoene, rhodopin,
rhodopin glucoside, 4- keto-rubixanthin,
siphonaxanthin, spheroidene, spheroidenone,
spirilloxanthin, torulene, 4- keto-torulene,
3-hydroxy-4-keto-torulene, uriolide, uriolide acetate,
violaxanthin, zeaxanthin- b-diglucoside, zeaxanthin,
and C30 carotenoids. Additionally, carotenoid
compounds include derivatives of these molecules,
which may include hydroxy-, methoxy-, oxo-, epoxy-,
carboxy-, or aldehydic functional groups. Further,
included carotenoid compounds include ester (e.g.,
glycoside ester, fatty acid ester) and sulfate
derivatives (e.g., esterified xanthophylls). [0020]
Carotenoid biosynthesispolypeptide: The term
"carotenoid biosynthesis polypeptide" refers to any
polypeptide that is involved in the synthesis of one
or more carotenoids. To mention but a few, these
carotenoid biosynthesis polypeptides include, for
example, polypeptides of phytoene synthase, phytoene
dehydrogenase (or desaturase), lycopene cyclase,
carotenoid ketolase, carotenoid hydroxylase,
astaxanthin synthase, carotenoid epsilon hydroxylase,
lycopene cyclase (beta and epsilon subunits),
carotenoid glucosyltransferase, and acyl
CoA:diacyglycerol acyltransferase. Representative
examples of carotenoid biosynthesis polypeptide
sequences are presented in Tables 17-25. [0021] Gene:
The term "gene", as used herein, generally refers to a
nucleic acid encoding a polypeptide, optionally
including certain regulatory elements that may affect
expression of one or more gene products (i.e., RNA or
protein). [0022] Heterologous: The term
"heterologous", as used herein to refer to genes or
polypeptides, refers to a gene or polypeptide that
does not naturally occur in the organism in which it
is being expressed. It will be understood that, in
general, when a heterologous gene or polypeptide is
selected for introduction into and/or expression by a
host cell, the particular source organism from which
the heterologous gene or polypeptide may be selected
is not essential to the practice of the present
invention. Relevant considerations may include, for
example, how closely related the potential source and
host organisms are in evolution, or howrelated the
source organism is with other source organisms from
which sequences of other relevant polypeptides have
been selected. 



[0023] Host cell: As used herein, the "host cell" is a
yeast or fungal cell that is manipulated according to
the present invention to accumulate lipid and/or to
express one or more carotenoids as described herein. A
"modified host cell", as that term is used herein, is
a host cell that contains at least one oleaginic
modification and/or at least one carotenogenic
modification according to the present invention.
[0024] Isolated: The term "isolated", as used herein,
means that the isolated entity has been separated from
at least one component with which it was previously
associated. When most other components have been
removed, the isolated entity is "purified". Isolation
and/or purification may be performed using any
techniques known in the art including, for example,
fractionation, extraction, precipitation, or other
separation. [0025] Isoprenoid biosynthesis competitor
polypeptide: The term "isoprenoid biosynthesis
competitor polypeptide", as used herein, refers to a
polypeptide whose expression in a cell reduces the
level of geranylgeranyl diphosphate (GGPP) available
to enter the carotenoid biosynthesis pathway. For
example, isoprenoid biosynthesis competitor
polypeptides include enzymes that act on isoprenoid
intermediates prior to GGPP, such that less GGPP is
generated (see, for example, Figure 5). Squalene
synthase is but one isoprenoid biosynthesis competitor
polypeptide according to the present invention;
representative squalene synthase sequences are
presented in Table 16. Prenyldiphosphate synthase
enzymes and/?ar-hydroxybenzoate (PHB)
polyprenytransferase are yet additional isoprenoid
biosynthesis competitor polypeptides according to the
present invention; representative prenyldiphosphate
synthase enzymes and PHB polyprenyltransferase
polypeptides are presented in Table 29 and 30
respectively. [0026] Isoprenoid biosynthesis
polypeptide: The term "isoprenoid biosynthesis
polypeptide" refers to any polypeptide that is
involved in the synthesis of isoprenoids. For example,
as discussed herein, acetoacetyl-CoA thiolase, HMG-CoA
synthase, HMG-CoA reductase, mevalonate kinase,
phosphomevalonate kinase, mevalonate pyrophosphate
decarboxylase, IPP isomerase, FPP synthase, and GGPP
synthase, are all involved in the mevalonate pathway
for isoprenoid biosynthesis. Each of these proteins is
also an isoprenoid biosynthesis polypeptide for
purposes of the present invention, and sequences of
representative examples of these enzymes are provided
in Tables 7-15. [0027] Isoprenoid pathway: The
"isoprenoid pathway" is understood in the art to refer
to a metabolic pathway that either produces or
utilizes the five-carbon metabolite isopentyl
pyrophosphate (IPP). As discussed herein, two
different pathways can produce the common isoprenoid
precursor IPP-the "mevalonate pathway" and the
"non-mevalonatepathway". The term "isoprenoid pathway"
is sufficiently general to encompass both of these
types of pathway. Biosynthesis of isoprenoids from IPP
occurs by polymerization of several five-carbon
isoprene subunits. Isoprenoid metabolites derived from
IPP are of varying size and chemical structure,
including both cyclic and acyclic molecules.
Isoprenoid metabolites include, but are not limited
to, monoterpenes, sesquiterpenes, diterpenes, sterols,
and polyprenols such as carotenoids. [0028] Oleaginic
modification: The term "oleaginic modification", as
used herein, refers to a modification of a host
organism that adjusts the desirable oleaginy of that
host organism, as described herein. In some cases, the
host organism will already be oleaginous in that it
will have the ability to accumulate lipid to at least
about 20% of its dry cell weight. It may nonetheless
be desirable to apply an oleaginic modification to
such an organism, in accordance with the present
invention, for example to increase (or, in some cases,
possibly to decrease) its total lipid accumulation, or
to adjust the types or amounts of one or more
particular lipids it accumulates (e.g., to increase
relative accumulation of triacylglycerol). In other
cases, the host organism may be non-oleaginous (though
may contain some enzymatic and regulatory components
used in other organisms to accumulate lipid), and may
require oleaginic modification in order to become
oleaginous in accordance with the present invention.
The present invention also contemplates application of
oleaginic modification to non-oleaginous host strains
such that their oleaginicity is increased even though,
even after being modified, they may not be oleaginous
as defined herein. In principle, the oleaginic
modification may be any chemical, physiological,
genetic, or other modification that appropriately
alters oleaginy of a host organism as compared with an
otherwise identical organism not subjected to the
oleaginic modification. In most embodiments, however,
the oleaginic modification will comprise a genetic
modification, typically resulting in increased
production and/or activity of one or more oleaginic
polypeptides. In some embodiments, the oleaginic
modification comprises at least one chemical,
physiological, genetic, or other modification; in
other embodiments, the oleaginic modification
comprises more than one chemical, physiological,
genetic, or other modification. In certain aspects
where more than one modification is utilized, such
modifications can comprise any combination of
chemical, physiological, genetic, or other
modification (e.g., one or more genetic modification
and chemical or physiological modification). [0029]
Oleaginic polypeptide: The term "oleaginic
polypeptide", as used herein, refers to any
polypeptide that is involved in the process of lipid
accumulation in a cell and may include polypeptides
that are involved in processes other than lipid
biosynthesis but whose activities affect the extent or
level of accumulation of one or more lipids, for
example by scavenging a substrate or reactant utilized
by an oleaginic polypeptide that is directly involved
in lipid accumulation. For example, as discussed
herein, acetyl-CoA carboxylase,pyruvate decarboxylase,
isocitrate dehydrogenase, ATP-citrate lyase, malic
enzyme, and AMP deaminase, among other proteins, are
all involved in lipid accumulation in cells. In
general, reducing the activity of pyruvate
decarboxylase or isocitrate dehydrogenase, and/or
increasing the activity of acetyl CoA carboxylase,
ATP-citrate lyase, malic enzyme and/or AMP deaminase
is expected to promote oleaginy. Each of these
proteins is an oleaginic polypeptide for purposes of
the present invention, and sequences of representative
examples of these enzymes are provided in Tables 1-6.
[0030] Oleaginous: The term "oleaginous", refers to
the ability of an organism to accumulate lipid to at
least about 20% of its dry cell weight. In certain
embodiments of the invention, oleaginous yeast or
fungi accumulate lipid to at least about 25% of their
dry cell weight. In other embodiments, inventive
oleaginous yeast or fungi accumulate lipid within the
range of about 20-45% of their dry cell weight. In
some embodiments, oleaginous organisms may accumulate
lipid to as much as about 70% of their dry cell
weight. In some embodiments of the invention,
oleaginous organisms may accumulate a large fraction
of total lipid accumulation in the form of
triacylglycerol. In certain embodiments, the majority
of the accumulated lipid is in the form of
triacylglycerol. Alternatively or additionally, the
lipid may accumulate in the form of intracellular
lipid bodies, or oil bodies. In certain 



embodiments, the present invention utilizes yeast or
fungi that are naturally oleaginous. In some aspects,
naturally oleaginous organisms are manipulated (e.g.,
genetically, chemically, or otherwise) so as to futher
increase the level of accumulated lipid in the
organism. In other embodiments, yeast or fungi that
are not naturally oleaginous are manipulated (e.g.,
genetically, chemically, or otherwise) to accumulate
lipid as described herein. For the purposes of the
present invention, Xanthophyllomyces dendrorhous
(Phaffia rhodoym) and Candida utilis are not naturally
oleaginous fungi. [0031] Polypeptide: The term
"polypeptide", as used herein, generally has its
artrecognized meaning of a polymer of at least three
amino acids. However, the term is also used to refer
to specific functional classes of polypeptides, such
as, for example, oleaginic polypeptides, carotenogenic
polypeptides, isoprenoid biosynthesis polypeptides,
carotenoid biosynthesis polypeptides, and isoprenoid
biosynthesis competitor polypeptides. For each such
class, the present specification provides several
examples of known sequences of such polypeptides.
Those of ordinary skill in the art will appreciate,
however, that the term "polypeptide" is intended to be
sufficiently general as to encompass not only
polypeptides having the complete sequence recited
herein (or in a reference or database specifically
mentioned herein), but also to encompass polypeptides
that represent functional fragments (i.e., fragments
retaining at least one activity) of such complete
polypeptides. Moreover, those of ordinary skill in the
art understand that protein sequences generally
tolerate some substitution without destroying
activity. Thus, any polypeptide that retains activity
and sharesat least about 30-40% overall sequence
identity, often greater than about 50%, 60%, 70%, or
80%, and further usually including at least one region
of much higher identity, often greater than 90% or
even 95%, 96%, 97%, 98%, or 99% in one or more highly
conserved regions (e.g., isocitrate dehydrogenase
polypeptides often share a conserved AMP-binding
motif; HMG-CoA reductase polypeptides typically
include a highly conserved catalytic domain (see, for
example, Figure 7); acetyl coA carboxylase typically
has a carboxyl transferase domain; see, for example,
Downing et al., Chem. Abs. 93:484, 1980; Gil et al.,
Cell 4 1:249, 1985; Jitrapakdee et al. Curr Protein
Pept Sci. 4:217, 2003; U.S. Patent Number 5,349,126,
each of which is incorporated herein by reference in
its entirety), usually encompassing at least 3-4 and
often up to 20 or more amino acids, with another
polypeptide of the same class, is encompassed within
the relevant term "polypeptide" as used herein. [0032]
Source organism: The term "source organism", as used
herein, refers to the organism in which a particular
polypeptide sequence can be found in nature. Thus, for
example, if one or more heterologous polypeptides
is/are being expressed in a host organism, the
organism in which the polypeptides are expressed in
nature (and/or from which their genes were originally
cloned) is referred to as the "source organism". Where
more than one heterologous polypeptides are being
expressed in a host organism, one or more source
organism(s) may be utilized for independent selection
of each of the heterologous polypeptide(s). It will be
appreciated that any and all organisms that naturally
contain relevant polypeptide sequences may be used as
source organisms in accordance with the present
invention. Representative source organisms include,
for example, animal, mammalian , insect, plant,
fungal, yeast, algal, bacterial, cyanobacterial,
archaebacterial and protozoal source organisms.
Detailed Description of Certain Preferred Embodiments
of the Invention [0033] As noted above, the present
invention encompasses the discovery that carotenoids
can desirably be produced in oleaginous yeast and
fungi. According to the present invention, strains
that both (i) accumulate lipid, often in the form of
cytoplasmic oil bodies and typically to at least about
20% of their dry cell weight; and (ii) produce
carotenoid(s) at a level at least about 1%, and in
some embodiments at least about 3-20%, of their dry
cell weight, are generated through manipulation of
host cells (i.e., strains, including, e.g.,
naturally-occurring strains, strains which have been
previously modified, etc.). These manipulated host
cells are then used to produce carotenoids, so that
carotenoids that partition into the lipid bodies can
readily be isolated. [0034] In general, it will be
desirable to balance oleaginy and carotenoid
production in inventive cells such that, as soon as a
minimum desirable level of oleaginy is achieved,
substantially all further carbon which is capable of
being utilized and diverted intobiosynthesis of
products is diverted into a carotenoid production
pathway. In some embodiments of the invention, this
strategy involves engineering cells to be oleaginous;
in other embodiments, it involves engineering cells to
accumulate a higher level of lipid, particularly
cytoplasmic lipid, than they would accumulate in the
absence of such engineering even though the engineered
cells may not become "oleaginous" as defined herein.
In other embodiments, the extent to which an
oleaginous host cell accumulates lipid is actually
reduced so that remaining carbon can be utilized in
carotenoid production. Host Cells [0035] Those of
ordinary skill in the art will readily appreciate that
a variety of yeast and fungal strains exist that are
naturally oleaginous or that naturally produce
carotenoids. Any of such strains may be utilized as
host strains according to the present invention, and
may be engineered or otherwise manipulated to generate
inventive oleaginous, carotenoidproducing strains.
Alternatively, strains that naturally are neither
oleaginous nor carotenoidproducing may be employed.
Furthermore, even when a particular strain has a
natural capacity for oleaginy or for carotenoid
production, its natural capabilities may be adjusted
as described herein, so as to change the production
level of lipid and/or carotenoid. In certain
embodiments engineering or manipulation of a strain
results in modification of a type of lipid and/or
carotenoid which is produced. For example, a strain
may be naturally oleaginous and/or carotenogenic,
however engineering or modification of the strain may
be employed so as to change the type of lipid which is
accumulated and or to change the type of carotenoid
which is produced. [0036] When selecting a particular
yeast or fungal strain for use in accordance with the
present invention, it will generally be desirable to
select one whose cultivation characteristics are
amenable to commercial scale production. For example,
it will generally (though not necessarily always) be
desirable to avoid filamentous organisms, or organisms
with particularly unusual or stringent requirements
for growth conditions. However, where conditions for
commercial scale production can be applied which allow
for utilization of filamentous organisms, these may be
selected as host cells. In some embodiments of the
invention, it will be desirable to utilize edible
organisms as host cells, as they may optionally be
formulated directly into food or feed additives, or
into nutritional supplements, as desired. For ease of
production, some embodiments of the invention utilize
host cells that are genetically tractable, amenable to
molecular genetics (e.g., can be efficiently
transformed, 



especially with established or available vectors;
optionally can incorporate and/or integrate multiple
genes, for example sequentially; and/or have known
genetic sequence; etc), devoid of complex growth
requirements (e.g., a necessity for light), mesophilic
(e.g., prefer growth temperatures with in the range of
about 25-32 0C) able to assimilate a variety of carbon
and nitrogen sources and/or capable of growing to high
cell density. Alternatively or additionally,various
embodiments of the invention utilize host cells that
grow as single cells rather than multicellular
organisms (e.g., as mycelia). [0037] In general, when
it is desirable to utilize a naturally oleaginous
organism in accordance with the present invention, any
modifiable and cultivatable oleaginous organism may be
employed. In certain embodiments of the invention,
yeast or fungi of genera including, but not limited
to, Blakeslea, Candida, Cryptococcus, Cunninghamella,
Lipomyces, Mortierella, Mucor, Phycomyces, Pythium,
Rltodosporidium, Rliodotorula, Trichosporon, and
Yarrowia are employed. In certain particular
embodiments, organisms of species that include, but
are not limited to, Blakeslea frispora, Candida
pulcherrima, C. revkaub , C. tropicalis, Cryptococcus
curvatus, Cunninghamella echinulata, C. elegans,
C.japonica, Lipomyces starkeyi, L. lipoferus,
Mortierella alpina, M. isabellina, M. ramanniana, M.
vinacea, Mucor circinelloides, Phycomyces
blakesleanus, Pythium irregulare, Rhodosporidium
toruloides, Rhodotorula glutinis, R. gracilis, R.
graminis, R. mucilaginosa, pinicola, Trichosporon
pullans, T. cutaneum, and Yarrowia lipolytica are
used. [0038] Of these naturally oleaginous strains,
some also naturally produce carotenoids and some do
not. In most cases, only low levels (less than about
0.05% dry cell weight) of carotenoids are produced by
naturally-occurring carotenogenic, oleaginous yeast or
fungi. Higher levels of b-carotene are sometimes
produced, but high levels of other carotenoids are
generally not observed. [0039] In general, any
organism that is naturally oleaginous and
non-carotenoidproducing (e.g., produce less than about
0.05% dry cell weight, do not produce the carotenoid
of interest) may be utilized as a host cell in
accordance with the present invention. In some
embodiments, the organism is a yeast or fungus from a
genus such as, but not limited to, Candida,
Cryptococcus, Cunninghamella, Lipomyces, Mortierella,
Pythium, Trichosporon, and Yarrowia; in some
embodiments, the organism is of a species including,
but not limited to, Mortierella alpina and Yarrowia
lipolytica. [0040] Comparably, the present invention
may utilize any naturally oleaginous,
carotenoid-producing organism as a host cell. In
general, the present invention may be utilized to
increase carbon flow into the isoprenoid pathway in
naturally carotenoid-producing organisms (particularly
for organisms other than Blakeslea and Phycomyces),
and/or to shift production from one carotenoid (e.g.,
b-carotene) to another (e.g., astaxanthin).
Introduction of one or more carotenogenic
modifications (e.g., increased expression of one or
more endogenous or heterologous carotenogenic
polypeptides), in accordance with the present
invention, can achieve these goals. [0041] In certain
embodiments of the invention, the utilized oleaginous,
carotenoidproducing organism is a yeast or fungus, for
example of a genus such as, but not limited
to,Blakeslea, Mucor, Phycomyces, Khodosporidium, and
Rhodotorula; in some embodiments, the organism is of a
species such as, Mucor circinelloides and PJ odotorula
glutinis. [0042] When it is desirable to utilize
strains that are naturally non-oleaginous as host
cells in accordance with the present invention, genera
of non-oleaginous yeast or fongi include, but are not
limited to, Aspergillus, Botrytis, Cercospora,
Fusarium (Gibberella), Kluyveromyces, Neurospora,
Penicillium, Pichia (Hansenula), Puccinia,
Saccharomyces, Sclerotium, Trichoderma, and
Xanthophyllomyces (Phaffia); in some embodiments, the
organism is of a species including, but not limited
to, Aspergillus nidulans, A. niger, A. terreus,
Botrytis cinerea, Cercospora nicotianae,
Fusariumfujikuroi {Gibberella zeae), Kluyveromyces
lactis, K. lactis, Neurospora crassa, Pichia pastoris,
Puccinia distincta, Saccharomyces cerevisiae,
Sclerotium rolfsii, Trichoderma reesei, and
Xanthophyllomyces dendrorhous (Phaffia rhodozyma).
[0043] It will be appreciated that the term
"non-oleaginous", as used herein, encompasses both
strains that naturally have some ability to accumulate
lipid, especially cytoplasmically, but do not do so to
a level sufficient to qualify as "oleaginous" as
defined herein, as well as strains that do not
naturally have any ability to accumulate extra lipid,
e.g., extra-membranous lipid. It will further be
appreciated that, in some embodiments of the
invention, it will be sufficient to increase the
natural level of oleaginy of a particular host cell,
even if the modified cell does not qualify as
oleaginous as defined herein. [0044] As with the
naturally oleaginous organisms, some of the naturally
nonoleaginous fungi naturally produce carotenoids,
whereas others do not. Genera of naturally
non-oleaginous fungi that do not naturally produce
carotenoids (e.g., produce less than about 0.05% dry
cell weight, do not produce carotenoid of interest)
may desirably be used as host cells in accordance with
the present invention include, but are not limited to,
Aspergillus, Kluyveromyces, Penicillium,
Saccharomyces, and Pichia; species include, but are
not limited to, Aspergillus niger and Saccharomyces
cerevisiae. Genera of naturally non-oleaginous fungi
that do naturally produce carotenoids and that may
desirably be used as host cells in accordance with the
present invention include, but are not limited to,
Botrytis, Cercospora, Fusarium (Gibberella),
Neurospora, Puccinia, Sclerotium, Trichoderma, and
Xanthophyllomyces (Phaffia); species include, but are
not limited to, Xanthophyllomyces dendrorhous (Phaffia
rhodozyma). [0045] As discussed above, any of a
variety of organisms may be employed as host cells in
accordance with the present invention. In certain
embodiments of the invention, host cells will be
Yarrowia lipolytica cells. Advantages of 7. lipolytica
include, for example, tractable genetics and molecular
biology, availability of genomic sequence (see, for
example. Sherman et al. Nucleic Acids Res. 32(Database
issue):D3 15-8, 2004), suitability to
variouscost-effective growth conditions, and ability
to grow to high cell density. In addition, Y.
lipolytica is naturally oleaginous, such that fewer
manipulations may be required to generate an
oleaginous, carotenoid-producing Y. lipolytica strain
than might be required for other organisms.
Furthermore, there is already extensive commercial
experience with Y. lipolytica. [0046] Saccharomyces
cerevisiae is also a useful host cell in accordance
with the present invention, particularly due to its
experimental tractability and the extensive experience
that researchers have accumulated with the organism.
Although cultivation of Saccharomyces under high
carbon conditions may result in increased ethanol
production, this can generally be managed by process
and/or genetic alterations. [0047] Additional useful
hosts include Xanthophyllomyces dendrorhous (Phaffia
rhodozyma), which is experimentally tractable and
naturally carotenogenic. Xanthophyllomyces dendrorhous
(Phaffia rhodozyma) strains can produce several 



carotenoids, including astaxanthin. [0048] Aspergillus
niger and Mortierella alpina accumulate large amounts
of citric acid and fatty acid, respectively;
Mortierella alpina is also oleaginous. [0049]
Neurospora or Gibberella are also useful. They are not
naturally oleaginous and tend to produce very low
levels of carotenoids, thus extensive modification may
be required in accordance with the present invention.
Neurospora and Gibberella are considered relatively
tractable from an experimental standpoint. Both are
filamentous fungi, such that production at commercial
scales can be a challenge necessary to overcome in
utilization of such strains. [0050] Mucor
circinelloides is another available useful species.
While its molecular genetics are generally less
accessible than are those of some other organisms, it
naturally produces b-carotene, thus may require less
modification than other species available. [0051]
Molecular genetics can be performed in Blakeslea,
though significant effort may be required.
Furthermore, cost-effective fermentation conditions
can be challenging, as, for example, it may be
required that the two mating types are mixed. Fungi of
the genus Phycomyces are also possible sources which
have the potential to pose fermentation process
challenges, and these fungi are also may be less
amenable to manipulate than several other potential
host organisms. [0052] Those of ordinary skill in the
art will appreciate that the selection of a particular
host cell for use in accordance with the present
invention will also affect, for example, the selection
of expression sequences utilized with any heterologous
polypeptide to be introduced into the cell, and will
also influence various aspects of culture conditions,
etc. Much is known about the different gene regulatory
requirements, protein targeting sequence requirements,
and cultivation requirements, of different host cells
to be utilized in accordancewith the present invention
(see, for example, with respect to Yarrowict, Barth et
al. FEMS Microbiol Rev. 19:219, 1997; Madzak et al. J
Biotechnol. 109:63, 2004; see, for example, with
respect to Xanthophyllomyces, Verdoes et al. Appl
Environ Microbiol 69: 3728-38, 2003 ; Visser et al.
FEMS Yeast Res 4: 221-31, 2003; Martinez et al.
Antonie Van Leeuwenhoek. 73(2):147-53, 1998; Kim et
al. Appl Environ Microbiol. 64(5):1947-9, 1998; Wery
et al. Gene. 184(l):89-97, 1997; see, for example,
with respect to Saccharomyces, Guthrie and Fink
Methods in Enzymology 194:1-933, 1991). In certain
aspects, for example, targeting sequences of the host
cell (or closely related analogs) may be useful to
include for directing heterologous proteins to
subcellular localization. Thus, such useful targeting
sequences can be added to heterologous sequence for
proper intracellular localization of activity. In
other aspects (e.g., addition of mitochondrial
targeting sequences), heterologous targeting sequences
may be eliminated or altered in the selected
heterologous sequence (e.g., alteration or removal of
source organism plant chloroplast targeting
sequences). Engineering Oleaginy [0053] All living
organisms synthesize lipids for use in their membranes
and various other structures. However, most organisms
do not accumulate in excess of about 10% of their dry
cell weight as total lipid, and most of this lipid
generally resides within cellular membranes. [0054]
Significant biochemical work has been done to define
the metabolic enzymes necessary to confer oleaginy on
microorganisms (primarily for the purpose of
engineering single cell oils as commercial sources of
arachidonic acid and docosahexaenoic acid; see for
example Ratledge Biochimie 86:807, 2004, the entire
contents of which are incorporated herein by
reference). Although this biochemical work is
compelling, prior to the present invention, there have
been no reports of de novo oleaginy being established
through genetic engineering with the genes encoding
the key metabolic enzymes. [0055] It should be noted
that oleaginous organisms typically only accumulate
lipid when grown under conditions of carbon excess and
nitrogen or other nutrient limitation. Under these
conditions, the organism readily depletes the limiting
nutrient but continues to assimilate the carbon
source. The "excess" carbon is channeled into lipid
biosynthesis so that lipids (usually triacylglycerols)
accumulate in the cytosol, typically in the form of
bodies. [0056] In general, it is thought that, in
order to be oleaginous, an organism must produce both
acetyl-CoA and NADPH in the cytosol, which can then be
utilized by the fatty acid synthase machinery to
generate lipids. In at least some oleaginous
organisms, acetyl- CoA is generated in the cytosol
through the action of ATP-citrate lyase, which
catalyzes the reaction: (1) citrate + CoA + ATP
acetyl-CoA + oxaloacetate + ADP + P,.[UU57J Of course,
in order for ATP-citrate lyase to generate appropriate
levels of acetyl-CoA in the cytosol, it must first
have an available pool of its substrate citric acid.
Citric acid is generated in the mitochondria of all
eukaryotic cells through the tricarboxylic acid (TCA)
cycle, and can be moved into the cytosol (in exchange
for malate) by citrate/malate translocase. [0058] In
most oleaginous organisms, and in some non-oleaginous
organisms, the enzyme isocitrate dehydrogenase, which
operates as part of the TCA cycle in the mitochondria,
is strongly AMP-dependent. Thus, when AMP is depleted
from the mitochondria, this enzyme is inactivated.
When isocitrate dehydrogenase is inactive, isocitrate
accumulates in the mitochondria. This accumulated
isocitrate is then equilibrated with citric acid,
presumably through the action of aconitase. Therefore,
under conditions of low AMP, citrate accumulates in
the mitochondria. As noted above, mitochondrial
citrate is readily transported into the cytosol.
[0059] AMP depletion, which in oleaginous organisms is
believed to initiate the cascade leading to
accumulation of citrate (and therefore acetyl-CoA) in
the cytoplasm, occurs as a result of the nutrient
depletion mentioned above. When oleaginous cells are
grown in the presence of excess carbon source but
under conditions limiting for nitrogen or some other
nutrient(s), the activity of AMP deaminase, which
catalyzes the reaction: (2) AMP (r) inosine
5'-monophosphate + NH3 is strongly induced. The
increased activity of this enzyme depletes cellular
AMP in both the cytosol and the mitochondria.
Depletion of AMP from the mitochondria is thought to
inactivate the AMP-dependent isocitrate dehydrogenase,
resulting in accumulation of citrate in the
mitochondria and, therefore, the cytosol. This series
of events is depicted diagrammatically in Figure 2.
[0060] As noted above, oleaginy requires both
cytosolic acetyl-CoA and cytosolic NADPH. It is
believed that, in many oleaginous organisms,
appropriate levels of cytosolic NADPH are provided
through the action of malic enzyme (Enzyme 3 in Figure
2). Some oleaginous organisms (e.g., Lipomyces and
some Candida) do not appear to have malic 



enzymes, however, so apparently other enzymes can
provide comparable activity, although it is expected
that a dedicated source of NADPH is probably required
for fatty acid synthesis (see, for example, Wynn et
al., Microbiol 145:191 1, 1999; Ratledge Adv. Appl.
Microbiol. 51:1, 2002, each of which is incorporated
herein by reference in its entirety). [0061] Thus,
according to the present invention, the oleaginy of a
host organism may be enhanced by modifying the
expression or activity of one or more polypeptides
involved in generating cytosolic acetyl-CoA and/or
NADPH. For example, modification of the expression or
activity of one or more of acetyl-CoA carboxylase,
pyruvate decarboxylase,socitrate dehydrogenase,
ATP-citrate lyase, malic enzyme, and AMP-deaminase can
enhance oleaginy in accordance with the present
invention. Exemplary polypeptides which can be
utilized or derived so as to enhance oleaginy in
accordance with the present invention include, but are
not limited to those acetyl-CoA carboxylase, pyruvate
decarboxylase, isocitrate dehydrogenase, ATP-citrate
lyase, malic enzyme, and AMP-deaminase polypeptides
provided in Table 1, Table 2, Table 3, Table 4, Table
5, and Table 6, respectively. [0062] In some
embodiments of the invention, where an oleaginous host
cell is employed, enzymes and regulatory components
relevant to oleaginy are already in place but could be
modified, if desired, by for example altering
expression or activity of one or more oleaginic
polypeptides and/or by introducing one or more
heterologous oleaginic polypeptides. In those
embodiments of the invention where a non-oleaginous
host cell is employed, it is generally expected that
at least one or more heterologous oleaginic
polypeptides will be introduced. [0063] The present
invention contemplates not only introduction of
heterologous oleaginous polypeptides, but also
adjustment of expression or activity levels of
heterologous or endogenous oleaginic polypeptides,
including, for example, alteration of constitutive or
inducible expression patterns. In some embodiments of
the invention, expression patterns are adjusted such
that growth in nutrient-limiting conditions is not
required to induce oleaginy. For example, genetic
modifications comprising alteration and/or addition of
regulatory sequences (e.g., promoter elements,
terminator elements) may be utilized to confer
particular regulation of expression patterns. Such
genetic modifications may be utilized in conjunction
with endogenous genes (e.g., for regulation of
endogenous oleagenic polypeptide(s)); alternatively,
such genetic modifications may be included so as to
confer regulation of expression of at least one
heterologous polypeptide (e.g., oleagenic
polypeptide(s)). For example, promoters including, but
not limited to Tefl, Gpdl promoters can be used in
conjunction with endogenous genes and/or heterolous
genes for modification of expression patterns of
endogenous oleaginic polypeptides and/or heterolous
oleagenic polypeptides. Similarly, exemplary
terminator sequences include, but are not limited to,
use of Y. lipolytica XPR2 terminator sequences. [0064]
In some embodiments, at least one oleaginic
polypeptide is introduced into a host cell. In some
embodiments of the invention, a plurality (e.g., two
or more) of different oleaginic polypeptides is
introduced into the same host cell. In some
embodiments, the plurality of oleaginic polypeptides
contains polypeptides from the same source organism;
in other embodiments, the plurality includes
polypeptides independently selected from different
source organisms.10065] Representative examples of a
variety of oleaginic polypeptides that may be
introduced into or modified within host cells
according to the present invention, include, but are
not limited to, those provided in Tables 1-6. As noted
above, it is expected that at least some of these
polypeptides (e.g., malic enzyme and ATP-citrate
lyase) should desirably act in concert, and possibly
together with one or more components of fatty acid
synthase, such that, in some embodiments of the
invention, it will be desirable to utilize two or more
oleaginic polypeptides from the same source organism.
[0066] In general, source organisms for oleaginic
polypeptides to be used in accordance with the present
invention include, but are not limited to, Blakeslea,
Candida, Cryptococcus, Cunninghamella, Lipomyces,
Mortierella, Mucor, Phycomyces, Pythium,
Rhodosporidium, Bliodotorula, Trichosporon, Yarrowia,
Aspergillus, Botrytis, Cercospora, Fusarium
(Gibberella), Kluyveromyces, Neurospora, Penicillium,
Pichia (Hansenula), Puccinia, Saccharomyces,
Sclerotium, Trichoderma, and Xanthophyllomyces
(Phaffia). In some embodiments, the source species for
acetyl CoA carboxylase, ATP-citrate lyase, malice
enzyme and/or AMP deaminase polypeptides include, but
are not limited to, Aspergillus nidulans, Cryptococcus
neoformans, Fusarium fuj kuroi, Kluyveromyces lactis,
Neurospora crassa, Saccharomyces cerevisiae,
Schizosaccharomyces pombe, Ustilago maydis, and
Yarrowia lipolytics, in some embodiments, source
species for pyruvate decarboxylase or isocitrate
dehydrogenase polypeptides include, but are not
limited to Neurospora crassa, Xanthophyllomyces
dendrorhous (Phaffia rhodozyma), Aspergillus niger,
Saccharomyces cerevisiae, Mucor circinelloides,
Khodotorula glutinis, Candida utilis, Mortierella
alpina and Yarrowia lipolytica. Engineering Carotenoid
Production [0067] Carotenoids are synthesized from
isoprenoid precursors, some of which are also involved
in the production of steroids and sterols. The most
common isoprenoid biosynthesis pathway, sometimes
referred to as the "mevalonate pathway", is generally
depicted in Figure 3. As shown, acetyl-CoA is
converted, via hydroxymethylglutaryl-CoA (HMG-CoA),
into mevalonate. Mevalonate is then phosphorylated and
converted into the five-carbon compound isopentenyl
pyrophosphate (IPP). Following isomerization of IPP
into dimethylallyl pyrophosphate (DMAPP), three
sequential condensation reactions with additional
molecules of IPP generate the ten-carbon molecule
geranyl pyrophosphate (GPP), followed by the
fifteen-carbon molecule farnesyl pyrophosphate (FPP),
and finally the twenty-carbon compound geranylgeranyl
pyrophosphate (GGPP). [0068] An alternative isoprenoid
biosynthesis pathway, that is utilized by some
organisms (particularly bacteria) and is sometimes
called the "mevalonate-independent pathway", is
depicted in Figure 4. This pathway is initiated by the
synthesis of 1-deoxy-Dxyloglucose-5-phosphate (DOXP)
from pyruvate and glyceraldehyde-3 -phosphate. DOXP is
then converted, via a series of reactions shown in
Figure 4, into IPP, which isomerizes into DMAPP and is
then converted, via GPP and FPP, into GGPP as shown in
Figure 3 and discussed above. [0069] Various proteins
involved in isoprenoid biosynthesis have been
identified and characterized in a number of organisms.
Moreover, various aspects of the isoprenoid
biosynthesis pathway are conserved throughout the
fungal, bacterial, plant and animal kingdoms. For
example, polypeptides corresponding to the
acetoacetyl-CoA thiolase, HMGCoA synthase, HMG-CoA
reductase, mevalonate kinase, phosphomevalonate
kinase, mevalonate pyrophosphate decarboxylase, IPP
isomerase, FPP synthase, and GGPP synthase 



shown in Figure 3 have been identified in and isolated
from a wide variety of organisms and cells.
Representative examples of a wide variety of such
polypeptides are provided in Tables 7-15. One or more
of the polypeptides selected from those provided in
any one of Tables 7- 15 may be utilized or derived for
use in the methods and compositions in accordance with
the present invention. [0070] According to the present
invention, carotenoid production in a host organism
may be adjusted by modifying the expression or
activity of one or more proteins involved in
isoprenoid biosynthesis. In some embodiments, such
modification involves introduction of one or more
heterologous isoprenoid biosynthesis polypeptides into
the host cell; alternatively or additionally,
modifications may be made to the expression or
activity of one or more endogenous or heterologous
isoprenoid biosynthesis polypeptides. Given the
considerable conservation of components of the
isoprenoid biosynthesis polypeptides, it is expected
that heterologous isoprenoid biosynthesis polypeptides
will often function even in significantly divergent
organisms. Furthermore, should it be desirable to
introduce more than one heterologous isoprenoid
biosynthesis polypeptide, in many cases polypeptides
from different source organisms will function
together. In some embodiments of the invention, a
plurality of different heterologous isoprenoid
biosynthesis polypeptides is introduced into the same
host cell. In some embodiments, this plurality
contains only polypeptides from the same source
organism (e.g., two or more sequences of, or sequences
derived from, the same source organism); in other
embodiments the plurality includes polypeptides
independently selected from from different source
organisms (e.g., two or more sequences of, or
sequences derived from, at least two independent
source organisms). [0071] In some embodiments of the
present invention that utilize heterologous isoprenoid
biosynthesis polypeptides, the source organisms
include, but are not limited to, fungi of the genera
Blakeslea, Candida, Cryptococcus, Cunninghamella,
Lipomyces, Mortierella, Mucor, Phycomyces, Pythium,
Bliodosporidium, Rhodotorula, Trichosporon,Yarrowia,
Aspergillus, Botrytis, Cercospora, Fusarium
(Gibberella), Kluyveromyces, Neurospora, Penicillium,
Pichia (Hansenula), Puccinia, Saccharomyces,
Schizosaccharomyces, Sclerotium, Trichoderms,
Ustilago, and Xanthophyllomyces (Phaffia). In certain
embodiments, the source organisms are of a species
including, but not limited to, Cryptococcus
neoformans, Fusarium fujikuroi, Kluyverimyces lactis,
Neurospora crassa, Saccharomyces cerevisiae,
Schizosaccharomyces pombe, Ustilago maydis, and
Yarrowia lipolytica. [0072] As noted above, the
isoprenoid biosynthesis pathway is also involved in
the production of non-carotenoid compounds, such as
sterols, steroids, and vitamins, such as vitamin E or
vitamin K. Proteins that act on isoprenoid
biosynthesis pathway intermediates, and divert them
into biosynthesis of non-carotenoid compounds are
therefore indirect inhibitors of carotenoid
biosynthesis (see, for example, Figure 5, which
illustrates points at which isoprenoid intermediates
are channeled into other biosynthesis pathways). Such
proteins are therefore considered isoprenoid
biosynthesis competitor polypeptides. Reductions of
the level or activity of such isoprenoid biosynthesis
competitor polypeptides are expected to increase
carotenoid production in host cells according to the
present invention. [0073] In some embodiments of the
present invention, production or activity of
endogenous isoprenoid biosynthesis competitor
polypeptides may be reduced or eliminated in host
cells. In some embodiments, this reduction or
elimination of the activity of an isoprenoid
biosynthesis competitor polypeptide can be achieved by
treatment of the host organism with small molecule
inhibitors of enzymes of the ergosterol biosynthetic
pathway. Enzymes of the ergosterol biosynthetic
pathway include, for example, squalene synthase,
squalene epoxidase, 2,3-oxidosqualene-lanosterol
cyclase, cytochrome P450 lanosterol 14a-demethylase,
C-14 sterol reductase, C-4 sterol methyl oxidase,
SAM:C-24 sterol methyltransferase, C-8 sterol
isomerase, C-5 sterol desaturase, C-22 sterol
desaturase, and C-24 sterol reductase. Each of these
enzymes is considered an isoprenoid biosynthesis
competitor polypeptide. Regulators of these enzymes
may also be considered isoprenoid biosynthesis
competitor polypeptides (e.g., the yeast proteins Sutl
(Genbank Accession JC4374 GI:2133159) andMot3 (Genbank
Accession NP_013786 GL6323715), which may or may not
have homologs in other organisms. [0074] In other
embodiments, reduction or elimination of the activity
of an isoprenoid biosynthesis competitor polypeptide
can be achieved by decreasing activity of the
ubiquinone biosynthetic pathway. The commitment step
in ubiquinone biosynthesis is the formation ofp
ar-hydroxybenzoate (PHB) from tyrosine or
phenylalanine in mammals or chorismate in bacteria,
followed by condensation of PHB and isoprene
precursor, resulting in addition of the prenyl group.
This reaction is catalyzed by
PHB-polyprenyltransferase. Theisoprenoid side chain of
ubiquinone is determined by the preny diphosphate
synthase enzyme. The 3-decaprenyl-4-hydroxybenzoic
acid resulting from the condensation of PHB and
decaprenyldiphosphate reaction undergoes further
modifications, which include hydroxylation,
methylation and decarboxylation, in order to form
ubiquinone (CoQlO). Thus, inhibition of
prenyldiphosphate synthase leading from
farnesyldiphosphate to extended isoprenoids, or
inhibition of PHB polyprenyltransferase may be useful
in increasing the amount of isoprenoid available for
carotenoid biosynthesis. (Examples of
prenyldiphosphate synthase and
PHB-polyprenyltransferase enzymes are depicted in
Tables 29 and 30, respectively). [0075] Known small
molecule inhibitors of isoprenoid biosynthesis
competitor enzymes include, but are not limited to,
zaragosic acid (including analogs thereof such as
TAN1607A (Biochem Biophys Res Commun 1996 Feb 15;
219(2):515-520)), RPR 107393
(3-hydroxy-3-[4-(quinolin-6-yl)phenyl]-l-azabicyclo[2-
2-2]octane dihydrochloride; J Pharmacol Exp Ther. 1997
May;281(2):746-52), ER-28448 (5-{N-[2-butenyl-3-(2-
methoxyphenyl)]-N-methylamino}-l,l-
renthylidenebis(phosphonic acid) trisodium salt;
Journal of Lipid Research, Vol. 41, 1136-1 144, July
2000), BMS-188494 (The Journal of Clinical
Pharmacology, 1998; 38:1 116-1 121), TAK-475
(l-[2-[(3R,5S)-l-(3-acetoxy-2,2-
dimethylpropyl)-7-chloro- 1,2,3 ,5-tetrahydro-2-oxo-5
-(2,3-dimethoxyphenyl)-4, 1- benzoxazepine-3-yl]
acetyl] piperidin-4-acetic acid; Eur J Pharmacol. 2003
Apr 11;466(1- 2):155-61), YM-53601
((E)-2-[2-fluoro-2-(quinuclidin-3-ylidene)
ethoxy]-9H-carbazole monohydrochloride; Br J
Pharmacol. 2000 Sep;131(l):63-70), or squalestatin I
that inhibit squalene synthase; terbinafme that
inhibits squalene epoxidase; various azoles that
inhibit cytochrome P450 lanosterol 14a-demethylase;
and fenpropimorph that inhibits the C-14 sterol
reductase and the C-8 sterol isomerase. In other
embodiments, heterologous isoprenoid biosynthesis
competitor polypeptides may be utilized (whether
functional or non-functional; in some embodiments,
dominant negative mutants are employed). 



[0076] One particular isoprenoid biosynthesis
competitor polypeptide useful according to the present
invention is squalene synthase which has been
identified and characterized from a variety of
organisms; representative examples of squalene
synthase polypeptide sequences are included in Table
16. In some embodiments of the invention that utilize
squalene synthase (or modifications of squalene
synthase) source organisms include, but are not
limited to, Neurospora crassa, Xanthophyllomyces
dendrorhous (Phaffia rhodozyma), Aspergillus niger,
Saccharomyces cerevisiae, Mucor circinelloides,
Rhotorula glutinis, Candida utilis, Mortierella
alpina, and Yarrowia lipolytica. [0077] The carotenoid
biosynthesis pathway branches off from the isoprenoid
biosynthesis pathway at the point where GGPP is
formed. The commitment step incarotenoid biosynthesis
is the formation of phytoene by the head-to-head
condensation of two molecules of GGPP, catalyzed by
phytoene synthase (often called crtB; see Figure 6). A
series of dehydrogenation reactions, each of which
increases the number of conjugated double bonds by
two, converts phytoene into lycopene via neurosporene.
The pathway branches at various points, both before
and after lycopene production, so that a wide range of
carotenoids can be generated. For example, action of a
cyclase enzyme on lycopene generates g-carotene;
action of a desaturase instead produces
3,4-didehydrolycopene. g-carotene is converted to b-
carotene through the action of a cyclase b-carotene
can be processed into any of a number of products
(see, for example, Figure 6C), including astaxanthin
(via echinone, hydroxyechinone, and phoenicoxanthin).
[0078] According to the present invention, carotenoid
production in a host organism may be adjusted by
modifying the expression or activity of one or more
proteins involved in carotenoid biosynthesis. As
indicated, in some embodiments, it will be desirable
to utilize as host cells organisms that naturally
produce one or more carotenoids. In some such cases,
the focus will be on increasing production of a
naturally-produced carotenoid, for example by
increasing the level and/or activity of one or more
proteins involved in the synthesis of that carotenoid
and/or by decreasing the level or activity of one or
more proteins involved in a competing biosynthetic
pathway. Alternatively or additionally, in some
embodiments it will be desirable to generate
production of one or more carotenoids not naturally
produced by the host cell. [0079] According to some
embodiments of the invention, it will be desirable to
introduce one or more heterologous carotenogenic
polypeptides into a host cell. As will be apparent to
those of ordinary skill in the art, any of a variety
of heterologous polypeptides may be employed;
selection will consider, for instance, the particular
carotenoid whose production is to be enhanced. The
present invention contemplates not only introduction
of heterologous carotenogenic polypeptides, but also
adjustment of expression or activity levels of
heterologous or endogenous carotenogenic polypeptides,
including, for example, alteration of constitutive or
inducible expression patterns. In some embodiments of
the invention, expression patterns are adjusted such
that growth in nutrient-limiting conditions is not
required to induce oleaginy. For example, genetic
modifications comprising alteration and/or addition of
regulatory sequences (e.g., promoter elements,
terminator elements) may be utilized to confer
particular regulation of expression patterns. Such
genetic modifications may be utilized in conjunction
with endogenous genes (e.g., for regulation of
endogenous carotenogenic); alternatively, such genetic
modifications may be included so as to confer
regulation of expression of at least one heterologous
polypeptide (e.g., carotenogenic polypeptide^ )). For
example, promoters including, but not limited to Tefl,
Gpdl promoterscan be used in conjunction with
endogenous genes and/or heterolous genes for
modification of expression patterns of endogenous
carotenogenic polypeptide(s) and/or heterolous
carotenogenic polypeptide(s). Similarly, exemplary
terminator sequences include, but are not limited to,
use of Y. lipolytica XPR2 terminator sequences. [0080]
As indicated in Figure 6 and in the literature,
proteins involved in carotenoid biosynthesis include,
but are not limited to, phytoene synthase, phytoene
dehydrogenase, lycopene cyclase, carotenoid ketolase,
carotenoid hydroxylase, astaxanthin synthase (a single
multifunctional enzyme found in some source organisms
that typically has both ketolase and hydroxylase
activities), carotenoid epsilon hydroxylase, lycopene
cyclase (beta and epsilon subunits), carotenoid
glucosyltransferase, and acyl CoA:diacyglycerol
acyltransferase. Representative example sequences for
these carotenoid biosynthesis polypeptides are
provided in Tables 17-25. [0081] Xanthophylls can be
distinguished from other carotenoids by the presence
of oxygen containing functional groups on their cyclic
end groups. For instance, lutein and zeaxanthin
contain a single hydroxyl group on each of their
terminal ring structures, while astaxanthin contains
both a keto group and a hydroxyl on each terminal
ring. This property makes xanthophylls more polar than
carotenes such as beta-carotene and lycopene, and thus
dramatically reduces their solubility in fats and
lipids. Naturally occurring xanthophylls are often
found as esters of the terminal hydroxyl groups, both
mono- and diesters of fatty acids. They also occur as
glucosides in certain species of bacteria. The
solubility and dispersibility of xanthophylls can be
greatly modified by the addition of ester moieties,
and it is known that esterification can also affect
the absorbability and/or bioavailability of a given
carotenoid. It is an objective of this invention to
maximize the amount of a particular xanthophyll
accumulating within the intracellular triacylglyceride
fraction of oleaginous yeasts, and one mechanism for
achieving this goal is to increase the hydrophobic
nature of the xanthophyll product that accumulates.
One way of achieving this is to engineer the
production of fattyacyl mono- and/or diesters of the
target xanthophyll compound. [0082] A variety of
enzymes can function to esterify carotenoids. For
example, carotenoid glucosyltransferases have been
identified in several bacterial species (see, e.g.,
Table 24). In addition, acyl CoA:diacyglycerol
acyltransferase (DGAT) and acyl CoA:monoacylglycerol
acyltransferases (MGAT), which function in the final
steps of triacylglycerol biosynthesis, are likely to
serve an additional role in the esterification of
xanthophylls. Representative DGAT polypetides are
shown in Table 25. Furthermore, other enzymes may
specifically modify carotenoids and molecules of
similar structure (e.g. sterols) and be available for
modification and ester production.[0083] In some
embodiments of the invention, potential source
organisms for carotenoid biosynthesis polypeptides
include, but are not limited to, genera of naturally
oleaginous or non-oleaginous fungi that naturally
produce carotenoids. These include, but are not
limited to, Botrytis, Cercospora, Fusa um
(Gibberella), Mucor, Neurospora, Phycomyces, Puccina,
Rhodotorula, Sclerotinm, Trichoderma, and
Xanthophyllomyces. Exemplary species include, but are
not limited to, Neurospora crassa, Xanthophyllomyces
dendrorhous (Phaffla rhodozyma), Mucor circinelloides,
and Rhodotorula glutinis. Of course, carotenoids are
produced by a wide range of diverse organisms such as
plants, algae, 



yeast, fungi, bacteria, cyanobacteria, etc. Any such
organisms may be source organisms for carotenoid
biosynthesis polypeptides according to the present
invention. [0084] It will be appreciated that the
particular carotenogenic modification to be applied to
a host cell in accordance with the present invention
will be influenced by which carotenoid(s) is desired
to be produced. For example, isoprenoid biosynthesis
polypeptides are relevant to the production of most
carotenoids. Carotenoid biosynthesis polypeptides are
also broadly relevant. Ketolase is particularly
relevant for production of canthaxanthin, as
hydroxylase is for production of lutein and
zeaxanthin, among others. Both hydroxylase and
ketolase (or astaxanthin synthase) are particularly
useful for production of astaxanthin. Production and
Isolation of Carotenoids [0085] As discussed above,
accumulation of lipid bodies in oleaginous organisms
is generally induced by growing the relevant organism
in the presence of excess carbon source and limiting
nitrogen. Specific conditions for inducing such
accumulation have previously been established for a
number of different oleaginous organisms (see, for
example, Wolf (ed.) Nonconventional yeasts in
biotechnology Vol. 1, Springer-Verlag, Berlin,
Germany, pp. 313- 338; Lipids 18(9):623, 1983; Indian
J. Exp. Biol. 35(3):313, 1997; J. Ind. Microbiol.
Biotechnol. 30(l):75, 2003; Bioresour Technol.
95(3):287, 2004, each of which is incorporated herein
by reference in its entirety). [0086] In general, it
will be desirable to cultivate inventive modified host
cells under conditions that allow accumulation of at
least about 20% of their dry cell weight as lipid. In
other embodiments, the inventive modified host cells
are grown under conditions that permit accumulation of
at least about 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%,
23%, 24%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, or even 80% or more of their dry cell weight
as lipid. In certain embodiments, the host cells
utilized are cells which are naturally oleaginous, and
induced to produce lipid to the desired levels. In
other embodiments, the host cells are cells which
naturally produce lipid, but have been engineered to
increase production of lipid such that desired levels
of lipid production and accumulation are
achieved.[0087] In certain embodiments, the host cells
of the invention are not naturally oleaginous, but
have been engineered to produce lipid such that
desired levels of lipid production are obtained. Those
of ordinary skill in the art will appreciate that, in
general, growth conditions that are effective for
inducing lipid accumulation in a source organism, may
well also be useful for inducing lipid accumulation in
a host cell into which the source organism's oleaginic
polypeptides have been introduced. Of course,
modifications may be required in light of
characteristics of the host cell, which modifications
are within the skill of those of ordinary skill in the
art. [0088] It will also be appreciated by those of
ordinary skill in the art that it will generally be
desirable to ensure that production of the desired
carotenoid by the inventive modified host cell occurs
at an appropriate time in relation to the induction of
oleaginy such that the carotenoid(s) accumulate(s) in
the lipid bodies. In some embodiments, it will be
desirable to induce production of the carotenoid(s) in
a host cell which does not naturally produce the
carotenoid(s), such that detectable levels of the
carotenoid(s) is/are produced. In certain aspects the
host cells which do not naturally produce a certain
carotenoid(s) are capable of production of other
carotenoid(s) (e.g. certain host cells may, for
example, naturally produce b-carotene but may not
naturally produce astaxanthin); in other aspects the
host cells do not naturally produce any carotenoid(s).
In other embodiments, it will be desirable to increase
production levels of carotenoid(s) in a host cell
which does naturally produce low levels of the
carotenoid(s), such that increased detectable levels
of the carotenoid(s) are produced. In certain aspects,
the host cells which do naturally produce the
carotenoid(s) (e.g., b-carotene) also produce
additional carotenoid(s) (e.g., astaxanthin, etc.); in
still other aspects, the cells which naturally produce
the carotenoid(s) (e.g., b-carotene) do not produce
additional carotenoid(s). [0089] In certain
embodiments of the invention, it will be desirable to
accumulate carotenoids to levels (i.e., considering
the total amount of all produced carotenoids together)
that are greater than at least about 1% of the dry
weight of the cells. In some embodiments, the total
carotenoid accumulation in the lipid bodies will be to
a level at least about 2%, at least about 3%, at least
about 4%, at least about 5%, at least about 6%, at
least about 7%, at least about 8%, at least about 9%,
at least about 10%, at least about 11%, at least about
12%, at least about 13%, at least about 14%, at least
about 15%, at least about 16%, at least about 17%, at
least about 18%, at least about 19%, at least about
20% or more of the total dry weight of the cells. In
certain embodiments of the invention, it will be
desirable to achieve total levels of carotenoid
accumulation in the lipid bodies (i.e., considering
the total amount of all produced carotenoids together)
that are greater than at least about 1% of the dry
weight of the cells. In some embodiments, the total
carotenoid accumulation in the lipid bodies willbe to
a level at least about 2%, at least about 3%, at least
about 4%, at least about 5%, at least about 6%, at
least about 7%, at least about 8%, at least about 9%,
at least about 10%, at least about 11%, at least about
12%, at least about 13%, at least about 14%, at least
about 15%, at least about 16%, at least about 17%, at
least about 18%, at least about 19%, at least about
20% or more of the total dry weight of the cells.
[0090] Bacterial carotenogenic genes have already been
demonstrated to be transferrable to other organisms,
and are therefore particularly useful in accordance
with the present invention (see, for example, Miura et
al., Appl. Environ. Microbiol. 64:1226, 1998). In
other embodiments, it may be desirable to utilize
genes from other source organisms such as plant, alga,
or microalgae; these organisms provide a variety of
potential sources for ketolase and hydroxylase
polypeptides. Still additional useful source organisms
include fungal, yeast, insect, protozoal, and
mammalian sources of polypeptides. [0091] In certain
embodiments, the Mucor circinelloides multi-functional
phytoene synthase/lycopene cyclase and the Neurospora
crassa phytoene dehydrogenase genes can be expressed
in Yarrowia lipolytica. Subsequent overexpression of
the catalytic domain from N. crassa
hydroxymethylglutaryl-CoA reductase and/or treatment
of the modified Y. lipolytica strains with the
squalene synthase inhibitor zaragozic acid further
increases carotenoid production. Finally, Paracoccus
marcusii genes encoding carotenoid hydroxylase and
carotenoid ketolase enzymes are expressed in Y.
lipolytica b-carotene-producing strains, and this
modification results in the accumulation of
astaxanthin. Similar approaches to enhance carotenoid
production could be employed in other oleaginous or
non-oleaginous host organisms can be undertaken, using
the same, homologous, or functionally similar
carotogenic polypeptides. [0092] It should be noted
that, for inventive organisms that produce more than
one 



carotenoid, it will sometimes be possible to adjust
the relative amounts of individual carotenoids
produced by adjusting growth conditions. For example,
it has been reported that controlling the
concentration of dissolved oxygen in a culture during
cultivation can regulate relative production levels of
certain carotenoids such as b-carotene, echinenone, b-
cryptoxanthin, 3-hydroxyechinenone, asteroidenone,
canthaxanthin, zeaxanthin, adonirubin, adonixanthin
and astaxanthin (see, for example, United States
Patent Number 6,825,002 to Tsubokura et al., the
entire contents of which are incorporated herein by
reference). [0093] Particularly for embodiments of the
present invention directed toward production of
astaxanthin, it will often be desirable to utilize one
or more genes from a natural astaxanthin-producing
organism. Where multiple heterologous polypeptides are
to be expressed, it may be desirable to utilize the
same source organism for all, or to utilize closely
related source organisms.[0094] One advantage provided
by the present invention is that, in addition to
allowing the production of high levels of carotenoids,
the present invention allows those produced compounds
to be readily isolated because they accumulate in the
lipid bodies within oleaginous organisms. Methods and
systems for isolating lipid bodies have been
established for a wide variety of oleaginous organisms
(see, for example, United States Patents 5,164,308;
5,374,657; 5,422,247; 5,550,156; 5,583,019; 6,166,231;
6,541,049; 6,727,373; 6,750,048; and 6,812,001, each
of which is incorporated herein by reference in its
entirety). In brief, cells are typically recovered
from culture, often by spray drying, filtering or
centrifugation. In some instances, cells are
homogenized and then subjected to supercritical liquid
extraction or solvent extraction (e.g., with solvents
such as chloroform, hexane, methylene chloride,
methanol, isopropanol, ethyl acetate, etc.), yielding
a crude oil suspension. This oil suspension may
optionally be refined as known in the art. Refined
oils may be used directly as feed or food additives.
Alternatively or additionally, carotenoids can be
isolated from the oil using conventional techniques.
[0095] Given the sensitivity of carotenoids generally
to oxidation, many embodiments of the invention employ
oxidative stabilizers (e.g., tocopherols, vitamin C;
ethoxyquin; vitamin E, BHT, BHA, TBHQ, etc, or
combinations thereof) during and/or after carotenoid
isolation. Alternatively or additionally,
microencapsulation, for example with proteins, may be
employed to add a physical barrier to oxidation and/or
to improve handling (see, for example, U.S. Patent
Application 2004/0191365). Uses [0096] Carotenoids
produced according to the present invention can be
utilized in any of a variety of applications, for
example exploiting their biological or nutritional
properties (e.g., anti-oxidant, anti-proliferative,
etc.) and/or their pigment properties. For example,
according to the present invention, carotenoids may be
used in pharmaceuticals (see, for example, Bertram,
Nutr. Rev. 57:182, 1999; Singh et al., Oncology
12:1643, 1998; Rock, Pharmacol. Titer. 75:185, 1997;
Edge et al, J. Photochem Photobiol 4 1:189, 1997; U.S.
Patent Application 2004/01 16514; U.S. Patent
Application 2004/0259959), food supplements (see, for
example, Koyama et al, J. Photochem Photobiol 9:265,
1991 ; Bauernfeind, Carotenoids as colorants and
vitamin A precursors, Academic Press, NY, 1981; U.S.
Patent Application 2004/0115309; U.S. Patent
Application 2004/0234579), electro-optic applications,
animal feed additives (see, for example, Krinski,
PureAppl. Chem. 66:1003, 1994; Polazza et al., Meth.
Enzymol. 213:403, 1992), cosmetics (as anti-oxidants
and/or as cosmetics, including fragrances; see for
example U.S. Patent Application 2004/0127554), etc.
Carotenoids produced in accordance with the present
invention may also be used as intermediates in the
production of other compounds (e.g., steroids,
etc.).[0097] For example, astaxanthin and/or esters
thereof may be useful in a variety of pharmaceutical
applications and health foods including treatment of
inflammatory diseases, asthma, atopic dermatitis,
allergies, multiple myeloma, arteriosclerosis,
cardiovascular disease, liver disease, cerebrovascular
disease, thrombosis, neoangiogenesis-related diseases,
including cancer, rheumatism, diabetic retinopathy;
macular degeneration and brain disorder,
hyperlipidemia, kidney ischemia, diabetes,
hypertension, tumor proliferation and metastasis; and
metabolic disorders. Additionally, carotenoids and
astaxanthin may be useful in the prevention and
treatment of fatigue, for improving kidney function in
nephropathy from inflammatory diseases, as well as
prevention and treatment of other life habit-related
diseases. Still further, astaxanthin has been found to
play a role as inhibitors of various biological
processes, including interleukin inhibitors,
phosphodiesterase inhibitors inhibitors, phospholipase
A2 inhibitors, cyclooxygenase-2 inhibitors, matrix
metalloproteinase inhibitors, capillary endothelium
cell proliferation inhibitors, lipoxygenase
inhibitors. See, e.g., Japanese Publication No.
2006022121, published 20060126(JP Appl No. 2005-301
156 filed 20051017); Japanese Publication No.
2006016408, published 200601 19(JP Appl No. 2005-301
155 filed 20051017); Japanese Publication No.
2006016409, published 200601 19(JP Appl No. 2005-301
157 filed 20051017); Japanese Publication No.
2006016407, published 200601 19(JP Appl No. 2005-301
153 filed 20051017); Japanese Publication No.
2006008717, published 20060112(JP Appl No. 2005-301151
filed 20051017); Japanese Publication No. 2006008716,
published 200601 12(JP Appl No. 2005-301 150 filed
2005 1017); Japanese Publication No. 2006008720,
published 200601 12(JP Appl No. 2005- 301 158 filed
20051017); Japanese Publication No. 2006008719,
published 200601 12(JP Appl No. 2005-301 154 filed
20051017); Japanese Publication No. 2006008718,
published 20060112(JP Appl No. 2005-301152 filed
20051017); Japanese Publication No. 2006008713,
published 200601 12(JP Appl No. 2005-301 147 filed
20051017); Japanese Publication No. 2006008715,
published 20060112(JP Appl No. 2005-301149 filed
20051017); Japanese Publication No. 2006008714,
published 200601 12(JP Appl No. 2005-301 148 filed
20051017); and Japanese Publication No. 2006008712,
published 200601 12 (JP Appl No. 2005-301 146 filed
20051017). [0098] It will be appreciated that, in some
embodiments of the invention, carotenoids produced by
manipulated host cells as described herein are
incorporated into a final product (e.g., food or feed
supplement, pharmaceutical, cosmetic, dye-containing
item, etc.) in the context of the host cell. For
example, host cells may be lyophilized, freeze dried,
frozen or otherwise inactivated, and then whole cells
may be incorporated into or used as the final product.
The host cell may also be processed prior to
incorporation in the product to increase
bioavailability (e.g., via lysis). Alternatively or
additionally, a final product may incorporate only a
portion of the host cell (e.g., fractionated by size,
solubility), separated from the whole.For example, in
some embodiments of the invention, lipid droplets are
isolated from the host cells and are incorporated into
or used as the final product. In other embodiments,
the carotenoids themselves, or individual carotenoid
compounds are isolated and reformulated into the final
product. 



[0099] As stated above, fatty acid and glucoside
esters are the predominant carotenoid esters found in
nature, whereas additional esters (e.g. with organic
acids or inorganic phosphate) can be synthesized to
generate useful product forms. For delivery,
carotenoid esters can also be formulated as salts of
the ester form (See, e.g., US Patent Publication No.
20050096477). [00100] The amount of carotenoid
incorporated into a given product may vary
dramatically depending on the product, and the
particular carotenoid(s) involved. Amounts may range,
for example, from less than 0.01% by weight of the
product, to more than 1%, 10%, 20%, 30% or more; in
some cases the carotenoid may comprise 100% of the
product. [00101] In some embodiments of the invention,
one or more produced carotenoids is incorporated into
a component of food or feed (e.g., a food supplement).
Types of food products into which carotenoids can be
incorporated according to the present invention are
not particularly limited, and include beverages such
as teas, juices, and liquors; confections such as
jellies and biscuits; fat-containing foods and
beverages such as dairy products; processed food
products such as rice and soft rice (or porridge);
infant formulas; or the like. In some embodiments of
this aspect of the invention, it may be useful to
incorporate the carotenoids within bodies of edible
lipids as it may facilitate incorporation into certain
fatcontaining food products. [00102] Examples of
feedstuffs into which carotenoids produced in
accordance with the present invention may be
incorporated include, for instance, pet foods such as
cat foods, dog foods and the like, feeds for aquarium
fish, cultured fish or crustaceans, etc., feed for
farm-raised animals (including livestock and further
including fish or crustaceans raised in aquaculture).
Food or feed material into which the carotenoid(s)
produced in accordance with the present invention is
incorporated is preferably palatable to the organism
which is the intended recipient. This food or feed
material may have any physical properties currently
known for a food material (e.g., solid, liquid, soft).
[00103] In some embodiments of the invention, one or
more produced carotenoids is incorporated into a
cosmetic product. Examples of such cosmetics include,
for instance, skin cosmetics (e.g., lotions,
emulsions, creams and the like), lipsticks,
anti-sunburn cosmetics, makeup cosmetics, fragrances,
products for daily use (e.g., toothpastes,
mouthwashes, bad breath preventive agents, solid
soaps, liquid soaps, shampoos, conditioners), etc.
[00104] In some embodiments, one or more produced
carotenoids is incorporated into a pharmaceutical.
Examples of such pharmaceuticals include, for
instance, various types oftablets, capsules, drinkable
agents, troches, gargles, etc. In some embodiments,
the pharmaceutical is suitable for topical
application. Dosage forms are not particularly
limited, and include capsules, oils, granula, granula
subtilae, pulveres, tabellae, pilulae, trochisci, or
the like. Oils and oil-filled capsules may provide
additional advantages both because of their lack of
ingredient decomposition during manufacturing, and
because inventive carotenoidcontaining lipid droplets
may be readily incorporated into oil-based
formulations. [00105] Pharmaceuticals according to the
present invention may be prepared according to
techniques established in the art including, for
example, the common procedure as described in the
United States Pharmacopoeia, for example. [00106]
Carotenoids produced according to the present
invention may be incorporated into any
pigment-containing product including, for example,
fabric, paint, etc. They may also be incorporated into
a product which is an environmental indicator, or an
instrument such as a biosensor for use as a detection
agent. EXEMPLIFICATION: [00107] Table 26 below
describes certain Yarrowia lipolytica strains used in
the following exemplification: TABLE 26: Yarrowia
lipolytica strains. [00108] (The genotypes at LYCl,
LYSl, XPR2, and PEXl 7 were not determined in crosses
nor verified for ATCC strains.) [00109] All basic
molecular biology and DNA manipulation procedures
described herein are generally performed according to
Sambrook et al. or Ausubel et al. (Sambrook J, Fritsch
EF, Maniatis T (eds). 1989. Molecular Cloning: A
Laboratory Manual. Cold Spring Harbor Laboratory
Press: New York; Ausubel FM, Brent R, Kingston RE,
Moore DD, Seidman JG, Smith JA, Struhl K (eds). 1998.
Current Protocols in Molecular Biology. Wiley: New
York). Example 1: Production ofylasmids for carotenoid
strain construction. [00110] Plasmids were generated
for construction of carotenoid producing strains. The
following subparts describe production of plasmids
encoding carotenogenic polypeptides. Plasmids used in
these studies and details of their construction are
described in Table 27.Additional plasmid construction
details and descriptions of their use are found in the
text of the relevant subsection. All PCR
amplifications used NRRL Y-1095 genomic DNA as
template unless otherwise specified. The URA5 gene
described below is allelic with the ura2- 21
auxotrophy above. The GPDl and TEFl promoters are from
Y. lipolytica as is the XPR2 terminator. [00111] GGSl
is the gene encoding the Y, lipolytica gene encoding
geranylgeranylpyrophosphate synthase. The nucleic acid
coding sequence, and encoded Ggsl protein of pMB4591
and pMB4683 are as follows: [00112]
atggattataacagcgcggatttcaaggagatatggggcaaggccgccgacacc
gcgctgctgggaccgta
caactacctcgccaacaaccggggccacaacatcagagaacacttgatcgcagc
gttcggagcggttatcaaggtggacaagagcg
atctcgagaccatttcgcacatcaccaagattttgcataactcgtcgctgcttg
ttgatgacgtggaagacaactcgatgctccgacgagg
cctgccggcagcccattgtctgtttggagtcccccaaaccatcaactccgccaa
ctacatgtactttgtggctctgcaggaggtgctcaa
gctcaagtcttatgatgccgtctccattttcaccgaggaaatgatcaacttgca
tagaggtcagggtatggatctctactggagagaaaca
ctcacttgcccctcggaagacgagtatctggagatggtggtgcacaagaccggt
ggactgtttcggctggctctgagacttatgctgtcg
gtggcatcgaaacaggaggaccatgaaaagatcaactttgatctcacacacctt
accgacacactgggagtcatttaccagattctggat
gattacctcaacctgcagtccacggaattgaccgagaacaagggattctgcgaa
gatatcagcgaaggaaagttttcgtttccgctgatt
cacagcatacgcaccaacccggataaccacgagattctcaacattctcaaacag
cgaacaagcgacgcttcactcaaaaagtacgcc
gtggactacatgagaacagaaaccaagagtttcgactactgcctcaagaggata
caggccatgtcactcaaggcaagttcgtacattga
tgatctagcagcagctggccacgatgtctccaagctacgagccattttgcatta
ttttgtgtccacctctgactgtgaggagagaaagtact
ttgaggatgcgcagtga [00113]
mdynsadfkeiwgkaadtallgpynylanm-ghnirehliaafgavikvdksdl
etishitkilhnssllvdd
vednsmlrrglpaahclfgvpqtinsanymyfvalqevlklksydavsifteem
inlhrgqgmdlywretltcpsedeylemvv
hktgglfrlalrlmlsvaskqedhekinfdlthltdtlgviyqilddylnlqst
eltenkgfcedisegkfsfplihsirtnpdnheilnilk
qrtsdaslkkyavdymrtetksfdyclkriqamslkassyiddlaaaghdvskl
railhyfvstsdceerkyfedaq TABLE27: Plasmids[00114]
Certain oligonucleotides referred to in Table 27 above
are as follows: MO4471 5'-CTGGGTGACCTGGAAGCCTT MO4472
5'-AAGATCAATCCGTAGAAGTTCAG 



MO4475 S'-AAGCGATTACAATCTTCCTTTGG MO4476
5'-CCAGTCCATCAACTCAGTCTCA MO4477
5'-GCATTGCTTATTACGAAGACTAC MO4478
5'-CCACTGTCCTCCACTACAAACAC MO4534
5'-CACAAACGCGTTCACTGCGCATCCTCAAAGT MO4544
5'-CACAATCTAGACACAAATGGATTATAACAGCGCGGAT MO4566
5'-CACAAACTAGTTTGCCACCTACAAGCCAGAT MO4568 5'-
CACAAGGTACCAATGTGAAAGTGCGCGTGATMO457 1
5'-CACAAGGTACCAGAGACCGGGTTGGCGG MO4591 5'-
CACAAGCGGCCGCGCTAGCATGGGGATCGATCTCTTATAT MO4592
S'-CACAAGCGGCCGCGCTAGCGAATGATTCTTATACTCAGAAG MO4593
5'-CACAAGCGGCCGCACGCGTGCAATTAACAGATAGTTTGCC MO4659 5'-
CACAAGCTAGCTGGGGATGCGATCTCTTATATC [00115] IA:
Production of pMB4628 Uefly-carRP LEW) encoding
phvtoene synthase/lycopene cyclase: Intron-containing
carRP was amplified from M. circinelloides (ATCC
90680) genomic DNA using MO4525 and MO4541 : MO4525
5'-CACAAACGCGTTTAAATGGTATTTAGATTTCTCATT MO4541
5'-CACAATCTAGACACAAATGCTGCTCACCTACATGGA and the
resulting 1.9 kb fragment was phosphorylated with T4
polynucleotide kinase. The resulting fragment was
blunt-end ligated into pBluescriptSKII- cleaved with
EcoRV, yielding pMB4599. The 1.9 kb Xbal-Mlul fragment
from pMB4599 was inserted into Nheland Mwl-cleaved
pMB4603, yielding pMB4628. The intron containing
nucleic acid coding sequence, and encoded CarRP
protein of pMB4628 are as follows: [00116]
atgctgctcacctacatggaagtccacctctactacacgctgcctgtgctgggc
gtcctgtcctggctgtcgcg
gccgtactacacagccaccgatgcgctcaaattcaaatttctgacactggttgc
cttcacgaccgcctccgcctgggacaactacattgt
ctaccacaaggcgtggtcctactgccccacctgcgtcaccgctgtcattggcta
cgtgcccttggaggagtacatgttcttcatcatcatg
actctgttgaccgtggcattcaccaatctggtgatgcgctggcacctgcacagc
ttctttatcaggcctgaaacgcccgtcatgcagtcc
gtcctggtccgtcttgtccccataacagccttattaatcactgcatacaaggct
tgggtaagcaaacaaacaaatgatgtgccgcatcgca
ttttaatattaaccattgcatacacagcatttggcggtccctggaaagccactg
ttctacggatcatgcattttgtggtacgcctgtccggttt
tggccttattgtggtttggtgctggcgagtacatgatgcgtcgtccgctggcgg
tgctcgtctccattgcgctgcccacgctgtttctctgct
gggtcgatgtcgtcgctattggcgccggcacatgggacatttcgctggccacaa
gcaccggcaagttcgtcgtgccccacctgcccgt
ggaggaattcatgttctttgcgctaattaataccgttttggtatttggtacgtg
tgcgatcgatcgcacgatggcgatcctccacctgttcaa
aaacaagagtccttatcagcgcccataccagcacagcaagtcgttcctccacca
gatcctcgagatgacctgggccttctgtttacccga
ccaagtgctgcattcagacacattccacgacctgtccgtcagctgggacatcct
gcgcaaggcctccaagtccttttacacggcctctgc
tgtctttcccggcgacgtgcgccaagagctcggtgtgctatacgccttttgcag
agccacggacgatctctgcgacaacgagcaggtc
cctgtgcagacgcgaaaggagcagctgatactgacacatcagttcgtcagcgat
ctgtttggccaaaagacaagcgcgccgactgcc
attgactgggacttttacaacgaccaactgcctgcctcgtgcatctctgccttc
aagtcgttcacccgtttgcgccatgtgctggaagctgg
agccatcaaggaactgctcgacgggtacaagtgggatttggagcgtcgctccat
cagggatcaggaggatctcagatattactcagctt
gtgtcgccagcagtgttggtgaaatgtgcactcgcatcatactggcccacgccg
acaagcccgcctcccgccagcaaacacagtgga
tcattcagcgtgcgcgtgaaatgggtctggtactccaatatacaaacattgcaa
gagacattgtcaccgacagcgaggaactgggcag
atgctacctgcctcaggattggcttaccgagaaggaggtggcgctgattcaagg
cggccttgcccgagaaattggcgaggagcgatt
gctctcactgtcgcatcgcctcatctaccaggcagacgagctcatggtggttgc
caacaagggcatcgacaagctgcccagccattgtc
aaggcggcgtgcgtgcggcctgcaacgtctatgcttccattggcaccaagctca
agtcttacaagcaccactatcccagcagagcacatgtcggcaattcgaaacgag
tggaaattgctcttcttagcgtatacaacctttacaccgcgccaattgcgacta
gtagtaccacacattgc agacagggaaaaatgagaaatctaaataccatttaa
[00117]
mlliymevhlyytlpvlgvlswlsrpyytatdalkfkfltlvafttasawdnyi
vyhkawsycptcvtavig
yvpleeymffiimtUiL'aftalvmrwhlhsffirpetpvmqsvlvrlvpital
litaykawhlavpgkplfygscilwyacpvlall
wfgageymmixplavlvsialptlflcwvdvvaigagtwdislatstgkfvvph
lpveefmffalintvlvfgtcaidrtmailhlfk
nkspyqrpyqhsksflhqilemtwafclpdqvlhsdtfhdlsvswdilrkasks
fytasavfpgdvrqelgvlyafcratddlcdne
qvpvqtrkeqlilthqfvsdlfgqktsaptaidwdfyndqlpascisafksftr
lrhvleagaikelldgykwdlerrsirdqedlryys
acvassvgemctriilahadkpasrqqtqwiiqraremglvlqytniardivtd
seelgrcylpqdwltekevaliqgglareigeerl
lslshrliyqadelmvvankgidklpshcqggvraacnvyasigtklksykhhy
psrahvgnskrveiallsvynlytapiatsstth crqgkmrnlnti
[00118] Alternatively, pMB4599 was also used as a
template for PCR amplification using MO43 18, MO4643,
MO4644, and MO4639 and MO4318 5'-GTAAAACGACGGCCAGT
MO4643 5'-CACACGGTCTCATGCCAAGCCTTGTATGCAGTGATTAA
MO4639 5'-CCACTGTGTTTGCTGGCGG MO4644 5'-
CACACGGTCTCTGGCATTTGGCGGTCCCTGGAAA producing fragments
of 0.5 and 0.95 kb, that were subsequently cleaved
with Acc65l and Bsal, and Bsal and PpwMI,
respectively. These fragments were ligated to pMB4599
that had been digested withv4cc65I and PpuMl, yielding
pMB4613, harboring intronless carRP. The 1.85 kb
Xbal-Mlul fragment from pMB4613 can be inserted into
Nhel- and MM-cleaved pMB4603 to yield pCarRPdell.
[00119] IB: Production of pMB4638 (teflp-carB ADEl),
encoding phvtoene dehydrogenase: Intron-containing
carB was amplified from M, circinelloides (ATCC 90680)
genomic DNA using MO4530 and MO4542: MO4530
5'-CACAAACGCGTTTAAATGACATTAGAGTTATGAAC MO4542
5'-CACAATCTAGACACAAATGTCCAAGAAACACATTGTC and the
resulting 1.9 kb fragment was phosphorylated with T4
polynucleotide kinase and blunt-end ligated into
pBS-SKII- cleaved with EcoKV, yielding pMB4606.
pMB4606 was then used as a template for PCR
amplification using MO4318 and MO4648, and MO4646 and
MO4647, and MO4343 and MO4645: MO43 18
5'-GTAAAACGACGGCCAGT MO4648
5'-CACAAGGTCTCAAGCACGCATCCCGGAACTG MO4646
5'-CACACGGTCTCAGGCATGTCGCCCTACGATGC MO4647
5'-CACACGGTCTCATGCTTGCACCCACAAAGAATAGG MO4343
5'-CAGGAAACAGCTATGAC MO4645
5'-CACACGGTCTCTTGCCCATATACATGGTCTGAAACGproducing
fragments of 0.4 and 0.85 and 0.7 kb, that were
subsequently cleaved with cc65I and Bsl, and Bsal, and
Bsal and BamRl, respectively. These fragments were
ligated to pBSSKII- that had been cut with Acc651 and
BamRl, yielding pMB4619, harboring intronless carB.
The 1.75 kb Xbal-Mlul fragment from pMB4619 was
inserted into NAeI- and MMIcleaved pMB4629, yielding
pMB4638. The resulting nucleic acid coding sequence
and encoded CarB protein of pMB4638 are as follows:
[00120]
atgtccaagaaacacattgtcattatcggtgctggcgtgggtggcacggctaca
gctgctcgtttggcccgcga
aggcttcaaggtcactgtggtggagaaaaacgactttggtggcggccgctgctc
cttgatccatcaccagggccatcgctttgatcagg
gcccgtcgctctacctgatgcccaagtactttgaggacgcctttgccgatctgg
acgagcgcattcaagaccacctggagctgctgcga
tgcgacaacaactacaaggtgcactttgacgacggtgagtcgatccagctgtcg
tctgacttgacacgcatgaaggctgaattggaccg 



cgtggagggcccccttggttttggccgattcctggatttcatgaaagagacaca
catccactacgaaagcggcaccctgattgcgctca
agaagaatttcgaatccatctgggacctgattcgcatcaagtacgctccagaga
tctttcgcttgcacctgtttggcaagatctacgaccg
cgcttccaagtacttcaagaccaagaagatgcgcatggcattcacgtttcagac
catgtatatgggcatgtcgccctacgatgcgcctgc
tgtctacagcctgttgcagtacaccgagttcgctgaaggcatctggtatccccg
tggcggcttcaacatggtggttcagaagctagagg
cgattgcaaagcaaaagtacgatgccgagtttatctacaatgcgcctgttgcca
agattaacaccgatgatgccaccaaacaagtgaca
ggtgtaaccttggaaaatggccacatcatcgatgccgatgcggttgtgtgtaac
gcagatctggtctatgcttatcacaatctgttgcctcc
ctgccgatggacgcaaaacacactggcttccaagaaattgacgtcttcttccat
ttccttctactggtccatgtccaccaaggtgcctcaat
tggacgtgcacaacatctttttggccgaggcttatcaggagagctttgacgaaa
tcttcaaggactttggcctgccttctgaagcctccttc
tacgtcaatgtgccctctcgcatcgatccttctgctgctcccgacggcaaggac
tctgtcattgtcttggtgcctattggtcatatgaagag
caagacgggcgatgcttccaccgagaactacccggccatggtggacaaggcacg
caagatggtgctggctgtgattgagcgtcgtct
gggcatgtcgaatttcgccgacttgattgagcatgagcaagtcaatgatcccgc
tgtatggcagagcaagttcaatctgtggagaggct
caattctgggtttgtctcatgatgtgcttcaggtgctgtggttccgtcccagca
caaaggattctaccggtcgttatgataacctattctttgt
gggtgcaagcacgcatcccggaactggtgttcccattgtccttgcaggaagcaa
gctcacctctgaccaagttgtcaagagctttggaa
agacgcccaagccaagaaagatcgagatggagaacacgcaagcacctttggagg
agcctgatgctgaatcgacattccctgtgtggt
tctggttgcgcgctgccttttgggtcatgtttatgttcttttacttcttccctc
aatccaatggccaaacgcccgcatcttttatcaataatttgtta
cctgaagtattccgcgttcataactctaatgtcatttaa [00121]
mskkhiviigagvggtataarlaregfkvtvvekndfgggrcslihhqghrfdq
gpslylmpkyfedafad
lderiqdhlellrcdnnykvhfddgesiqlssdltrmkaeldrvegplgfgrfi
dfmkethihyesgtlialkknfesiwdlirikyap
eifrlhlfgkiydrasJcyflctkkrniTiiaftfqtmymgmspydapavysll
qytefaegiwyprggfnmvvqkleaiakqkydae f
ynapvakintddatkqvtgvtlenghiidadawcnadlvyayhnllppcrwtqn
tlaskkltsssisfywsmstkvpqldvhni
flaeayqesfdeifkdfglpseasfyvnvpsridpsaapdgkdsvivlvpighm
ksktgdastenypamvdkarkmvlavierrl
gmsnfadlieheqvndpavwqskfnlwrgsilglshdvlqvlwfrpstkdstgr
ydnlffvgasthpgtgvpivlagskltsdqvv
ksfglctpkprkiementqapleepdaest f
vwfwlraafwvmfmffyffpqsngqtpasfinnllpevfrvhnsnvi
[00122] 1C. Production of pMB4660 (tefly-carB URA3)
encoding encoding phytoene dehydrogenase: The 4.3 kb
Xhol-Notl fragment and the 1.8 kb Notl-Spel fragment
from pMB4638 were ligated to the 1.9 kb Bsal- and S
pel-cleaved URA3 gene generated byPCR amplification of
7. lipolytica genomic DNA using MO4684 and MO4685 to
create pMB4660: MO4684
5'-CATTCACTAGTGGTGTGTTCTGTGGAGCATTC MO4685
5'-CACACGGTCTCATCGAGGTGTAGTGGTAGTGCAGTG The resulting
nucleic acid coding sequence and encoded CarB(i)
protein of pMB4660 are as follows: [00123]
atgtccaagaaacacattgtcattatcggtgctggcgtgggtggcacggctaca
gctgctcgtttggcccgcga
aggcttcaaggtcactgtggtggagaaaaacgactttggtggcggccgctgctc
cttgatccatcaccagggccatcgctttgatcagg
gcccgtcgctctacctgatgcccaagtactttgaggacgcctttgccgatctgg
acgagcgcattcaagaccacctggagctgctgcga
tgcgacaacaactacaaggtgcactttgacgacggtgagtcgatccagctgtcg
tctgacttgacacgcatgaaggctgaattggaccg
cgtggagggcccccttggttttggccgattcctggatttcatgaaagagacaca
catccactacgaaagcggcaccctgattgcgctca
agaagaatttcgaatccatctgggacctgattcgcatcaagtacgctccagaga
tctttcgcttgcacctgtttggcaagatctacgaccg
cgcttccaagtacttcaagaccaagaagatgcgcatggcattcacgtttcagac
catgtatatgggcatgtcgccctacgatgcgcctgc
tgtctacagcctgttgcagtacaccgagttcgctgaaggcatctggtatccccg
tggcggcttcaacatggtggttcagaagctagagg
cgattgcaaagcaaaagtacgatgccgagtttatctacaatgcgcctgttgcca
agattaacaccgatgatgccaccaaacaagtgaca
ggtgtaaccttggaaaatggccacatcatcgatgccgatgcggttgtgtgtaac
gcagatctggtctatgcttatcacaatctgttgcctcc
ctgccgatggacgcaaaacacactggcttccaagaaattgacgtcttcttccat
ttccttctactggtccatgtccaccaaggtgcctcaat
tggacgtgcacaacatctttttggccgaggcttatcaggagagctttgacgaaa
tcttcaaggactttggcctgccttctgaagcctccttc
tacgtcaatgtgccctctcgcatcgatccttctgctgctcccgacggcaaggac
tctgtcattgtcttggtgcctattggtcatatgaagag
caagacgggcgatgcttccaccgagaactacccggccatggtggacaaggcacg
caagatggtgctggctgtgattgagcgtcgtct
gggcatgtcgaatttcgccgacttgattgagcatgagcaagtcaatgatcccgc
tgtatggcagagcaagttcaatctgtggagaggct
caattctgggtttgtctcatgatgtgcttcaggtgctgtggttccgtcccagca
caaaggattctaccggtcgttatgataacctattctttgt
gggtgcaagcacgcatcccggaactggtgttcccattgtccttgcaggaagcaa
gctcacctctgaccaagttgtcaagagctttggaa
agacgcccaagccaagaaagatcgagatggagaacacgcaagcacctttggagg
agcctgatgctgaatcgacattccctgtgtggt
tctggttgcgcgctgcctfttgggtcatgtttatgttcttttacttcttccctc
aatccaatggccaaacgcccgcatcttttatcaataatttgtta
cctgaagtattccgcgttcataactctaatgtcatttaa [00124]
mskkhiviigagvggtataarlaregfkvtvvekndfgggrcslihhqghrfdq
gpslylmpkyfedafad
Ideriqdhlellrcdnnykvhfddgesiqlssdltrmkaeldrvegplgfgrfl
dfmkethihyesgtlialkknfesiwdlirikyap
eifrlhlfgkiydraskyfktJdrniirnaftfqtaymgmspydapavysllqy
tefaegiwyprggfnmvvqkleaiakqkydae
fiynapvakintddatkqvtgvtlenghiidadavvcnadlvyayhnllppcrw
tqntlaskkltsssisfywsmstkvpqldvhni
flaeayqesfdeifkdfglpseasfyvnvpsridpsaapdgkdsvivlvpighm
ksktgdastenypamvdkarkmvlavierrl
gmsnfadlieheqvndpavwqskfnlwrgsilglshdvlqvlwfipstkdstgr
ydnlffvgasthpgtgvpivlagskltsdqvv
ksfgktpkprkiementqapleepdaestfpvwfwlraafwvmfrnffyffpqs
ngqtpasfinnllpevfrvhnsnvi [00125] ID. Production of
pMB4637 and pTef-HMG encoding a truncated HMGl . For
production of a truncated variant of the HMG-CoA
reductase gene, which also encodes a77 amino acid
leader sequence derived from S. cerevisiae, the
following oligonucleotides are synthesized: PRIMER O
5'-TTCTAGACACAAAAATGGCTGCAGACCAATTGGTGA PRIMER P
5'-CATTAATTCTTCTAAAGGACGTATTTTCTTATC PRIMERQ
5'-GTTCTCTGGACGACCTAGAGG MO4658
5'-CACACACGCGTACACCTATGACCGTATGCAAAT Primers O and P
are used to amplify a 0.23 kb fragment encoding
Met-Ala followed by residues 530 to 604 of the Hmgl
protein of S. cerevisiae, using genomic DNA as
template. Primers Q and MO4658 are used to amplify a
1.4 kb fragment encoding the C-terminal 448 residues
of the Hmgl protein of Y. lipolytica, using genomic
DNA as template. These fragments are ligated to the
appropriate cloning vector, and the resultant
plasmids, designated pOP and pQMO4658, are verified by
sequencing. The OP fragment is liberated with-Y& l and
Asel, and the QMO4658 fragment is liberated with Mael
and MuI. These fragments are then ligated to the ADEl
TEFIp expression vector pMB4629 cut with Xbal and MMI
to produce pTefHMG. [00126] Alternatively, the native
HMGl gene from Y. lipolytica may be modified without
S. cerevisiae sequences as described in the table
above using primers MO4658 (described above) and
MO4657, to create pMB4637: MO4657
5'-CACACTCTAGACACAAAAATGACCCAGTCTGTGAAGGTGG The
resulting nucleic acid coding sequence and encoded
Hmgl mn<: protein of pMB4637 are as follows: [00127]
atgacccagtctgtgaaggtggttgagaagcacgttcctatcgtcattgagaag
cccagcgagaaggaggag
gacacctcttctgaagactccattgagctgactgtcggaaagcagcccaagccc
gtgaccgagacccgttctctggacgacctagagg
ctatcatgaaggcaggtaagaccaagcttctggaggaccacgaggttgtcaagc
tctctctcgagggcaagcttcctttgtatgctcttga
gaagcagcttggtgacaacacccgagctgttggcatccgacgatctatcatctc
ccagcagtctaataccaagactttagagacctcaa
agcttccttacctgcactacgactacgaccgtgtttttggagcctgttgcgaga
acgttattggttacatgcctctccccgttggtgttgctg
gccccatgaacattgatggcaagaactaccacattcctatggccaccactgagg
gttgtcttgttgcctcaaccatgcgaggttgcaagg 



ccatcaacgccggtggcggtgttaccactgtgcttactcaggacggtatgacac
gaggtccttgtgtttccttcccctctctcaagcgggc
tggagccgctaagatctggcttgattccgaggagggtctcaagtccatgcgaaa
ggccttcaactccacctctcgatttgctcgtctcca
gtctcttcactctacccttgctggtaacctgctgtttattcgattccgaaccac
cactggtgatgccatgggcatgaacatgatctccaagg
gcgtcgaacactctctggccgtcatggtcaaggagtacggcttccctgatatgg
acattgtgtctgtctcgggtaactactgcactgacaa
gaagcccgcagcgatcaactggatcgaaggccgaggcaagagtgttgttgccga
agccaccatccctgctcacattgtcaagtctgtt
ctcaaaagtgaggttgacgctcttgttgagctcaacatcagcaagaatctgatc
ggtagtgccatggctggctctgtgggaggtttcaatg
cacacgccgcaaacctggtgaccgccatctaccttgccactggccaggatcctg
ctcagaatgtcgagtcttccaactgcatcacgctg
atgagcaacgtcgacggtaacctgctcatctccgtttccatgccttctatcgag
gtcggtaccattggtggaggtactattttggagcccc
agggggctatgctggagatgcttggcgtgcgaggtcctcacatcgagacccccg
gtgccaacgcccaacagcttgctcgcatcattgcttctggagttcttgcagcgg
agctttcgctgtgttctgctcttgctgccggccatcttgtgcaaagtcatatga
cccacaaccggtcccagg
ctcctactccggccaagcagtctcaggccgatctgcagcgtctacaaaacggtt
cgaatatttgcatacggtcatag [00128]
mtqsvkvvekhvpiviekpsekeedtssedsieltvgkqpkpvtetrslddlea
imkaglctklledhevvk
lslegklplyalekqlgdntravgirrsiisqqsntktletsklpylhydydrv
fgaccenvigymplpvgvagpmnidgknyhip
mattegclvastmrgckainagggvttvltqdgmtrgpcvsfpslkragaakiw
ldseeglksmrkafiistsrfarlqslhstlagnl
lfirfrtttgdamgmnmiskgvehslavmvkeygfpdmdivsvsgnyctdkkpa
ainwiegrgksvvaeatipahivksvlks
evdalvelnisknligsamagsvggmahaanlvtaiylatgqdpaqnvessnci
tlmsnvdgnllisvsmpsievgtigggtilep
qgamlemlgvrgphietpganaqqlariiasgvlaaelslcsalaaghlvqshm
thnrsqaptpakqsqadlqrlqngsnicirs [00129] IE. Production
of pMB4692 (URA3 tefly-crtZ) encoding carotene
hydroxylase. The following carotene hydroxylase (CrtZ)
ORP sequence was synthesized; based on protein
sequence of'Novosphmgobium aromaticivorans, using Y.
lipolytica codon bias: 5J tMagacacaaaa
atgggtggagccatgcagaccctcgctgctatcctgatcgtcctcggtacagtg
ctegctatggagtttgtc
gcttggtcttctcataagtatatcatgcatggcttcggatggggatggcataga
gaccatcacgagccccatgagggatttcttg
agaagaatgacttatacgccatcgttggcgctgccctctcgatactcatgtttg
ccctcggctctcccatgatcatgggcgctgac
gcctggtggcccggaacctggatcggactcggtgtcctcttctatggtgtcatc
tataccctcgtgcacgacggtctggtgcacc
aacgatggtttagatgggtgcctaaacgaggttacgccaaacgactcgtgcagg
cccataagctgcaccacgccaccattggc
aaggaaggaggcgtctcattcggtttcgtgttcgcccgagatcccgccgttctg
aagcaggagcttcgagctcaacgagaagc
aggtatcgccgtgctgcgagaggctgtggaeggct agacgcgt This
sequence was cleaved using Xbal and Mlu\ and ligated,
along with an Acc65l-Nhel TEFl promoter fragment from
pMB4629, to pMB4662 cut with Acc65\ and MMI to produce
pMB4692, The nucleic acid coding sequence is depicted
in bold underline above. The resulting encoded crtZ
protein of pMB4692 is as follows: [00130]
mggamqtlaailivlgtvlamefvawsshkyimhgfgwgwhrdhhephegflek
ndlyaivgaalsil
mfalgspmimgadawwpgtwiglgvlfygviytlvhdglvhqrwfrwvpkrgya
krlvqahklhhatigkeggvsfgfvfar
dpavlkqelraqreagiavlreavdg [00131] IF. Production of
pMB4698 (ADEl teflp-crtW), encoding carotene ketolase.
The following carotene ketolase (CrtW) ORP sequence
was synthesized, based on protein sequence of an
environmental sequence isolated from the Sargasso Sea
(Genbank accession AACY01034193.1): 5'-
ttctagacacaaaaatgactcgatctatttcctggccttccacctactggcacc
tccagccctcctgttcttcttgggtcgcaaacga
attctctcctcaagcccgaaaaggtctcgtcctcgctggtctcattggttccgc
ttggctgcttactctcggacttggcttttcccttc
ccctccatcaaacgagctggcttctcatcggttgtctcgttctccttagatctt
tcctgcacaccggactttttatcgttgcccatga
cgctatgcacgcttctcttgttcctgaccaccctggccttaaccgttggattgg
acgtgtctgtcttctcatgtatgctggactctcctacaaaagatgctgccgaaa
tcaccgtcgacaccaccaagcccctgaaacagttgaagaccctgactaccaacg
atgcactaa
caacaatatcctcgactggtacgttcactttatgggaaattacctcggatggca
acaattgcttaatctctcttgcgtttggctcgc
tctcaccttccgtgtttctgactactctgctcaattcttccacctgctcctttt
ctctgtccttcctctcatcgtctcctcctgtcaactct
tcctcgtgggaacctggctgccacaccgacgaggcgctactactcgacccggcg
ttaccactcgatccctgaacttccaccctg
ctctttccttcgctgcttgctaccacttcggttaccaccgtgaacaccatgaat
ctccctctactccttggttccaacttcctaaactc
cgagaaggttctctcatctaa acgcgt This sequence was cleaved
using Xbal and Mlul and ligated to pMB4629 cut with
Nhel and Mlul to produce pMB4698. The nucleic acid
coding sequence is depicted in bold underline above.
The resulting encoded crtW protein of pMB4698 is as
follows: [00132]
mtrsiswpstywhlqpscsswvanefspqarkglvlagligsawlltlglgfsl
plhqtswlligclvllrsflh tglfi vahdamhaslvpdhpglr
vigrvcllmyaglsykrccmhn
hhqapetvedpdyqrctnnnildwyvhfmgnylgw
qqllnlscvwlaltfrvsdysaqffhlllfsvlplivsscqlflvgtwlphrrg
attrpgvttrslnfhpalsfaacyhfgyhrehhespst pwfqlpklregsli
Example 2: Engineering Yarrowia lipolytica for
increased carotenoid production. [00133] 2A.
Production of Y. lipolytica expressing
geranylgeranylpyrophosphate synthase and phytoene
dehydrogenase: MF350 (MATB ura2-21 leu2-35 adel) was
transformed with pMB4591 (teflp-GGSl) that had been
cleaved upstream of URA5 with Ssp ; a Ura+
transformant carrying the plasmid at the ura2 locus
was identified and named MF364. It was subsequently
transformed with pMB4638 (teflp-carB) that had been
cleaved ADEl with Sspl and a prototrophic transformant
was chosen that harbored the plasmid at the adel
locus. This strain was named MF502. [00134] 2B.
Production of Y. lipolytica expressing
geranylgeranylpyrophosphate synthase, phytoene
dehydrogenase and phytoene synthase/lvcopene cyclase
MF502 was transformed with pMB4628 (teflp-c arRP) that
had been treated with Sspl. Nine prototrophic colonies
were chosen that were uncolored, orange, or very
orange on the transformation plate (YNB agar with 1%
glucose and 0.1% glutamate [YNBglut]) after two to
three days of growth. Two, MF597 and MF600 (the very
orange ones), produced greater than 4 mg carotene per
g dry cell weight (DCW) after four days of growth in
YPD at 3O0C. Southern analysis reveals a different
single Kpril-Hindlll band in genomic DNA from MF597
and MF600, neither of which suggested that homologous
integration occurred at leu2-270. [00135] 2C.
Production of Y. lipolytica expressing phytoene
synthase/lvcopene cyclase and phytoene dehydrogenase:
ATCC201249 (MATA ura3~302 leu2-270 lys8-ll) was
transformed with spl-cleaved pMB4628. Hundreds of Leu+
colonies were pooled, regrown, and transformed with
pMB4660 (teflp-c arB) that had been cleaved upstream
of URA3 with SaR. One colony that was noticeably
yellow after 5 days at 300C on YNBglut plus 0.6mM
lysine was selected, named MF447, and found to produce
0.2 mg carotene per gram dry cell weight after 4 days
of growth in YPD. [00136] MF447 was challenged with 1
g/L 5-fluoroorotic acid and Ura segregants selected.
Surprisingly, they were all found to retain the
identical yellow appearance of their parent, implying
that the loss of a functional URA3 gene did not
coincide with the loss of a functional CarB enzyme.
Southern analysis demonstrates that two fragments from
a Kpnl- HindIII digest of MF447 DNA contain
t/iL43p-hybridizing sequences, only one of which also
hybridizes to carB. The other is absent in MF578, the
Ura3 segregant chosen for further manipulation.
Plasmid rescue and analysis of the DNA sequence
encompassing the carRP 



intron in strains MF447, MF597 (example 2c), and MF600
(example 2c) revealed that exons 1 and 2 were
contiguous and were each separated by an intron
sequence that lacked the original internal Sspl site
(present in pMB4628). [00137] 2D. Production of Y.
lipolytica expressing phytoene synthase/lycopene
cyclase, phytoene dehydrogenase and
geranylgeranylpyrophosphate synthase: MF578 was
transformed with pMB4683 (teflp-GGSl) that had been
cleaved with SaH (upstream of URA3) or with Stul
(within the GGSl ORF). Ura+ Leu+ colonies in both
cases appeared bright orange on YNBglut+Lys and on
YPD, and several produced greater than 4 mg carotene
per gram of dry cell weight when grown as above. One,
MF633, contained a single copy of the plasmid at the
GGSl locus, as inferred from Southern analysis. The
others arose by non homologous or more complex
integrations. [00138] 2E. Production of Y. lipolytica
expressing phytoene synthase/lycopene cyclase,
phytoene dehydrogenase and geranylgeranylpyrophosphate
synthase: MF364 is crossed with MF578, and spores from
the resulting diploid are plated on YPD for two to
three days at 3O0C. Orange Leu+ Ade Ura colonies are
screened for the presence of tefp-carB, tefp-carRP,
and tefp-GGSl by PCR, and for high carotenoid (>4 mg/g
dry cell weight) production after growth in YPD liquid
medium. Colonies meeting these criteria, as well as
displaying resistance to 5-fluorootic acid, an
indication that they harbor the ura3-302 allele, are
chosen for further studies and hereafter referred to
as GBRPua strains. Such a strain is selected for
further analysis and modification. Example 3:
Extraction of carotenoids from Yarrowia liyolytica
cells [00139] Shake-flask testing of generated strains
was conducted using YPD medium (1% yeast extract, 2%
peptone, 2% glucose). 20 ml cultures in 125 ml flasks
were grown at 300C. Y, lipolytica cells were harvested
from 72-96 hour cultures, and extractions were
performed to determine carotenoid form and quantity.
1.8 ml of culture was placed into an Eppendorf tube.
Cells were pelleted and washed twice with 1 ml H2O.
After the second wash, the resuspended cells were
transferred to a pre-weighed snap-cap tube with a
holepoked in the top, and the cells were lyophilized
overnight. After drying to completion, the tube was
weighed in order to calculate dry cell weight. 0.25 ml
from the same shake flask culture was placed into a 2
ml screw-cap tube for carotenoid extraction. Cells
were pelleted and the supernatant was aspirated.
Pelleted cells may be frozen at -800C and stored. An
equal volume of cubic zirconia beads was added to cell
pellets, along with 1ml ice-cold extraction solvent (a
50/50 v/v mix of hexane and ethyl acetate containing
0.01% butylhydroxytoluene (BHT)). The mixture was then
agitated (Mini-BeadBeater-8, BioSpec Products, Inc.)
at maximum speed for 5 minutes at 40C. The mixture was
then spun at maximum speed for 1 minute, and the
supernatant was collected and deposited in a cold 16
ml glass vial. The remaining cell debris was
re-extracted at least three times, without the
addition of zirconia beads; all supernatants were
pooled in the 16 ml glass vial. Following extraction,
the glass vial was spun for 5 minutes at 2000 rpm at
4C in a Sorvall tabletop centrifuge, and the
supernatant was transferred to a new cold 16 ml glass
vial. A Speed Vac was used to concentrate the
supernatant (room temperature in dark), and the
samples were stored at -200C or -800C until
immediately before HPLC analysis. Prior to HPLC
analysis, the samples were resuspended in 1ml ice-cold
solvent and then transferred to a cold amber vial.
Throughout the protocol, care was taken to avoid
contact with oxygen, light, heat, and acids. Example
4: Quantification of carotenoid production by HPLC
[00140] For carotenoid analysis, samples were
resuspended in ice-cold extraction solvent (a 50/50
v/v mix of hexane and ethyl acetate containing 0.01%
butylhydroxytoluene (BHT)). An Alliance 2795 HPLC
(Waters) equipped with a Waters XBridge Cl 8 column
(3.5 mm, 2.1 x 50 mm) and Thermo Basic 8 guard column
(2.1 x 10 mm) was used to resolve carotenoid at 25C;
authentic carotenoid samples were used as standards.
The mobile phases and flow rates are shown below
(Solvent A= Ethyl Acetate; Solvent B= Water; Solvent
C= Methanol; Solvent D= Acetonitrile). The injection
volume was 10 mL. The detector is a Waters 996
photodiode array detector. The retention times for
lipophilic molecules include astaxanthin (1.159 min),
zeaxanthin (1.335), b-apo-8'-carotenal (2.86 min),
ergosterol (3.1 1 min), lycopene (3.69 min),
b-Carotene (4.02 min), and phytoene (4.13 min).
Astaxanthin, zeaxanthin, b-apo-8'-carotenal, lycopene
and b-Carotene are detected at 475 nm, whereas
ergosterol and phytoene were detected at 286 nm. TABLE
28 Retention Times for Lipophilic MoleculesExample 5:
Expression of a truncated form of EMG-CoA reductase
results in increased carotenoid production [00141] In
order to increase carotenoid production, carbon flow
through the isoprenoid pathway is enhanced by
introducing a truncated variant of the HMG-CoA
reductase gene. [00142] In one approach, a truncated
variant of the HMG-CoA reductase gene which also
encodes a 77 amino acid leader sequence derived from
S. cerevisiae Hmgl is introduced into a GRPBua strain
(described in Example 2E above). Plasmid pTefHMG can
be cleaved with SnaBl, BbvCl, or Bsu36l to direct
integration at the adel locus, or with BamHI to direct
integration at the HMGl locus, or with EcoKV to
promote random integration, in the GRPBua strains,
restoring them to adenine prototrophy. Resulting Ade+
transformants are screened for increased carotenoid
production. [00143] Alternatively, the native HMGl
gene from Y. lipolytica may be modified without S.
cerevisiae sequences as described in Example ID above,
to create pMB4637. This plasmid can be digested as
described for pTefHMG and transformed into GRPBua
strains, and resulting transformants screened as
described for increased carotenoid production. [00144]
In still another approach, a truncated variant of the
N. crassa HMG-CoA reductase gene may be utilized and
introduced into Y. lipolytica strains. In order to
generate a plasmid suitable for expression of the
heterologous HMG-CoA reductase, p641P (Yeast 2001 ; 18
(2001): 97-1 13) is modified by replacing the ICLl
promoter with the GPD promoter, and by the addition of
sequences conferring resistance to phleomycin. Y.
lipolytica genomic DNA is amplified with two primers.
GPDdist: 5' CACACGGTacctgtaggttgggttgggtg GPDprox: 5'
CACACGGATCCtgtttaattcaagaatgaatatagagaagagaag, and the
resulting fragment (0.7 kb) is cleaved with BamAl and
Kpl, and ligated to BamAland i rcl-cleaved p641P,
creating the plasmid "p641Pgpd". The Ue gene under the
control of the A. nidulans GPD promoter is then
excised from pBCphleo (Silar, Fungal Genetics
Newsletter 42:73) as a 3.2 kb BcH-BamHl fragment and
inserted into the unique BamEI siteof "p641Pgpd", in
the orientation that preserves the BanAl site proximal
to the GPD promoter, to create "p641Pgpdble" , 



[00145] N. crasset genomic DNA is amplified with two
primers: Neuhmg fwd: 5'
CACACGGATCCACATCAACAatggcatctgccacccttcccc Neuhmg rev:
5' CACACGGATCcaagtgctgacgcggaacttg, and the resulting
fragment is cleaved with BaniW. and inserted into
roHI-digested "p641Pgpdble" in the correct
orientation. The resulting plasmid, "pZg", contains
sequences encoding a truncated cytosolic catalytic
domain of hydroxymethylglutaryl-CoA reductase from N.
crassa (Genbank accession: XP_324892) under the
control of the constitutive GPD promoter. This plasmid
can be introduced into the Y. lipolytica strain
created in Example 2E above, and transformants are
selected by their resistance to phleomycin (100
mg/ml). Resulting transformants are tested for
b-carotene production, as described above. Example 6:
Introduction of heterologous carotene hydroxylase and
carotene ketolase genes into Y. lipolvtica strains
producing carotenoid for production of astaxanthin.
[00146] For introduction of carotene hydroxylase and
carotene ketolase into carotenoid producting Y.
lipolytica, pMB4692 and pMB4698, described as in
Example IE and IF above, can be sequentially
introduced into the GRPBua strain (described in
Example 2E). For the introduction of pMB4692, the
plasmid may be cleaved with SaR or BsrGl to direct
integration at the uraS locus, or with Xbal to promote
random integration, selecting for uracil prototrophy.
GRPBua Ura+ transformants harboring pMB4692 are
screened for zeaxanthin production in YPD.
Zeaxanthin-producing cells are transformed with
pMB4698 (which can be cleaved with PpuMl, Sspl or
BbvCl to direct integration at the adel locus, or with
EcoRY to promote random integration) and prototrophic
colonies are screened for astaxanthin production.
[00147] Alternatively, the order of plasmid
transformation may be reversed wherein pMB4698 is
transformed first and transformants are selected for
adenine prototrophy. GRPBua Ade+ transformants
harboring rMB4698 are screened for canthaxanthin
production. Canthaxanthin-producing GRPBua[pMB4698]
cells are transformed with pMB4692 and prototrophic
colonies are screened for astaxanthin production.
[00148] In another approach, the carotenoid ketolase
and carotenoid hydroxylase genes from P. marcusii can
be introduced into the strains described in Example 2
above, in order to convert b-carotene into
astaxanthin. P. marcusii genomic DNA is amplified with
two primers. CrtZfwd: 5'
CACACCGTCTCAAatgaccaatttcctgatcgtcgtc CrtZrev: 5'
CACACAGATCtcacgtgcgctcctgcgcc,and the resulting
fragment is cleaved with BsmBl, modified with the
Klenow fragment of DNA polymerase, and cleaved with
BgIU. This fragment is inserted into PmU- and
BamHlcleaved pINA1269 (J. MoI. Microbiol. Biotechnol.
2 (2000): 207-216), containing the hp4d promoter, the
XPR2 terminator, the selectable LEU2 gene, and
sequences necessary for selection and propagation in
E. coli. The resulting plasmid "pA" contains sequences
encoding carotene hydroxylase from P. marcusii (crtZ
gene)(Genbank accession: CAB56060.1) under the control
of the hp4d promoter. [00149] "pYEGITEF" is modified
by substituting the LIP2 terminator for the XPR2
terminator as follows. pINA1291 is digested with
Avrll, modified with the Klenow fragment of DNA
polymerase, and cleaved with EcoBL, and the small
LIP2t containing fragment is ligated to "pYEGITEF"
that has been digested with Sacll, modified with T4
DNA polymerase in the presence of dNTP, and cleaved
with EcoKL. The resulting plasmid is named
"PYEGlTEF-LIP2t" . [00150] In order to amplify the
carotenoid ketolase gene, P. marcusii genomic DNA is
amplified with two primers. CrtWfwd: 5'
CACACCCTAGGCCatgagcgcacatgccctgc CrtWrev: 5'
CACACAAGCTTtcatgcggtgtcccccttg, and the resulting
fragment is cleaved with Avrll and Hindlll, and
inserted into 4vrII- and .ffiwcflll-cleaved
"pYEGlTEF-LIP2t". The resulting plasmid, "pBt",
contains sequences encoding the carotene ketolase
(crtWgene)(Genbank accession: CAB56059.1) under the
control of the constitutive TEFl promoter. [00151] In
order to combine the two expression cassettes into a
single plasmid, "pBt" is cleaved with CM, modified
with the Klenow fragment of DNA polymerase, and
cleaved with ECOR I , and the crt JF-containing
fragment is isolated, mixed with the phosphorylated
oligonucleotide adaptor pair: 5' AATTCGCGGCCGCT and 5'
AGCGGCCGCG, cleaved with Notl, and ligated to
VVctfl-digested "pA". The resulting plasmid, "pABt",
contains both the TEFlplcrtWILIP2t cassette and the
hp4dlcrtZIXPR2t cassette as well as the selectable
LEU2 gene. [00152] "pABt" can be introduced into the
Y. lipolytica strain described above in Example 4
(TEFIpIal-l/XPR2t; hp4dlcarRPILIP2t\ GPDplHMGR,nmc),
and transformants selected for leucine prototrophy.
Example 7: Partial inactivation of Y. lipolvtica ERG9
gene encoding saualene synthase results in increased
carotenoid production:[00153] TA. In order to
partially inactivate the ERG9 gene encoding squalene
synthase, the neighboring FOL3 gene is disrupted,
resulting in a folinic acid requirement. This strain
is then transformed with a mutagenized fragment of DNA
partially spanning the two genes, and FoI+
transformants are screened for decreased squalene
synthase activity. [00154] The following
oligonucleotides are synthesized: PRIMER K
5'-CCTTCTAGTCGTACGTAGTCAGC; PRIMER L
5'-CCACTGATCTAGAATCTCTTTCTGG and used to amplify a 2.3
kb fragment from Y, lipolytica genomic DNA spanning
most of the FOL3 gene, using Pfu polymerase. The
resulting fragment is cleaved with Xbal and
phosphorylated, then ligated into pBluescriptSK that
has been cleaved with Kpnl, treated with T4 DNA
polymerase (T4pol) in the presence of dNTPs, and
subsequently cleaved with Xbal. The resultant plasmid,
designated pBS-foB, is then cleaved with Acc65l and
EcoRl, treated with T4pol as above, and ligated to the
3.4 kb EcoKV-Spel ADEl fragment (treated with T4pol)
from pMB4529. [00155] The resulting plasmid,
pBSfol3Dade, can be cleaved with BsiYI and Xbal to
liberate a 5.5 kb fragment that is used to transform
the GRBPua strains described above to adenine
prototrophy. Resulting Ade+ transformants are screened
for a folinic acid requirement, and for homologous
integration by PCR analysis. [00156] Strains that
harbor the resultant/o/3 D i Di i allele can be
transformed with a 3.5 kb DNA fragment generated by
mutagenic PCR amplification using the primers: 



PRIMER M 5'-GGCTCATTGCGCATGCTAACATCG; PRIMER N
5'-CGACGATGCTATGAGCTTCTAGACG, and Y. lipolytica
genomic DNA as template. The resulting fragment
containing the Nterminal three-quarters of the FOLS
ORF and the C-terminal nine-tenths of the ERG9 ORF is
used to transform strains. The resulting FoI+ Ade
transformants are screened for decreased squalene
synthase activity by sensitivity to agents such as
zaragozic acid, itraconazole, or fluconazole.
Additionally, the resulting transformants are screened
for increased carotenoid production. [00157] TB.
Alternatively, the PCR fragment produced in 7A could
be cloned and altered in such a way as to remove the
3'-untranslated region of ERG9 gene. Replacement of
the fol3 AADEl disruption by this fragment results in
decreased expression of squalene synthase [Schuldiner
et al. (2005), Cell 123:507-519][Muhlrad and Parker
(1999), RNA 5: 1299-1307], which can be confirmed as
in 7A. This approach may also be used in a FoI+ Ade
strain, using the ADEl marker to disrupt the ERG9
3'-UTR. [00158] 7C. In still another approach,
partially defective ERG9 alleles can be identified in
S. cerevisiae using plasmid shuffling techniques
[Boeke et al. (1987), MethodsEnzymol. 154:164-175],
and using drug sensitivities as a phenotype. Defective
genes can be transferred to Y. lipolytica using
standard molecular genetic techniques. Example 8:
Treatment of Y. lipolvtica strains producing
carotenoid with inhibitor of an isoprenoid
biosynthesis competitor polypeptide results in
increased carotenoid production [00159] ^Cultures
produced in Example 2 are treated with the squalene
synthase inhibitor, zaragozic acid (zaragozic acid at
0.5 mM) and monitored for b-carotene production, as
described above. Example 9: Constructin an oleaginous
strain ofSaccharomyces cerevisiae [00160] The genes
encoding the two subunits of ATP-citrate lyase from N.
crassa, the AMP deaminase from Saccharomyces
cerevisiae, and the cytosolic malic enzyme from M.
circinelloides are overexpressed in S. cereviseae
strains in order to increase the total lipid content.
Similar approaches to enhance lipid production could
be employed in other host organisms such as
Xanthophyllomyces dendrorhous (Phqffia rhodozyma),
using the same, homologous, or functionally similar
oleaginic polypeptides. [00161] Qiagen RNAEasy kits
(Qiagen, Valencia, CA.) are used to prepare messenger
RNA from lyophilized biomass prepared from cultures
ofN. crassa. Subsequently, RT-PCR is performed in two
reactions containing the mRNA template and either of
the following primer pairs. acll: lfwd: 5'
CACACGGATCCTATAatgccttccgcaacgaccg lrev: 5'
CACACACTAGttaaatttggacctcaacacgaccc acl2: 2fwd: 5'
CACACGGATCCAATATAAatgtctgcgaagagcatcctcg 2rev: 5'
CACACGCATGCttaagcttggaactccaccgcac [00162] The
resulting fragment from the acll reaction is cleaved
with Spel and BamBl, and that from the acl2 reaction
is cleaved with BamRl and Sphl, and both are ligated
together into YEp24 that has been digested with Nhel
and Sphl, creating the plasmid "pl2". The
bi-directional GALl-10 promoter is amplified from S.
cerevisiae genomic DNA using the primers. gall 0 : 5'
CACACGGATCCaatmcaaaaattcttactttttttttggatggac gall: 5'
CACACGGATCCttttttctccttgacgttaaagtatagagg, and the
resulting 0.67 kb fragment is cleaved with BamUl and
ligated in either orientation to amHI-digested "pl2"
to create "plgal2" and "p2gall", containing
GALl-acll/GALlO-acU and GALl 0-acll /GALl -acl2,
respectively (Genbank accession: acll: CAB91740.2;
acl2: CAB91741.2).[00163] In order to amplify the S.
cereviseae gene encoding AMP deaminase and a promoter
suitable for expressing this gene, S. cerevisiae
genomic DNA is amplified using two primer pairs in
separate reactions: AMDl ORF: AMDlFWD: 5'
CACACGAGCTCAAAAatggacaatcaggctacacagag AMDlrev: 5'
CACACCCTAGGtcacttttcttcaatggttctcttgaaattg GAL7p :
gal7prox: 5'
CACACGAGCTCggaatattcaactgtttttttttatcatgttgatg
gal7dist: 5'
CACACGGAtccttcttgaaaatatgcactctatatcttttag, and the
resulting fragment from the AMDl reaction (2.4 kb) is
cleaved with Sad and Avrll, and that from the GAL7
reaction (0.7 kb) is cleaved with BarriAl and Sphl,
and both are ligated together into YEp13 that has been
digested with MeI and BamEI, creating the plasmid
"pAMPD". This plasmid carries the S. cerevisiae gene,
AMDl, encoding AMP deaminase, under the control of the
galactose-inducible GAL7 promoter. [00164] Messenger
RNA is prepared from lyophilized biomass ofM.
circinelloides, as described above, and the mRNA
template is used in a RT-PCR reaction with two
primers: MAEfwd: 5'
CACACGCTAGCTACAAAatgttgtcactcaaacgcatagcaac MAErev: 5'
CACACGTCGACttaatgatctcggtatacgagaggaac, and the
resulting fragment is cleaved with Nhel and SaK, and
ligated to Xbal- and Xholdigested pRS413TEF (Mumberg,
D. et al. (1995) Gene, 156:1 19-122), creating the
plasmid "pTEFMAE", which contains sequences encoding
the cytosolic NADP+-dependant malic enzyme from M.
circinelloides (E.C. 1.1.1.40; mce gene; Genbank
accession: AY209191) under the control of the
constitutive TEFl promoter. [00165] The plasmids
"plgal2", "pAMPD", and "pTEFMAE" are sequentially
transformed into a strain of S. cereviseae to restore
prototrophy for uracil ("plgal2"), leucine ("pAMPD"),
and histidine ("pTEFMAE") (Guthrie and Fink Methods in
Enzymology 194:1- 933, 1991). The resulting
transformants are tested for total lipid content
following shake flask testing in either synthetic
complete (SC) medium lacking uracil, leucine and
histidine, as described in Example 3, or in a 2-step
fermentation process. In the 2-step process, 1.5 ml of
cells from an overnight 2 ml roll tube culture
containing SC medium lacking uracil, leucine and
histidine are centrifuged, washed in distilled water,
and resuspended in 20 ml of a nitrogen-limiting medium
suitable for lipid accumulation (30 g/L glucose, 1.5
g/L yeast extract, 0.5 g/L NH4Cl, 7 g/L KH2PO4, 5 g/L
Na2HPO4-12H2O, 1.5 g/L MgSO4-7H2O, 0.08 g/L
FeCl3-6H2O, 0.01 g/L ZnSO4-7H2O, 0.1 g/L CaCl2-2H2O,
0.1 mg/L MnSO4-5H2O, 0.1 mg/L CuSO4-5H2O, 0.1 mg/L
Co(NO3)2-6H2O; pH 5.5 (J Am Oil Chem Soc 70:891-894
(1993)) .[00166] Intracellular lipid content of the
modified and control S. cerevisiae strains is analyzed
using the fluorescent probe, Nile Red (J Microbiol
Meth (2004) 56:331-338). In 



brief, cells diluted in buffer are stained with Nile
Red, excited at 488 nm, and the fluorescent emission
spectra in the wavelength region of 400-700 nm are
acquired and compared to the corresponding spectra
from cells not stained with Nile Red. To confirm
results from the rapid estimation method, the total
lipid content is determined by gas chromatographic
analysis of the total fatty acids directly
transmethylesterified from dried cells, as described
(Appl Microbiol Biotechnol. 2002 Nov;60(3):275-80).
Non-transformed S. cerevisiae strains produce 6% and
10% total lipid (dry cell weight basis) after growth
in YPD and lipid accumulation medium, respectively.
Yeast strains expressing the multiple oleaginic
polypeptides produce 17% and 25% total lipid following
growth in YPD and lipid accumulation medium,
respectively. Example 10: Introduction of heterologous
carotene hydroxylase into Y. lipolytica strains
producing carotenoid for production ofzeaxanthin
[00167] MF578 {tef-carRP tef-carB) was transformed
with pMB4692 that had been cleaved with SaR. Several
Ura+ colonies inferred to contain tef-crtZ by PCR
analysis were able to produce zeaxanthin in YPD shake
flasks, and in one case, all of the carotene was
depleted. [00168] The following tables are referenced
throughout the description:pol e tides.Table 2. Exam
les of ruvate decarboxylase ol e tides.Table 3.
Examples of isocitrate deh dro enaseTable 4. Exam les
of ATP-citrate l ase polype tides.USE OF LACTOBACILLUS
RHAMNOSUS GG FOR THE TREATMENT, PREVENTION OR
REDUCTION OF SYSTEMIC INFLAMMATION IN A FORMULA-FED
INFANT BACKGROUND OF THE INVENTION ( 1 ) Field of the
Invention [0001] The present invention relates
generally to a use of LGG in the manufacture of a
medicament for the treatment, prevention or reduction
of systemic inflammation in a formula-fed infant. (2)
Description of the Related Art [0002] The inflammatory
response is an attempt by the body to restore and
maintain homeostasis after invasion by an infectious
agent, antigen challenge, or physical, chemical or
traumatic damage. Localized inflammation is contained
in a specific region and can exhibit varying symptoms,
including redness, swelling, heat and pain. [0003]
While the inflammatory response is generally
considered a healthy response to injury, the immune
system can present an undesirable physiological
response if it is not appropriately regulated. In
these situations, the body's normally protective
immune system causes damage to its own tissue by
treating healthy tissue as if it is infected or
somehow abnormal. Alternatively, if there is an
injury, the inflammatory response may be out of
proportion with the threat it is dealing with. This
inflammatory response can cause more damage to the
body than the agent itself would have produced. [0004]
The inflammatory response has been found in part to
consist of an increased expression of both
pro-inflammatory and anti-inflammatory cytokines.
Cytokines are low molecular weight, biologically
active proteins involved in the coordination of
immunological and inflammatory responses and
communication between specific immune cell
populations. A number of such cell types produce
cytokines, including neutrophils, monocytes,and
lymphocytes as the major sources during inflammatory
reactions due to their large numbers at the site of
injury. [0005] Multiple mechanisms exist by which
cytokines generated at inflammatory sites influence
the inflammatory response. If a proinflammatory
response is not successfully countered by
anti-inflammatory cytokines, however, uncontrolled
systemic inflammation can occur. [0006] In contrast to
localized inflammation, systemic inflammation is
widespread throughout the body. This type of
inflammation may include localized inflammation at
specific sites, but may also be associated with
general "flu-like" symptoms, including fever, chills,
fatigue or loss of energy, headaches, loss of
appetite, and muscle stiffness. Systemic inflammation
can lead to protein degradation, catabolism and
hypermetabolism. As a consequence, the structure and
function of essential organs, such as muscle, heart,
immune system and liver may be compromised and can
contribute to multi-organ failure and mortality.
Jeschke, et al., Insulin Attenuates the Systemic
Inflammatory Response to Thermal Trauma, MoI. Med.
8(8):443-450 (2002). Although enormous progress has
been achieved in understanding the mechanisms of
systemic inflammation, the mortality rate due to this
disorder remains unacceptably high. [0007] Often,
whether the cytokine response is pro- or anti
inflammatory depends on the balance of individual
microorganisms that colonize the intestinal lumen at
any particular time. It is well known that the mucosal
surface of the intestinal tract is colonized by an
enormously large, complex, and dynamic collection of
microorganisms. The composition of the intestinal
microflora varies along the digestive tract as well as
in different micro-habitats, such as the epithelial
mucus layer, the deep mucus layer of the crypts, and
the surface of mucosal epithelial cells. The specific
colonization depends on external and internal factors,
including luminally available molecules, mucus
quality, and host-microbialand microbial-microbial
interactions. Murch, S.H., Toll of Allergy Reduced by
Probiotics, Lancet, 357:1057-1059 (2001 ) . [0008]
These microorganisms, which make up the gut
microflora, are actively involved with the immune
response. They interact with the epithelium in
conditions of mutual beneficial relationships for both
partners (symbiosis) or in conditions of benefit for
one partner, without being detrimental to the other
(commensalisms). Hooper, et a/., How Host- Microbial
Interactions Shape the Nutrient Environment of the
Mammalian Intestine, Annu. Rev. Nutr. 22:283-307
(2002). In fact, considerable evidence is emerging
which shows a strong interplay or "cross-talk" between
the intestinal microflora and the diverse population
of cells in the intestinal mucosa. Bourlioux, et al.,
The Intestine and its Microflora are Partners for the
Protection of the Host: Report on the Danone Symposium



"The Intelligent Intestine," held in Paris, June 14,
2002, Am. J. Clin. Nutr. 78:675 (2003); Hooper, L.V. &
Gordon, J.I., Commensal Host-Bacterial Relationships
in the Gut, Sci. 292:1 115 (2001 ) ; Haller, et al.,
Non- Pathogenic Bacteria Elicit a Differential
Cytokine Response by Intestinal Epithelial
Cell/Leucocyte Co-Cultures, GUT 47:79 (2000); Walker,
W.A., Role of Nutrients and Bacterial Colonization in
the Development of Intestinal Host Defense, J.
Pediatr. Gastroenterol. Nutr. 30:S2 (2000).
Additionally, the gut microflora has been shown to
elicit specific immune responses at both a local and
systemic level in adults. Isolauri, E., et al.,
Probiotics: Effects on Immunity, Am. J. Clin. Nutr.
73:444S-50S (2001 ) . [0009] The gut microflora in
infants is well known to be far less developed than
that of an adult. While the microflora of the adult
human consists of more than 1013 microorganisms and
nearly 500 species, some being harmful and some being
beneficial, the microflora of an infant contains only
a fraction of those microorganisms, both in absolute
number but also species diversity. Infants are born
with a sterile gut, but acquire intestinal flora from
the birth canal, their initial environment, and what
theyingest. Because the gut microflora population is
very unstable in early neonatal life, it is often
difficult for the infant's gut to maintain the
delicate balance between harmful and beneficial
bacteria, thus reducing the ability of the immune
system to function normally. [00010] It is especially
difficult for formula-fed infants to maintain this
balance due to the differences between the bacterial
species in the gut of a formula-fed and breast-fed
infant. The stool of breast-fed infants contains
predominantly Bifidobacterium, with Streptococcus and
Lactobacillus as less common contributors. In
contrast, the microflora of formula-fed infants is
more diverse, containing Bifidobacterium and
Bacteroides as well as the more pathogenic species,
Staphylococcus, Escherichia coli, and Clostridia. The
varied species of Bifidobacterium in the stools of
breast-fed and formula-fed infants differ as well. A
variety of factors have been proposed as the cause for
the different fecal flora of breast-fed and
formula-fed infants, including the lower content and
different composition of proteins in human milk, a
lower phosphorus content in human milk, the large
variety of oligosaccharides in human milk, and
numerous humoral and cellular mediators of immunologic
function in breast milk. Agostoni, et ai, Probiotic
Bacteria in Dietetic Products for Infants: A
Commentary by the ESPGHAN Committee on Nutrition, J.
Pediatr. Gastro. Nutr. 38:365-374 (Apr. 2004). [00011]
Because the microflora of formula-fed infants is so
unstable and the gut microflora largely participate in
stimulation of gut immunity, formula-fed infants are
more likely to develop inflammatory illnesses. Many of
the major illnesses that affect infants, including
chronic lung disease, periventricular leukomalacia,
neonatal meningitis, neonatal hepatitis, sepsis, and
necrotizing enterocolitis are inflammatory in nature.
Depending on the particular disease, the accompanying
inflammation can occur in a specific organ, such as
the lung, brain, liver or intestine, or the
inflammation can truly be systemic in nature.[00012]
For example, chronic lung disease causes the tissues
inside the lungs to become inflamed while neonatal
meningitis involves inflammation of the linings of the
brain and spinal cord. Periventricular leukomalacia is
caused by inflammatory damage to the periventricular
area in the developing brain. Necrotizing
enterocolitis causes inflammation in the intestine
that may result in destruction of part or all of the
intestine and neonatal hepatitis involves an
inflammation of the liver that occurs in early
infancy. Sepsis, also known as systemic inflammatory
response syndrome, is a severe illness caused by an
overwheming infection of the bloodstream by
toxin-producing bacteria, where the presence of
pathogens in the bloodstream elicit an inflammatory
response throughout the entire body. [00013] Premature
and critically ill infants also represent a serious
challenge in terms of developing gut immunity and
preventing systemic inflammation. Preterm or
critically ill infants are often placed immediately
into sterile incubators, where they remain unexposed
to the bacterial populations to which a healthy, term
infant would normally be exposed. This may delay or
impair the natural colonization process. These infants
are also often treated with broad-spectrum
antibiotics, which kill commensal bacteria that
attempt to colonize the infant's intestinal tract.
Additionally, these infants are often nourished by
means of an infant formula, rather than mother's milk.
Each of these factors may cause the infant's gut
microflora to develop improperly, thus causing or
precipitating life-threatening systemic inflammation.
[00014] One way to encourage gut colonization with
beneficial microorganisms in formula-fed infants is
through the administration of probiotic bacteria.
Probiotic bacteria are living microorganisms that
exert beneficial effects on the health of the host.
Lactobacillus spp. and Bifidobacterium spp., which are
normal inhabitants of the healthy intestine, are
common species of probiotics.[00015] Unfortunately,
there are very few published studies on the clinical
effects of probiotic supplementation on infants.
Agostoni, C , et al., Probiotic Bacteria in Dietetic
Products for Infants: A Commentary by the ESPGHAN
Committee on Nutrition, J. Pediatr. Gastro. Nutr.
38:365-374 (2004). Even less is known about the
capability of probiotics to regulate intestinal
inflammation and alter the propagation of the
inflammatory response to other organs in infants.
[00016] Results from studies regarding the effects of
probiotics on infants are controversial. For example,
a 1994 study concluded that the administration of
standard infant formula supplemented with
Bifidobacterium lactis and Streptococcus thermophilus
reduced the prevalence of nosocomical diarrhea
compared with placebo. Saavedra, 



J., et al., Feeding of Bifidobacterium bifidum and
Streptococcus thermophilus to Infants in Hospital for
Prevention of Diarrhea and Shedding of Rotavirus,
Lancet 344:1049-49 (1994). In contrast, however, a
1999 study reported no protective effect of infant
formula supplemented with Bifidobacterium alone or in
combination with S. thermophilus on episodes of
diarrhea. Phuapradit, P., et al., Reduction of
Rotavirus Infection in Children Receiving
Bifidobacteria-Supplemented Formula, J. Med. Assoc.
Thai. 82:S43-48 ( 1999). [00017] U.S. Patent App. No.
20040208863 to Versalovic, et al. is directed to a
compound which has anti-inflammatory activity and is
secreted from lactic acid bacteria. The application
describes the use of Lactobacillus rhamnosus GG (LGG)
to inhibit pro-inflammatory cytokine production. The
reference, however, focuses on adult models and does
not disclose or suggest that the invention would be
beneficial for infants. As explained above, the gut
and immune system of an infant is very unlike that of
an adult. Because the bacterial populations and
species vary so immensely between the gut of an infant
and adult, and the large differencein maturity of the
immune system in these two populations, it cannot be
assumed that the same result would be achieved in an
infant. [00018] U.S. Patent App. No. 20040147010 to
Vidal, et al. relates to a method for reducing or
preventing inflammatory processes associated with
bacterially-mediated disease in the Gl tract, bone,
skin, eye, ear, lung and oral cavity of a human. The
method comprises administering an effective amount of
lipoteichoic acid (LTA) from lactic acid bacteria
and/or administering a lactic acid bacteria that
produces LTA. The application also notes that these
compositions could modify bacterial colonization and
infection during the neonatal period. [00019] The
bacterial strains of Vidal's application were
Lactobacillus acidophilus and Lactobacillus johnsonii.
Vidal did not indicate the use of LGG. In fact, Vidal
discloses that "LTAs from Gram-positive bacteria show
great diversity from one bacterial strain to another."
Vidal app., p. [0006]. Therefore, it should not be
assumed that merely because L. acidophilus and L.
johnsonii caused an anti-inflammatory effect in the
adult colonic cell line that was assayed, that all
Lactobacillus species would. [00020] Vidal
additionally notes that LTA from certain species of
bacteria mediate a pro-inflammatory effect rather than
an antiinflammatory effect on immune cells. Vidal
app., p. [0005]. Thus, because LTA can be
pro-inflammatory or anti-inflammatory, depending on
the bacterial species, Vidal's disclosure is limited
to the species specifically described. As Vidal has
recognized in a published article, "the biological
activity of LTAs [of different bacterial species]
cannot be predicted." Vidal, et al., Lipoteichoic
Acids from Lactobacillus johnsonii Strain La1 and
Lactobacillus acidophilus Strain LaW Antagonize the
Responsiveness of Human Intestinal Epithelial HT29
Cells to Lipopolysaccharide and Gram-Negative
Bacteria, Infect. Immun. 70:2057- 2064 (2002).[00021]
Based on the above references, the effect of LGG on
the infant immune system has not heretofore been
disclosed. There are large and fundamental differences
between the infant gut and immune system compared to
those of an adult. Therefore, studies that focus on
adult subjects or adult cell lines are not useful in
evaluating the effect of LGG on infants. It has not
previously been shown that LGG exhibits a systemic
immune effect on formula-fed infants. In addition, it
has not been shown that LGG supplementation in
formula-fed infants would prevent or reduce systemic
inflammation to a level similar to that of a
breast-fed infant. Accordingly, it would be beneficial
to provide a method for reducing or preventing
systemic inflammation in formula-fed infants
comprising the administration of LGG. SUMMARY OF THE
INVENTION [00022] Briefly, therefore, the present
invention is directed to a novel use of LGG in the
manufacture of a medicament for the treatment,
prevention or reduction of systemic inflammation in a
formula-fed infant. [00023] The present invention is
also directed to a novel use of LGG in the manufacture
of a medicament for the reduction or prevention of
systemic inflammation in a formula-fed infant to a
level similar to that of a breast-fed infant. [00024]
Additionally, the present invention is directed to a
use of LGG in the manufacture of a medicament for the
reduction or prevention of inflammation in one or more
organs of a formula-fed infant selected from the group
consisting of gastrointestinal tract, liver, plasma,
lungs, and brain. [00025] In another aspect, the
present invention is directed to a use of LGG in the
manufacture of a medicament for reduction or
prevention of physical damage in the intestinal mucosa
of a formula-fed infant. [00026] The present invention
is also directed to a use of LGG in the manufacture of
a medicament for the reduction or prevention of
thesystemic release of one or more pro-inflammatory
cytokines or chemokines in a formula-fed infant.
[00027] The present invention is additionally directed
to a use of LGG in the manufacture of a medicament for
the reduction or prevention of the systemic release of
myloperoxidase (MPO) in a formula-fed infant. [00028]
Among the several advantages found to be achieved by
the present invention, it reduces or prevents systemic
inflammation in formulafed infants. Further, the
present invention reduces or prevents systemic
inflammation in a formula-fed infant to a level
similar to that of a breast-fed infant. The invention
may reduce inflammation in the gastrointestinal tract,
liver, plasma, lungs, and brain. Yet another advantage
of the present invention is that it prevents or
reduces physical damage in the intestinal mucosa of a
formula-fed infant. Additionally, the invention
reduces or 



prevents the release of various pro-inflammatory
cytokines and chemokines in formula-fed infants,
including tumor necrosis factor-a (TNF- a) ,
interleukin-1 b (IL-1 b) , IL-6, IL-18 and
growth-related oncogene (GRO/KC) levels. As the
present invention may be used to improve the
inflammatory condition in a infant, it may also
prevent the onset of deleterious infections or
illnesses. BRIEF DESCRIPTION OF THE DRAWINGS [00029]
For a more complete understanding of the present
invention, reference is now made to the following
descriptions taken in conjunction with the
accompanying drawings. [00030] Figure 1 illustrates
the effect of LGG on rat pup growth, expressed as body
weight over the time course of the study. [00031]
Figure 2 illustrates the effect of LGG on the
intestinal morphology of the rat pups, as depicted by
micrographs of the intestinal tissue under conditions
of inflammation with or without the administration of
LGG.[00032] Figure 3 illustrates the effect of LGG on
cytokine induced neutrophil chemoattractant-1 (CINC-1
) peptide production from the intestine (Fig. A),
liver (Fig. B), plasma (Fig. C) and lung (Fig. D)
using enzyme-linked immunosorbent assay (ELISA).
[00033] Figure 4 illustrates the effect of LGG on
TNF-a production from plasma (Fig. A) and lung (Fig.
B) using ELISA. [00034] Figure 5 illustrates the
effect of LGG on intestinal MPO activity from distal
small intestine (Fig. A) and lung (Fig. B). [00035]
Figure 6 illustrates the effect of LGG on cytokine
abundances. Figure A shows cytokine levels in the
lung, Figure B shows cytokine levels in the liver, and
Figure C shows cytokine levels in the plasma. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS [00036]
Reference now will be made in detail to the
embodiments of the invention, one or more examples of
which are set forth below. Each example is provided by
way of explanation of the invention, not a limitation
of the invention. In fact, it will be apparent to
those skilled in the art that various modifications
and variations can be made in the present invention
without departing from the scope or spirit of the
invention. For instance, features illustrated or
described as part of one embodiment, can be used on
another embodiment to yield a still further
embodiment. [00037] Thus, it is intended that the
present invention covers such modifications and
variations as come within the scope of the appended
claims and their equivalents. Other objects, features
and aspects of the present invention are disclosed in
or are obvious from the following detailed
description. It is to be understood by one of ordinary
skill in the art that the present discussion is a
description of exemplary embodiments only, and is not
intended as limiting the broader aspects of the
present invention.Abbreviations [00038] As used
herein, the following abbreviations are used: LGG,
Lactobacillus rhamnosus GG; LCPUFA, long-chain
polyunsaturated fatty acid; LPS, lipopolysaccharide;
IL, interleukin; TNF, tumor necrosis factor; CINC-1 ,
cytokine induced neutrophil chemoattractant-1 ;
GRO/KC, growthrelated oncogene; ELISA, enzyme-linked
immunosorbent assay; RT-PCR, reverse
transcription-polymerase chain reaction; ANOVA,
analysis of variance; SD, standard deviation; PAF,
platelet-activating factor; RMS, rat milk substitute;
MPO, myloperioxidase; TLRs, Toll-like receptors; EPA,
eicosapentaenoic acid; DHA, docosahexaenoic acid; ARA,
arachidonic acid. Definitions [00039] The term
"probiotic" means a microorganism that exerts
beneficial effects on the health of the host. [00040]
The term "prebiotic" means a non-digestible food
ingredient that stimulates the growth and/or activity
of probiotics. [00041] As used herein, the term
"treating" means ameliorating, improving or remedying
a disease, disorder, or symptom of a disease or
condition. [00042] The term "reducing" means to
diminish in extent, amount, or degree. [00043] The
term "preventing" means to stop or hinder a disease,
disorder, or symptom of a disease or condition through
some action. [00044] The term "systemic", as used
herein, means relating to or affecting the entire
body. [00045] The terms "therapeutically effective
amount" refer to an amount that results in an
improvement or remediation of the disease, disorder,
or symptoms of the disease or condition. [00046] The
term "preterm" means an infant born before the end of
the 37th week of gestation.[00047] The term "infant"
means a human that is less than about 1 year old.
[00048] As used herein, the term "infant formula"
means a composition that satisfies the nutrient
requirements of an infant by being a substitute for
human milk. In the United States, the contents of an
infant formula is dictated by the federal regulations
set forth at 2 1 CF. R. Sections 100, 106, and 107.
These regulations define macronutrient, vitamin,
mineral, and other ingredient levels in an effort to
stimulate the nutritional and other properties of
human breast milk. Invention [00049] In accordance
with the present invention, a novel use of LGG in the
manufacture of a medicament for the treatment or
prevention of systemic inflammation in a formula-fed
infant has been discovered. [00050] LGG is a probiotic
strain isolated from healthy human intestinal flora.
It was disclosed in U.S. Patent No. 5,032,399 to
Gorbach, et al., 



which is herein incorporated in its entirety, by
reference thereto. LGG is resistant to most
antibiotics, stable in the presence of acid and bile,
and attaches avidly to mucosal cells of the human
intestinal tract. It survives for 1-3 days in most
individuals and up to 7 days in 30% of subjects. In
addition to its colonization ability, LGG also
beneficially affects mucosal immune responses. LGG is
deposited with the depository authority American Type
Culture Collection under accession number ATCC 53103.
[00051] In the method of the invention, a
therapeutically effective amount of LGG may correspond
to between about 1x1 04 and 1x1 012 cfu/L/kg/day for
an infant. In another embodiment, the present
invention comprises the administration of between
about 1x1 06 and 1x1 09 cfu/L/kg/day LGG to an infant.
In yet another embodiment, the present invention
comprises the administration of about 1x1 08
cfu/L/kg/day LGG to an infant.[00052] The form of
administration of LGG in the method of the invention
is not critical, as long as a therapeutically
effective amount is administered. Most conveniently,
the LGG is supplemented into infant formula which is
then fed to an infant. [00053] In an embodiment, the
infant formula for use in the present invention is
nutritionally complete and contains suitable types and
amounts of lipid, carbohydrate, protein, vitamins and
minerals. The amount of lipid or fat typically can
vary from about 3 to about 7 g/100 kcal. The amount of
protein typically can vary from about 1 to about 5
g/100 kcal. The amount of carbohydrate typically can
vary from about 8 to about 12 g/100 kcal. Protein
sources can be any used in the art, e.g., nonfat milk,
whey protein, casein, soy protein, hydrolyzed protein,
amino acids, and the like. Carbohydrate sources can be
any used in the art, e.g., lactose, glucose, corn
syrup solids, maltodextrins, sucrose, starch, rice
syrup solids, and the like. Lipid sources can be any
used in the art, e.g., vegetable oils such as palm
oil, soybean oil, palmolein, coconut oil, medium chain
triglyceride oil, high oleic sunflower oil, high oleic
safflower oil, and the like. [00054] Conveniently,
commercially available infant formula can be used. For
example, Enfamil(r), Enfamil(r) Premature Formula,
Enfamil(r) with Iron, Lactofree(r), Nutramigen(r),
Pregestimil(r), and ProSobee(r) (available from Mead
Johnson & Company, Evansville, IN, U.S.A.) may be
supplemented with suitable levels of LGG and used in
practice of the method of the invention. [00055] In
one embodiment of the invention, LGG can be combined
with one or more additional probiotics to treat or
prevent systemic inflammation in formula-fed infants.
Any probiotic known in the art will be acceptable in
this embodiment. In a particular embodiment, the
probiotic is chosen from the group consisting of
Lactobacillus and Bifidobacterium. [00056] In another
embodiment of the invention, LGG can be combined with
one or more prebiotics to treat or prevent systemic
inflammation informula-fed infants. Any prebiotic
known in the art will be acceptable in this
embodiment. Prebiotics of the present invention may
include lactulose, galacto-oligosaccharide,
fructo-oligosaccharide, isomaltooligosaccharide,
soybean oligosaccharides, lactosucrose,
xylooligosacchairde, and gentio-oligosaccharides.
[00057] In yet another embodiment of the present
invention, the infant formula may contain other active
agents such as long chain polyunsaturated fatty acids
(LCPUFA). Suitable LCPUFAs include, but are not
limited to, a-linoleic acid, g-linoleic acid, linoleic
acid, linolenic acid, eicosapentanoic acid (EPA), ARA
and DHA. In an embodiment, LGG is administered in
combination with DHA. In another embodiment, LGG is
administered in combination with ARA. In yet another
embodiment, LGG is administered in combination with
both DHA and ARA. Commercially available infant
formula that contains DHA, ARA, or a combination
thereof may be supplemented with LGG and used in the
present invention. For example, Enfamil(r) LIPIL(r),
which contains effective levels of DHA and ARA, is
commercially available and may be supplemented with
LGG and utilized in the present invention. [00058] In
one embodiment, both DHA and ARA are used in
combination with LGG to treat systemic inflammation in
infants. In this embodiment, the weight ratio of
ARA:DHA is typically from about 1:3 to about 9:1 . In
one embodiment of the present invention, this ratio is
from about 1:2 to about 4:1 . In yet another
embodiment, the ratio is from about 2:3 to about 2:1 .
In one particular embodiment the ratio is about 2:1 .
[00059] The effective amount of DHA in an embodiment
of the present invention is typically from about 3 mg
per kg of body weight per day to about 150 mg per kg
of body weight per day. In one embodiment of the
invention, the amount is from about 6 mg per kg of
body weight per day to about 100 mg per kg of body
weight per day. In another embodiment the amount is
from about 10 mg per kg of body weight per day to
about 60 mg per kg of body weight per day. In yet
another embodiment the amount isfrom about 15 mg per
kg of body weight per day to about 30 mg per kg of
body weight per day. [00060] The effective amount of
ARA in an embodiment of the present invention is
typically from about 5 mg per kg of body weight per
day to about 150 mg per kg of body weight per day. In
one embodiment of this invention, the amount varies
from about 10 mg per kg of body weight per day to
about 120 mg per kg of body weight per day. In another
embodiment, the amount varies from about 15 mg per kg
of body weight per day to about 90 mg per kg of body
weight per day. In yet another embodiment, the amount
varies from about 20 mg per kg of body weight per day
to about 60 mg per kg of body weight per day. [00061]
The amount of DHA in infant formulas for use with the
present invention typically varies from about 5 mg/100
kcal to about 80 mg/100 



kcal. In one embodiment of the present invention it
varies from about 10 mg/1 00 kcal to about 50 mg/1 00
kcal; and in another embodiment from about 15 mg/100
kcal to about 20 mg/100 kcal. In a particular
embodiment of the present invention, the amount of DHA
is about 17 mg/100 kcal. [00062] The amount of ARA in
infant formulas for use with the present invention
typically varies from about 10 mg/1 00 kcal to about
100 mg/1 00 kcal. In one embodiment of the present
invention, the amount of ARA varies from about 15
mg/100 kcal to about 70 mg/100 kcal. In another
embodiment the amount of ARA varies from about 20
mg/100 kcal to about 40 mg/100 kcal. In a particular
embodiment of the present invention, the amount of ARA
is about 34 mg/100 kcal. [00063] The infant formula
supplemented with oils containing DHA and ARA for use
with the present invention can be made using standard
techniques known in the art. For example, they can be
added to the formula by replacing an equivalent amount
of an oil, such as high oleic sunflower oil, normally
present in the formula. As another example, the oils
containing DHA and ARA can be added to the formula by
replacing anequivalent amount of the rest of the
overall fat blend normally present in the formula
without DHA and ARA. [00064] The source of DHA and ARA
can be any source known in the art. In an embodiment
of the present invention, sources of DHA and ARA are
single cell oils as taught in U.S. Pat. Nos.
5,374,567; 5,550,1 56; and 5,397,591 , the disclosures
of which are incorporated herein in their entirety by
reference. However, the present invention is not
limited to only such oils. DHA and ARA can be in
natural or refined form. [00065] In one embodiment,
the source is substantially free of EPA. For example,
in one embodiment of the present invention the infant
formula contains less than about 16 mg EPA/100 kcal;
in another embodiment less than about 10 mg EPA/100
kcal; and in yet another embodiment less than about 5
mg EPA/100 kcal. One particular embodiment contains
substantially no EPA. Another embodiment is free of
EPA in that even trace amounts of EPA are absent from
the formula. [00066] As an alternative to an infant
formula, the LGG can be administered as a supplement
not integral to the formula feeding. For example, LGG
can be ingested in the form of a pill, tablet,
capsule, caplet, powder, liquid or gel. In this
embodiment of the method, an LGG supplement can be
ingested in combination with other nutrient
supplements, such as vitamins, or in combination with
a LCPUFA supplement, such as DHA or ARA. [00067] In
another embodiment, the LGG is encapsulated in a
sugar, fat, or polysaccharide matrix to further
increase the probability of bacterial survival.
Compositions of the present invention can also be
provided in a form suitable for infants selected from
the group consisting of follow-on formula, beverage,
milk, yogurt, fruit juice, fruit-based drink, chewable
tablet, cookie, cracker, or a combination thereof.
[00068] In the use of the present invention, the
infant is formula-fed. In one embodiment the infant is
formula-fed from birth. In another embodiment, the
infant is breast-fed from birth until an age which is
lessthan one year, and is formula-fed thereafter, at
which time LGG supplementation begins. [00069] In a
particular embodiment of the present invention, the
invention comprises treating or preventing systemic
inflammation in a formula-fed preterm infant. In this
use, LGG can be administered to the preterm infant in
the form of an infant formula or any other suitable
form. [00070] In a use of the present invention, LGG
reduces or prevents the systemic release of one or
more pro-inflammatory cytokines or chemokines in a
formula-fed infant. As used herein, "pro-inflammatory"
cytokines or chemokines include those known in the art
to be involved in the up-regulation of inflammatory
reactions. Examples include, but are not limited to
TNF-a, IL-1 b, IL-6, IL-18, and GRO/KC. [00071]
Chemokines are a group of cytokines that enable the
migration of leukocytes from the blood to the tissues
at the site of inflammation. When produced in excess
amounts, chemokines can lead to damage of healthy
tissue. Growth-related oncogene (GRO/KC) is a
chemokine which recruits immune cells to the site of
inflammation. It is the human counterpart to rat
cytokine-induced neutrophil chemoattractant (CINC-1 )
, and is functionally related to the interleukin-8
family. [00072] In another embodiment of the present
invention, LGG reduces or prevents the systemic
release of MPO in a formula-fed infant. MPO is an
iron-containing protein located in the azurophilic
granules of neutrophils and in the lysosomes of
monocytes. It uses hydrogen peroxidase to convert
chloride to hypochlorous acid. The produced
hypochlorous acid then reacts with and destroys
bacteria. During inflammation, MPO levels peak as it
attempts to destroy pathogens. Thus, the enzyme is
extremely useful as a marker of inflammation. Frode,
T. & Medeiros, Y. Myloperoxidase and
Adenosine-Deaminase Levels in the Pleural Fluid
Leakage Induced by Carrageenan in the Mouse Model of
Pleurisy, Ml 10:4, 223-227 (2001).[00073] As will be
seen in the examples, LGG has been shown to reduce
systemic inflammation in a formula-fed infant to a
level similar to that of breast-fed infants. Physical
damage in the intestinal mucosa of formula-fed rat
infants was reduced to a level similar to that of
mother's milk-fed rat infants when their diets were
supplemented with LGG. Additionally, CINC-1 , MPO, and
various cytokine levels in the formula-fed rat infants
were reduced to levels similar to that of mother's
milk fed rat infants when supplemented with LGG.
[00074] The following examples describe various
embodiments of the present invention. Other
embodiments within the scope of the claims 



herein will be apparent to one skilled in the art from
consideration of the specification or practice of the
invention as disclosed herein. It is intended that the
specification, together with the examples, be
considered to be exemplary only, with the scope and
spirit of the invention being indicated by the claims
which follow the examples. In the examples, all
percentages are given on a weight basis unless
otherwise indicated. Example 1 [00075] This example
describes the materials and methods necessary to show
the effect of LGG on formula-fed neonatal rat pups. In
two separate experiments, ten Sprague-Dawley (Taconic,
Germantown, NY) infant rats were randomly assigned to
two gastrostomy feeding groups with five rats per
group. Gastrostomy feeding, using the rat infant
"pup-in-the-cup" model, began on day 7 of life of the
rat pups. The gastrostomy feeding tubes were
constructed from 14-cm sections of polyethylene tubing
that were inserted into the stomach of the pups. This
is a commonly used model in studies of developmental
nutrition when it is important to manipulate
nutritional composition in the absence of maternal
feedings. The gastrostomy placement was done under
isoflurane anesthesia. Timercontrolled syringe pumps
were connected to the feeding tubes and were set to
feed the rats for the first 20 minutes of every hour
at a weight-dependentflow rate. Five mother-reared
rats of the same age were used as reference controls.
[00076] During a 2-day acclimation period, the
gastrostomy-fed rat pups were fed with rat milk
substitute (RMS). The protein component of the RMS was
between 30 and 40 g/kg/day, which is similar to that
of mother's milk and is required for normal growth.
One of the RMS fed groups was also given a supplement
of 1x1 08 cfu/L/kg/day LGG. The other group was fed
RMS alone, without LGG supplementation. All of the
gastrostomy-fed groups received the same quantity of
fat and carbohydrates. [00077] Lipopolysaccharide
(LPS) from Escherichia coli 0 127:B8 (LPS; Sigma, St.
Louis, MO) was dissolved in water by vortexing at a
concentration of 2 mg/ml. The gastrostomy-fed rats
were given between 0.25 and 0.5 mg/kg/day of LPS via
the gastrostomy tube starting 2 days after the
initiation of artificial feeding. The pups were given
LPS supplementation for 6 days. This dose was
determined in pilot studies to result in occasional
shivering, piloerection, and poor weight gain but was
not associated with a significant increase in
mortality over a 6-day period. [00078] At the end of
the 6-day treatment period, the rat pups were
euthanized with an overdose of pentobarbital sodium.
The small intestine was removed and separated into
three parts: the ileum, jejunum, and duodenum, stored
at -800C for enzyme assays and ELISA, or fixed in 10%
neutral buffered formalin for intestinal morphology.
Lung, liver and plasma were stored at -8O0C for enzyme
assays and ELISA. [00079] Sigmastat statistical
software (SPSS, Chicago, IL) was used to analyze body
weight, villus measurements, and enzyme activities,
MPO, ELISA for CINC-1 , and TNF-a and densitometry
results for RT-PCR. All data were reported as means
standard deviation (SD). A one-way analysis of
variance between groups (ANOVA) was used to determine
whether a significant difference was present among all
treatment groups. Example 2[00080] This example
illustrates the effect of LGG on the growth of pups
after gastrostomy feeding. The rat pups were weighed
daily after the gastrostomy feeding and compared to
mother-fed reference animals. Figure 1 shows that
mother-fed animals grew more rapidly than the
LPStreated, gastrostomy-fed pups. Line graphs
represent the increased rate of pup body weight with
the time expressed increase from the beginning of the
study. Providing LGG to gastrostomy-fed, LPS treated
pups did not improve weight gain. Example 3 [00081]
This example illustrates the effect of LGG on the
intestinal morphology of the rat pups. The microscopy
studies were focused on the ileum because this is a
region that is most highly susceptible to certain
pathologies in infants (e.g., necrotizing
enterocolitis and nonnecrotizing enterocolitis-related
perforations). Formalin-fixed ileum samples were
embedded in paraffin; 6-mmsections were cut using a
2030 Reichert-Jung paraffin microtome. The sections
were then stained with a routine hematoxylin and eosin
(H&E) stain. Figure 2 shows the results of this stain.
[00082] Sections of ileum from LPS-treated rat pups
(Figs. 2G-2I) showed a striking metaplasia in the
villous epithelium, with increased clearing of the
cytoplasm, compared to the mother-reared controls
(Figs. 2A-2C). Figures 2G-2F show that these sections
also featured expansion of the lamina propria by a
lymphoplasmacytic infiltrate, thinning of the
muscularis mucosa, and regenerative changes in the
crypts including increased number and branching of
crypts and increased mitotic activity. These features
were absent in the mother-reared control animals, and
attenuated in the group treated with LPS plus LGG
(Figures 2D-2F). The physical damage in the intestinal
musoca of the LPS/LGG group was reduced to a level
similar to that of mother's milk-fed rat pups. In the
latter intestines, the metaplastic change in the villi
was intermediate between that seen in tissues from the
control and LPS groups. Notably, this seems tooccur as
a spectrum, as illustrated by the metaplasia seen in
the villi, which approximates that of the LPS-treated
group. Example 4 [00083] This example illustrates the
effect of LGG on CINC-1 . Small intestine and plasma
CINC-1 levels were determined byT terZyme Enzyme
lmmunometric Assay kits for rat growth-related
oncogene/CINC-1 (Assay Designs, Ann Arbor, Ml).
Absorbance was determined at 450 nm, and concentration
was calculated using the equation derived from a
linear standard curve. 



[00084] To further investigate the effects of the
diets on CINC-1 peptide, CINC-1 production was
evaluated by ELISA in the small intestine, liver, lung
and plasma. In an initial experiment, LPS
administration to rat pups caused an approximate
4-fold elevation in CINC-1 over non-LPS treated pups
fed by gastrostomy (data not shown). As shown in
Figure 3A, when comparing gastrostomy-fed LPS treated
pups to LPS/LGG-treated and mother-fed rats,
intestinal CINC-1 levels in pups did not differ
significantly among the 3 groups, but suggested a
slight trend toward being higher in the group treated
with LPS and no LGG. Liver (Fig. 3B) and plasma (Fig.
3C) CINC-1 concentrations, however, were almost 2 fold
as high in the LPS treated group that did not receive
LGG, but this was significantly attenuated with LGG.
The lung (Fig. 3D), here used to determine whether the
probiotic effect could extend to a distal organ, also
showed a significant elevation (approximately 4 fold)
of CINC-1 with LPS treatment when compared to
mother-fed controls, but this was significantly
attenuated with LGG. In the liver and plasma, LGG
supplementation reduced CINC-1 levels to a level which
was very similar to that of mother's milk-fed rat
pups. These results show that LGG has the ability to
reduce systemic inflammation in a formulafed infant to
a level which is similar to that of a breast-fed
infant. Example 5 [00085] This example illustrates the
effect of LGG on TNF-a levels in infant rats. Small
intestine and plasma TNF-a levels were determined
byTiterZyme Enzyme lmmunometric Assay kits for TNF-a
(Assay Designs, Ann Arbor, Ml). Absorbance was
determined at 450 nm, and concentration was calculated
using the equation derived from a linear standard
curve. [00086] To further investigate the effects of
the diets on TNF-a, TNF-a production was evaluated by
ELISA in the plasma and lung. Figure 4 illustrates the
effect of LGG on TNF-a production from plasma (Fig.
4A) and lung (Fig. 4B) using ELISA. Figure 4 indicates
that TNF-a levels were significantly higher in
gastrostomy-fed, LPS-treated pups than in mother
reared pups and LGG significantly blunted the LPS
induced elevation of TNF-a in both the plasma and the
lung. Example 6 [00087] This example illustrates the
effect of LGG on MPO levels. MPO activity, a measure
of neutrophil accumulation and a marker of tissue
injury, was determined by a standard enzymatic
procedure. Intestine samples were homogenized on ice
in 0.01 M KHaPO4 buffer. After centrifugation at
10,000 g for 20 minutes at 40C, the pellets were
resuspended by sonication in cetyltrimethylammonium
bromide buffer (13.7 mM CTAB, 50 mM KH2PO , and 50 mM
acetic acid, pH 6.0). The supernatant was kept for
ELISA analysis. The suspension was centrifuged again
at 10,000 g for 15 minutes. The supernatant was then
incubated in a 600C water bath for 2 hours. MPO
concentration of the supernatant was measured by the
H2q 2-dependent oxidation of tetramethylbenzidine.
Absorbance was determined at 650 nm and compared with
a linear standard curve. Protein was measured using
the BioRad Dc Protein Assay (BioRad). [00088] Figure 5
illustrates the effect of LGG on MPO activity in the
distal small intestine (Fig. 5A) and lung (Fig. 5B).
MPO levels were significantly higher in
gastrostomy-fed, LPS-treated pups than in mother
reared pups and LGG significantly blunted the LPS
induced elevation of MPO in both the distal small
intestine and lung. The reduced MPO levels in the
LPS/LGG treated rats are very similar to those of the
mother-fedrats, showing that LGG reduces systemic
inflammation in formula-fed infants to a level which
is similar to the level of breast-fed infants. Example
7 [00089] This example illustrates the effect of LGG
on various cytokine levels. Multiplex bead kits were
purchased from LINCO Research, Inc. (St. Charles, MO,
USA). Cytokines/chemokines were analyzed by a kit that
included: granulocyte-macrophage colony-stimulating
factor (GMCSF), interferon- l (IFN- l) , interleukin-1
a (IL-1 a) , IL-Ia 1 IL-2, IL-4, IL -5, IL-6, IL- 10,
IL-12p70, IL-18, Monocyte Chemoattractant protein-1
(MCP-1), GRO/KC (rat CINC-1 ) , and tumor necrosis
factor- a (TNF-a) . The multiplex assay was performed
according to the manufacturer's specifications.
Standard curves for each cytokine/chemokine were
generated by using the reference concentrations
supplied by the manufacturers. Raw data (mean
fluorescent intensity) were analyzed by MasterPlex
Quantitation Software (MiraiBio, Inc., Alameda, CA,
USA) to obtain concentration values. [00090] To
further investigate the effects of LPS and LGG on
cytokines, 14 cytokines/chemokines from lung, liver,
plasma and distal small intestine were analyzed. These
included: granulocyte-macrophage colonystimulating
factor (GMCSF), interferon- l (IFN-l) , interleukin-1
a (IL-1 a) , IL- 1b, IL-2, IL-4, IL -5, IL-6, IL-10,
IL-12p70, IL-18, Monocyte Chemoattractant protein-1
(MCP-1), GRO/KC (rat CINC-1 ) , and tumor necrosis
factor-a (TNF- a) . [00091] Figure 6A illustrates that
lung IL-1 b, IL-6, IL-18, GRO/KC (rat CINC-1), and
TNF-a were significantly higher in gastrostomy-fed,
LPStreated pups than in mother reared pups and LGG
significantly blunted the LPS induced elevation of
IL-1 b, IL-6, IL-10, IL-18, GRO/KC (rat CINC-1 ), and
TNF- a. Figured 6B shows that liver IL-1 b, IL-6,
IL-18, and GRO/KC (rat CINC-1) levels were
significantly higher in gastrostomy-fed, LPS-treated
pups than in mother reared pups and LGG significantly
blunted the LPS induced elevation of those
cytokines/chemokines. Figure 6C also shows a
significant increase of cytokine/chemokine levels in
the plasma of theanimals that received LPS. This
effect was blunted in the animals receiving the LGG.
[00092] These results show that LGG supplementation in
formula-fed infants reduces systemic inflammation.
Further, the results show that LGG reduces systemic
inflammation in formula-fed infants to a level which
is similar to that of breast-fed infants. This is
illustrated in the results 



described herein through comparison of the LGG-treated
group and the group exclusively fed mother's milk. In
several instances, administration of LGG results in a
particular inflammatory response being not
significantly different between the LGG-treated group
and the mother's milk-fed group, indicating a similar
inflammatory response. [00093] The invention reduces
inflammation in the gastrointestinal tract, liver,
plasma, lungs, and brain and prevents or reduces
physical damage in the intestinal mucosa of a
formula-fed infant. As the present invention may be
used to improve the inflammatory condition in a
infant, it may also prevent the onset of deleterious
infections or illnesses. [00094] All references cited
in this specification, including without limitation,
all papers, publications, patents, patent
applications, presentations, texts, reports,
manuscripts, brochures, books, internet postings,
journal articles, periodicals, and the like, are
hereby incorporated by reference into this
specification in their entireties. The discussion of
the references herein is intended merely to summarize
the assertions made by their authors and no admission
is made that any reference constitutes prior art.
Applicants reserve the right to challenge the accuracy
and pertinence of the cited references [00095] These
and other modifications and variations to the present
invention may be practiced by those of ordinary skill
in the art, without departing from the spirit and
scope of the present invention, which is more
particularly set forth in the appended claims. In
addition, it should be understood that aspects of the
various embodiments may be interchanged both in whole
or in part. Furthermore, those of ordinary skill in
the art willappreciate that the foregoing description
is by way of example only, and is not intended to
limit the invention so further described in such
appended claims. Therefore, the spirit and scope of
the appended claims should not be limited to the
description of the preferred versions contained
therein.WHAT IS CLAIMED IS: 1. Use of LGG in the
manufacture of a medicament for the treatment,
prevention or reduction of systemic inflammation in a
formulafed infant. 2. The use according to claim 1,
wherein the systemic inflammation is treated or
prevented in the gastrointestinal tract, liver,
plasma, lungs, and/or brain of the infant. 3. The use
according to claim 1, wherein the medicament is
incorporated into an infant formula and consumed by
the infant. 4. The use according to claim 1, wherein
the amount of LGG in the medicament is between about
1x1 04 and 1x1 010 cfu/L/kg/day. 5. The use according
to claim 1, wherein the amount of LGG in the
medicament is between about 1x1 06 and 1x1 09
cfu/L/kg/day. 6. The use according to claim 1, wherein
the amount of LGG in the medicament is about 1x1 08
cfu/L/kg/day. 7. The use according to claim 1, wherein
the medicament additionally comprises at least one
other probiotic. 8. The use according to claim 1,
wherein the medicament additionally comprises at least
one prebiotic. 9 . The use according to claim 1,
wherein the infant is a preterm infant. 10 . Use of
LGG in the manufacture of a medicament for the
reduction or prevention of systemic inflammation in a
formula-fed infant to a level similar to that of a
breast-fed infant. 11. Use of LGG in the manufacture
of a medicament for the reduction or prevention of
inflammation in one or more organs of a formula-fed
infant selected from the group consisting of
gastrointestinal tract, liver, plasma, lungs, and
brain. 12. Use of LGG in the manufacture of a
medicament for the reduction or prevention of physical
damage in the intestinal mucosa of a formula-fed
infant.13. The use according to claim 12, wherein the
physical damage comprises a clearing of the cytoplasm,
expansion of the lamina propria by a lymphoplasmacytic
infiltrate, thinning of the muscularis mucosa,
increased number and branching of crypts, and/or
increased mitotic activity. 14 . Use of LGG in the
manufacture of a medicament for the reduction or
prevention of the systemic release of one or more pro
inflammatory cytokines or chemokines in a formula-fed
infant. 15. The use according to claim 14, wherein the
pro inflammatory cytokine or chemokine comprises one
or more selected from the group consisting of TNF- a,
IL-1 b, IL-6, IL-18 and GRO/KC. 16. The use according
to claim 15, wherein the systemic release of TNF- a,
IL-1 b, IL-6 or IL-18 is reduced or prevented in the
lung, liver, or plasma of the infant. 17. The use
according to claim 15, wherein the systemic release of
GRO/KC is reduced or prevented in the intestine,
liver, plasma, or lung of the infant. 18. Use of LGG
in the manufacture of a medicament for the reduction
or prevention of the systemic release of MPO in a
formula-fed infant. 19. The use according to claim 18,
wherein the systemic release of MPO is reduced or
prevented in the intestine or lung of the infant. 


