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OF THE INVENTION
100021Traditionally, bio-organic
compounds of interest have been
manufactured by extraction from
natural sources such as plants,
microbes, and animals. However,
extraction yields are usulilly
very low as most bio-organic
compounds accumulate in nature in
small amounts. Given that these
quantities are far less than is
for many commercial applications,
there remains a need for systems
and procedures that produce
bio-organic compounds on an
industrial scale. 100031The
present invention addresses this
need. Provided are various
industrial- scale systems for
making bio-organic compounds
using host cells. These
bio-organie compounds have at
least five carbon atoms and can
be a carbohydrate such as a mono-
or poly-alcohol, ester, ether,
aldehyde, ketone, or a
hydrocarbon such as an alkane,
alkene, or alkyne. The
bio-organic compound can be
linear or cyclic and can be
saturated or unsaturated. SUMMARY
OF THE INVENTION [0004]The
present disclosure provides
various bio-organic compound
production systems. In one
embodiment, a bio-organic
compound production system is
provided which comprises: a. at
least one vessel having a
capacity of at least 100 liters;
b. an aqueous medium, within the
vessel, comprising a first phase;
c. a plurality of host cells,
within the aqueous medium,
capable of making, producing or
synthesizing at least one
bio-organic compound;  2 d.a
liquid organic second phase,
comprising the at least one bio-
organic compound, in contact with
the first phase. 



[0005]In another embodiment, a
method of producing at least one
bio-organic compound is provided.
The method comprises: a.
culturing in an aqueous medium a
plurality of host cells that
make, produce or synthesize the
at least one bio-organic compound
wherein the aqueous medium
comprises a first phase; b.
forming an organic second phase
comprising the No-organic
compound in contact with the
first phase; c. separating at
least a portion of the organic
second phase from the first
phase; and, d. isolating the at
least one bio-organic compound
from the organic second phase.
10005a1In a first aspect, there
is provided a bio-organic
compound production system
comprising: a. a vessel having a
capacity of at least 100 liters;
b. an aqueous medium, within the
vessel, forming a first phase; c.
a plurality of host cells, within
the aqueous medium, capable of
making at least one No-organic
compound; d. a liquid organic
second phase, comprising the at
least one bio-organic compound,
in contact with the first phase;
and e. a separating unit
comprising: i) a continuous
centrifugation system; wherein
the separating unit separates at
least a portion of said second
phase from said first phase.
[0005b]In a second aspect, there
is provided a system for making
C5-C20 isoprenoid compounds
comprising: a. a vessel having a
capacity of at least 100 liters;
b. an aqueous medium, within the
vessel, comprising a first phase;
c. a plurality of host cells,
within the aqueous medium,
capable of making at least one
isoprenoid; d. a liquid organic
second phase, comprising the at
least one isoprenoid, in contact
with the first phase; and e) a
separating unit comprising: i) a
continuous centrifugation system;
wherein the separating unit
separates at least a portion of
said second phase from said first
phase. [0005c1 In a third aspect,
there is provided a method for
producing a bio-organic compound
comprising: a. culturing in an
aqueous medium a plurality of
host cells that produce at least
one bio-organic compound wherein
the aqueous medium and host cells
comprise a first phase; b.
forming a liquid organic second
phase comprising the at least one
bio-organic compound in contact
with the first phase; c.
separating at least a portion  2a
of the second phase from the
first phase, by, i) a continuous
centrifuging process; and ii) at
least one further centrifuging
process; and d. isolating the at
least one bio-organic compound
from the second phase. [0005d]In
a fourth aspect, there is
provided a method for producing a
C5-C20 isoprenoid compound
comprising; a. culturing in an
aqueous medium a plurality of
host cells that produce at least
one C5-C20 isoprenoid compound in
a vessel having a capacity of at
least 100 liters; b. forming an
organic phase comprising the at
least one C5-C20 isoprenoid
compound; c. separating at least
a portion of the organic phase
from the aqueous medium, by: i) a
continuous centrifuging process;
and ii) at least one further
centrifuging process; and, d.
isolating the at least one C5-C20
isoprenoid compound from the
organic phase. [0005e]In a fifth
aspect, there is provided a fuel
composition production system
comprising: a. one or more
fermentation systems comprising:
i) at least one vessel having a
capacity of at least 100 liters;
ii) an aqueous medium, within the
at least one vessel, comprising a
first phase; iii) a plurality of
host cells, within the aqueous
medium, capable of making,
producing or synthesizing at
least one bio-organic compound;
and, iv) a liquid organic second
phase comprising the at least one
bio-organic compound in contact
with the first phase; b. one or
more first phase separation
systems whereby the first phase
and the second organic phase or
one or more components of the
second organic phase are
separated; c. optionally-one or
more second phase separation
systems whereby the at least one
bio-organic compound is separated
from the second organic phase; d.
optionally one or more reactors
or vessels wherein the at least
one bio-organic compound is
chemically or biologically
modified; e. optionally one or
more purification systems whereby
the bioorganic compound or the
modified bio-organic compound is
purified or further purified; f.
optionally one or more blending
vessels or systems for blending
the at least one hioorganic
compound with one or more
additional fuel components; and
g. optionally one or more further
purification systems whenby the
blend of the at least one
bio-organic compound and the one
or more additional fuel
components is purified or further
purified; wherein the first phase
separation system comprises a
continuous centrifugation system.
{0005f] In a sixth aspect, there
is provided a method of making a
fuel composition comprising: a.
culturing in an aqueous medium a
plurality of host cells that
produce, make or synthesize at
least one bio-organic compound
wherein the aqueous medium
comprises a first phase; b.
forming a liquid organic second
phase comprising the at least  2b



one bio-organic compound in
contact with the first phase; c.
separating at least a portion of
the second phase from the first
phase, by: i) a continuous
centrifuging process; and ii) at
least one further centrifuging
process; d. isolating the at
least one bio-organic compound
from the second phase; e.
optionally chemically or
biologically modifying the at
least one bio-organic compound;
f. optionally purifying the
bio-organic compound or the
modified bio-organic compound; g.
optionally blending the at least
one Mo-organic compound with one
or more additional fuel
components; and h. optionally
purifying the blend of the one or
more bio-organic compounds and
the one or more additional fuel
components. BRIEF DESCRIPTION OF
THE DRAWINGS [0006]Figure 1 is a
vessel having a capacity of at
least 100 liters for use lathe
present invention. 100071Figure 2
is another vessel embodiment
[0008]Figure 3 is a schematic
representation of the mevalonate
("MEV") pathway fur the
production of isopentenyl
diphosphate ("HIP"). [0009]Figure
4 is a schematic representation
of the DXP pathway for the
production of IPP and
dimethylally1 pyrophosphate
("DMAPP"). D2CS is
1-deoxy-D-xylulose-5- phosphate
synthase; Dxr is
1-deoxy-D-xylulose-5-pbosphate
reductoisomerase (also known as
IspC); IspD is
4-diphosphocytidy1-2C-methyl-D-er
ythritol synthase; IspE is 4-
diphosphocytidy1-2C-methyl-D-eryt
hritol synthace; IspF is
2C-methyl-D-erythritol 2,4-
cyclodiphosphate synthase; IspG
is
1-hydroxy-2-methy1-2-(E)-butenyl
4-diphosphate synthase (IspO);
and ispH is
isopentenyUdimethylallyldiphospha
te synthase. [0010]Figure 5 is a
schematic representation of the
conversion of LIP and DMAPP to
geranyl pyrophosphate ("OPP",
famesyl pyrophosphate ("FPP'),
and geranylgeranyl pyrophosphate
("COPP"). 100111Figure 6 shows a
map of expression plastnid
ph931S-gpps. [0012]Figures 7
shows a map of expression plasmid
Pam00408 100131Figure 8 shows a
map of expression plasmid pAM424.
WO 2007/139924?CT/162007/012467
[0014]Figure 9 shows a map of
expression plasmids pTrc99A-ADS,
pTrc99A-FSA, pTrc99A-LLS,
pTrc99A-LMS, pTrc99A-GTS,
pTre99A-APS, pTrc99A-BPS,
pTrc99A-PHS, pTrc99A-TS,
pTrc99A-CS, pTrc99A-SS, and
pAM373. [0015]Figure 10 are
schematics for the construction
of plasmids pAM489-pAM498. 



DETAILED DESCRIPTION OF THE
INVENTION Definitions
[0016]Unless defined otherwise,
all technical and scientific
terms used herein have the same
meaning as commonly understood by
one of ordinary skill in the art
to which this invention belongs.
Reference is made here to a
number of terms that shall be
defined to have the following
meanings: [0017]"Bio-organic
compound" refers to an organic
compound having at least five
carbon atoms that can be made by
a host cell by taking a
carbohydrate carbon source and
converting the carbohydrate
carbon source into the desired
product. 100181"Deoxyxylulose
5-phosphate pathway" or "DXP
pathway" is used herein to refer
to the pathway that converts
glyceraklehyde-3-phosphate and
pyruvate to IPP and DMA??. The
DXP pathway is illustrated
schematically in Figure 4.
[0019]"Endogenous" refers to a
substance or process that can
occur naturally, e.g., in a
non-recombinant host cell.
[0020]"Heterologous nucleic acid"
as used herein refers to a
nucleic acid wherein at feast one
of the following is true: (a) the
nucleic acid is foreign
("exogenous") to (that is, not
naturally found in) a given host
cell; (b) the nucleic acid
comprises a nucleotide sequence
that is naturally found in (that
is, is "endogenous to") a given
host cell, but the nucleotide
sequence is produced in an
unnatural (for example, greater
than expected or greater than
naturally found) amount in the
cell; (c) the nucleic acid
comprises a nucleotide sequence
that differs in sequence from an
endogenous nucleotide sequence,
but the nucleotide sequence
encodes the same protein (having
the same or substantially the
same amino acid sequence) and is
produced in an unnatural (for
example, greater than expected or
greater than naturally found)
amount in the cell; or (d) the
nucleic acid comprises two or
more nucleotide sequences that
are not found in the same
relationship to each other in
nature (for example, the nucleic
acid is recombinant). [0021]
"Host cell" and "microorganism"
are used interchangeably herein
to refer to any archae,
bacterial, or eulcaryofic living
cell into which a heterologous
nucleic acid can be or has been
inserted. The term also relates
to the progeny of the original
cell,  WO
20071139924PCT/US2007/012467 4
which may not necessarily be
completely identical in
morphology or in genomic or total
DNA complement to the original
parent, due to natural,
accidental, or deliberate
mutation. [0022]"Isoprenoid" and
"isoprenoid compound" are used
interchangeably herein and 



refer to a compound derivable
from isopentenyl diphosphate.
[0023]"Isolate" and "isolating"
when referred to a bio-organic
compound is the enrichment of the
amount of the bio-organic
compound in a composition.
Consequently, the amount of the
bio-organic compound in a
composition after the bio-organic
compound has been isolated or
subject to an isolating step is
greater than the amount present
in the composition prior to such
step. [0024]"Mevalonate pathway'
or "MEV pathway" is used herein
to refer to the biosynthetic
pathway that converts acetyl-CoA
to IPP. The MEV pathway is
illustrated schematically in
Figure 3. [0025]"Naturally
occurring" as applied to a
nucleic acid, an enzyme, a cell,
or an organism, refers to a
nucleic acid, enzyme, cell, or
organism that is found in nature.
For example, a polypeptide or
polynucleotide sequence that is
present in an organism that can
be isolated from a source in
nature and that has not been
intentionally modified by a human
in the laboratory is naturally
occurring. [0026]"Optional" or
"optionally" means that the
subsequently described feature or
structure may or may not be
present, or that the subsequently
described event or circumstance
may or may not occur, and that
the description includes
instances where a particular
feature or structure is present
and instances where the feature
or structure is absent, or
instances where the event or
circumstance occurs and instances
where the event or circumstance
does not occur.
[0027]"Pyrophosphate" is used
interchangeably herein with
"diphosphate". [0028]As used
herein, a composition that is a
"substantially pure" compound is
substantially free of one or more
other compounds, Le., the
composition contains greater than
80 vol.% , greater than 90 vol.%,
greater than 95 vol.%, greater
than 96 vol.%, greater than 97
vol.%, greater than 98 voL%,
greater than 99 vol.%, greater
than 99.5 vol.%, greater than
99.6 vol.%, greater than 99.7
vol.%, greater than 99.8 vol.%,
greater than 99.9 vol.% of the
compound; or less than 20 vol.%,
less than 10 vol.%, less than 5
vol.%, less than 4 vol.%, less
than 3 vol.%, less than 2 vol.%,
less than 1 vol.%, less than 0.5
vol.%, less than 0.1 vol.%, or
less than 0.01 vol.% of the one
ore more other compounds, based
on the total volume of the
composition.  WO
20071139924PCT/II52007/012467 5
[0029]In the following
description, all numbers
disclosed herein are approximate
values, regardless whether the
word "about" or "approximate" is
used in connection therewith.
They may vary by 1 percent, 2
percent, 5 percent, or,
sometimes, 10 to 20 percent.
Whenever a numerical range with a
lower limit, RL and an upper
limit, RU, is disclosed, any
number falling within the range
is specifically disclosed. In
particular, the following numbers
within the range are specifically
disclosed: R=RL+10(R1J-RL),
wherein k is a variable ranging
from 1 percent to 100 percent
with a 1 percent increment, i.e.,
k is 1 percent, 2 percent, 3
percent, 4 percent, 5
percent,..., 50 percent, 51
percent, 52 percent,..., 95
percent, 96 percent, 97 percent,
98 percent, 99 percent, or 100
percent Moreover, any numerical
range defined by two R numbers as
defined in the above is also
specifically disclosed. [0030]In
addition to the definitions
above, certain compounds
described herein have one or more
double bonds that can exist as
either the Z or E isomer. The
invention in certain embodiments
encompasses these compounds as
individual isomers in a
substantially pure form as well
as mixtures of various isomers,
e.g., racemic mixtures of
stereoisomer. Apparatus for
Making Rio-organic Compounds 



[0031]The present invention
provides various production
systems for making bio- organic
compounds. In some embodiments,
the bio-organic compounds may be
produced using batch, continuous,
fed-batch or semi-continuous
fermentation processes.
[0032]Batch fermentation may be a
closed system where the
composition of the media is fixed
at the beginning of the
fermentation and not subject to
artificial alterations during the
fermentation. Thus, at the
beginning of the fermentation the
media is inoculated with the
desired organism or organisms and
fermentation is permitted to
occur adding nothing to the
system. In some embodiments,
however,"batch" fermentation is
batch with respect to the
addition of carbon source and
attempts are often made at
controlling factors such as pH
and oxygen concentration. In
batch systems the metabolite and
biomass compositions of the
system may change constantly up
to the time the fermentation is
stopped. Within batch cultures,
cells may moderate through a
static lag phase to a high growth
log phase and finally to a
stationary phase where growth
rate is diminished or halted. If
untreated, cells in the
stationary phase will eventually
die. Cells in log phase generally
are responsible for the bulk of
production of end product or
intermediate. 100331A variation
on the standard batch system is
the fed-batch system. Fed-batch
fermentation processes are also
suitable in the present invention
and comprise a typical batch
system with the exception that
additional carbon source or
substrate is added in increments
as the fermentation progresses.
Fed-batch systems are useful when
catabolite repression is apt  WO
2007/139924PCT/1132007/012467 6
to inhibit the metabolism of the
cells and where it is desirable
to have limited amounts of
substrate in the media.
Measurement of the actual
substrate concentration in
fed-batch systems is difficult
and is therefore estimated on the
basis of the changes of
measurable factors such as pH,
dissolved oxygen and the partial
pressure of waste gases such as
CO2. [0034]Continuous
fermentation is an open system
where a defined fermentation
media is added continuously to
one or more bioreactors which may
be in series and an equal amount
of conditioned media is removed
simultaneously from the system
for additional processing.
Continuous fermentation generally
maintains the cultures at a
constant high density where cells
are primarily in log phase
growth. Continuous fermentation
allows for the modulation of one
factor or any number of factors
that affect cell growth or end
product concentration. For
example, one method will maintain
a limiting nutrient such as the
carbon source or nitrogen level
at a fixed rate and allow all
other parameters to moderate. In
other systems a number of factors
affecting growth can be altered
continuously while the cell
concentration is kept constant.
Continuous systems strive to
maintain steady state growth
conditions and thus the cell loss
due to media being drawn off must
be balanced against the cell
growth rate in the fermentation.
[0035]Accordingly, in some
embodiments of the invention, a
bio-organic production system is
provided which comprises: a. at
least one vessel having a
capacity of at least 100 liters;
b. an aqueous medium, within the
at least one vessel, comprising a
first phase; c. a plurality of
host cells, within the aqueous
medium, capable of making,
producing or synthesizing at
least one bio-organic compound;
and, d. a liquid organic second
phase comprising the at least one
bio-organic compound in contact
with the first phase. [0036]A
suitable vessel for use in the
present invention can be any
vessel for holding the host cells
and aqueous medium for
fermentation. For example, the
vessel can be a tank for a
reactor or fermenter or it can be
a pan of a centrifuge that can
separate heavier materials from
lighter materials in subsequent
processing steps. Alternatively,
one or a plurality of vessels may
be used in a continuous or
semi-continuous process. 



[00371A general illustrative
example of a suitable vessel 100
is shown in Figure 1. The vessel
100 includes: an inlet port 120
for the addition of host cells,
fermentation media, and other
compounds, nutrients or
compositions to assist, regulate
or improve fermentation of  WO
2007/139924PC172152007/012467 7
the host cells, production of the
blotsaniy compound or compounds,
and performance of additional
production stepsinto the vessel;
an outlet port 130 for removing
the materials during or at the
end of the fermentation process,
and a gas outlet 140 for venting
off exhaust gases such as carbon
dioxide produced during or after
the fermentation process. Vessel
100 may be completely filled with
host cells, fermentation media
and other materials so that there
is no space for gas at the top of
the vessel. Alternatively, vessel
100 can be partially filled thus
leaving void space occupied by a
gas. The amount, pressure and
composition of the gas in the
void space may be controlled to
optimize or maximize growth of
the host cells and production of
the bio-organic compound or
bio-organic compounds. For
example, during fermentation of
aerobic host cells, the gas
typically may comprise air or
other oxygen-containing gas at
various pressures above, at or
below atmospheric pressure, for
example for microaerophilic and
nanaerobic host cells the oxygen
concentration of the gas may be
controlled within a range lower
than atmospheric concentration
while still above zero while
during fermentation for anaerobic
host cells, the gas typically has
little to no oxygen and can
completely comprise mostly or
completely of nitrogen or other
suitable gas. [0038]In a closed
system, inlet port 120, outlet
port 130 and gas outlet 140 of
vessel 100 shown in Figure 1 may
be closed or under positive
pressure during the fermentation
process. Alternatively,
particularly when using aerobic
host cells, vessel 100 can be
used as an open system whereby
one or more of the ports and
outlet are opened to the
atmosphere providing a system for
gas/liquid mass transfer (air or
oxygen in and carbon dioxide
our). If desired, gas outlet 140
may function both as a gas outlet
and as a gas inlet where oxygen
or air or other gas may be
introduced into the system. In
some embodiments, vessel 100
includes separate gas inlets and
separate gas outlets. In such
open systems, additional hardware
may be included on the vessel for
preventing contamination or
infiltration of other organisms
or other materials into the
vessel during the fermentation.
100391Another vessel embodiment
is illustrated in Figure 2. In
addition to inlet port 220,
outlet port 230, gas inlet 235,
and gas outlet 240 similar to the
vessel in Figure 1, the vessel
200 of Figure 2 includes an
agitator 250 for mixing. In some
embodiments, agitator 250 may
comprise a motor-driven shaft 252
which may include a shaft seal
251 and is connected to one or
more impellers 254. Agitator 250
may be typically attached to the
top or bottom of the vessel 200.
Optionally, each impeller 254 may
be terminated with one or more
paddles 256. Impellers 254 may be
any suitable shape and may be
selected specifically to control
amount of mixing, growth rate of
the host cells, production rate
of the bio-organic compound,
shear rate and oxygen or other
gas transfer rates. Additionally,
one or more  WO
2007/139924PCT/I1S2007/012467
baffles 258 can be added to the
vessel 200 to further improve
mixing. In another embodiment,
agitation may be supplied in the
form of a recycle line with a
pump that draws material from one
portion of the vessel such as the
bottom and reintroduces the
material into the vessel at
another portion of the vessel
such as the top. Agitation within
the vessel of the host cells and
the fermentation medium aids in
ensuring that the host cells are
exposed to adequate nutrients to
enable them to grow and produce
the bio-organic compounds.
100401If the fermentation process
is an aerobic process, oxygen or
air can be bubbled through a
sparger 260 for improved
gas/liquid mass transfer. The
sparger 260 may include one or
more gas outlets (not shown) that
are submerged within the
fermentation media, preferably at
or new the bottom of the vessel.
In some embodiments, the sparger
260 may be a sparging ring having
multiple gas outlets arranged in
a generally circular or round
configuration. Alternatively, for
shear sensitive organisms or to
reduce foaming, passive aeration
of the vessel may be provided,
such as use of various aeration
screens, membranes, fibers or
other passive aeration devices or
by removing a portion of the
media from the vessel,
oxygenating it and returning it
to the vessel. 10041]If
temperature control is desired,
then a heater or heat exchanger
may be used to heat or cool the
fermentation reaction. In one
embodiment, the temperature may
be controlled using a
heating/cooling jacket 270
surrounding and/or attached to at
least a portion of vessel 200
that may be connected to a heat
exchanger (not shown) that
circulates temperature controlled
heat exchange fluid through
jacket 270. Alternatively, a
heater, or heat exchanger may be
immersed in the fermentation
medium. Illustrative examples of
this type of heater or heat
exchanger include an electric
immersion heater, an immersed
coiled or linear tube heat
exchanger carrying a
heat-exchange fluid such as
heated water or oil, and one or
more spargers that inject a
heated stream such as air and/or
water into the fermentation
medium. Alternatively or
additionally, a heater or heat
exchanger can be attached to the
outside of the vessel. Such
beaters and heat exchangers
include electrical heat tape on
outside sidewalls of the vessel
and heated or jacketed recycle
lines attached to the vessel.
[00421Vessel 200 can include
additional inlet and outlet
ports. In some embodiments, the
additional inlet and outlet ports
may be located on the top, sides
or bottom of the vessel 200. In
some embodiments, the additional
inlet ports include feed lines
for the addition of oxygen or
other gases, nutrients, foam and
pH control agents during the
fermentation reaction. Any of the
inlet and outlet ports may
include sterilization mechanisms
for multiple uses including
in-process use, and multiple
connection or reconnection during
the fermentation process. 
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[0043]In addition, one or more
probe ports 280 and/or sampling
valves 290 can be positioned at
various places on vessel 200 to
help monitor critical parameters
such as concentrations of various
products and metabolites, pH,
liquid level, pressure, foam,
dissolved oxygen concentration,
temperature, agitation rate,
power, voltage, valve positions
and cell density during the
fermentation process. [0044]It
should be understood that the
vessels in Figures 1 and 2 are
for illustrative purposes and
that many different vessel
configurations for the
fermentation process may be used,
for example, according to the
type of host cell, the
bio-organic compound or compounds
produced, the production volume,
the type of fermentation process,
the type of downstream
processing, the separation
process and other considerations.
[0045]A vessel such as that shown
in Figure 2 is suitable for use
in batch fermentation processes.
If a continuous or
semi-continuous fermentation
process is desired (as opposed to
a batch fermentation process)
where materials are constantly
added to or withdrawn from the
vessel, the vessel typically
includes additional inlet and
outlet ports which may be located
on the top, bottom or on the
sides of the vessel. These
additional inlet and outlet ports
facilitate the flow of materials
in and out of the vessel. In some
embodiments, one or more vessels
continuously receive host cells,
fermentation medium, and optional
additives while continuously
discharging host cells,
byproducts, and/or bio-organic
compounds from the vessels. In
these embodiments, the discharge
from one vessel may be used as
the feedstock to another vessel
that optionally also receives
fresh host cells, fomentation
medium, nutrients, and/or other
additives. A single vessel or a
series of vessels together can be
configured to provide the desired
avenge residence time for the
host cells. A portion of the
discharge from one of the
down-stream vessels can be
returned to one or mom upstream
vessels to recycle the discharge
to an earlier stage of
processing, or other materials
from processing steps further
downstream can be reintroduced
into the vessels. [0046]The
vessels used in some embodiments
of the present invention include
additional hardware that may be
attached to the vessel to
facilitate processing. Such
hardware may include additional
hardware for facilitating
clean-in-place and
sterilize-inplace processing. In
some embodiments, one, some or
each of the ports, outlets,
inlets, valves and all of the
hardware inside the vessel may be
sterilized in place. In some
embodiments, the sterilization
may occur using steam
sterilization. For example, any
of the ports, outlets or sampling
valves may include or have
attached to them additional
hardware that provides for steam
supply to and condensate return
from the port outlet or valve
such that it may be steam
sterilized prior to use or reuse.
WO 2007/139924PCT11JS2007/012467
10 10047]The vessel or vessels
may have a capacity of at least
100 liters. In some embodiments,
the vessel has a capacity of from
100 to 3,000,000 liters such as
at least 1000 liters, at least
5,000 liters, at least 10,000
liters, vessel at least 25,000
liters, at least 50,000 liters,
at least 75,000 liters, at least
100,000 liters, at least 250,000
liters, at least 500,000 liters
or at least 1,000,000 liters.
[0048]The vessel or vessels may
include or have attached to them
sensors and probes for measuring
various parameters such as
pressure, pH, dissolved oxygen
concentration, temperature, gas
flow rates, liquid flow rates,
liquid level, valve positions,
foaming, agitation, power,
voltage and any other parameters
useful in controlling or
optimizing the growth of the host
cells and the production of the
bio-organic compound or
compounds. The sensors and probes
may feed information to one or
more automated systems for
controlling and recording the
various parameters measured and
for adjusting any of the various
parameters by controlling air
flowrates, power, heating or
cooling to control vessel
temperature, stirring rpms,
pumps, sterilization or clean in
place of the vessel or any of the
inlet, outlet, addition, sampling
valves or other ports, outlet
flow control or any other
relevant mechanism for
controlling a parameter or
parameters of the fermentation.
Such adjustments may occur using
any known control mechanism, such
as for example, control or
actuation of various valves,
pumps or motors and may use
proportional,
proportional-integral or
proportional -integral-derivative
control systems. 100491The
automated system or systems may
additionally be controlled and 



monitored by a central control
system, which may be a local or
plant wide control system and may
control production of just one
bio-organic compound production
process or multiple bioorganic
compound production processes.
The automated system or systems
and central control system may
comprise any suitable software,
firmware and/or hardware, which
may be proprietary or off the
shelf or a combination thereof
and may communicate using any
suitable communication system.
Non-limiting examples of such
communication systems include
hardwired systems that may be
digital or analog, and may
include direct connection or be
in the form of a network such as
a LAN or a WAN or ethernet In
addition, in some embodiments the
communication system may be
wireless and may be proprietary,
BLLJETOOTH, ultra wide band,
802.11 a,b,g or n or ZigBee,
including TDMA, FDMA, OFDM, and
COMA and may operate in any
suitable frequency band such as
2.4 GHz or 5.8 GHz. 100501Any of
the vessels used in the
production of the bio-organic
compounds may include additional
hardware, such as additional
agitators, additional inlet
ports, outlet ports,  WO
20071139924PCT/IIS2007/012467 11
sampling ports, additional
heating/cooling equipment, such
as additional heating coils,
additional aeration equipment
such as additional spargers,
additional sensors and probes,
additional cleaning or
sterilization equipment to
facilitate processing or any
other parameter of the
fermentation. [0051]In some
embodiments of the invention, an
isoprenoid production system is
provided which comprises: a. at
least one vessel having a
capacity of at least 100 liters;
b. an aqueous medium, within the
at least one vessel, comprising a
first phase; c. a plurality of
host cells, within the aqueous
medium, capable of making,
producing or synthesizing one or
more isoprenoid compounds; and,
d. a liquid organic second phase
comprising the one or more
isoprenoid compounds in contact
with the first phase. 100521In
some embodiments, the isoprenoid
compound or compounds is a C5
isoprenoid. These compounds are
derived from one isoprene unit
and are also called hemiterpenei.
An illustrative example of a
herniterpene is isoprene. In
other embodiments, the isoprenoid
compound or compounds is a CID
isoprenoid. These compounds are
derived from two isoprene units
and are also called monoterpenes.
An illustrative example of a
monoterpene is myreene. In other
embodiments, the isoprenoid
compound or compounds is a C15
isoprenoid. These compounds are
derived from three isoprene units
and are also called
sesquiterpenes. An illustrative
example of a sesquiterpene is
patchoulol (which is also known
as patchouli alcohol). In other
embodiments, the isoprenoid
compound or compounds is a C20
isoprenoid. These compounds are
derived from four isoprene units
and also called diterpenes. An
illustrative example of a
diterpene is taxadiene. In yet
other examples, the isoprenoid
compound or compounds is a Capt.
isoprenoid. These compounds are
derived from more than four
isoprene units and include:
triterpenes (C30 isoprenoid
compounds derived from 6 isoprene
units) such as squalene;
tetniterpenes (Co isoprenoid
compounds derived from 8
isoprenoids) such as /3-carotene;
and polyterpenm (Co. isoprenoid
compounds derived from more than
8 isoprene units) such as
polyisoprene. In some
embodiments, the isoprenoid
compound or compounds may be any
combination of two or more
isoprenoid compounds. 100531In
another aspect of the present
invention, a method for producing
at least one bio-organic compound
is provided which comprises:  
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12 a. culturing in an aqueous
medium a plurality of host cells
that produce, make or synthesize
at least one bio-organic compound
wherein the aqueous medium
comprises a first phase; b.
forming a liquid organic second
phase comprising the at least one
bioorganic compound in contact
with the first phase; c.
separating at least a portion of
the second phase from the first
phase; and, d. isolating the at
least one bio-organic compound
from the second phase. [0054]The
isoprenoid production system may
include one or more additional
processing components including:
1) one or more separation systems
for separating the at least one
bio-organic compound from the
aqueous media and the organic
second phase; 2) one or more
reactors for biologically or
chemically altering the at least
one bio-organic compound such as
by addition, substitution,
hydrogenation, alkylation,
hydroxylation, condensation,
halogenation or any other
suitable reaction; 2) one or more
blending vessels or systems for
blending the at least one
bio-organic compound with one or
more additional components; 3)
and one or more additional
purification or separation
systems for further purifying the
bio-organic composition or the at
least one bio-organic compound.
100551The second phase may
comprise the at least one
bio-organic compound. The
bio-organic compound can form a
portion, most, or substantially
all of the second phase. In
certain embodiments, the
bio-organic compound forms 1% to
99%, such as 5% to 95%, 10% to
90%, 20% to 80%, 25% to 75%, 35%
to 65%, or 40% to 50% of the
second phase. In certain
embodiments, the second phase
consists essentially of the
bio-organic compound. [00561In
some embodiments, the plurality
of host cells includes more than
one type of host cell, such as
more than one species or strain
of host cells, for example 2-5
species or strains of host cells,
for example 2, 3, 4 or 5 species
or strains of host cells. In some
embodiments the plurality of host
cells may produce more than one
bio-organic compound, such as 2-5
bio-organic compounds, for
example 2, 3, 4, or 5 bio-organic
compounds. [00571The bio-organic
compound or compounds may be
isolated from the first phase
and/or second phase using any
suitable separation method. In
some embodiments, the bioorganic
compound is isolated from the
second phase such that it is
substantially pure. [00581In some
embodiments, the organic second
phase occurs spontaneously as a
result of chemical and molecular
interactions such as differences
in solubility, or hydrophobicity,
density, Concentration or any
other spontaneous phase
separation mechanism. In other
embodiments, separation of the
first and second phases is
induced in a  WO
2007/139924PCTRIS2007/012467 13 



separation vessel or vessels or
system that may be the same or a
different vessel or vessels or
processing system as the
fermentation vessel or vessels.
In some embodiments, phase
separation is induced by
centrifugation such as continuous
or batch centrifugation. In other
embodiments, phase separation is
induced by the introduction of a
deermdsifier or a nucleating
agent into the fermentation
reaction. A deemulsifier prevents
or limits the amount of the
bio-organic compound or compounds
that emulsify with the aqueous
phase. Illustrative examples of
deemulsifiers include flocculants
and coagulants. A nucleating
agent facilitates the aggregation
of smaller droplets of the
bio-organic compound to coalesce
and eventually form a separate
phase. If sufficient amounts of a
nucleating agent are used, the
nucleating agent itself forms an
organic second phase into which
the bio-organic compound
migrates. Illustrative examples
of nucleating agents include
droplets of the bio-organic
compound or compounds itself and
organic solvents such as
dodecone, isopropyl myristrate,
and methyl oleate. Some
embodiments may include a
combination of one or more of the
above phase separation materials
and methods. [0059]Once phase
separation occurs, the separate
phases can be individually drawn
from the separation vessel. Any
amount of the second phase can be
separated from the first phase,
e.g. all, a portion, I% to 100%
such as 5% to 95%, 10% to 90%,
20% to 80%, 25% to 75%, 35% to
65%, or 40% to 50% of the second
phase may be separated from the
first phase. If the organic
second phase is less dense than
the aqueous first phase, then one
or more taps can be provided or
placed on the separation vessel
near the interface between the
two phases (preferably within the
organic second phase) to decant
the organic second phase before
removing the denser aqueous
phase. Alternatively, the aqueous
first phase can be removed from
the separation vessel using an
outlet near the bottom of the
separation vessel until the
organic second phase appears. At
which point, the organic second
phase can be transferred into a
separate location for further
processing or storage. Both of
the aqueous first and organic
second phases can flow out of the
separation vessel under the force
of gravity, gas pressure or
through the use of a pump or
pumps or a combination thereof.
[0060]If the organic second phase
is denser than the aqueous first
phase, then one or more taps can
be provided or placed on the
separation vessel near the
interface between the two phases
(preferably within the organic
second phase) to decant the
aqueous first phase before
removing the denser organic
second phase. Alternatively the
organic second phase may be
removed from the separation
vessel using an outlet near the
bottom of the separation vessel.
WO 2007/139924PCT/US2007/012467
14 100611For a continuous process
in which the aqueous first phase
is denser than the organic second
phase, a separation vessel with
one or more taps can contain a
specified volume of the
fermentation medium and host
cells, and the
continually-produced organic
second phase may be decanted
through the taps to storage or
further processing. If the
organic second phase is denser
than the aqueous first phase, the
organic second phase can be
removed continuously from the
bottom of the separation vessel
at a rate that prevents complete
depletion of the organic second
phase from the separation vessel
to avoid drawing from the aqueous
first phase. 10064In some
embodiments, the bio-organic
compound may be isolated from the
organic second phase using
adsorption, a process in which
molecules move from a bulk liquid
onto the surface of adsorbents.
Illustrative examples of
adsorbents include activated
carbon; aluminas;
aluminosilicates such as
zeolites; clays such as fidler's
earth; molecular sieves; organic
polymers such as polystyrene and
resins; and silicas such silica
gel. Depending on the adsorbent
used, the adsorbent may be used
to capture the desired bioorganic
product or unwanted byproducts.
Isolation by adsorption may be
performed using a batch,
continuous or semi-continuous
process. [0063IIn other
embodiments, the bio-organic
compound may be isolated from the
organic second phase using
distillation, a method of
separating substances based on
differences in their
volatilities. In batch
distillation, an entire batch of
liquid is initially charged to a
vessel and then heated or reduced
in pressure within the vessel.
Vapor is thereby continuously
generated and may be condensed to
form a liquid distillate which is
collected. In continuous
equilibrium distillation, a
continuously flowing liquid feed
is heated or reduced in pressure
so as to cause partial
vaporization of the mixture and
separate recovery of liquid and
vapor components. The liquid and
vapor disengage while flowing
through a distillation column,
and the products emerge as vapor
and liquid streams. When the
vapor and liquid approach phase
equilibrium, this is called a
flashing process. If desired, the
vapor product can be condensed to
form a liquid distillate.
100641In other embodiments, the
No-organic compound or compounds
are isolated from the organic
second phase using gas-liquid
extraction. This process is also
known as stripping and is the
transfer of a component dissolved
in a liquid stream into a vapor
stream in a more concentrated
form. Temperature and pressure
can be optimized for the transfer
of the desired bio-organic
compound. Illustrative examples
of vapor streams include air and
steam. Typically, the liquid
stream flows down a column while
the vapor stream is bubbled up
(flowing countercurrently to the
liquid stream).  WO
20071139924PCT/US20071012467 15 



[0065]In other embodiments, the
bio-organic compound is isolated
from the organic second phase
using liquid-liquid extraction.
Also known as solvent extraction,
liquid-liquid extraction is the
transfer of a substance from one
liquid phase into another
immiscible liquid phase. [0066]In
a batch liquid-liquid extraction
system, the feed liquid (the
organic second phase) is mixed
with a second immiscible liquid
phase in a suitable vessel. The
mixture is then permitted to
settle into layers and separate
into extract and raffinate and
the lighter layer can be decanted
from the vessel. The desired
bio-organic compound or compounds
can be in the extract or
raffinate depending on the
product and solvent used.
[0067]In a continuous
liquid-liquid extraction system,
differences in density, vapor
pressure at a given temperature,
or boiling points are used to
separate the desired bio-organic
product from the feed liquid (the
organic phase). Such systems can
use mixer/settler tanks, towers
or columns, centrifuges and
combinations thereof to effect
separation. [0068]In other
embodiments, the bio-organic
compound is isolated from the
organic second and /or the
aqueous first phase using
ultrafiltration, a
pressure-driven membrane process
used to separate solution
components on the basis of
molecular size and shape. Under
an applied pressure difference
across an ultmfiltration
membrane, solvent and small
solute species pass through the
membrane and are collected as
permeate while larger solute
species are retained by the
membrane and recovered as a
concentrated retentate.
Ultrafiltration involves solutes
whose molecular dimensions are
ten or more times larger than
those of the solvent and are
usually below % micron in size.
The solutes or the materials to
be separated usually have
molecular weights greater than
500 amu, such as macromolecules,
colloidal dispersions, and
emulsions. A non-limiting example
of an ultrafiltration system is a
tangential flow ultrafdtration
system. [0069]In some
embodiments, the host cells are
capable of producing from about
10 to about 50 grams, more than
about 15 grams, more than about
20 grams, more than about 25
grams or more than about 30 grams
of bio-organic compound per liter
of fermentation medium. [0070]In
some embodiments, the host cells
are capable of producing from
about 50 to about 1500
milligrams, such as more than
about 100 milligrams, more than
about 150 milligrams, more than
about 200 milligrams, more than
about 250 milligrams, more than
about 500 milligrams, more than
about 750 milligrams or more than
about 1000 milligrams of
bio-organic compound per gram of
dry cell weight.  WO
2007/139924PCT/US20071012467 Fuel
Composition Production System
[0071jIn some embodiments, the
invention comprises a fuel
composition production system
comprising: a. at least one
vessel having a capacity of at
least 100 liters; b. an aqueous
medium, within the vessel,
comprising a first phase; 



c. a plurality of host cells,
within the aqueous medium,
capable of making, producing or
synthesizing at least one
No-organic compound; and, d. a
liquid organic second phase
comprising the at least one
bio-organic compound in contact
with the first phase. The fuel
composition production system may
include one or more additional
processing components including:
1) one or more separation systems
for separating the at least one
bioorganic compound from the
aqueous media and the organic
second phase; 2) one or more
reactors for biologically or
chemically altering the at least
one bio-organic compound such as
by addition, substitution,
hydrogenation, alkylation,
hydroxylation, condensation,
halogenation or any other
suitable reaction; 2) one or more
blending vessels or systems for
blending the at least one
bio-organic compound with one or
more additional fuel components
such as a petroleum-based fuel, a
fuel additive or a combination
thereof; and, 3) one or more
additional purification or
separation systems for further
purifying the fuel composition or
the at least one bio-organic
compound. [00721In some
embodiments, the fuel additive is
selected from the group
consisting of oxygenates,
antioxidants, environmental
protectants, thermal stability
improvers, cetane improvers,
stabilizers, cold flow improver;
combustion improver; anti-foams,
anti-haze additives, corrosion
inhibitors, lubricity improvers,
icing inhibitors, injector
cleanliness additives, smoke
suppressants, drag reducing
additives, metal deactivators,
dispersants, detergents,
cleemulsifiers, dyes, markers,
static dissipaters, biocides and
combinations thereof. 100731In
some embodiments, the fuel
composition production system
comprises: a)one or more batch,
fed-batch or continuous flow
fermentation systems comprising:
at least one vessel having a
capacity of at least 100 liters;
ii)an aqueous medium, within the
at least one vessel, comprising a
first phase;  WO
2007/139924Pa/(152007/012467 17
iii) a plurality of host cells,
within the aqueous medium,
capable of making, producing or
synthesizing at least one
bio-organic compound; and,
iv) a liquid organic second phase
comprising the at least one
bioorganic compound in contact
with the first phase; b) one or
more first phase separation
systems whereby the first phase
and the second organic phase or
one or more components of the
second organic phase are
separated; c) optionally one or
more second phase separation
systems whereby the at least one
bio-organic compound is separated
from the second organic phase; d)
optionally one or more reactors
or vessels wherein the at least
one bioorganic compound is
chemically or biologically
modified; 



e) optionally one or more
purification systems whereby the
bio-organic compound or the
modified bio-organic compound is
purified or further purified;
optionally one or more blending
vessels or systems for blending
the at least one bio-organic
compound with one or more
additional fuel components; and
ll)optionally one or more further
purification systems whereby the
blend of the at least one
No-organic compound and the one
or more additional fuel
components is purified or further
purified. [0074]In some
embodiments, the one or more
first phase separation systems
comprises one or more systems,
vessels or other phase separation
components detailed herein
configured specifically to
separate the first phase from the
second organic phase. In some
embodiments the one or more
second phase separation systems
includes one or more systems,
vessels or phase separation
components detailed herein
configured specifically to
separate the bio-organic compound
or compounds from the second
organic phase. 100751In some
embodiments, the one or more
reactors wherein the at least one
bio- organic compound is
chemically or biologically
modified comprises the same or
different vessel or vessels used
for the fermentation or the
separation systems.
Alternatively, the one or more
reactors may comprises one or
more different vessels, which may
include additional hardware,
sensors, ports, probes, and/or
control systems suitable for the
specific reaction or reactions or
other modifications to the
bio-organic compound or compounds
that are performed therein. The
reactors may be batch, fed batch
or continuous reactors.  WO
2007/139924PCMS2007/012467 18
100761In some embodimi.s, the
bio-organic compounds or modified
bio-organic compounds or the fuel
compositions may be purified or
further purified using one or
more purification systems. The
purification systems may comprise
any suitable purification system
including any system that may
remove unwanted compounds from
the bio-organic compound or
compounds or that may separate
the unwanted compounds from the
bio-organic compounds. In some
embodiments, the purification
system may comprise one or more
systems, vessels or phase
separation components detailed
herein that may be specifically
configured to achieve the desired
purity of the bio-organic
compound or compounds. In some
embodiments, the purification may
be accomplished using one or more
separation systems in series to
achieve the desired purity. In
some embodiments, the separation
systems may be configured
differently from each other in
order to achieve the purity in
stepwise fashion. [0077]In some
embodiments, the purification
will be performed to achieve
specifications or requirements of
federal, state or local laws,
rules or regulations for the
No-organic compounds or for fuel
compositions. In some
embodiments, the purification can
improve the functionality of the
bio-organic compounds or fuel
compositions beyond the
requirements of federal or state
laws, rules or regulations. In
some embodiments, the federal
state or local laws, rules or
regulations may pertain to
environmental emissions, fuel
performance, tax incentives, and
other economic incentives. In
some embodiments, the
purification may reduce the
environmental impact of, carbon
footprint of, fuel efficiency
obtained from, reliability
obtained from, energy available
from, or long term economic cost
of the bio-organic compounds or
fuel compositions. [0078]In some
embodiments the fuel composition
system includes one or more
blending vessels or systems for
blending the at least one
bio-organic compound with one or
more additional fuel components.
The blending vessel or blending
system may be any suitable vessel
or system. The blending vessel
may include any or all of the
inlets, outlets, ports, sensors,
probes, agitators and other
hardware identified for the
bio-organic compound production
vessel. The blending vessel may
blend one or more fuel components
with the bioorganic compound or
compounds. For example, 2-5 fuel
components, such as 3 or 4 fuel
components. The blending system
may be batch, continuous or fed
batch. [0079]In some embodiments,
the invention comprises a method
of making a fuel composition
comprising: 
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a. culturing in an aqueous medium
a plurality of host cells that
produce, make or synthesize at
least one bio-organic compound
wherein the aqueous medium
comprises a first phase; b.
forming a liquid organic second
phase comprising the at least one
bioorganic compound in contact
with the first phase; c.
separating at least a portion of
the second phase from the first
phase; d. isolating the at least
one bio-organic compound from the
second phase;  e. optionally
chemically or biologically
modifying the at least one
bioorganic compound;
I'.optionally purifying the
bio-organic compound or the
modified bio- organic compound;
g.optionally blending the at
least one bio-organic compound
with one or more additional fuel
components; and g)optionally
purifying the blend of the one or
more bio-organic compounds and
the one or more additional fuel
components. [0080]In some
embodiments, the fuel composition
comprises a biofuel composition.
In some embodiments, the biofuel
further comprises at least one
bio-organic compound and a
petroleum-based fuel, a fuel
additive or a combination
thereof. In further embodiments,
the petroleum-based fuel is a
gasoline, jet fuel, kerosene,
diesel fuel or a combination
thereof. [0081]In some
embodiments, the bio-organic
compound production system or the
fuel composition production
system may be built or created by
retrofitting an ethanol
production facility. [0082]In
some embodiments, the fuel
composition production systems
may comprise 



one or more automated control
systems. The automated control
systems may be the same or
different from the control
systems for the bio-organic
production system and may
comprise various sensors, probes
and other equipment for measuring
and controlling the various
process parameters associated
with each system within the fuel
composition system and each step
or the fuel composition
production methods. The automated
system or systems may
additionally be controlled and
monitored by a central control
system, which may be a local or
plant wide control system and may
control production ofjust one
bio-organic compound production
process or multiple bio-organic
compound production processes.
The automated system or systems
and central control system may
comprise any suitable software,
firmware and/or hardware, which
may be proprietary or off the
shelf or a combination thereof
and may communicate using any
suitable communication system.
Non-limiting examples of such  WO
20071139924PCT/GS2007/012467 20
communication systems include
hardwired systems that may be
digital or analog, and may
include direct connection or be
in the form of a network such as
a LAN or a WAN or ethernet. In
addition, in some embodiments the
communication system may be
wireless and may be proprietary.
BLUETOOTH, ultra wide band,
802.11 a,b,g or n or ZigBe,e,
including TDMA, FDMA, OFDM, and
CDMA and may operate in any
suitable frequency band such as
2.4 GHz or 5 8 Gilz. Host Celts
[0083]Any suitable host cell can
be used in the practice of the
present invention. In some
embodiments, the host cell is a
genetically modified host
microorganism in which nucleic
acid molecules have been
inserted, deleted or modified (L
e., mutated; e.g., by insertion,
deletion, substitution, and/or
inversion of nucleotides), to
either produce the desired
bio-organic compound, or effect
an increased yield of the desired
bin-organic compound.
[0084]Illustrative examples of
suitable host cells include any
archae, bacterial, or eulcaryotic
cell. Examples of archae cells
include, but are not limited to
those belonging to the genera:
Aeropyrum, Archaeglobus,
Halobacterium, Methanococcus,
Methanobacterium, Pyrococcus,
Sulfolobus, and Thermoplasma.
Illustrative examples of arcbae
species include but are not
limited to: Aeropyrum pernix,
Archaeoglobus fulgidus,
Methanococcus jannaschii,
Methanobacterium
thermoautotrophicum, Pyrococcus
abyssi, Pyrococcus horikoshii,
Thermoplasma aciclophilum,
Thermoplasma volccasium.
[0085]Examples of bacterial cells
include, but are not limited to
those belonging to the genera:
Agrobacterium, Alicyclobacillus,
Anabaena, Anacystis,
Arthrobacter, Azobacter,
Bacillus, Brevibacterium,
Chromatium, Clostridium,
Corynebacterium, Enterobacter,
Erwinia, Escherichia,
Lactobacillus, Lactococcus,
Mesorhizobium, Methylobacterium,
Microbacterium, Phormidium,
Pseudomonas, Rhodobacter,
Rhodopseudomonas, Rhodospirillum,
Rhodococcus, Salmonella,
Scenedesmun, Serratia, Shigella,
Staphlococcus, Strepromyces,
Synnecoccus, and Zymomonas.
[0086]Illustrative examples of
bacterial species include but are
not limited to: Bacillus
subtills, Bacillus
amyloliguefacines, Brevibacterium
ammoniagenes, Brevibacterium
immariophilunc Clostridium
beigerinckii, Enterobacter
sakazakii, Escherichia coli,
Lactococcus lactis, Mesorhizobium
loti, Pseudornonas aeruginosa,
Pseudomonas mevalonii,
Pseudomonas pudica, Rhodobacter
capsulatus, Rhodobacter
sphaeroides, Rho dospirillum
rubrum, Salmonella enterica,
Salmonella typhi, Salmonella
ophimuriurn, Shigella
dysenteriae, Shigella jlexneri,
,Shigella sonnet, Staphylococcus
aureus, and the like.  WO
2007/139924PCT/1JS2007/012467 21
[0087]In general, if a bacterial
host cell is used, a
non-pathogenic strain is
preferred. Illustrative examples
of species with non-pathogenic
strains include but are not
limited to: Bacillus subtilis,
Escherichia call, Lactibacillus
acidophilus, Lactobacillus
helveticus, Pseudomonas
aeruginosa, Pseudomonas
mevalonii, Pseudomonas pudita,
Rhodobacter sphaeroides,
Rodobacter capsulatus,
Rhodospirillurn rubrum, and the
like. 



[0088]Examples of eulcaryotic
cells include but are not limited
to fungal cells. Examples of
fungal cells include, but are not
limited to those belonging to the
genera: Aspergillus, Candida,
Chrysosporium, Cryotococcus,
Fusarium, Kluyverornyces,
Neotyphodium, Neurospora,
Penicillium, Pichia,
Saccharontyces, Trichoderma and
Xanthophyllomyces (formerly
Phaffia). [0089]illustrative
examples of eukaryotic species
include but are not lirnited to:
Aspergillus nirhdcms, Aspergillus
niger, Aspergillus oryzae,
Candida albicans, Chorsosporium
lucknowense, Fusarium
grambrearum, Fusarium venenahan,
Kluyveromyces       Neurospora
crassa, Pichia angusta, Pichia
finlandica, Pichia kodamae,
Pichia membranaefaciens, Pichia
methanolica, Pichia opuntrae,
Pichia pastoris, Pichia p1/per!,
Pichia guercuum, Pichla
salictaria, Pichia
thermotolerans, Pichia
trehalophila, Pichia slip ills,
Streptomyces arnbofaciens,
Streptontyces aureofaciens,
Streptomyces aureus, Saccaromyces
bayanus, Saccaromyces boulardi,
Saccharomyces cerevisiae,
Streptomyces fungicidicus,
Streptomyces griseochromogenes,
Streptomyces griseus,
Streptomyces lividans,
Streptomyces olivogriseus,
Streptomyces rameus, Streptomyces
tanashiensis, Streptonryces
vinaceus, Trichoderma reesei and
Xanthophyllomyces dendrorhous
(formerly Phaffia rhodozyma).
[0090)In general, if a eukaryotic
cell is used, a non-pathogenic
strain is preferred. Illustrative
examples of species with
non-pathogenic strains include
but are not limited to: Fusarium
graminearum, Fusarium venenatum,
Pichia pastoris, Saccaromyces
houlardi, and Saccaromyces
cerevisiae. 100911In some
embodiments, the host cells of
the present invention have been
designated by the Food and Drug
Administration as GRAS or
Generally Regarded As Safe.
Illustrative examples of such
strains include: Bacillus
subtilis, Lad! bacillus
acidophilus, Lactobacillus
helveticus. and Saccharomyces
cerevisiae. Engineering Pathways
to make Rio-Organic Compounds
[0092)An illustrative example of
a class of bio-organic compounds
is isoprenoids. They comprise a
diverse family of over 40,000
individual products, many of
which are vital to living
organisms. Isoprenoids serve to
maintain cellular fluidity,
electron transport, and  WO
2007/139924PCT/1192007/012467
PCT/US200  other metabolic
functions. In addition to their
usefulness in making fuel
compositions, a vast number of
natural and synthetic isoprenoids
are useful as pharmaceuticals,
cosmetics, perfumes, pigments and
colorants, fungicides,
antiseptics, nutraceuticals, and
fine chemical 



intermediates. [0093]isoprenoid
compounds are made in nature
through two different metabolic
pathways which converge at IP?
and its isomer, DMAPP. In
general, eulcaryotes other than
plants use the MEV isoprenoid
pathway exclusively to convert
acetyl-C-0A to IPP, which is
subsequently isomerized to DMAPP.
Prokaryotes, with some
exceptions, use the
mevalonate-independent or DXP
pathway to produce IPP and DMAPP
separately through a branch
point. In general, plants use
both the MEV and DX13 pathways
for IP? synthesis. The methods
described herein for engineering
the MEV and DXP pathways to make
the desired isoprenoid compound
can be readily adapted to
similarly engineer other pathways
to make other bio-organic
compounds. MEV Pathway [0094]A
schematic representation of the
MEV pathway is described in
Figure 3. In general, the pathway
comprises six steps. [0095]In the
first step, two molecules of
acetyl-coenzyme A are
enzymatically combined to form
acetoacetyl-CoA. An enzyme known
to catalyze this step is, for
example, acetyl-CoA thiolase
(also known as acetyl-CoA
acetyltransferase). Illustrative
examples of nucleotide sequences
include but are not limited to
the following GenBank accession
numbers and the organism flout
which the sequences derived:
(NC_000913 REGION:
2324131.2325315; Escherichla
colt), (1)49362; Paracoccus
denitrificans), and (L20428;
Saccharomyces cerevisiae).
100961In the second step of the
MEV pathway, acetoacetyl-CoA is
enzymatically condensed with
another molecule of acetyl-CoA to
form
3-hydroxy-3-methylglutaryl-CoA
(HMG-CoA). An enzyme known to
catalyze this step is, for
example, HMG-CoA synthase.
Illustrative examples of
nucleotide sequences include but
are not limited to: (NC_001145.
complement 19061..20536;
Saccharomyces cerevisiae),
(X96617; Saccharomyces
cerevisiae), (X83882; Arabidopsis
thaliana), (AB037907;
Kitasatospora griseola),
(9T007302; Homo sapiens), and (NC
002758, Locus tag SAV2546, GenelD
1122571; Staphylococcus aureus).
[0097]In the third step, HMG-CoA
is enzymatically converted to
mevalonate. An enzyme known to
catalyze this step is, for
example, HMG-CoA reductase.
Illustrative examples of
nucleotide sequences include but
are not limited to: (NM_206548;
Drosophila  WO
2007/139924ECT/US2007/012467
melanogaster), (NC_002758, Locus
tag 8AV2545, GenelD 1122570;
Staphylococcus. ctureus),
(NM_204485; Gallus gal/us),
(AB015627; Streptomyces sp. KO
3988), (AF542543; Nicotiana
attenuate), (AB037907;
Kitasatospora griseola),
(AX128213, providing the sequence
encoding a truncated HMGR;
Saccharonryces cerevisiae), and
(NC_001145: complement
(115734..118898; Saccharomyces
cerevisiae). 



[0098]In the fourth step,
mevalonate is enzymatically
phosphorylated to form mevalonate
5-phosphate. An enzyme known to
catalyze this step is, for
example, mevalonate ldnase.
Illustrative examples of
nucleotide sequences include but
are not limited to: (L77688;
Arabidopsis thalicma), and
(5(55875; Saccharomyces
cerevisiae). [0099]In the fifth
step, a second phosphate group is
enzymatically added to mevalonate
5-phosphate to form mevalonate
5-pyrophosphate. An enzyme known
to catalyze this step is, for
example, phosphomevalonate
Icinase. Illustrative examples of
nucleotide sequences include but
are not limited to: (AF429385;
flevea brasiliensis), (NM_)06556;
Homo sapiens), and (NC 001145.
complement 712315.313670;
Saccharomyces cerevisiae).
[00100]In the sixth step,
mevalonate 5-pyrophosphate is
enzymatically converted into MP.
An enzyme known to catalyze this
step is, for example, mevalonate
pyrophosphate deearboxylase.
Illustrative examples of
nucleotide sequences include but
are not limited to: (X97557;
Saccharomyces cerevisiae),
(AF290095; Enterococcus faecium),
and (U49260; Homo sapiens).
[00101]If IPP is to be converted
to DMA??, then a seventh step is
required. An enzyme known to
catalyze this step is, for
example, ll'P isomerase.
Illustrative examples of
nucleotide sequences include but
are not limited to: (NC_000913,
3031087..3031635; Escherichia
coli), and (AF082326;
Haematococcus pluvialis). lithe
conversion to OMAN' is required,
an increased expression of IPP
isomerase ensures that the
conversion of!?? into DMA?? does
not represent a rate-limiting
step in the overall pathway. DXP
Pathway [00102]A schematic
representation of the DXP pathway
is described in Figure 4. In
general, the DXP pathway
comprises seven steps. In the
first step, pyruvate is condensed
with D-glyceraldehyde 3-phosphate
to make
1-deoxy-D-xyluMse-5-phosphate. An
enzyme known to catalyze this
step is, for example, 1
-deoxy-D-xylu1ose-5-phosPhate
synthase. Illustrative examples
of nucleotide sequences include
but are not limited to:
(AF035440; Escherichia coli),
(NC_002947, locus tag PP0527;
Pseudomonas putida KT2440),
(C1'000026, locus tag SPA2301;
Salmonella enter/ca Paratyphi,
see ATCC 9150),  WO
2007/139924PCTPUS2007/012467 24
PCT/US200  ,f("i,c,,u Lit
IlivitoI 1111's 



(NC_007493, locus tag RSP_0254;
Rhodobacter sphaeroides 2.4.1),
(NC 005296, locus tag RPA0952;
Rhodopseudomonas palustris
C0A009), (NC_004556, locus tag
P01293; Xylella fastidiosa
Temecula), and (NC_003076, locus
tag AT5G11380; Arabidopsis
thaliana). [00103jIn the second
step, I
-deoxy-D-xylulose-5-phosphate is
converted to 2C-
methyl-D-erythrito1-4-phosphate.
An enzyme known to catalyze this
step is, for example, 1-
deoxy-D-xylulose-5-phosphate
reductoisomerase. Illustrative
examples of nucleotide sequences
include but are not limited to:
(A13013300; Escherichia colt),
(AF148852; Arabidopsis thaltana),
(NC_002947, locus tag PP 1597;
Pseudomonas putida KT2440),
(AL939124, locus tag SCO5694;
Sireptomyces coelicolor A3(2)),
(NC_007493, locus tag RSP_2709;
Rhodobacter sphaeroides 2.4.1),
and (NC_007492, locus tag
P11_1107; Pseudomonas fluorescens
HO-1). 1001041lathe third step,
2C-methyl-D-erythrito1-4-phosPhat
e is converted to 4-
diphosphocytidy1-2C-methyl-D-eryt
hritoL An enzyme known to
catalyze this step is, for
example,
4-diphosphocy1idy1-2C-methyl-D-er
ythritol synthase. Illustrative
examples of nucleotide sequences
include but are not limited to:
(AF230736; Escherichia coil),
(NC_007493, locus tag RSP_2835;
Rhodobacter spluteroides 2.4.1),
(NC_003071, locus tag AT2G02500;
Arabidopsis thaliana), and
(NC_002947, locus tag PP 1614;
Pseudomonas putida 1CT2440).
1001051In the fourth step,
4-diphosphocyfidy1-2C-methyl-D-er
ythrit0l is converted to
4-diphosphocyddy1-2C-methyl-D-ery
thritol-2-phosPhate. An enzyme
known to catalyze this step is,
for example,
4-diphosphocytidyI-2C-methyl-D-er
ythritol kinase. Illustrative
examples of nucleotide sequences
include but are not limited to:
(AF216300; Escherichia colt) and
(NC_007493, locus tag RSP_1779;
Rhodobacter sphaeroides 2.4.1).
1001061In the fifth step,
4-diphosphocytidy1-2C-methyl-0-er
ythrito1-2-Phosphate is converted
to 2C-methyl-D-erythritol 2,
4-cyclodiphosphate. An enzyme
known to catalyze this step is,
for example,
2C-methyl-0-erythritol 2,
4-cyclodiphosphate synthase.
Illustrative examples of
nucleotide sequences include but
are not limited to: (AF230738;
Escherichta colt), (NC_007493,
locus tag RSP_6071; Rhodobacter
sphaeroides 2.4.1), and
(NQ002947, locus_tag PP 1618;
Pseudomonas putida 1CT2440).
1001071In the sixth step,
2C-methyl-0-erythritol 2,
4-cyclodiphosphate is converted
to
1-hydroxy-2-methy1-2-(E)-buteny1-
4-diphosPhate. An enzyme known to
catalyze this step is, for
example,
1-hydroxy-2-methyl-2-(E)-buteny1-
4-diphosphate synthase.
Illustrative examples of
nucleotide sequences include but
are not limited to: (AY033515;
Eschertchia  WO
2007/139924PCT/US2007/012467  



coh), (NC 002947, locus tag
PP0853; Pseudomonas putida
KT2440), and (NC_007493,
locus_tag RSP_2982; Rhodobacter
sphaeroides 2.4.1). 1001081In the
seventh step,
1-hydroxy-2-methyl-2-(E)-buteny1-
4-diphosphate is converted into
either IPP or its isomer, DMA??.
An enzyme known to catalyze this
step is, for example,
isopentyl/dimethylallyl
diphosphate synthase.
Illustrative examples of
nucleotide sequences include but
are not limited to: (AY062212;
Escherichia colt) and (NC_002947,
locus_tag PP0606; Pseudomonas
panda KT2440). [00109]In some
embodiments, "cross talk" (or
interference) between the host
cell's own metabolic processes
and those processes involved with
the production of IPP as provided
by the present invention are
minimized or eliminated entirely.
For example, cross talk is
minimized or eliminated entirely
when the host microorganism
relies exclusively on the DXP
pathway for synthesizing II'!',
and a MEV pathway is introduced
to provide additional IPP. Such
host organisms would not be
equipped to alter the expression
of the MEV pathway enzymes or
process the intermediates
associated with the MEV pathway.
Organisms that rely exclusively
or predominately on the DX?
pathway include, for example,
Escherichia colt 1001101In some
embodiments, the host cell
produces IP? via the MEV pathway,
either exclusively or in
combination with the DX? pathway.
In other embodiments, a host's
MCP pathway is functionally
disabled so that the host cell
produces it'? exclusively through
a heterologously introduced MEV
pathway. The DXP pathway can be
functionally disabled by
disabling gene expression or
inactivating the function of one
or more of the naturally
occurring DXP pathway enzymes.
[00111]In other embodiments, the
host cell produces liPP via the
DXP pathway, either exclusively
or in combination with the MEV
pathway. In other embodiments, a
host's MEV pathway is
functionally disabled so that the
host cell produces IPP
exclusively through a
heterologously introduced DX?
pathway. The MEV pathway can be
functionally disabled by
disabling gene expression or
inactivating the function of one
or more of the naturally
occurring MEV pathway enzymes. C5
Compounds [00112]Exemplary Cs
bio-organic compounds are
hemiterpenes which are generally
are derived fano Ii'? or DMA??.
An illustrative example of a
hemiterpene is isoprene. Isoprene
[00113]Isoprene, whose structure
is  WO
2007/139924PCT/1JS2007/012467   



is found in many plants. Isoprene
is made from IPP by isoprene
synth:me. Illustrative examples
of suitable nucleotide sequences
include but are not limited to:
(A13198190; Populus alba) and
(A3294819; Polzdus alba x Polulus
wemula). Cm Compounds
100114]Exemplary Co bio-organic
compounds are monoterpenes which
are generally derived from
geranyl pyrophosphate (GPP) which
in turn is made by the
condensation of IPP with DMAPP.
An enzyme known to catalyze this
step is, for example, geranyl
pyrophosphate synthase.
100115]Figure 5 shows
schematically how IF? and DMAPP
can produce UP?, which can be
further processed to a
monoterpene. 1001161Illustrative
examples of nucleotide sequences
for geranyl pyrophosphate
syntbase include but are not
limited to: (AF513111; AbJes
grandis), (AF513112; A bier
grandis), (AF513113; Abies
grcmdis), (AY534686; Antirrhinum
majus), (AY534687; Antirrhinum
majus), (Y17376; Arabidopsis
thaliana), (AE016877, Locus Al'
11092; Bacillus cereus; ATCC
14579), (Al243739; Citrus
sinensis), (AY534745; Clarlda
brewer!), (AY953508; lps pini),
(DQ286930; Lycopersicon
esculentum), (AF 182828; Mentha x
piperita), (AF182827; Mentha x
pi,perita), (M1'I249453; Menthe x
piperita), (PZE431697, Locus
CA024425; Paracoccus
zearanthintfaciens), (AY866498;
Picrorhiza kurrooa), (AY351862;
Vitis vintjera), and (AF203881,
Locus AAF12843; Zymomonas
mobilis). 1001171(}PP is then
subsequently converted to a
variety of C10 compounds.
Illustrative examples of Co
compounds include but are not
limited to: Carene 1001181Carene,
whose structure is  is found in
the resin of many trees,
particularly pine trees. Carene
is made from OPP from carene
synthase. Illustrative examples
of suitable nucleotide sequences
include but are not  WO
2007/139924PCTMS2007/012467   



limited to: (AF461460, REGION
43..1926; Picea abler) and
(AF527416, REGION: 78..1871;
Salvia sterzophylia). Geraniol
1001191Gemniol (also known as
rhodnol), whose structure is on,
is the main component of
oil-of-rose and palmarosa oil. It
also occurs in geranium, lemon,
and citronella. Geraniol is made
from GPP by geraniol synthase.
Illustrative examples of suitable
nucleotide sequences include but
are not limited to: (AJ457070;
Cinnamomum tenuipilum),
(AY362553; Ocimum basilican),
(DQ234300; Perillafrutescens
strain 1864), (0Q234299; Perilla
citriodora strain 1861),
(DQ234298; Perilla citriodora
strain 4935), and (DQ088667;
Farina citriodora)
1001201Linalool  1001211Linalool,
whose structure is is found in
many flowers and spice plants
such as coriander seeds. Linalool
is made from GPP by linalool
synthase. illustrative examples
of a suitable nucleotide sequence
include but are not limited to:
(AF497485; Arabidopsis thaliana),
(AC002294, Locus AA3371482;
Arabidopsis thaliana), (AY059757;
Arabidopsis thaliana),
(NM_104793; Arabidopsis
thaliana), (AFI54124; Artemisia
annua), (AF067603; Clarkia
brewert), (AF067602; Clarlda
concinna), (AF067601; Clarkia
brewer!), (U58314; Clarkia
brewer!), (AY840091; Lycopersicon
esculenturn), (DQ263741;
Lavandida angustifolia),
(AY083653; Mentha citrate),
(AY693647; Ocimum basilicum),
(XM_463918; Oryza saliva),
(AP004078, Locus 8AD07605; Ozyza
sativa), (XM 463918, Locus XP
.463918; Oryza sativa),
(AY917193; Farina citriodora),
(AF271259; Perillafrutescens),
(AY473623; Picea tibias),
(DQ195274; Picea sitchensis), and
(AF444798; Perilla frutescens WT.
crispa cultivar No. 79).  WO
20071139924PCTTUS20071012467 28
PCT/US200 Limonene
[00122]Limonene, whose structure
is  is found in the rind of
citrus fruits and peppermint.
Limonene is made from GPP by
limonene synthase. Illustrative
examples of suitable nucleotide
sequences include but are not
limited to: (+)-limonene
syntheses (AF514287, REGION:
47..1867; Citrus limon) and
(AY055214, REGION: 48..1889;
Agastache rugosa) and
(-)-limonene syntheses (DQ195275.
REGION: 1..1905; Picea
sitchensis), (AF006193, REGION:
73..1986; Abler grandis), and
(MHC4SLSP. REGION: 29..1828;
Menthe spicata). Mvrcene
[00123]Myrcene, whose structure
is 



is found in the essential oil in
many plants including bay,
verbena, and myrcia from which it
gets its name. Myrcene is made
from ON' by myrcene synthase.
Illustrative examples of suitable
nucleotide sequences include but
are not limited to: (1387908;
Abler grandly), (AY195609;
Antirrhinum majus), (AY195608;
Antirrhinum majus), (NM_127982;
Arabidopsis thaliana TPS10),
(NM_113485; Arabidopsis thaliana
ATTPS-CIN), (NM_113483;
Arabidopsis thaliana ATTPS-CIN),
(AF271259; Penile frutescens),
(AY473626; Picea abies),
(AF369919; Picea abies), and
(AJ304839; Quercus ilex). Ocimene
[00124]a- and P-Ocitnene, whose
structures are andrespectively,
are found in a variety of plants
and fruits includmg Ocimum
basilicurn and is made from GPP
by ocimene synthase. Illustrative
examples of suitable nucleotide
sequences include but are not
limited to: (AY195607;
Antirrhinum majus), (AY195609;
Antirrhinum majus), (AY195608;
Antirrhinum ma/us), (MC221024;
Arabidopsis thaliana),
(NM_113485; Arabidopsis thaliana
ATTPS-C1N), (NM_I13483;
Arabidopsis thaliana ATTPS-CIN),
WO 2007/139924PCT/IIS2007/012467
29 PCTIUS200 IIt   (NM_117775;
Arabidopsis thaliana ATTPS03),
(NM 001036574; Arabidopsis
thaliana ATTP SO3), (NM 127982;
Arablelopsis thaliana TI'S 10).
(AD 110642; Citrus unshiu
CitMTSIA), and (AY575970; Lotus
corniezdatus var. japonicas).
a-Pinene  1001251a-Pinene, whose
structure is  is found in pine
trees and eucalyptus. ct-Pinene
is made from OPP by ct-pinene
synthase. Illustrative examples
of suitable nucleotide sequences
include but are not limited to:
(+) apinene synthase (AF543530,
REGION: 1..1887; Pinus taeda),
(-)a-pinene synthase (AF543527,
REGION: 32..1921; Pinus taeda),
and (+)/(-)a-pinene synthase
(AGU87909. REGION: 6111892; Abies
grandis). p-Pinene
1001261P-Pinene, whose structure
is  



is found in pine trees, rosemary,
parsley, dill, basil, and rose.
13-Pinene is made from GPP by
p-pinene synthase. Illustrative
examples of suitable nucleotide
sequences include but are not
limited to: (-) p-pinene
syntheses (AF276072, REGION:
1..1749; Artemisia annua) and
(AF514288, REGION: 26..1834;
Citrus Union). Sabinene
[00127]Sabinene, whose structure
is  is found in black pepper,
carrot seed, sage, and tea trees.
Sabinene is made from OFF by
sabinene synthase. An
illustrative example of a
suitable nucleotide sequence
includes but is not limited to
AF051901, REGION: 26..1798 from
Salvia oifieinalis.  WO
20071139924PCT/US2007/012467
PCT/US200  Y-Terninene
1001281y-Terpinene, whose
structure is  is a constituent of
the essential oil from citrus
fruits. Biochemically,
y-terpinene is made from GPP by a
y-terpinene synthase.
Illustrative examples of suitable
nucleotide sequences include:
(AF514286, REGION: 30..1832 from
Citrus Limon) and (AIM 10640.
REGION 1..1803 from Citrus
unshiu). Teminolene
1001291Terpinolene, whose
structure is  is found in black
currant, cypress, guava, lychee,
papaya, pine, and tea.
Terpinolene is made from GPP by
terpinolene synthase.
Illustrative examples of a
suitable nucleotide sequence
include but is not limited to:
(AY693650 from Oseimum basilieum)
and (AY906866, REGION: 10..1887
from Pseudotsuga menziesii). Cis
Compounds 



1001301Exemplary Cis bio-organic
compounds are sesquiterpenes
which are generally derive from
farnesyl pyrophosphate (FPP)
which in turn is made by the
condensation of two molecules of
TPP with one molecule of DMAPP.
An enzyme known to catalyze this
step is, for example, famesyl
pyrophosphate synthase.
[001311Figure 5 also shows
schematically how IPP and DMAPP
can be combined to produce FPP,
which can be further processed to
a sesquiterpene.
1001321Illustrative examples of
nucleotide sequences for famesyl
pyrophosphate synthase include
but are not limited to:
(ATU80605; Arabidopsis thaliana),
(ATHFPS2R; Arabidopsis (hediana),
(AAU36376; Artemisia annua),
(AF461050; Bos taurus), (1)00694;
WO 21107/139924PCT/1132007/012467
31 PCT/US200      PIN ""fi,11,'



Escherichia colt K-12),
(AE009951, Locus AAL95523;
Fusobacterium nucleatum subsp.
nucleatum ATCC 25586),
(GFFPPSGEN; Gibberella
fujilcuroi), ((P000009, Locus
AAW60034; Gluconobacter oxydans
62111), (AF019892; Helianthus
annuus), (HUME APS; Homo
sapiens), (KLPFPSQCR;
Kluyveromyces lactis), (LAU15777;
Lupinus albus), (LAU20771;
Lupinus albus), (AF309508; Mus
musoutus), (NCFPPSGEN; Neurospora
crassa), (PAFP81; Parthenium
argentatum), (PAPPS2; Parthenium
argentattan), (RA'TFAPS; Ramis
norvegicus), (YSCFPP;
Saccharomyces cerevisiae),
(1)89104;
Schizosaccharomycespombe),
(CP000003, Locus AAT87386;
Streptococcus pyogenes),
((P000017, Locus AAZ51849;
Streptococcus pyogenes),
(NC_008022, Locus YP_598856;
Streptococcus pyogenes
MGAS10270), (NC_008023, Locus
YP_600845; Streptococcus pyogenes
M0AS2096), (NC_008024, Locus
YP_602832; Streptococcus
pyogene,s MGAS10750), and
(MZEFPS; Zea mays).
[001331Alternatively, FPP can
also be made by adding UP to
(3PP. Illustrative examples of
nucleotide sequences encoding for
an enzyme capable of this
reaction include but are not
limited to: (AE000657, Locus
AAC06913; Aquifer aeolicus VF5),
(NM_202836; Arabidopsis
thalicma), (D84432, Locus
8AAl2575; Bacillus subtilis),
(U12678, Locus AAC28894;
Bradyrhizoblumjaponicum USDA
110), (BACFDPS; Geobacillus
stearothermophilus), (NC_002940,
Locus NP_873754; Haemophilus
ducreyi 350001W), (L42023, Locus
AAC23087; Haemophilus influenzae
Rd KW20), (J05262; Homo sapiens),
(YP_395294; Lactobacillus sakei
subsp. sakei 23K), (MC 005823,
Locus YP 000273; Lepiospira
interrogans serovar Copenhagen!
sir. Fiocruz L1-130), (A8003187;
Aficrococcus luteus), (NC 002946,
Locus YP_208768; Neisseria
gonorrhoeae FA 1090), (U00090,
Locus AAB91752; Rhizobium sp.
N0R234), (105091; Saccharomyces
cerevisae), (CP000031, Locus
AAV93568; Silicibacter pomeroyi
DSS-3), (AE008481, Locus
AAK99890; Streptococcus
pneumoniae R6), and (NC_004556,
Locus NP 779706; Xylella
fastidiosa Temeculal). [001341FP?
is then subsequently converted to
a variety of C15 compounds.
Illustrative examples of C15
compounds include but are not
limited to:  WO
2007/139924PCT/US2007/012467 32
PCT/US200   "tric,;
ift'rj-r,s',14."?ill,,,i
41:1'1Y:if    



Amorohadiene 1001351Amorphadiene,
whose structure is  is a
precursor to artemisinin which is
made by Artemisia anna.
Amorphacliene is made from FPP by
amorphadiene synthave. An
illustrative example of a
suitable nucleotide sequence is
SEQ ID NO. 37 of U.S. Patent
Publication No. 200410005678.
[00136]Figure 5 shows
schematically how 11'P and DMAPP
can be combined to produce FPP,
which can then be further
processed to produce
amophadierte. a-Farnesene
1001371a-Farnesene, whose
structure is is found in various
biological sources including but
not limited to the Dufour's gland
in ants and in the coating of
apple and pear peels. a-Farnesene
is made from FPP by a-famesene
synthase. Illustrative examples
of suitable nucleotide sequences
include but are not limited to
DQ309034 from Pyrus commutzis
cultivar d'Anjou (pear; gene name
AFS1) and AY182241 Jima Malus
domestica (apple; gene AFS1).
Pechouus et at, Plants
219(1):84-94 (2004). ll-Farnesene
1001381ll-Famesene, whose
structure is is found in various
biological sources including but
not limited to aphids and
essential oils such as from
peppermint In some plants such as
wild potato, ll-famesene is
synthesized as a natural insect
repellent. ll-Farnesene is made
from FPP by ll-famesene synthase.
Illustrative examples of suitable
nucleotide sequences include but
is not limited to GenBank
accession number AF024615 from
Mentha x piperita (peppermint;
gene Tspal 1), and AY835398 from
Artemisia annua. Picaud et al.,
Phytochemistry 66(9): 961-967
(2005).  WO
2007/139924PCT/US2007/012467
Famesol  [00139]Famesol, whose
structure is OH, 



is found in various biological
sources including insects and
essential oils such as from
cintronella, neroli, cyclamen,
lemon grass, tuberose, and rose.
Farnesol is made from FPP by a
hydroxylase such as famesol
synthase. Illustrative examples
of suitable nucleotide sequences
include but are not limited to
GenBank accession number AF529266
from Zea mays and YDR48IC from
Saccharomyces cerevisiae (gene
['ho 8). Song, L., Applied
Biochemistry and Biotechnology
128:149-158(2006). Nerolidol
[00140]Nerolidol, whose structure
is H is also known as peruviol,
and is found in various
biological sources including as
essential oils such as from
neroli, ginger, jasmine,
lavender, tea tree, and lemon
grass. Nerolidol is made from PPP
by a hydroxylase such as
nerolidol synthase. An
illustrative example of a
suitable nucleotide sequence
includes but is not limited to
AF529266 from Zea mays (maize;
gene tpsl). Patchoulol
1001411Patchoulol, whose
structure is  is also known as
patchouli alcohol and is a
constituent of the essential oil
of Pogostemon patchouli.
Patchouliol is made from FPP by
patchouliol synthase. An
illustrative example of a
suitable nucleotide sequence
includes but is not limited to
AY508730 REGION: 1..1659 from
Pogostemon cablin.  WO
2007/139924PCT/IIS20071012467
Valenecene  [00142]Valencene,
whose structure is  is one of the
main chemical components of the
smell and flavour of oranges and
is found in orange peels.
Valencene is made from FPP by
nootkatone synthase. Illustrative
examples of a suitable nucleotide
sequence includes but is not
limited to AF44I124 REGION:
1..1647 from Citrus sinensM and
AY917195 REGION: 1..1653 from
Perilla frutescens. Css Compounds



[00143]Exemplary C20 bio-organic
compounds are diterpenes which
are generally derived from
geranylgeraniol pyrophosphate
(GOP?) which in turn is made by
the condensation of three
molecules of IPP with one
molecule of DMAPP. An enzyme
known to catalyze this step is,
for example, geranylgeranyl
pyrophosphate synthase.
[00144]Figure 5 also shows
schematically how 1PP and DMAPP
can be combined to produce GOP?,
which can be further processed to
a diterpene, or can be further
processed to produce a
carotenoid. [00145]Illustrative
examples of nucleotide sequences
for geranylgeranyl pyrophosphate
s)mthase include but are not
limited to: (ATHGERPYRS;
Arabidopsis thaliana), (BT005328;
Arabidopsis thaliana),
(NM_119845; Arabidopsis !banana),
(NZ_AAJM01000380, Locus
ZP_00743052; Bacillus
thuringiensis serovar
israelensis, ATCC 35646 sq1563),
(CRGGPPS; Catharanthus rose us),
(NZ_AABF02000074, Locus
ZP_00144509; Fusobacteriunz
nucleatum subsp. vincentii, ATCC
49256), (GFGGPPSGN;
Gibberellafujikuroi), (AY371321;
Ginkgo biloba), (AB055496; Hevea
brasiliensis), (AB017971; Homo
sapiens), (MCl276129; Muter
circinelloides I lusitanicus),
(A13016044; Miss tnusculus),
(AABX01000298, Locus NCU01427;
Neurospora crassa), (NCU20940;
Neurospora crassa),
(NZ_AAKL01000008, Locus
ZP_00943566; Ralstonia
solanacearum UW551), (AB118238;
Rattus nontegicus), (SCU31632;
Saccharonryces cerevisiae),
(AB016095; Synechococcus
elongates), (SAGGPS; Sinapis
alba), (SSOGDS; Sulfolobus
acidocaldarius), (NC_007759,
Locus YP_461832; Syntropints
aciditrophicus SB), and (NC
006840, Locus YP_204095;
Vibriojischeri ES114).
[00146]Alternatively, GGPP can
also be made by adding IF? to
FPP. Illustrative examples of
nucleotide sequences encoding an
enzyme capable of this reaction
include but  WO
2007/139924PCT/1152007/012467
are not limited to: (NM_112315;
Arabidopsis thaliana), (ERWCRTE;
Pantoea agglomerans), (D90087,
Locus BAA14124; Pantoea
ananatis), (X52291, LocuS
CAA36538; Rhodobacter
capsulatus), (API 95122, Locus
AAF24294; Rhodobacter
sphaeroides), and (NC_004350,
Locus NP_721015; Streptococcus
mutans UA159). [00147]GGPP is
then subsequently converted to a
variety of Cio isoprenoids.
Illustrative examples of C20
compounds include but are not
limited to: Geranyleeraniol
[00148]Geranylgeraniol, whose
structure is 



II is a constituent of wood oil
from Cedrela toona and of linseed
oil. Geranylgeraniol can be made
by e.g., adding to the expression
constructs a phosphatase gene
after the gene for a GOP?
synthase. Abietadiene
[00149)Abietadiene encompasses
the following isomers: , and and
is found in trees such as Able:
gram/is. Abietadiene is made by
abietadiene synthase. An
illustrative example of a
suitable nucleotide sequence
includes but are not limited to:
(U50768; Abler grandis) and
(AY473621; Picea abler). C20+
Compounds 1001501C. bio-organic
compounds are also within the
scope of the present invention.
Illustrative examples of such
compounds include sesterterpenes
(Cis compound made from five
isoprene units), triterpenes (C30
compounds made from six isoprene
units), and tetraterpenes (C40
compound made from eight isoprene
units). These compounds are made
by using similar methods
described herein and substituting
or adding nucleotide sequences
for the appropriate synthase(s).
Engineering Pathways  WO
2007/139924PCT/1782007/012467 36
PCT/US200 100151]Although for
illustrative purposes, the
invention has been described with
reference to engineering the MEV
and/or DXP pathways, these
methods can be adapted to
similarly engineer suitable
pathways to make non-isoprenoid
bio-organic compounds. These
pathways are typically engineered
using recombinant DNA technology
by expression of suitable
heterologous sequences encoding
one or more enzymes. (00152]The
subject nucleotide acids can be
expressed by a single or multiple
vectors. The nucleic acids can be
arranged in a single operon, or
in separate operons that are
placed in one or multiple
vectors. Where desired, two
expression vectors can be
employed, each of which contains
one or more heterologous
sequences operably linked in a
single operon. While the choice
of single or multiple vectors and
the use of single or multiple
operons may depend on the size of
the heterologous sequences and
the capacity of the vectors, it
will largely dependent on the
overall yield of a given
bio-organic compound that the
vector is able to provide when
expressed in a selected host
cell. In some instances,
two-operon expression system
provides a higher yield of the
bio-organic compound. The subject
vectors can stay replicable
episomally, or as an integral
part of the host cell genome.
Typically, the latter is
preferred for a sustained
propagation of the host cell.
(00153)In certain host cells, the
subject nucleic acids may be
controlled by one or 



more operons. In some instances,
a two or three operon system
provides a higher yield of a
lb-organic compound over a single
operon system. 100154]Where
desired, the subject nucleic acid
sequences can be modified to
reflect the codon preference of a
selected host cell to effect a
higher expression of such
sequences in a host cell. For
example, the subject nucleotide
sequences will in some
embodiments be modified for yeast
codon preference. See, e.g.,
Bennetzen and Hall (1982) J:
Biol. Chem. 257(6): 3026-3031. As
another non-limiting example, the
nucleotide sequences will in
other embodiments be modified for
E. colt codon preference. See,
e.g., Gouy and Gautier (1982)
Nucleic Acids Res. 10(22)
:7055-7074; Eyre-Walker (1996)
Mol. Biol. Evol. 13(6) :864-872.
See also Nakamura et al. (2000)
Nucleic Acids Res. 28(1):292.
Codon usage tables for many
organisms are available, which
can be used as a reference in
designing sequences of the
present invention. The use of
prevalent codons of a given host
microorganism generally increases
the likelihood of translation,
and hence the expression level of
the desired sequences.
1001551Preparation of the subject
nucleic acids can be carried out
by a variety of routine
recombinant techniques and
synthetic procedures. Briefly,
the subject nucleic acids can be
prepared generale DNA fragments,
cDNAs, and RNAs, all of which can
be extracted  WO
2007/139924PCT/US2007/012467
directly from a cell or
recombinantly produced by various
amplification processes including
but not limited to PCR and
it-PCR. [00156]Direct chemical
synthesis of nucleic acids
typically involves sequential
addition of 3'-blocked and
5'-blocked nucleotide monomers to
the terminal 5'-hydroxyl group of
a growing nucleotide polymer
chain, wherein each addition is
effected by nucleophilic attack
of the terminal 5'-hydroxyl group
of the growing chain on the
3'-position of the added monomer,
which is typically a phosphorus
derivative, such as a
phosphotriester, phosphoramidite,
or the like. Such methodology is
known to those of ordinary skill
in the art and is described in
the pertinent texts and
literature (for example, Matteuci
at al. (1980) Tet. Lett 521:719;
U.S. Pat. No. 4,500,707 to
Caruthers at al.; and U.S. Pat.
Nos. 5,436,327 and 5,700,637 to
Southern at al.). 001571The level
of transcription of a nucleic
acid in a host microorganism can
be increased in a number always.
For example, this can be achieved
by increasing the copy number of
the nucleotide sequence encoding
the enzyme (e.g., by using a
higher copy number expression
vector comprising a nucleotide
sequence encoding the enzyme, or
by introducing additional copies
of a nucleotide sequence encoding
the enzyme into the genome of the
host microorganism, for example,
by recA-mediated recombination,
use of "suicide" vectors,
recombination using lambda phage
reeombinase, and/or insertion via
a transposon or transposable
element). In addition, it can be
carried out by changing the order
of the coding regions on the
polycistronie mRNA of an operon
or breaking up an operon into
individual genes, each with its
own control elements, or
increasing the strength of the
promoter (transcription
initiation or transcription
control sequence) to which the
enzyme coding region is operably
linked (for example, using a
consensus arabinose- or
lactose-inducible promoter in an
Escherichia con host
microorganism in place of a
modified lactose-inducible
promoter, such as the one found
in pBluescript and the pBBRIMCS
plasmids), or using an inducible
promoter and inducing the
inducible-promoter by adding a
chemical to a growth medium. The
level of translation of a
nucleotide sequence in a host
microorganism can be increased in
a number always, including, but
not limited to, increasing the
stability of the mRNA, modifying
the sequence of the ribosome
binding site, modifying the
distance or sequence between the
ribosome binding site and the
start codon of the enzyme coding
sequence, modifying the entire
intercistronic region located
upstream or or adjacent to the 5'
side of the start codon of the
enzyme coding region, stabilizing
the 3'-end of the mRNA transcript
using hairpins and specialized
sequences, modifying the eodon
usage of enzyme, altering
expression of rare codon tRNAs
used in the biosynthesis of the
enzyme, and/or increasing the  WO
2007/139924PCT/US2007/012467 



38 PCT/U320 stability of the
enzyme, as, for example, via
mutation of its coding sequence.
Determination of preferred codons
and rare codon tRNAs can be based
on a sequence analysis of genes
derived from the host
microorganism. [001581The subject
vector can be constructed to
yield a desired level of copy
numbers of the encoded enzyme. In
some embodiments, the subject
vectors yield at least 10,
between 10 to 20, between 20-50,
between 50-100, or even higher
than 100 copies of the desired
enzyme. Low copy number plasmids
generally provide fewer than
about 20 plasmid copies per cell;
medium copy number plasmids
generally provide front about 20
plasmid copies per cell to about
50 plasraid copies per cell, or
from about 20 plasmid copies per
cell to about 80 plasrnid copies
per cell, and high copy number
plasmids generally provide from
about 80 plasmid copies per cell
to about 200 plasmid copies per
cell, or more. [001591Suitable
low copy expression vectors for
Fscherichia soli include, but are
not limited to, pACYC184,
pBeloBacl 1, pB1t332, pBAD33,
2BBR1MCS and its derivatives,
pSC101, SuperCos (cosmid), and
pWE15 (costnid). Suitable medium
copy expression vectors for
Escherichia coil include, but are
not limited to pTrc99A, pBAD24,
and vectors containing a ColE1
origin of replication and its
derivatives. Suitable high copy
number expression vectors for
Escherichla coil include, but are
not limited to, pUC, pBluescript,
pGEM, and pTZ vectors. Suitable
low-copy (centromeric) expression
vectors for yeast include, but
are not limited to, pRS415 and
pRS416 (Sikorski & Hieter (1989)
Genetics 122:19-27). Suitable
high-copy 2 micron expression
vectors in yeast include, but are
not limited to, pRS425 and pRS426
(Christainson et al. (1992) Gene
110:119-122). Alternative 2
micron expression vectors include
non-selectable variants of the 2
micron vector (Bruschi & Ludwig
(1988) Cum Genet. 15:83-90) or
intact 2 micron plasmids bearing
an expression cassette (as
exemplified in U.S. Pat. Appl.
20050084972) or 2 micron plasmids
bearing a defective selection
marker such as LEU2d (Erhanrt et
al. (1983)!. Bacteriol. 156 (2):
625- 635) or URA3d (Okkels (1996)
Annals. of the New York Academy
of Sciences 782(1): 202- 207).
[001601Regulatory elements
include, for example, promoters
and operators can also be
engineered to increase the
metabolic flux of the engineered
pathways by increasing the
expression of one or more genes
that play a significant role in
determining the overall yield of
the bio-organic compound
produced. A promoter is a
sequence of nucleotides that
initiates and controls the
transcription of a nucleic acid
sequence by an RNA polymerase
enzyme. An operator is a sequence
of nucleotides adjacent to the
promoter that functions to
control transcription of the
desired nucleic acid sequence.
The operator contains a
protein-binding  WO
2007/139924PCT/T1S2007/012467
domain where a specific repressor
protein can bind. In the absence
of a suitable repressor protein,
transcription initiates through
the promoter. In the presence of
a suitable repressor protein, the
repressor protein binds to the
operator and thereby inhibits
transcription from the promoter.
[00161]In some embodiments of the
present invention, promoters used
in expression 



vectors are inducible. In other
embodiments, the promoters used
in expression vectors are
constitutive. In some
embodiments, one or more nucleic
acid sequences are operably
linked to an inducible promoter,
and one or more other nucleic
acid sequences are operably
linked to a constitutive
promoter. [00162]Non-limiting
examples of suitable promoters
for use in prokaryotic host cells
include a bacteriophage 11 RNA
polymerase promoter; a trp
promoter; a lac operon promoter;
a hybrid promoter, for example, a
lac/tac hybrid promoter, a
tac/trc hybrid promoter, a up/lac
promoter, a T7/lac promoter; a
tro promoter; a tac promoter, and
the like; an araBAD promoter; in
vivo regulated promoters, such as
an ssaG promoter or a related
promoter (see, for example, U.S.
Patent Publication No.
20040131637), a pagC promoter
(Pulkkinen and Miller, 3.
Bacteriol. (1991) 173(1):86-93;
Alpuche-Aranda et al. (1992)
Proc. Natl. Acad. Sci. U S A.
89(21):10079-83), a nirB promoter
(Harbome et al. (1992) Mol.
Micro. 6:2805-2813), and the like
(see, for example, Dunstan et al.
(1999) Infect. Immun.
67:5133-5141; McKelvie et al.
(2004) Vaccine 22:3243-3255; and
Chatfield et al. (1992)
Biotechnol. 10:888-892); a
sigma70 promoter, for example, a
consensus sigma70 promoter (see,
for example, (3enBank Accession
Nos. AX798980, AX798961, and
AX798183); a stationary phase
promoter, for example, a dps
promoter, an spy promoter, and
the like; a promoter derived from
the pathogenicity island SPI-2
(see, for example, W096117951);
an actA promoter (see, for
example. Shetron-Rama et al.
(2002) Infect. Immun.
70:1087-1096); an rpsM promoter
(see, for example, Valdivia and
Falkow (1996) Mol. Microbiol.
22:367 378); a tet promoter (see,
for example, Haien et al. (1989)
In Saenger W. and Heinemann U.
(eds) Topics in Molecular and
Structural Biology,
Protein-Nucleic Acid Interaction.
Macmillan, London, UK, Vol. 10,
pp. 143-162); an SP6 promoter
(see, for example, Melton et al.
(1984) Ned. Acids Res.
12:7035-7056); and the like.
[00163]In some embodiments, the
total activity of a heterologous
enzyme that plays a larger role
in the overall yield of a
bio-organic compound relative to
other enzymes in the respective
pathways is increased by
expressing the enzyme from a
strong promoter. Suitable strong
promoters for Escherichia colt
include, but are not limited to
Trc, Tan, T5, T7, and PL..,,,bda.
In another embodiment of the
present invention, the total
activity of one or more  WO
2007/139924PCTWS2007/012467 40
engineered pathway enzymes in a
host is increased by expressing
the enzyme from a strong promoter
on a high copy number plasmid.
Suitable examples, for
Escherichia calf include, but are
not limited to using Trc, Tao,
T5, T7, and Ptsmsda promoters
with pBAD24, pBAD18, pGEM,
pBluescript, pUC, and pTZ
vectors. 1001641Non-limiting
examples of suitable promoters
for use in eukaryotic host cells
include, but are not limited to,
a CMV immediate early promoter,
an RSV thymidine kinase promoter,
an early or late SV40 promoter,
LTRs from retroviruses, and a
mouse metallothionein-I promoter.
1001651Non-limiting examples of
suitable constitutive promoters
for use in prokaryotic host cells
include a sigaa70 promoter (for
example, a consensus sigma70
promoter). Non-limiting examples
of suitable inducible promoters
for use in bacterial host cells
include the pL of bacteriophagek;
Plac; Ptrp; Ptac (Ptrp-lac hybrid
promoter); an isopropyl-beta-D44
thiogalactopyranoside
(IPTG)-inducible promoter, for
example, a lacZ promoter; a
tetracycline inducible promoter;
an arabinose inducible promoter,
for example, PBAD (see, for
example, Guzman et al. (1995) J.
Bacteriol. 177:4121-4130); a
xyloseinducible promoter, for
example, Pxyl (see, for example.
Kim et at (1996) Gene 181:71-76);
a GAL1 promoter; a tryptophan
promoter; a lac promoter; an
alcohol-inducible promoter, for
example, a methanol-inducible
promoter, an ethanol-inducible
promoter; a raffinoseinducible
promoter; a heat-inducible
promoter, for example, heat
inducible lambda PL promoter; a
promoter controlled by a
heat-sensitive repressor (for
example C1857-repressed
lambda-based expression vectors;
see, for example, Hoffmatm et al.
(1999) FEMS Microbic] Lett.
177(2):327-34); and the like.
100166]Non-limiting examples of
suitable constitutive promoters
for use in yeast host cells
include an ADH1, an ADH2, a PG1C,
or a LEU2 promoter. Non-limiting
examples of suitable inducible
promoters for use in yeast host
cells include, but are not
limited to, a divergent
galactose-inducible promoter such
as a GAL 1 or a GAL 10 promoter
(West at al. (1984) Mot Cell.
Biol. 4(1D2467-2478), or a CUP1
promoter. Where desired, the
subject vector comprises a
promoter that is stronger than a
native E. Coil Lac promoter.
[001671Non-limiting examples of
operators for use in bacterial
host cells include a 



lactose promoter operator (Lad
repressor protein changes
conformation when contacted with
lactose, thereby preventing the
Lad repressor protein from
binding to the operator), a
tryptophan promoter operator
(when complexed with tryptophan,
Ttpa repressor protein has a
conformation that binds the
operator; in the absence of
tryptophan, the TrpR repressor
WO 20071139924PCT/1JS2007/012467
41 PCT/US200
r(:,...s.s.0141:1;
11):',til..11111111;?1111
protein has a conformation that
does not bind to the operator),
and a tac promoter operator (see,
for example, deBoer at al. (1983)
Proc. Natl. Acad. SQL U.S.A.
8021-25.). 1001681The genes in
the expression vector typically
will also encode a ribosome
binding site to direct
translation (that is, synthesis)
of any encoded mRNA gene product.
For suitable ribosome binding
sites for use in Escherichia con,
see Shine at al. (1975) Nature
254:34, and Steitz, in Biological
Regulation and Development: Gene
Expression (ed. R. F.
Goldberger), vol. I, p. 349,
1979, Plenum Publishing, N.Y.
Insertion of the ribosome binding
site encoding nucleotide sequence
5'-AAAACA-3' upstream of a coding
sequence facilitates efficient
translation in a yeast host
microorganism (Loonian at al.
(1993) Nuc. Ac. Res.
21:4268-4271; Yun et. al. (1996)
Mol. Microbiol. 19:1225-1239). 



1001691Other regulatory elements
that may be used in an expression
vector include transcription
enhancer elements and
transcription terminators. See,
for example, Bitter at al. (1987)
Methods in Enzymology,
153:516-544. 1001701An expression
vector may be suitable for use in
particular types of host
microorganisms and not others.
One of ordinary skill in the art,
however, can readily determine
through routine experimentation
whether a particular expression
vector is suited for a given host
microorganism. For example, the
expression vector can be
introduced into the host
organism, which is then monitored
for viability and expression of
any genes contained in the
vector. 1001711The expression
vector may also contain one or
more selectable marker genes
that, upon expression, confer one
or more phenotypic traits useful
for selecting or otherwise
identifying host cells that carry
the expression vector.
Non-limiting examples of suitable
selectable markers for eukaryotic
cells include dihydrofolate
reductase and neomycin
resistance. Non-limiting examples
of suitable selectable markers
for prokaryotic cells include
tetracycline, ampicillin,
chloramphenicol, carbenicillin,
and lcanamycin resistance.
[00172]For production of a
bio-organic product at an
industrial scale, it may be
impractical or too costly to use
a selectable marker that requires
the addition of an antibiotic to
the fermentation media.
Accordingly, some embodiments of
the present invention employ host
cells that do not require the use
of an antibiotic resistance
conferring selectable marker to
ensure plasmid (expression
vector) maintenance. In these
embodiments of the present
invention, the expression vector
contains a plasmid maintenance
system such as the 60-kb IncP
(RK2) plasmid, optionally
together with the RIC2 plasmid
replication and/or segregation
system, to effect plasmid
retention in the absence of
antibiotic selection (see, for
example, Sia et al. (1995) J.
Bacteriol. 177:2789-97; Pansegrau
et al. (1994) J. Mel. Biol.
239:623-63). A  WO
20071139924PCT/US2007/012467
suitable plasmid maintenance
system for this purpose is
encoded by the parDE operon of
RK2, which codes for a stable
toxin and an unstable antitoxin.
The antitoxin can inhibit the
lethal action of the toxin by
direct protein-protein
interaction. Cells that lose the
expression vector that harbors
the parDE operon are quickly
deprived of the unstable
antitoxin, resulting in the
stable toxin then causing cell
death. The RIC2 plasmid
replication system is encoded by
the trfA gene, which codes for a
DNA replication protein. The RIC2
plasmid segregation system is
encoded by the parCIA operon,
which codes for proteins that
fwiction to resolve plasmid
multimers that may arise from DNA
replication. 1001731The subject
vectors can be introduced into a
host cell stably or transiently
by variety of established
techniques. For example, one
method involves a calcium
chloride treatment wherein the
expression vector is introduced
via a calcium precipitate. Other
salts, for example calcium
phosphate, may also be used
following a similar procedure. In
addition, electroporation (that
is, the application of current to
increase the permeability of
cells to nucleic acids) may be
used. Other transformation
methods include microinjection,
DRAB dextran mediated
transformation, and heat shock in
the presence of lithium acetate.
Lipid complexes, liposomes, and
denctrimers may also be employed
to transfect the host 



microorganism. [00174]Upon
transformation, a variety of
methods can be practiced to
identify the host cells into
which the subject vectors have
been introduced. One exemplary
selection method involves
subculturing individual cells to
form individual colonies,
followed by testing for
expression of the desired gene
product. Another method entails
selecting transformed host cells
based upon phenotypic traits
conferred through the expression
of selectable marker genes
contained within the expression
vector. Those of ordinary skill
can identify genetically modified
host cells using these or other
methods available in the art.
[00175]The introduction of
various pathway sequences of the
invention into a host cell can be
confirmed by methods such as PCR.
Southern blot or Northern blot
hybridization. For example,
nucleic acids can be prepared
from the resultant host cells,
and the specific sequences of
interest can be amplified by PCR
using primers specific for the
sequences of interest The
amplified product is subjected to
agarose gel electrophoresis,
polyacrylamide gel
electrophoresis or capillary
electrophoresis, followed by
staining with ethidium bromide,
SYBR Green solution or the like,
or detection of DNA with a UV
detection. Alternatively, nucleic
acid probes specific for the
sequences of interest can be
employed in a hybridization
reaction. The expression of a
specific gene sequence can be
ascertained by detecting the
corresponding mR_NA via
reveres-transcription coupled
PCR, Northern blot hybridization,
or  WO
2007/139924PCT/IIS2007/012467
by immunoassays using antibodies
reactive with the encoded gene
product. Exemplary inununosecays
include but are not limited to
ELISA, radioimmunoassays, and
sandwich inununoassays.
[00176]The yield of a bio-organic
compound via one or more
metabolic pathways disclosed
herein can be augmented by
inhibiting reactions that divert
intermediates from productive
steps towards formation of the
bio-organic product Inhibition of
the unproductive reactions can be
achieved by reducing the
expression and/or activity of
enzymes involved in one or more
unproductive reactions. Such
reactions include side reactions
of the TCA cycle that lead to
fatty acid biosynthesis, alanine
biosynthesis, the aspartate
superpathway, gluconeogenesis,
heme biosynthesis, and/or
glutamate biosynthesis, at a
level that affects the overall
yield of the bio-organic
compound. [00177]A variety of
methods are available for
knocking out or knocking down a
gene of interest For example, a
reduced gene expression may be
accomplished by deletion,
mutation, and/or gene
rearrangement. It can also be
carried out with the use of
antisense RNA, siRNA, miRNA,
ribozymes, triple stranded DNA,
and transcription and/or
translation inhibitors. In
addition, transposons can be
employed to disrupt gene
expression, for example, by
inserting it between the promoter
and the coding region, or between
two adjacent genes to inactivate
one or both genes. 



1001781The amount of
microorganism per liter of
fermentation, or the density of
microorganism, can be measured by
measuring the weight of
microorganism isolated from a
given volume of the fermentation
medium. A common measure is the
dry weight of cells per liter of
felinentation medium. Another
method which can be used to
monitor the fermentation while it
is progressing is by a
measurement of the optical
density of the medium. A common
method is to measure the optical
density at a wavelength of 600
tun, referred to the 01300, or
the OD. The OID can be correlated
to a the density of a specific
type of organism within a
specific medium, but the specific
relationship bet?oon OD and
amount of microorganism per
volume will not generally be
applicable across all types of
organisms in all types of media.
A calibration curve can be
created by measuring the OD and
the dry cell weight over a range
of cell densities. In some cases,
these correlations can be used in
different fermentation of the
same or similar microorganisms in
the same or similar media.
EXAMPLES [00179]The practice of
the present invention can employ,
unless otherwise indicated,
conventional techniques of the
biosynthetic industry and the
like, which are within the skill
of  WO
20071139924PCT1U520071012467 44
PCT/US200 rl'Ir
1,11,1111,i4.1,1.   the art. To
the extent such techniques are
not described fully herein, one
can find ample reference to them
in the scientific literature.
1001801in the following examples,
efforts have been made to ensure
accuracy with respect to numbers
used (for example, amounts,
temperature, and so on), but
variation and deviation can be
accommodated, and in the event a
clerical error in the numbers
reported herein exists, one of
ordinary skill in the arts to
which this invention pertains can
deduce the correct amount in view
of the remaining disclosure
herein. Unless indicated
otherwise, temperature is
reported in degrees Celsius, and
pressure is at or near
atmospheric pressure at sea
level. All reagents, unless
otherwise indicated, were
obtained commercially. The
following examples are intended
for illustrative purposes only
and do not limit in any way the
scope of the present invention.
[00181]Examplel  



1001821This example describes
methods for making expression
plasmids that encode enzymes of
the MEV pathway from
Saccharomyces cerevisiae
organized in operons.
[00183]Expression plasmid pMevT
was generated by inserting the
MevT operon (SEQ ID NO: 1) into
the pBAD33 vector. The MevT
operon encodes the set of MEV
pathway enzymes that together
transform the ubiquitous
precursor acetyl-CoA to (R)-
mevalonate, namely
acetoacetyl-CoA thiolase, HMG-CoA
synthase, and HMG-CoA reductase.
The MevT operon was generated by
PCR amplifying from Escherichia
coil genomic DNA the coding
sequence of the atoB gene
(GenBank accession number
NC_000913 REGION:
2324131..2325315) (encodes an
acetoacetyl-CoA thiolase), from
Saccharomyces cerevisiae genomic
DNA the coding sequence of the
ERGI3 gene (GenBank accession
number X966I 7, REGION:
220..1695) (encodes a HMG-CoA
synthase), and from
Saccharonlyces cerevisiae genomic
DNA a segment of the coding
region of the HMG.1 gene (GenBank
accession number M22002, REGION:
1660.3165) (encodes a truncated
HMGCoA reaductase (tHIvIGR)). The
upstream PCR primer used for the
amplification of the HMG; gene
fragment included an artificial
start codon. The amplified
fragments were spliced together
using overlap extensions
(S0Eing), during which process
ribosome binding sites were
introduced after the atoB and the
ERGI3 coding sequences. After the
addition of 3IA overhangs, the
MevT operon was ligated into the
TA cloning vector pCR4
(Invitrogen, Carlsbad, CA), and
sequenced to ensure accuracy. The
MevT operon was subsequently
ligated into the Xmal Pstl
restriction enzyme site of vector
pBAD33 (Guzman et al. (1995)
Bacterial 177(14): 4121.4130). To
place the operon under the
control of the Pus promoter,  WO
20071139924PCT/I152007/012467
the araC-PB,u3Nsil-XmaI fragment
of pBAD33 was replaced with the
Nsil-Xmal fragment of pBBRIMCS,
yielding expression plasmid pMevT
(see U.S. Patent Number
7,192,751). [00184]Expression
plasmid pANI36-MevT66 was
generated by inserting the MevT66
operon into the pAM36 vector.
Vector pAM36 was generated by
inserting an oligonucleotide
cassette containing
AscI-SIII-AsiSI-IthoI-PacI-Fsll-P
mel restriction enzyme sites into
the pACYC184 vector (GenBank
accession number X06403), and by
removing the let resistance gene
in pACYC184. The MevT66 operon
was synthetically generated using
the nucleotide sequence SEQ ID
NO: 1 as a template, which
comprises the atoB gene from
Escherichia colt (GenBank
accession number NC_000913
REGION: 2324131.2325315), the
ERGI3 gene from Saccharomyces
cerevisiae (GenBanIc arAvssion
number X96617, REGION:
220..1695), and a truncated
version of the I-IMG1 gene from
Saccharomyces cerevislae (GenBank
accession number M22002, REGION:
1777..3285), all three sequences
being codonoptimized for
expression in Escherichia colt
The synthetically generated
MevT66 operon was flanked by a 5'
EcoRI restriction enzyme site and
a 3' Hind III restriction enzyme
site, and could thus be cloned
into compatible restriction
enzyme sites of a cloning vector
such as a standard plIC or pACYC
origin vector. From this
construct, the MevT66 operon was
PCR amplified with flanking Sfrl
and AsiSI restriction enzyme
sites, the amplified DNA fragment
was digested to completion using
sx and AsiSI restriction enzymes,
the reaction mixture was resolved
by gel electrophoresis, the
approximately 4.2 kb DNA fragment
was gel extracted using a Qiagen
gel purification kit (Valencia,
CA), and the isolated DNA
fragment was ligated into the
.Syil AsiSI restriction enzyme
site of the pANL36 vector,
yielding expression plasmid
pAM36-MevT66. [00185]Expression
plasmid pAN125 was generated by
inserting the MevT66 operen into
the pAM29 vector. Vector pAM29
was created by assembling the pl
5A origin of replication and kcin
resistance gene from pZS24-MCSI
(Lutz and Bujard (1997)Nucl Acids
Res. 25:1203-1210) with an
oligonucleotide-generated lacUV5
promoter. The DNA synthesis
construct comprising the MevT66
operon (see above) was digested
to completion using EcoRI and
Hind III restriction enzymes, the
reaction mixture was resolved by
gel electrophoresis, the 4.2 kb
DNA fragment was gel extracted,
and the isolated DNA fragment was
ligated into the EcoRI Hindi)?
restriction enzyme site of
pAN129, yielding expression
plasmid pAM25. [00186]Expression
plasmid pMevB-Cm was generated by
inserting the MevB operon into
the pBBRIMCS-I vector. The MevB
operon encodes the set of enzymes
that together convert
(R)-mev-alonate to 1PP, namely
mevalonate kinase,
phosphomevalonate Itinase, and  
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pyrophosphate carboxylase. The
MevB operon was generated by PCR
amplifying from Saccharomyces
cerevisiae genomic DNA the coding
sequences of the ERGI2 gene
(GenBank accession number X55875,
REGION: 580..1911) (encodes a
mevalonate kinase), the ERG8 gene
(GenBank accession number Z49939,
REGION: 3363..4718) (encodes a
phosphomevalonate kinase), and
the il/VD/ gene (GenBank
accession number X97557, REGION:
544..1734) (encodes a mevalonate
pyrophosphate carboxylase), and
by splicing the PCR fragments
together using overlap extensions
(S0Eing). By choosing appropriate
primer sequences, the stop codons
of ERG12 and EROS were changed
from TAA to TAG during
amplification to introduce
ribosome binding sites. After the
addition of 3' A overhangs, the
MevB operon was ligated into the
TA cloning vector pCR4
(Invitrogen, Carlsbad, CA). The
MevB operon was excised by
digesting the cloning construct
to completion using Pstl
restriction enzyme, resolving the
reaction mixture by gel
electrophoresis, gel extracting
the 4.2 kb DNA fragment, and
ligating the isolated DNA
fragment into the Pstl
tt-striction enzyme site of
vector pBBRIMCS-1 (Kovach at al.,
Gene 166(1): 175-176 (1995)),
yielding expression plasmid
pMevB-Cm. [00187]Expression
plasmid pMBI was generated by
inserting the MBI operon into the
pBBR1MCS-3 vector. The MBI operon
encodes the same enzymes as the
MevB operon, as well as an
isopentenyl pyrophosphatase
isomerase that catalyzes the
conversion of 1PP to DMAPP. The
MBI operon was generated by PCR
amplifying from Escherichia coil
genomie DNA the coding sequence
of the idi gene (GenBank
accession number AP 119715) using
primers that contained an Xmal
restriction enzyme site at their
5' ends, digesting the amplified
DNA fragment to completion using
Xma/ restriction enzyme,
resolving the reaction mixture by
gel electrophoresis, gel
extracting the 0.5 kb fragment,
and ligating the isolated DNA
fragment into the Xma/restriction
enzyme site of expression plasmid
pMevB-Cm, thereby placing id/at
the 3' end of the MevB operon.
The MBI operon was subcloned into
the Sall and Sac/restriction
enzyme sites of vector pBBR1MCS-3
(Kovach etal., Gene 166(1):
175-176 (1995)), yielding
expression plasmid pMBI (see U.S.
Patent Number 7,192,751).
[00188]Expression plasmid pMBIS
was generated by inserting the
ispA gene into pMBI. The ispA
gene encodes a famesyl
pyrophosphate syntha.se that
catalyzes the conversion of IPP
and DMAPP to VP?. The coding
sequence of the ispA gene
(GenBank accession number 000694,
REGION: 484..1383) was PCR
amplified from Escherichia colt
genomic DNA using a forward
primer with a Sae/restriction
enzyme site and a reverse primer
with a Sacl restriction enzyme
site. The amplified PCR product
was digested to completion with
Sacll and Sac! restriction
enzymes, the reaction mixture was
resolved by gel  WO
2007/139924PCT/1332007/012467 47
PCTIUS200 electrophoresis, and
the 0.9 kb DNA fragment was gel
extracted. The isolated DNA
fragment was ligated into the
Snell Sad l restriction enzyme
site of pMBI, thereby placing the
ispA gene 3' of id/ and the MevB
operon, and yielding expression
plasmid pMBIS (see U.S. Patent
Number 7,192,751).
1001891Expression plasmid
pMBIS-gpps was derived from
expression plasmid pMBIS by
replacing the IspA coding
sequence with a nucleotide
sequence encoding a geranyl
diphosphate synthase ("gpps"). A
DNA fragment comprising a
nucleotide sequence encoding the
geranyl diphosphate synthase was
generated synthetically using the
coding sequence of the gpps gene
of Arabidopsis thaliana (GenBank
accession number Y17376, REGION:
52..1320), codon-optimized for
expression in Escherichia coll,
as a template. The nucleotide
sequence was flanked by a leader
Sac!! restriction enzyme site and
a terminal Sac! restriction
enzyme site, and can be cloned
into compatible restriction
enzyme sites of a cloning vector
such as a standard pUC or pACYC
origin vector. The synthetically
generated geranyl diphosphate
synthase sequence was isolated by
digesting the DNA synthesis
construct to completion using
Sac!! and Sacl restriction
enzymes, resolving the reaction
mixture by gel electrophoresis,
gel extracting the approximately
1.3 kb DNA fragment, and ligating
the isolated DNA fragment into
the Saar Sae restriction enzyme
site of expression plasmid pMBIS,
yielding expression plasmid
pMBIS-gpps (see Figure 6 for a
plasmid map). (001901Expression
plasmid pAM45 was generated by
inserting the MBIS operon into
pAM36-MevT66 and adding lacUV5
promoters in front of the two
operons. The MBIS operon was PCR
amplified from pMBIS using
primers comprising a 5' Xhol
restriction enzyme site and a 3'
Pad restriction enzyme site. The
amplified PCR product was
digested to completion using Xhol
and Pact restriction enzymes, the
reaction mixture was resolved by
gel electrophoresis, the 5.4 kb
DNA fragment was gel extracted,
and the isolated DNA fragment was
ligated into the Alto/ Pad
restriction enzyme site of
pAM36-MevT66, yielding plasmid
pAM43. A DNA fragment comprising
a nucleotide sequence encoding
the lacUV5 promoter was
synthesized from oligonucleotides
and sub-cloned into the Asa Sfil
and AsiSI Athol restriction
enzyme sites of pAM43, yielding
expression plasmid pAM45. 



(001911Example 2  [00192]This
example describes methods for
making expression vectors
encoding enzymes of the MEV
pathway from Staphylococcus
aureus organized in operons.
[001931Expression plasmid pAM41
was derived from expression
plasmid pAM25 by replacing the
coding sequence of the HMG! gene,
which encodes the Saccharomyces
cerevistae HMG-CoA reductase,
with the coding sequence of the
mvaA gene, which encodes  WO
2007/139924PCT11JS2007/012467 48
PCT/US200       ij  



the Staphylococcus aureus HMG-CoA
reductase (GenBank accession
number 8A000017, REGION:
2688925..2687648). The coding
sequence of the mm4 gene was PCR
amplified from Staphyloccoccus
aureus subsp. aureus (ATCC 70069)
genomic DNA using primers 4- 49
mvaA SpeI (SEQ ID NO: 2) and 4-49
mvaARXbal (SEQ ID NO: 3), the
amplified DNA fragment was
digested to completion using SpeI
restriction enzyme, the reaction
mixture was resolved by gel
electrophoresis, and the
approximately 13 kb DNA fragment
was gel extracted. The HMG,
coding sequence was removed from
pAM25 by digesting the plasmid to
completion using HindIll
restriction enzyme. The terminal
overhangs of the resulting linear
DNA fragment were blunted using
T4 DNA polymerase. The DNA
fragment was then partially
digested using Spel restriction
enzyme, the reaction mixture was
resolved by gel electrophoresis,
and the 4.8 kb DNA fragment was
gel extracted. The isolated DNA
fragment was ligated with the
.S'pe/-digested mvaA PCR product,
yielding expression plasmid
pAM41. The nucleotide sequence of
the atoB(opt):ERG13(opOunvaA
operon contained in pAM41 is SEQ
ID NO: 41. ERG13 is also known as
HMOS or HMG-CoA synthase.
100194]Expression plasmid pANI52
was derived from expression
plasmid pAM41 by replacing the
coding sequence of the ERGI3
gene, which encodes the
Saccharonryces cerevisiae HMG-CoA
synthase, with the coding
sequence of the mvaS gene, which
encodes the Staphylococcus aureus
HMG-CoA synthase (GenBank
accession number 9A000017,
REGION: 2689180..2690346) . The
coding sequence of the mvaS gene
was PCR amplified from
StaphyIoccoccus aureus subsp.
attreus (ATCC 70069) genomic DNA
using primers HMGS 5' Sa mvaS-S
(SEQ ID NO: 4) and HMOS 3' Sa
mvaS-AS (SEQ ID NO; 5), and the
amplified DNA fragment was used
as a PCR primer to replace the
coding sequence of the HMGI gene
in pAM41 according to the method
of Geiser at al. (BioTechniques
31:88-92 (2001)), yielding
expression plasmid pAM52. The
nucleotide sequence of the
atoB(opt):mva&mvaA operort
contained in pAM52 is SEQ ID NO:
42. 1001951Expression plasmid
pAM97 was derived from expression
plasmid pAM45 by replacing the
MevT66 operon with the
(atoB(opt):mvaS:mvaA)operon of
expression plasmid pAIV152.
Expression plasmid pAM45 was
digested to completion using
AsiSI and Sfi/ restriction
enzymes, the reaction mixture was
resolved by gel electrophoresis,
and the 8.3 kb DNA fragment
lacking the MevT66 operon was gel
extracted. The
(atoB(opt):mvaS:mvaA) operon of
pAM52 was PCR amplified using
primers 19-25 atoB Sfil-S (SEQ ID
NO: 6) and 19-25 mvaA-AsiSI-AS
(SEQ ID NO: 7), the PCR product
was digested to completion using
Slit and AsiS/ restriction
enzymes, the reaction mixture was
resolved by gel electrophoresis,
the 3.7 kb DNA fragment was gel
extracted, and the isolated DNA
fragment was ligated into  WO
2007/139924 -PCT1US2007/012467
the As/S1 VLF restriction enzyme
site of expression plasmid pAM45,
yielding expression plasmid
pAM97. [00196]Expression plasmid
pAM97-MBI was derived from
expression plasmid pAM97 and
pA1V145 by replacing the MBIS
operon of pAM97 with the MB1
operon of pAM45. The MBI operon
was PCR amplified from pAM45
using primers 9-70C (SEQ ID NO:
8) and 26-39B (SEQ ID NO: 9), the
reaction mixture was resolved by
gel electrophoresis, the 4.5 kb
DNA fragment was gel extracted,
and the isolated DNA fragment was
digested to completion using Sae
and Ina restriction enzymes.
Expression plasmid pAM97 was
digested to completion using Sac!
and Xhol restriction enzymes, the
reaction mixture was resolved by
gel electrophoresis, the 7.6 kb
fragment was gel extracted, and
the isolated DNA fragment was
ligated with the MB! operon PCR
product, yielding expression
plasmid pAM97-MBI.
1001971Expression plasmid
pit14.97-MevB was derived from
expression plasmid pAM97 and
pAN145 by replacing the MB1S
operon of pAM97 with the MevB
operon of pAM45. The MevB operon
was PCR amplified from pAM45
using primers 9-70C (SEQ ID NO:
8) and 26-39A (SEQ ID NO: 10),
the reaction mixture was resolved
by gel electrophoresis, the 3.9
kb DNA fragment was gel
extracted, and the isolated DNA
fragment was digested to
completion using Sac! and Xhol
restriction enzymes. Expression
plasmid pAM97 was digested to
completion using Sacl and Alto,
restriction enzymes, the reaction
mixture was resolved by gel
electrophoresis, the 7.6 kb
fragment was gel extracted, and
the isolated DNA fragment was
ligated with the MevB operon PCR
product, yielding expression 



plasmid pAM97-MevB.
1001981Expression plasmid
pAlt4128 was generated by
inserting the
(atoB(opt):mvaS:mvaA) and 1VIBIS
operons of expression plasmid
pAM97 into a vector that
comprises the RIC plasrnid
replication, segregation, and
maintenance system, which
obviates the continuous need for
antibiotic selection of host cell
transformants. The R1C2 plasmid
was digested to completion using
Pst/ restriction enzyme, the
reaction mixture was resolved by
gel electrophoresis, the
approximately 6.3 kb DNA fragment
containing the entire par locus
was gel extracted, and the
isolated DNA fragment was
subcloned into the Pstl
restriction enzyme site of the
mini RIC2 replicon pRRIO (Roberts
et al. (1990)J Bacteria 172(11):
6204-6216), yielding vector
pAM132. Expression plasmid pAM97
was digested to completion using
Ascl and Sacl restriction
enzymes, the reaction mixture was
resolved by gel electrophoresis,
the approximately 9.4 kb DNA
fragment was gel extracted, and
the isolated  WO
20071139924PCT/1352007/012467
PCT/US200  DNA fragment was
ligated into the Mtn/ Sad
restriction enzyme site of
pAM132, yielding expression
plasmid pAM128. [00199]Example 3
[00200]This example describes
methods for making expression
vectors that encode enzymes of
the MEV pathway from Emerococcus
faecalis organized in operons.
[00201]Plasmid pAM16 was
generated by inserting the coding
sequence of the mvaE gene of
Enterococcus /oceans (GenBank
accession number AF290092 REGION:
1479..3890) (encodes an
acetyl-CoA
acetyltransferase/HMG-CoA
reductase (HMOR)) into the
pBlueScripII-KS(+) vector. The
coding sequence of the mvaE gene
was PCR amplified from
Enterococcus faeealis genomic DNA
(ATCC 700802) using 5'
phosphorylated primers 4-40 mvaEF
BarnHI (SEQ ID NO: I I) and 4-40
mvaERHindIII (SEQ ID NO: 12).
(Note that primer 4-40 mvaEF
Bamill changes the start codon of
the mvaE gene from TTG to ATG in
the amplified PCR product.) The
resulting PCR product was ligated
into the Sinai restriction enzyme
site of pBlueSeripII-ICS(+)
(Stratagene, La Jolla, CA),
yielding expression plasmid
pA1V116. [00202]Plasmid pAM18 was
generated by inserting the coding
sequence of the mvaS gene of
Enterococcus faecalis (GenBank
accession number AF290092 REGION:
142..1293) (encodes a HMO-CoA
synthee (HMOS)) into the
pBlueScrip1I-KS(+) vector. The
coding sequence of the mvaS gene
was PCR amplified from
Enterocoecus faecalis genomic DNA
(ATCC 700802) using 5'
phosphorylated primers 4-40 mvaSF
Bell (SEQ ID NO: 13) and 4- 39
mvaSR BamHI (SEQ ID NO: 14), and
the PCR product was ligated into
the Smal restriction enzyme site
of pBlueSeripTI-KS(+)
(Stratagene, La Jolla, CA),
yielding expression plasmid
pAM18. [00203]Expression plasmid
pAM22 was generated by inserting
the coding sequence of 



the mvaE gene of expression
plasmid pAM16 into the
pZE21-PL.4.01 vector. Vector
pZE21- Pt4emi is a derivative of
vector pZE21-MCS-1 in which the
tet promoter was replaced with
the PI..)aoOt promoter (Lutz and
Bujard (1997)Nucl Acids Res.
25:1203-1210). Expression plasmid
pAM16 was digested to completion
using Bamill and HindlIl
restriction enzymes, the reaction
Mixture was resolved by gel
electrophoresis, the
approximately 2.4 kb DNA fragment
containing the mvaE coding
sequence was gel extracted, and
the isolated DNA fragment was
inserted into the Bandll HindlII
restriction enzyme site of
pZE21-PrAlem yielding expression
plasmid pAM22. [00204]Expression
plasmid pAM33 was generated by
inserting the coding sequence of
the mvaS gene of expression
plasmid pAh418 into expression
plasmid pAM22. Expression  WO
2007/139974PCTAIS20071012467  51
PCT/US200 Ei;ii
111JiNtIT.ty,t,,t,    plasmid
pAMI8 was digested to completion
using Bel and Bandit restriction
enzymes, the reaction mixture was
resolved by gel electrophoresis,
the approximately 12 kb DNA
fragment containing the coding
sequence of the am& gene was gel
extracted, and the isolated DNA
fragment was inserted into the
BantH1 site of expression plasmid
pAM22, yielding expression
plasmid pAM33. 1002051Expression
plasmid pAM34 was generated by
inserting the mvaS-rnvaE operon
of expression plasmid pAM33 into
vector pAM29. The mvaS-ntvaE
opevron was isolated by partially
digesting pAM33 using Beek(
restriction enzyme, digesting the
resulting linear DNA fragment
using Mut restriction enzyme,
resolving the reaction mixture by
gel electrophoresis, and gel
extracting the apeoximately 3.6
kb DNA fragment. The vector
backbone of pAM29 was obtained by
digesting to completion
expression vector pAM25 using
M/u/ and Etc/A/restriction
enzymes, resolving the reaction
mixture by gel electrophoresis,
and gel extracting the
approximately 2.1 kb DNA
fragment. The two isolated DNA
fragments were ligated, yielding
expression plasmid pAM34.
1002061Example 4  1002071This
example describes methods for
making expression plasrnids that
encode enzymes of the DXP pathway
from Escherichia coil organized
in perms. 1002081Expression
plasmid pAM408 was generated by
inserting genes encoding 



enzymes of the "top" DXP pathway
into the pAM29 vector. Enzymes of
the "top" DXP pathway include I
-deoxy-D-xylu1ose-5-phosphate
synthase (encoded by the its gene
of Escherichia call),
1-deoxy-D-xylulose-5-phosphate
reductoisornerase (encoded by the
dxr gene of Escherichia coil),
4-diphosphoeyddy1-2C-methyl-D-ery
thritol synthase (encoded by the
ispD gene of Escherichia colt),
and
4-diphosphocytidy1-2C-methyl-D-er
ythritol synthase (encoded by the
ispE gene of Escherichia colt),
which together transform pyruvate
and DglycemIdehyde-3-phosphate to
4-diphosphocytidy1-2C-methyl-D-er
ythrito1-2-phosphate. DNA
fragments comprising nucleotide
sequences that encode enzymes of
the "top" DXP pathway were
generated by PCR amplifying the
coding sequences of the its
(GenBank accession number 1)00096
REGION: 437539..439401), eta.
(GenBank accession number 1)00096
REGION: 193521..194717), ispD
(GenBank accession number 1)00096
REGION: 2869803.2870512), and
ispE (Gen13ank accession number
1)00096 REGION 1261249..1262100)
genes from Escherichia colt
strain DH1 (ATCC #33849) with
added optimal Shine Dalgarno
sequences and 5' and 3'
restriction enzyme sites using
the PCR primers shown in SEQ ID
NOS: 15-18. The PCR products were
resolved by gel electrophoresis,
gel extracted using a Qiagen
(Valencia, CA) gel purification
kit, digested to  WO
2007/139924PCT/US2007/012467
completion using appropriate
restriction enzymes (Xhol and
Kpnl for the PCR product
comprising the dxs gene; Kpnl and
Apel for the PCR product
comprising the eixr gene; Apal
and Ndel for the PCR product
comprising the ispD gene; Ndel
and Mluf for the PCR product
comprising the ispE gene), and
purified using a Qiagen
(Valencia, CA) PCR purification
kit. Roughly equimolar amounts of
each PCR product were then added
to a ligation reaction to
assemble the individual genes
into an operon. From this
ligation reaction, 1 ul of
reaction mixture was used to PCR
amplify 2 separate gene
cassettes, namely the dxs-dxr and
the ispDispE gene cassettes. The
dxs-der gene cassette was PCR
amplified using primers 67-1A-C
(SEQ ID NO: 15) and 67-10-C (SEQ
ID NO: 18), and the ispD-ispE
gene cassette was PCR amplified
using primers 67-1E-C (SEQ ID NO:
19) and 67-1H-C (SEQ ID NO: 22).
The two PCR products were
resolved by gel electrophoresis,
and gel extracted. The PCR
product comprising the drs-dxr
gene cassette was digested to
completion using Xho/ and Apal
restriction enzymes, and the PCR
product comprising the ispD-ispE
gene cassette was digested to
completion using Apal and M/u/
restriction enzymes, and the two
PCR products were purified.
Vector pAM29 was digested to
completion using Sall and M/u/
restriction enzymes, and the two
digested PCR products containing
the "top" DXP pathway operon were
ligated into the Sall Mel
restriction enzyme site of the
pAM29 vector, yielding expression
plasmid pAM408 (see Figure 7 for
a plasmid map). 1002091Expression
plastnid pAM409 was generated by
inserting genes encoding enzymes
of the "bottom" DXP pathway into
the pAM369 vector. Enzymes of the
"bottom" DX? pathway include
2C-methyl-D-erythrito12,4-cyclodi
phosphate synthase (encoded by
the ispF gene of Escherichia
coil),
1-hyclroxy-2-methy1-2-(E)-buteny1
-4-cliphosphate synthase (encoded
by the ispG gene of Escherichia
cal), and
isopentenyl/dimethyla1134
diphosphate synthase (encoded by
the ispH gene of Escherichia
coil), which together transform
4diphosphocyfidy1-2C-methyl-D-ery
thritol-2-phosphate to IPP and
DMA??. IPIT is also converted to
DMAPP through the activity of
isopentyl diphospbate isoraerase
(encoded by the idi gene of
Escherichia coil). DMA?? can be
further converted to EPP through
the activity of famesyl
diphosphate synthase (encoded by
the ispA gene of Escherichia
coil). An operon encoding enzymes
of the "bottom" DXP pathway as
well as an isopentyl diphosphate
isomerase and a famesyl
diphosphate synthase was
generated by PCR amplifying the
ispF (GenBank accession number
U00096 REGION: 2869323..2869802),
ispG (GenBank accession number
1300096 REGION:
2638708..2639826), ispH (GenBank
accession number 1100096 REGION:
26277..27227), idi ((JenBank
accession number AF119715), and
ispA (GenBank accession number
000694 REGION: 484..1383) genes
from  WO
2007/139924PCT1C1S2007/012467 53
PCT/US200 Escherichia call strain
DH1 (ATCC #33849) with added
optimal Shine Dalgarno sequences
and 5' and 3' restriction enzyme
sites using the appropriate PCR
primers. The PCR products were
resolved by gel electrophoresis,
gel extracted, digested with the
appropriate restriction enzymes
(BamHI and Apal for the PCR
product comprising the ispF gene;
Ifpnl and April for the PCR
product comprising the ispG gene;
Sall and Kpnl for the PCR product
comprising the ispH gene; Sall
and HindIll for the PCR product
comprising the (di gene; Hind!!!
and Ncol for the PCR product
comprising the ispA gene), and
purified. Roughly equimolar
amounts of each PCR product were
then added to a ligation reaction
to assemble the individual genes
into an operon. From this
ligation reaction, 1 pi of
reaction mixture was used to PCR
amplify 2 separate gene
cassettes, namely the ispF-ispG
and the ispH-idi-ispA gene
cassettes. The ispF-ispG gene
cassette was PCR amplified using
primers 67-2A-C (SEQ ID NO: 23)
and 67-2D-C (SEQ ID NO: 26), and
the ispH-Idi-ispA gene cassette
was PCR amplified using primers
67-2E-C (SEQ ID NO: 27) and
67-2J-C (SEQ ID NO: 32). The two
PCR products were resolved by gel
electrophoresis, and gel
extracted. The PCR product
comprising the ispF-1s10 gene
cassette was digested to
completion using BamHI and Kpnl
restriction enzymes, and the PCR
product comprising the
ispH-idi-ispA gene cassette was
digested to completion using Kpnl
and Ncol restriction enzymes, and
the two PCR products were
purified. Vector pAM369 was
created by assembling the pl5A
origin of replication from pAM29
and beta-lactamase gene for
ampicillin resistance from
pZEI2-luc (Lutz and Bujard
(1997)Nucl Acids Res.
25:1203-1210) with an
oligonucleotide-generated lacUV5
promoter. Vector pAM369 was
digested to completion using
BantHI and Ncol restriction
enzymes, and the 2 isolated PCR
products containing the "bottom"
DXP pathway operon were ligated
into the BatnHI Neal. restriction
enzyme site of the pAM369 vector,
yielding expression plastnid
pAM409. 1002101Expression plasmid
pAM424, a derivative of
expression plasmid pAM409
containing the broad-host range
RX2 origin of replication, was
generated by transferring the
(acUV5 promoter and the
ispFGH-idi-ispA operon of pA.M409
to the pAM257 vector. Vector
pAM257 was generated as follows:
the 1(1(2 par locus was
PCR-amplified from RK2 plasmid
DNA (Meyer at al. (1975) Science
190:12264228) using primers
9-156A (SEQ ID NO: 33) and
9-15613 (SEQ ID NO: 34), the 2.6
kb PCR product was digested to
completion using Aatll and Xhof
restriction enzymes, and the DNA
fragment was ligated into a
plasmid containing the p15 origin
of replication and the
chlorarnphenicol resistance gene
from vector pZA314uc (Lutz and
Bujard (1997) Nucl Acids Res.
25:1203-1210), yielding plasmid
pAM37-par; pAM37-par was digested
to completion using restriction
enzymes Sac! and  WO
20071139924PCT11JS20071012467  



Hint/Ill, the reaction mixture
was resolved by gel
electrophoresis, the DNA fragment
comprising the RIC2 par locus and
the chloramphenicol resistance
gene was gel extracted, and the
isolated DNA fragment was ligated
into the Sac.I !final] site of
the mini-RIO replicon pRR10
(Roberts et al. (1990)J
Bacteriol. 172:6204-6216),
yielding vector pAM133; pAM133
was digested to completion using
Bg11.1 and Hind& restriction
enzymes, the reaction mixture was
resolved by gel electrophoresis,
the approximately 6.4 kb DNA
fragment lacking the ampicillin
resistance gene and oriT
conjugative origin was gel
extracted, and the isolated DNA
fragment was ligated with a
synthetically generated DNA
fragment comprising a multiple
cloning site that contained Pcif
and Xhol restriction enzyme
sites, yielding vector pAM257.
Expression plasmid pAM409 was
digested to completion using Xhol
and Pcil restriction enzymes, the
reaction mixture was resolved by
gel electrophoresis, and the
approximately 4.4 kb DNA fragment
was gel extracted. Vector pAM257
was digested to completion using
restriction enzymes flat and
Pell, and the isolated DNA
fragment containing the /acUV5
promoter and ispFGH-idi-ispA
operon was ligated into the
Xho/Pci/restriction enzyme site
of the pAM257 vector, yielding
expression plasmid pAIV1424 (see
Figure 8 for a plasmid map).
[00211]Example 5  [00212)This
example describes methods for
making expression plasmids that
encode enzymes that convert EPP
or GPP. [00213)Expression plasmid
pTrc99A-ADS was generated by
inserting a nucleotide sequence
encoding an amorpha-4,11-cliene
synthase ("ADS") into vector
pTre99A. The amorpha-4,1I-diene
synthase sequence was generated
synthetically, so that upon
translation the amino acid
sequence would be identical to
that described by Merke at al.
(2000)4ch. Biochem. Biophys.
381:173-180, so that the
nucleotide sequence encoding the
amorpha-4,11- diene synthase was
optimized for expression in
Escherichia coli, and so that the
nucleotide sequence was flanked
by a 5' Neel and a 3' Xmal
restriction enzyme site (see U.S.
Patent Number 7,192,751). The
nucleotide sequence was digested
to completion using Ncol and
Kraal restriction enzymes, the
reaction mixture was resolved by
gel electrophoresis, the
approximately 1.6 kb DNA fragment
was gel-extracted, and the
isolated DNA fragment was
inserted into the Ncol Xmal
restriction enzyme site of the
pTrc99A vector (Amman et al.
(1985) Gene 40:183-190), yielding
expression plasmid pTrc99A-ADS
(see Figure 9 for a plasmid map).
[002141Expression plasrnid pAM113
is a chloramphenicol-resistant
derivative of pTrc99A-ADS. It was
generated by PCR amplifying the
chloramphenicol resistance gene
from vector pZA31-luc (Lutz and
Bujard (1997) Nucl Acids Res,
25:1203-1210) using 5'-
phosphorylated primers 19-137
cml-pAM37-AS (SEQ IL) NO: 35)and
19-137 cml-pAM37-S (SEQ ID NO:
36), and inserting the 920 bp PCR
product into the Fspl restriction
enzyme site of expression plasmid
pTrc99A-ADS, yielding expression
plasmid pAM113. [002151Expression
plasrnid pC9 was generated by
inserting a genomic DNA fragment
of Bacillus subtilis 6051
comprising the coding sequence of
the nuclF gene and upstream
genomic sequences (GenBank
accession number Z99116 REGION:
49364..48548) into vector pTrc99A
(Amami at al. (1988) Gene
69:301-315). Expression plasmid
pNudF-H was generated by
inserting the coding sequence of
the Bacillus subtilis 6051 nudF
gene (GenBank accession number
Z99116 REGION: 49105..48548) into
vector pTrc99A. Expression
plasmid pyhfR was generated by
inserting the coding sequence of
the Bacillus subtilis 6051 yhjR
gene (GenBank accession number
Z99109 REGION: 97583..97002) into
vector pTrc99A. [00216]Expression
plasmid pAM373 was generated by
inserting a nucleotide sequence
encoding the p-famesene synthase
("FSB") of Artemisia annua
(GenBanIc accession number
AY835398), codon-optimized for
expression in Escherichia call,
into the pTre99A vector. The
nucleotide sequence encoding the
8-farnesene synthase was
generated synthetically, and was
amplified by PCR from its DNA
synthesis construct using the
appropriate primers. To create a
leader Neal restriction enzyme
site in the PCR product
comprising the fl-famesene
synthase coding sequence, the
cod.on encoding the second amino
acid in the original polypeptide
sequence (TCG coding for serine)
was replaced by a (*don encoding
aspartic acid (GAC) in the 5' PCR
primer (SEQ ID NO: 37). The
resulting PCR product was
partially digested using Neal
restriction enzyme, and digested
to completion using Sac/
restriction enzyme, the reaction
mixture was resolved by gel
electrophoresis, the
approximately 1.7 kb DNA fragment
comprising the 13-farnesene
synthase coding sequence was gel
extracted, and the isolated DNA
fragment was ligated into the
Near Sac/ restriction enzyme site
of the pTrc99A vector, yielding
expression plasmid pAM373 (see
Figure 9 for a plasmid map). 



1002171Expression plasmids
pTrc99A-FSA, pTrc99A-GTS,
pTrc99A-PS, pTrc99A- TS were
generated by inserting a DNA
fragment comprising a nucleotide
sequence encoding an arfamesene
synthase ("FSA"), a y-terpinene
synthase ("GTS"), an a-pinene
synthase ("APS"), or a
terpinolene synthase ("TS") into
the pTrc99A vector. The DNA
fragment insert was generated
synthetically, using as a
template for example the coding
sequence of the afamesene
synthase gene of Picea abies
(GenBank accession number
AY473627, REGION:  WO
2007/139924PCT/13S2007/012467
24..1766), the coding sequence of
the p-famesene synthase gene of
Artemisia annua (GenBank
accession number AY835398), the
coding sequence of the
ry-terpinene synthase gene of
Citrus limon (GenBank accession
number AF514286 REGION:
30..1832), the coding sequence of
the u-pinene synthase gene of
Abler grandly (Gent3ank accession
number 1.187909, REGION: 6..1892)
or of Pima taeda (GenBank
accession number AF543530 REGION:
1..188'7), or the coding sequence
of the terpinolene synthase gene
of Ocimum basilicum (GenBank
accession number AY693650) or of
Pseudatsuga menziesii (GenBank
accession number AY906866
REGION:10..1887) or of Abler
grant/is (GenBanIc accession
number API 39206), all nucleotide
sequences being codon-optimized
for expression in Escherichia
coll. The DNA fragments for FSA
was amplified by PCR from its DNA
synthesis construct using the
primer sequences SEQ ID NO: 39
and SEQ ID NO: 40. The resulting
PCR product was digested to
completion using No91 and Sac!
restriction enzymes, the reaction
mixture was resolved by gel
electrophoresis, the
approximately 1.7 kb DNA fragment
comprising the a-famesene
synthase coding sequence was gel
extracted, and the isolated DNA
fragment was limited into the
Neal Sac! restriction enzyme site
of the pTrc99A vector, yielding
expression plasmid pTrc99A-FSA
(see Figure 9 for a plasmid map).
The DNA fragments for GTS, MS,
and TS were designed to be
flanked by a leader Xmal
restriction enzyme site and a
terminal Jib& restriction enzyme
site, and were cloned into
compatible restriction enzyme
sites of a cloning vector such as
a standard pUC or pACYC origin
vector, from which they could be
liberated again by digesting to
completion the DNA synthesis
construct using Xbal and Xmal
restriction enzymes, resolving
the reaction mixture by gel
electrophoresis, and gel
extracting the 1.7 to 1.9 terpene
synthase encoding DNA fragment.
The isolated DNA fragments were
ligated into the
Xma/Xba/restriction enzyme site
of vector pTrc99A (Amman et al.,
Gene 40:183-190 (1985)), yielding
plasmids pTrc99A-GTS,
pTrc99A-APS, or pTre99A-TS (see
Figure 9 for plasmid maps).
[00218]Expression plasmids
pRS425-FSA and pRS425-FSB were
generated by inserting a
nucleotide sequence encoding an
a-famesene synthase ("FSA") or a
0-farnesene synthase ("FSB"),
respectively, into the
pRS425-Gall vector (Mtunberg et.
al. (1994) Nucl. Acids. Res.
22(25): 5767-5768). The
nucleotide sequence inserts were
generated synthetically, using as
a template for example the coding
sequence of the a-farnesene
synthase gene of Piece abler
(GenBank accession number
AY473627, REGION: 24..1766) or of
the 13-famesene synthase gene of
Artemisia annua (GenBank
accession number AY835398),
codon-optimized for expression in
Saccharomyces cerevisiae. The
synthetically generated
nucleotide sequence was flanked
by a 5' Barn HI site and a 3'
Xizol site, and could  WO
2007/139924PCT/US2007/012467
thus be cloned into compatible
restriction enzyme sites of a
cloning vector such as a standard
pUC or pACYC origin vector. The
synthetically generated
nucleotide sequence was isolated
by digesting to completion the
DNA synthesis construct using
Banta! and Xhol restriction
enzymes. The reaction mixture was
resolved by gel electrophoresis,
the approximately 1.7 kb DNA
fragment comprising the
a-famesene synthase or p-famesene
synthase coding sequence was gel
extracted, and the isolated DNA
fragment was ligated into the
Barnifi Xhol restriction enzyme
site of the pRS425-Gall vector,
yielding expression plasmid
pRS425-FSA or pRS425-FSB,
respectively. 100219]Expression
plasmids pTrc99A-LLS,
pTrc99A-LMS, pTrc99A-BPS,
pTrc99A- P1-IS, pTrc99A-CS, and
pTrc99A-SS are generated by
inserting a nucleotide sequence
encoding a limier)] synthase
("LLS"), limonene synthase
("LMS"),P-pinene synthase
("BPS"), 13-phellandrene
("PITS"), carene synthase ("CS"),
or sabinine synthase ("SS") into
the pTrc99A vector. The
nucleotide sequence inserts are
generated synthetically, using as
a template for example the coding
sequence of the linalool synthase
gene of Artemisia annua (GenBank
accession number AF154124,
REGION: 13..1764), the coding
sequence of the limonene synthase
gene of Abies grandis (GenBank
accession number AF006193 REGION:
73..1986), the coding sequence of
the P-pinene synthase of
Arte,nisia contra (GenBank
accession number AF276072 REGION:
1..1749), the coding sequence of
the P-phellandrene synthase gene
of Abler grandis (GenBank
accession number AF139205 REGION:
34..1926), the coding sequence of
the carene synthase gene of
Salvia stenophylla (GenBank
nttcPssion number AF527416
REGION: 78..1871), or the coding
sequence of the sabinene synthase
gene of Salvia officinalis
(GenBank accession number
AF051901 REGION: 26..1798). The
nucleotide sequences encoding the
p-pinene, sabinine, and
p-phellanclrene syntheses are
flanked by a leader Xmal
restriction enzyme site and a
terminal Xbal restriction enzyme
site, the nucleotide sequences
encoding the linalool and carene
syntheses are flanked by a leader
Ncol restriction enzyme site and
a terminal Xmairestriction enzyme
site, and the nucleotide sequence
encoding the limonene synthase is
flanked by a leader Ncol
restriction enzyme site and a
temtinal Pstl restriction enzyme
site. The DNA synthesis
constructs are digested to
completing using Xmal and Xbal
(for the p-pinene, sabinine, and
p-phellandrene synthase
constructs), Ncol and line!
restriction enzymes (for the
linalool and careen synthase
constructs), or Xbal and Pstl
restriction enzymes (for the
limonene synthase construct). The
reaction mixtures are resolved by
gel electrophoresis, the
approximately 1.7 to 1..9 kb DNA
fragments are gel extracted, and
the isolated DNA fragments are
ligated into the Xmal Xbal
restriction enzyme site (for the
p-pinene, sabinine, and
P-phellandrene synthase inserts),
the  



WO 2007/139924PCT/US2007/012467
58 PCT/US200 Ncol Xmal
restriction enzyme site (for the
linalool and carene synthase
inserts), or the Xbal Esti
restriction enzyme site (for the
limonene synthase insert) of the
pTrc99A vector, yielding
expression plasmids pTrc99A-LLS,
pTre99A-LMS, pTrc99A-BPS,
pTrc99A-PlIS, pTrc99ACS, and
pTrc99A-SS (see Figure 9 for
plasmid maps). [00220]Exam-ale 6
[00221]This example describes the
generation of Escherichia coil
host strains useful in the
invention. [00222]As detailed in
Table 1, the host strains were
created by transforming
chemically competent Escherichia
coli parent cells with one or
more expression plasmids of
Example 1 through 5. Table 1. E.
coil host strains Host Strain
E.coli Parent Strain Expression
Plasmids Antibiotic Selection 832
DH1 pMevT pMBIS pTrc99A-ADS 100
ug/mL carbenicillin 5 ug/mL
tetracycline 34 ug/mL
chloramphenicol 



100 ug/mL carbenicillin 34 ug/mL
chloramphenicol 100 ug/mL
carbenicillin 34 ug/mL
chloramphenicol 50 ughnL
kanamycin 100 ug/mL carbenicillin
5 ug/mL tetracycline 8292 B
8210 DP   8153 DH1 pAM97
pTrc99A-ADS  8282 



DP   8255 Dill pAM128 pAA4113
8256 DP   886 DH1 pAM52 pMBIS
pTre99A-ADS pAM25 pBBR1MCS-3
pTrc99A  861 DH1 



862  pAM34 pBBR1MCS-3 pTrc99A
8003 DH1OB pTrc99A-ADS 100 pg/mt
carbenicillin B617  pAM408
pTrc99A-ADS 100 ug/mL
carbenicillin 50 ug/mL kanamyein
8618  pAM424 pTrc99A-ADS 100
ug/mL carbenicillin 



35 pg/m1 chloramphenicol  WO
2007/139924  PCT/1352007/012467
59 PCT/US200  11,1hp'    Host
Strain E.coli Parent Strain
Expression Plasmids Antibiotic
Selection 13619  pAM408 pAM424
pTrc99A-ADS 



100 pg/ml carbenicillin 50
pg/mIlcanamycin 35 pg/ml
chloramphenicol 8650 DHI OB
pAM373 100 pg/m1 carbenicillin
8651  pAM408 pAM373 100 gg/ml
carbenicillin 50 pg/m1 kanamycin
8652  pAM424 pAM373 



100 lig/id carbenicillin 35 gWm1
chloramphenicol 8653  pAM408
pAM424 pAlvI373 100 gg/ml
carbenicillin 50 pg/m1 kanamycin
3514/ml chloramphenicol 8286 DHI
pAM97-MevB pC9 100 ug/mL
carbenicillin 34 ug/mL
chloramphenicol. 8287  pAM97-MevB
pnudF-H  



8288  pAM97-Me1/13 pyhfR  13291
pAM97-MBI PVIIIR  8592 DH1 pMevT
pMB1S pTre99A-ESA 100 ug/mL
carbenicillin 34 ug/mL
chlorarnphenicol 5 ug/mL
tetracycline 8552  pMevT pivIBIS
pAM373  Example 21 host cell
(production of TS, APS, TS) . 



pMevT pMBIS-gpps pTrc99A-GTS or
-APS or -TS  Example 21 host cell
(production of LLS, LMS, BPS,
PUS, CS, SS)  pMevT pMBIS-gpps
pTrc99A-LLS or -LMS or-BPS or
-PUS or -CS or - SS 100 ug/naL
carbenicillin 34 ug/mL
chlorainphenicol 5 ug/mL
tetracycline (002231Host cell
transformants were selected on
Luna Bertoru LB) agar containing
antibiotics as detailed in Table
1. Single colonies were
transferred from LB agar to
culture tubes containing 5 mL of
LB liquid medium and antibiotics.
8003,13617, 86I 8, B619, 8650,
WO 20071139924PCTIIIS2007/012467
60  PCT/US200    



rrr'1111 III6 ,i6,11       B651,
B652, and 8653 host cell
transformants were incubated at
30C on a rotary shaker at 250 rpm
for 30 hours. All other host cell
transformants were incubated at
37C on a rotary shaker at 250 rpm
until growth reached stationary
phase. The cells were adapted to
minimal media by passaging them
through 4 to 5 successive rounds
of M9-MOPS media containing 0.8%
glucose and antibiotics (see
Table 2 for the composition of
the M9-MOPS medium). The cells
were stored at -80C in cryo-vials
in 1 mL stock aliquots made up of
400 uL sterile 50% glycerol and
600 uL liquid culture. Table 2 -
Composition of M9-MOPS Culture
Medium Component Quantity (per L)
Na2FLPO4 71120 12.8 g KH2PO4 3 g
NaC1 0.5 g NH4C1 



1 g Mg804 2 =nil CaCl2 0.1 num'
Thiamine 0.1 ug MOPS buffer pH
7.4 100 mmol (N113)6Mo7024 41120
3.7 ug 1131304 25 ug CoCl2 7.1 ug
CuSO4 2.4 ug MnC12 16 ug 



ZnSO4 2.9 ug FeSO4 0.28 mg
1002241Example 7  1002251This
example demonstrates expression
plasmid stability in the absence
of antibiotics in an Escherichia
coil host strain that harbors an
expression plasmid comprising the
RIC2 plasmid replication,
segregation, and maintenance
system. 1002261A seed culture of
host strain 8255 was established
by adding a stock aliquot of the
strain to a 12$ mL flask
containing 40 mL M9-MOPS, 2%
glucose, 0.5% yeast extract, and
antibiotics as detailed in Table
1, and by growing the culture
overnight.   WO 20071139924
1'CT/15S2007/012467  r1,111,1,;
11111[1r1,    



[00227]The seed culture was used
to inoculate at an initial 00600
of approximately 0.05, two 250 mL
flasks each containing 40 mL
M9-MOPS medium, 2% glucose, and
0.5% yeast extract Culture #1
also contained 100 ug,/mL
carbenicillin and 34 ug/mL
chlontmphenicol. Culture #2 did
not receive any antibiotics. Both
cultures were incubated at 37C on
a rotary shaker at 250 rpm until
they reached an ODsoo of
approximately 0.2, at which point
the production of
amorpha-4,11-diene in the host
cells was induced by adding 40 uL
of 1M IPTG to the culture medium.
At the time of induction, the
cultures were overlain with 8 mL
of an organic overlay to capture
the amorpha-4,11-diene. Samples
were taken periodically for a
total of 72 hours. Production of
amorpha-4,11-diene by the host
strain in the 2 cultures was
confirmed by GC/MS as described
in Example 10. (00228)To assess
plasmid stability in the two cell
cultures, a sample of each
culture was removed at 72 hours
and streaked onto a LB agar plate
(no antibiotics). After overnight
incubation at 37C, 50 individual
colonies derived from each
culture were replica-plated onto
a LB agar-plus-antibiotics (34
ug/mL chlommphenicol, 100 ug/mL
carbenicillin) plate and a LB
agar-minus-antibiotics (no
antibiotic) plate. After another
overnight incubation at 37C, the
LB agar-plus-antibiotics and the
LB agar-minus-antibiotics plate
were each found to contain
approximately 50 colonies,
indicating that plastnid
retention both in the presence
and in the absence of antibiotics
in the culture medium had been
approximately 100%.
[00229)Example 8  [002301This
example demonstrates increased
specific activity and stability
of the Enterococcus faecalis HMGR
compared to the Saccharomyces
cerevisiae tHMGR in an
Escherichia coil host strain.
[002311Seed cultures of host
strains 861 and 862 were
established by adding a stock
aliquot of each strain to 125 mL
flasks containing 20 mL M9-MOPS
medium, 0.8% % glucose, and
antibiotics as detailed in Table
5, and by growing the cultures to
saturation. The seed cultures
were diluted 1:100 into 140 mL of
fresh medium in a 500 mL Resit,
and grown again to an ODfso of
approximately 0.1, at which point
production of amorpha-4,11-diene
was induced by adding 140 uL 1 M
IPTG to each culture. At 4, 12,
20, 28, 36, and 49 hours
post-induction, samples were
removed from each culture, and
cells were pelleted by
centrifugation. The cell pellets
were snap frozen on dry ice, and
then stored at -80C. [002321To
conduct enzyme assays, cell
pellets were thawed on ice, and
then lysed using Bugbuster
(Novagen, Madison, WI) containing
protease inhibtor mix #3
(Calbiochem, San Diego, CA),
benzonase (20 ;IL oer5 mL
bugbuster; Novagen, Madison, WI),
and   WO 2007/139924
PCT/1JS2007/012467   



lysozyme (30 ug/mL). Enzyme
activity of the Saccharomyces
cerevisiae tHMGR was assayed in
50 mkt1 Tris HCI (p147.5), 0.2
tray' NADPH (Sigma, St. Louis,
MO), and 0.3 inM
DL-3-hydroxy-3-methy1gluta1yl
coenzyme A (HMG-CoA) sodium salt
(Sigma, St. Louis, MO). The assay
was started by adding cell
lysate, and the disappearance of
NADPH was monitored by absorbance
at 340nM. To account Thr
non-specific disappearance of
NADPH, results obtained in a
control assay lacking IIMG-CoA
were subtracted from results
obtained in test samples. Enzyme
activity of the
Enterococcusfarce/is HNIGR was
measured similarly except that
the assay buffer contained 100 mM
potassium phosphate buffer
(016.5), 0.4 mM NADPH, 1.0 mM
EDTA, and 100 InM KC1.
[00233]Protein assays were done
by the method of Bradford
((1976)Anal Bier/mm. 72:248-254).
Specific activities were
calculated as Anmol NADPH/min/mg
protein. 1002341Example 9
[002351This example describes the
calibration of 013600 with dry
cell weight ("DCW"). 1002361To
obtain the relationship between
DCW and OD600, a representative
strain, B32, was grown in high
cell density processes similar to
those described in Examples
19-12. Samples were taken
throughout the rims, and the
013600 and DCW were measured for
each sample. To determine the
DCW, the cells were pelleted and
the supernatant discarded. The
cell pellet was washed once with
water, and was then dried in an
oven at 80C for at least 3 days.
The tubes containing cell pellets
were weighed, the weight of the
tube was subtracted from the
measured weights, and the
remaining weight was divided by
the initial volume of each sample
(0.0015 L) to obtain the DCW.
1002371Example 10  [002381This
example demonstrates increased
production of atnorpha-4,11-diene
in Escherichia coli host strains
expressing the Staphylococcus
aureus H.MGR and HMGS compared to
host strains expressing the
Saccharomyces cerevisiae tHMOR
and HMOS. [002391Seed cultures of
host strains 832, 8153, 8210,
8282, 8292, B86, 8255, and 8256
were established by adding a
stock aliquot of each strain to
separate 125 mL flasks containing
25 mL M9-MOPS medium, 0.8%
glucose, and antibiotics as
detailed in Table 1, and by
growing the cultures overnight.
[002401The seed cultures were
used to inoculate at an initial
OD600 of approximately 0.05
separate 250 mL flasks containing
40 ml., M9-MOPS medium, 2%
glucose, and antibiotics. The
cultures were incubated at 30C on
a rotary shaker at 250 rpm until
they reached an OD600 of
approximately 0.2, at which point
the production of
amorpha-4,11-diene  
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in the host cells was induced by
adding 40 uL of 1M IPTG to the
culture medium. The ' cultures
were overlain with 8mL of an
organic overlay (e.g., dodecane,
methyl oleate or isopropyl
myristate). Samples of the
organic overlay layer and the
broth were taken once a day for
72 hours. Broth samples were used
to measure the OD600.
Arnorpha-4,11-diene concentration
was measured by transferring 5
ut, of the organic overlay layer
to a clean glass vial containing
500 uL ethyl acetate spiked with
beta- or trans-caryophyllene as
an internal standard. [00241]The
organic overlay/ethyl acetate
samples were analyzed on a
Hewlett-Packard 6890 gas
clumnatographimass spectrometer
(GC/MS) by scanning only for two
ions, the molecular ion (204 m/z)
and the 189 m/z ion, as described
in Martin at al. (200 I)
Biotechnol. Bioeng. 75:497-503.
To expedite run times, the
temperature program and column
matrix was modified to achieve
optimal peak resolution and the
shortest overall runtime. A I uL
sample was separated on the GC
using a DB-XLB column (available
from Agilent Technologies, Inc.,
Palo Alto, CA) and helium carrier
gas. The temperature program for
the analysis was as follows: I00C
for 0.75 minutes, increasing
temperature at 60C/minute to a
temperature of 300C, and a hold
at 300C far 0.5 minutes. The
resolved samples were analyzed by
a Hewlett-Packard model 5973
mass-selective detector that
monitored ions 189 and 204 m/z.
Previous mass spectra
demonstrated that the
amorpha-4,11-diene synthase
product was amorpha-4,11-diene,
and that amorpha-4,11-diene had a
retention time of 3.7 minutes
using this GC protocol. Beta- or
trans-caryophyllene was used as
an internal standard for
quantitation. Amorpha-4,11-diene
titer was calculated using the
ratio of internal standard to
amotpha-4,11-diene peak areas
based upon a quantitative
calibration curve of purified
amorpha-4,11-diene (0.63-10 mg/L
of KJFI7-109-3) in
caryophyllene-spiked ethyl
acetate. [00242]Example II
[00243]This example demonstrates
increased production of
amorpha-4,11-diene by an
Escherichia coil host strain
grown at suboptimal temperature.
[00244]A seed culture of host
strain 032 was established by
adding 0.5 mL of a stock aliquot
of the strain to a 250 nil, flask
containing 50 mL M9-MOPS medium
and antibiotics as detailed in
Table 1, and by growing the
culture overnight at 37C on a
rotary shaker at 250 rpm.
[00245]The seed culture was used
to inoculate at an initial 013600
of approximately 0.05 four 250 mL
flasks, each containing 40 mL
fermentor batch medium (see Table
6 for medium composition), 100 mM
MOPS buffer p117.1, and
antibiotics. The cultures were 
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incubated on a rotary shaker at
250 rpm at either 30C or 37C
until they reached an Mos of 0.18
to 0.22, at which point the
production of amorpha-4,11-diene
in the host cells was induced by
adding 40 uL of 1M IPTG to the
culture medium. At the time of
induction, the cultures were
overlain with 8mL of an organic
overlay to capture the
amorpha-4,11-diene. Samples were
taken once a day, and analyzed as
described in Example 10.
1002461Example 12  [00247]This
example demonstrates increased
production of amorpha-4,11-cliene
by an Escherichia coli host
strain grown under restricted
carbon source conditions.
[00248]A seed culture of host
strain $32 for fermentation runs
050608-1 and 050629- I was
established by adding 0.25 uL of
a stock aliquot of the strain to
a 250 naL flask containing 50 mL
M9-MOPS medium and antibiotics as
detailed in Table 1, and by
incubating the culture at 37C on
a rotary shaker at 250 rpm until
it reached an 01)600 of Ito 2.
[00249]A seed culture of host
strain $32 for fermentation run
060403-3 was established by
adding a stock aliquot of the
strain to a 250 mL flask
containing 50 mL M9- MOPS medium
and antibiotics as detailed in
Table 1, and by incubating the
culture overnight at 37C on a
rotary shaker at 250 rpm. The
seed culture was used to
inoculate at an initial Orissa of
approximately 1 a 250 mL flask
containing 40 mL M9-MOPS medium
and antibiotics, and the culture
was again incubated at 37C on a
rotary shaker at 250 rpm until it
reached an 013600 of 3 to 5.
1002501For all fermentation
processes, the ICH2PO4, 1C211PO4
31120, EDTA, citric acid, and
(N114)2SO4 were heat sterilized
in the bioreactor (2L Applikon
Bioconsole AD! 1025s with ADI
1010 controllers, Applikon
Biotechnology, Foster City, CA).
The remaining media components
were filter sterilized as stock
solutions and injected through
the headplate. Table 3 shows the
final media composition for
fermentation runs 050608-1 and
050629-1. Table 4 shows the final
media composition for
fermentation run 060403-3. The
starting volume for run 050608-1
was 0.8 L, the starting vohune
for 050629-1 was 1.2 L and the
starting volume for 060403-3 was
1 L. All runs were inoculated by
injecting 50 rnL of the 



seed culture through the
headplate.  WO
2007/139924PCT/US2007/012467
TABLES - Composition of
Fermentation Medium of
Fermentation Runs 050608-1 and
050629-1 Component Batch Medium
(per L) Feed Solution (per L)
Glucose 5 g 590-650 g KI-121)04
4.2 g - 1(214PO4 3H20 15.7 g - 



Citric acid 1.7 g  (NI44)2804 2g
- MgSO4 7H20 1.2g 12g EDTA 8.4 mg
13 g CoC12 6H20 0.25 mg 0.4 mg
MnC12 4H20 1.5 mg 2.35 mg CuC12
21420 



0.15 mg 0.25 mg H31304 0.3 mg 0.5
mg Na2MoO4 21120 0.25 mg 0.4 mg
Zn(CH3C00)2 21420 1.3 mg 1.6 mg
Fe(111)citrate hydrate 10.0 mg
4.0 mg Thiamine HC1 4.5 mg -
Carbenicillin 100 ug 



100 ug Tetracycline 5 ug 5 ug
Chloramphenicol 34 ug 34 ug  WO
2007/139924PCT/US2007/012467
Table 4 - Composition of
Fermentation Medium of
Fermentation Run 060403-3
Component Batch medium (per L)
Feed solution (per L) Glucose 15
g 650 g 



K1-12PO4 42 g  K21-1PO4 31120
15.7 g - Citric acid 1.7 g
(NH4)2SO4 2g - MgSO4 7H20 12g 12g
EDTA 8.4 mg 13 mg CoC12 61420 



2.5 mg 4 mg MnC12 4H20 15 mg 23.5
mg CuC12 21120 1.5 mg 2.5 mg
143B04' 3 mg 5 mg Na2Mo04 21120
2.5 mg 4 mg Zn(CH3C00)2 21120 13
mg 16 mg Fe(111)citrate hydrate
100 mg 



40 mg Thiamine MCI 4.5 mg -
Carbenicillin 100 ug 100 jig
Tetracycline 5 ug 5 ug
Chloramphenicol 34 ug 34 ug
[00251]For fermentation run
050608-1 excess car n , tue jeeG
was in,uatcu at induction, and
feed rates were adjusted
manually. For fermentation run
050629- (carbon-restricted), the
feed was delivered to the
fermentor according to the
protocol shown in Table 5. For
fermentation run 060403-3 (lowest
carbon), the feed was started
automatically when the initial
glucose bolus (15 g) was
exhausted and the dissolved
oxygen spiked. Up to a maximum of
27.6 g/hr, the rate of the feed
was calculated according to the
following equation: nr,, = Sao
)gem-4') = 0.12 S(to ) =15g  



WO 2007/139924PCT/1JS2007/012467
wherein to is the time at which
the initial glucose was depleted.
Upon reaching the maximum rate,
the glucose feed was restricted
to a rate of 9.5 g/hr, and held
constant at this rate for the
remainder of the run. Table 5 -
Feed Protocol for Fermentation
Run 050629-1 Run Time (hours)
Glucose Feed Rate (PAO 0 0 7 037
10 0.74 12 1.11 14 



1.48 16 2.22 18 2.96 20 3.69 22
4.80 24 5.91 31 739 33 5.54 47
3.69  1002521Runs 050608-1 and
050629-Iwere carried out at 37C.
Airflow in the 



biorea.ctor was set at 1-2 L/min;
pH was maintained at 7 using
ammonium hydroxide and/or sodium
hydroxide; initial agitation was
500-600 rpm; foam was controlled
with antifoam B (Sigma-Aldich,
St. Louis, MO); the dissolved
oxygen levels were maintained
above 30% using an agitation
cascade After 5-6 hours of
cultivation, production of
amorpha-4,11-clicae by the host
cells was induced by adding 0.8
mL of 1 M IPTG to run 050608-1
and 1.2 mi. IPTG to run 050629-1.
Upon induction, the culture
temperature was reduced to 30C.
[002531Run 060403-3 was carried
out at 30C. Airflow in the
bioreactor was set at 1- 2 L/min;
pH was maintained at 7 using
ammonia hydroxide. Dissolved
oxygen was maintained above 30%
by an agitation cascade and
oxygen enrichment. At an 013600
of approximately 28 (19 hours
after inoculation), production of
amorpha-4,11-diene by the host
cells was induced by adding 1 mt.
1 M MTG.  WO
2007/139924PCTAIS2007/012467
[00254)Amorpha-4,11-diene was
captured and extracted according
to two different protocols. For
runs 050608-1 and 050629-1,
volatile amorpha-4,1I-diene
present in the off-gas was
captured by venting the off-gas
through a gas-washer containing
200 mL heptanol. The heptanol was
then diluted into ethyl acetate
until the amorpha-4,11-diene
concentration in the sample was
between 0.63 mg/L and 20 mg/L.
For run 060403-3,
amorpha-4,11-cliene was captured
in the bioreactor by adding 200
mL of an organic overlay to the
fermentor at the time of
induction. Product concentration
was measured by combining 25 uL
broth plus organic overlay with
975 uL acetonitrile, shaking the
sample at maximum speed on a
Fisher Vortex Genie 2' mixer
(Scientific Industries, Inc.,
Bohemia, NY) for at least 3
minutes, removing cells from the
sample by centrifugation, and
diluting the acetonitrile
solution into ethyl acetate until
the amorpha4.11-diene
concentration in the sample was
between 0.63 and 20 mg/L. The
ethyl acetate samples were
analyzed by GC/MS as described in
Example 10. [00255]Example 13
[00256]This example demonstrates
increased amorpha-4,11-diene
production by an Escherichia colt
host strain grown under
restricted carbon source
conditions and at suboptimal
temperature. [00257)A seed
culture of host strain B153 was
established by adding a stock
aliquot of the strain to a 250 at
flask containing 50 mL M9-MOPS
medium and antibiotics as
detailed in Tablet, and growing
the culture at 37C on a rotary
shaker at 250 rpm to an Woe of
3.5 to 4.5. [00258]2 L
bioreactors (Biocontroller AD!
1010 with Bioconsole AD! 1025,
Applikon Biotechnology, Foster
City, CA) were set up and run in
the same way as described in
Example 12 for run 060403-3,
except that strain and induction
time were varied.
[00259]Production of
amorpba-4,11-diene in the host
cells was induced by adding 1 mL
of 1 M IPTG to the culture
medium. Arnorpha-4,11-diene was
captured and extracted according
to two different protocols. In
one method, volatile
amorpha-4,11-cliene present in
the off-gas was captured by
venting the off-gas through a
gas-washer containing 200 mL
heptanol. The heptanol was then
diluted into ethyl acetate until
the amorpha-4,11-cliene
concentration in the sample was
between 0.63 and 20 mg/L. in
another, amorpha-4,11-diene was
captured by adding 200 mL of an
organic overlay to the fermentor
at the time of induction. 



[00260]Amorpha-4,11-diene was
extracted from the culture medium
by combining 25 uL broth with 975
ul. acetonitri le, shaking the
sample at maximum speed on a
Fisher Vortex  WO
2007/139924PCMIS2007/012467
Genie 2714 mixer (Scientific
Industries, Inc , Bohemia, NY)
for at least 3 minutes, removing
cells from the sample by
centrifugation, and diluting the
acetonitrile solution into ethyl
acetate until the
amorpha-4.11-diene concentration
in the sample was between 0.63
and 20 mg/L. The ethyl acetate
samples were analyzed by GC/MS as
described in Example 10.
[00261]Example 14  1002621This
example demonstrates increased
amorpha-4,11-diene production by
an Escherichia coli host strain
grown under restricted carbon and
nitrogen source conditions and at
suboptimal temperature. [00263]A
seed culture of host strain B86
was established by adding a stock
aliquot of the strain to a 250 mL
flask containing 50 mL M9-MOPS
medium and antibiotics as
detailed in Table I. The culture
was grown overnight at 37C on a
rotary shaker at 250 rpm,
subcultured the following morning
into the same medium at an ODoso
of approximately 1, and grown
again at 37C and 250 rpm to an
013600 of 3 to 5. [00264]Four 2 L
bioreactors (Biocontroller AIM
1010 with Bioconsole ADI 1025,
Applikon Biotechnology, Foster
City, CA) were set up and run in
the same way as described in
Example 12 for run 060403-3,
except that the nitrogen
restricted runs did not contain
ammonia sulfate in the feed.
[00265]An exponential glucose
feed with a 6 hour doubling time
was initiated automatically when
the initial glucose bolus (15 g)
was exhausted and the dissolved
oxygen spiked. Up to a maximum of
30.4 g/hr, the rate of the feed
was calculated according to the
following equation: m(t) r-
Soeues")) p 



=15g wherein 0 is the specific
growth rate, and 4 is the time at
which the initial glucose bolus
was depleted. Upon reaching the
maximum rate, the glucose feed
was reduced to a rate of 11.4
g/hr, and held constant at this
rate for the remainder of the
run. In fermentation runs 060710-
4, 060724-5, and 060619-5
(carbon- and
nitrogen-restricted), the glucose
feed was further reduced when
ammonia restriction lead to
glucose accuanulmion in the
medium. [00266]Fermentation was
carried out at the reduced
temperature of 30C. Airflow in
the bioreactor was set at 1 vvm;
initial agitation was at 700 rpm;
foam was controlled with antifoam
B (Sigma-Aldich, St. Louis, MO);
and dissolved oxygen tension was
controlled at 40% using an
agitation cascade (700-1,200 rpm)
and oxygen enrichment In
fermentation run  WO
2007/139924PCT/1JS20071012467
060327-3 (carbon-restricted), the
pH was maintained at 7 using 20%
NH4OH; in fermentation runs
060710-4, 060724-5, and 060619-5
(carbon- and
nitrogen-restricted), pH was
maintained at 7 initially using
20%1414.4011, and starting at 72
hours using a 50/50 mixture of
2.5 N NaOH and 10 N N114011, to
further restrict the amount of
ammonia going into the fermentor.
[00267]Production of
amorpha-4,11-diene in the host
cells was induced at an 00600 of
approximately 30 by adding 1 mL
of 1 M IPTG to the culture
medium. [00268]Amorpha-4,11-diene
was captured by overlaying the
medium with 10% (v/v) of an
organic overlay.
Amorpha-4,11-diene was then
extracted by combining 25 uL of
broth with 975 uL methanol,
shaking the sample at maximum
speed on a Fisher Vortex Genie ru
mixer (Scientific Industries,
Inc., Bohemia, N.Y) for at least
15 minutes, removing cells from
the sample by centrifugation, and
adding 10 uL of the methanol
solution to 990 uL ethyl acetate
containing 10 uL/L
trans-caryophylene.
[002691Samples were analyzed by
GC/MS as described in Example 10.
[00270]Example 15  [00271]This
example describes the production
of amorpha-4,11-diene via the DXP



pathway in an Escherichia call
host strain. [002721Seed cultures
of host strains 8003, B617, B618,
and 8619 were established by
adding a stock aliquot of each
strain to separate 125 mL flasks
containing 25 mL M9-MOPS and
antibiotics as detailed in Table
1, and by growing the cultures
overnight [00273]The seed
cultures were used to inoculate
at an initial 01300 of
approximately 0.05, separate 250
mL flasks containing 40 mL
M9-MOPS medium, 45 ug/mL
thiamine, micronutrients, 1.00E-5
mol/L Fe804, 0.1 M MOPS, 0.5%
yeast extract 20 g/L of
0-glucose, and antibiotics.
Cultures were incubated at 30C in
a humidified incubating shaker at
250 rpm until they reached an
OD600 of 0.2 to 0.3, at which
point the production of
amorpha4,11-diene in the host
cells was induced by adding 40 uL
of 1M IPTG to the culture medium.
1002741At the time of induction,
the cultures were overlain with 8
Da of an organic overlay to
capture the amorpha-4,11-cliene.
Samples were taken at various
time points, and
amorpha-4,11-diene was extracted
and analyzed by GC/MS as
described in Example 10.
Experiments were performed using
2 independent clones of each host
strain, and results were
averaged. Deviation between
samples was found to be less than
10%. 1002751Example 16
1002761This example describes the
production of
3-methyl-but-3-en-l-ol and 3-
methyl-but-2-en-l-ol in
Escherichia coil host strains.
WO 2007/139924 71
PCT/US2007/012467  PCT/US200 



'I1,1I'El ii         1002771Seed
cultures of host strains 8286,
8287, 8288, and B291 were
established by streaking out a
stock aliquot of each strain on
LB agar containing antibiotics as
detailed in Table 1. Three
independent colonies were picked
for each strain, and each colony
was inoculated into 7 mL of LB
media containing antibiotics. The
cultures were grown overnight at
37C on a rotary shaker at 250 rpm
until late exponential phase. The
cultures were then inoculated at
an 013600 of approximately 0.05,
into a 250 naL flask containing
40 ml of M9- MOPS, 2% glucose,
0.5% yeast extract, and
antibiotics. The cultures were
grown overnight at 37C on a
rotary shaker at 250 rpm until
they reached an 00600 of
approximately 02, at which point
they were induced by adding 40 uL
of 1 M IPTG. The cultures were
grown for 72 hours at 30C on a
rotary shaker at 250 rpm. One to
two times per day, the OD600 of
each culture was measured, and a
700 uL sample was removed. To
extract the 3-methyl-but-3-en1-ol
and 3-methyl-but-2-en-l-ol from
the culture broth, 600 uL of
ethyl acetate was added to 300 uL
of each removed sample. The
sample was then vortexed for 15
minutes, and 400 uL of the upper
ethyl acetate phase was
transferred to a clean glass vial
for analysis. [00278]The samples
were analyzed on a
Hewlett-Packard 6890 gas 



chromatograph/mass spectrometer
(GC/MS). A 1 uL sample was
separated on the GC using a
1313-5 column (Agilent
Technologies, Inc., Palo Alto,
CA) and helium carrier gas. The
temperature program for the
analysis was as follows. 60C for
3 minutes, increasing temperature
at 60C/minute to a temperature of
300C, and a hold at 300C for 2
minutes. The total run time was 9
minutes. The resolved samples
were analyzed by a
Hewlett-Packard model 5973 mass
selective detector. Previous mass
spectra demonstrated that
3-methy1-3- buten- 1-ol and
3-methy1-2-buten-1-ol have a
retention time of 2.067 minutes
using this GC protocol. To focus
detection on
3-methyl-but-3-en-l-ol and
3-methyl-but-2-en-I -ol, a
selective-ion-monitoring method
was employed that monitors only
ions 56 and 68 in 3-
methyl-but-3-en-l-ol and
3-methyl-but-2-en-1 -ol.
[00279]Example 17  1002801This
example describes the production
of amorpha-4,11-diene by a
Saccharamyees cerevistae host
strain. [00281]The generation of
host strain EPY224 is described
in Ro et al. (Nature 440:
940-943; 2006) and in PCT Patent
Publication W02007/005604. Host
strain EPY224 was cured of
expression plasmid pRS425ADS by
growth in YPD medium (Methods in
Yeast Genetics: A Cold Spring
Harbor Laboratory Course Manual,
2005 ed., ISBN 0-87969-728-8),
plating for single colonies on
YPD agar, and then patching
single colonies onto CSM-Met His
agar and CSM-Met Leu agar. Clones
that grew on CSM-Met His agar but
not on CSM-  WO
20071139924PCT11JS20071012467  72
PCT/US200  Met Lou agar were
cured (i.e., had lost the
plastnid pRS425ADS). One such
clone was designated EPY300.
EPY300 was transformed with
expression plasmid
pRS425-ADSLEU2d, a plasmid
identical to pRS425-ADS except
that instead of LEU2 it contains
a LEU2d selection marker (Erhart
and Hollenberg (1983)1 Bacteriol.
156: 625-635) yielding host
strain Y185. [00282]Y185 host
cell transformants were selected
on synthetic defined media,
containing 2% glucose and all
amino acids except histidine,
leucine, and methionine
(CSMglucose; MP Biomedicals,
Solon, OH). The host strain
EPY300 is auxotrophic for leucine
biosynthesis (leu2), but
expression plasmid
pRS425-ADS-LEU2d in Y185 restores
leucine prototrophy (LEU2).
Single colonies were patched onto
selective medium
(CSM-glucosehistidine, leucine,
methionine), and grown for 2
days. The cells were scraped from
the plate and transferred to 1 mL
of 25% (v/v) glycerol in a
cryotube. The suspension was
mixed, and then stored at -80C.
[00283]Seed flasks of host strain
Y185 were established by adding a
stock aliquot of 



the strain to a 125 rnL flask
containing 25 mL of CSM-glucose
lacking leucine and methionine,
and by growing the cultures
overnight. The cultures were used
to inoculate at an initial ODsoo
of approximately 0.05 a 250 mL
baffled flask containing 40 mL of
synthetic defined media lacking
leucine, and containing 0.2%
glucose, 1.8% galactose, and 1
ralvl methionine. The culture was
incubated at 30C on a rotary
shaker at 200 rpm. Because the
presence of glucose in the media
prevents induction of the GALI
promoter by galactose,
amorpha-4,11-diene production was
not induced until the cells had
used up the glucose in the media
and had switched to using
galactose as their main carbon
source. At the time of
inoculation, the cultures were
overlain with 8 mL of an organic
overlay to capture the
amorpha-4,11-diene. Samples were
taken at 72 hours by transferring
5 uL of the organic solvent layer
to a clean glass vial containing
500 uL ethyl acetate containing a
known concentration of beta- or
trans-caryophyllene as an
internal standard. [00284]The
organic overlay/ethyl acetate
samples were analyzed on a
Hewlett-Packard 6890 gas
chromatograph/mass spectrometer
(GC/MS) as described in Example
10. [00285]After 72 hours of
growth, 3 yeast cultures were
found to produce 60.68, 54.48,
and 59.25 mg/L
amorpha-4,11-diene.
[00286]Example 19  [002871This
example describes the production
of amorpha-4,11-diene in an
Saccharomyces cerevisiae host
strain where the host strain
includes a native mevalonate  WO
2007/139924PCT/US2007/012467 73
PCT/US200 pathway as well as a
heterologous mevalonate pathway
that is under control of a
heterologous regulatory control.
[00288]Yeast strains CEN.PK2-1C
(Y002) (MATA; ura3-52; trp1-289;
leu2-3,112; his3A1; MAL2-8C;
SUC2) and CEN.PK2-1113 (Y003)
(MATalpha; ura3-52; trp1-289;
leu2- 3,112; his3A1; MAL2-8C;
SUC2) (J. P. van Mikan et at,
Enzyme Micro!' Technol 26,706
(Jun 1, 2000) were cultivated in
either standard rich medium (YPD)
or in defined synthetic medium (.
D. Rose, F. Winston, P. Hefter,
Methods in yeast genetics: a
laboratory course manual. (Cold
Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y., 1990)
lacking appropriate nutrients
allowing for selection of
integrative transfonnants,
plasmid retention, and meiotic
progeny. [00289]DNA-mediated
transformations into S.
cerevisiae were conducted using
the lithium acetate procedure as
described by R. H. Schiestl, R.
D. them Cztrr Gene116,339 (Dec,
1989). All gene disruptions and
replacements were confirmed by
phenotypic analysis, colony
polymerase chain reaction ("PCR")
and sequencing of amplified
genomic DNA. Plasmids
pAM489-pAM498 were constructed
using the pCR 2.1 (Invitrogen,
Carlsbad CA) and are
schematically described by Figure
7A-C and Table 6. The HISMX
marker sequences are described in
M. S. Longtine et at, Yeast
14,953 (Jul, 1998). Propagation
of plasmid DNA was performed in
Escherichia colt strain DH5a. --
Strain 5'11R 



Gene #1 Crick Promoter Watson
Promoter Gene #2 Genetic Marker
311111 JaAM489 TRP1 tHMGR GAL!
GALIO ERG20 IRE I TRP1 pAM490
TRP1 tHMGR CUP! 



CUP1 ERG20 TRPI TRP I pAN49I URA3
tHIVIOR GAL1 GALIO ERG13 URA3
URA3 pAIV1492 URA3 ID!! CUP!
CUP! tHIvIGR URA3 



URA3 pAM493 ADE1 tHMGR GAL! GAL10
I0I1 ADEI URA3 pAM494 ADE1
tl-IMGR ClUP1 CUP1 11311 ADE1
ADE1 pAM495 HISS 



ERG12 Gal GAL10 ERG10 H1SMX HIS3
pA1v1496 H183 ERG12 CUP! CUP!
ERGIO HISMX 11153 pAM497 LEU2
ERG19 GAL1 GAL! 



ERG8 HISMX LEU2 pAM498 LEU2 ERG19
CUP1 CUPI ERG8 HISMX LEU2
[00290]S. cerevisiae strains Y002
and Y003 were prepared for
introduction of inducible
mevalonate pathway genes by the
following. The ERG9 promoter was
replaced with the S. cerevisiae
MET3 promoter by PCR
amplification of the
ICanMX-PIVIET3 region from pAM328
(SEQ ID NO: 43) using primers
50-56-pw100-G (SEQ ID NO: 44) and
50-56- pw101-G (SEQ ID NO: 45)
containing 45 basepairs of
homology to the native ERG9
promoter. lOug of the resulting
PCR product was transformed into
exponentially growing  WO
2407/139924PCTMS2007/012467    



Y002 and Y003 strains using 40%
w/w polyethelene glycol 3350
(Sigma-Aldrich St Louis, MO), 100
mM lithium acetate (Sigma), Mpg
Salmon Sperm DNA (Invitrogen) and
incubation at 30C for 30 minutes
followed by a 42C heat shock for
30 minutes (as described by
Schiestl & Gietz, Carr. (knet.
16: 339 (1989)). Positive
recombinants were identified by
their ability to grow on rich
medium containing
0.5pg/m1Geneticin (Invitrogen Co,
Carlsbad, CA) and confirmed by
diagnostic PCR. The resultant
clones were given the designation
Y93 (MAT A) and Y94 (MAT alpha).
Next, the ADE1 open reading frame
was replaced with the Candida
glabrata LEU2 gene (CgLEU2). The
3.5KB CgLEU2 genotnic locus was
amplified from C. glabrata
genomic DNA (ATCC, Manassas, VA)
using primers 61-67-CPK066-G (SEQ
ID NO: 46) and 61-67-CPK067-G
(SEQ ID NO: 47) containing 50
basepairs of flanking homology to
the ADEI open reading frame
(ORF). 1011g of the resulting PCR
product was transformed into
exponentially growing Y93 and Y94
as described above. &e)- strains
were selected for growth in the
absence of leucine
supplementation and confirmed by
diagnostic PCR. The resultant
clones were given the designation
Y176 (MAT A) and Y177 (MAT
alpha). [002911To generate S.
cerevisiae strain Y188, 2pg's of
plasmid DNA from pAM491 (SEQ ID
NO: 48) and pAM495 (SEQ ID
NO:49), respectively, were
digested overnight with Pmel (New
England Biolabs, Beverly, MA) and
introduced into exponentially
growing Y176 as described above.
Positive recombinants were
selected for by growth on medium
lacking uracil and histidine.
Integration into the correct
genomic locus was confirmed by
diagnostic PCR. [002921To
generate & cerevistae strain
YI89, 2pg's of plastnid DNA from
pAM489 (SEQ ID NO: 50) and pAM497
(SEQ ID NO: 51), respectively,
were digested overnight with Pmel
and introduced into exponentially
growing Y177 as described above.
Positive recombinants were
selected for by growth on medium
lacking tryptophan and histidine.
Integration into the correct
genotnic locus was confirmed by
diagnostic PCR.
002931Approximately 1 X 107 cells
from Y188 and Y189 were mixed on
a YPD medium plate for 6 hours at
room temperature to allow for
mating. The mixed cell culture
was then plated to medium lacking
histidine, uracil and tryptophan
to select for growth of diploid
cells. 2pg of plasmid DNA from
pAM493 (SEQ ID NO: 52) was
digested overnight with PmeI and
introduced into exponentially
growing diploid cells as
described above. Positive
recombinants were selected for by
growth on medium lacking adenine.
Integration  WO
20071139924PCT4152007/012467 75
into the correct genomic locus
was confirmed by diagnostic PCR.
The resultant strain was given
the designation Y238. 1002941To
generate haploid strains
containing the full complement of
introduced genes, Y238 was
sporulated in 2% potassium
acetate and 0.02% raffi nose
liquid medium. Approximlately 200
genetic tetrads (tetrads are
four-spored meiotic products)
were isolated using a Singer
Instruments MSM300 series
micromanipulator (Singer
Instrument Co, LTD. Somerset UK).
Independent genetic isolates
containing the appropriate
complement of introduced genetic
material were identified by their
ability to grow in the absence of
adenine, histidine, uracil, and
tryptophan. Integration of all
introduced DNA was confirmed by
diagnostic PCR. The resultant
strains were given the
designation Y210 (MAT A) and Y211
(MAT alpha). 10029512pg of
plasmid DNA from pAM426 (SEQ ID
NO:53), containing S. cerevisiae
condom optimized Amorphadeine
Synthase (ADS) expressed from the
S. cerevisiae GALI promoter, was
introduced into exponentially
growing Y210 and Y211 as
described above. S. cerevisiae
strains that contained the pAM426
plasrnid were selected for by
their ability to grow in the
absence of leucine
supplementation. The resultant
strains were given the
designation Y225 (MAT A) and Y227
(MAT alpha). 



10029612ng of plastnid DNA from
pAM322 (SEQ ID NO: 54),
containing S. cerevisiae condon
optimized Amorphadeine Syntbase
(ADS) and cytochrome P450
monooxygenase (AMO) expressed
from the S. cerevisiae GAL1 and
the cytochrome P450
oxidoreductase (CPR) expressed
from the S. cerevisiae OALIO
promoter, was introduced into
exponentially glowing Y210 and
Y211 as described above. S.
cerevisiae strains that contained
the pAM322 plasmid were selected
for by their ability to grow in
the absence of leucine
supplementation. The resultant
strains were given the
designation Y222 (MAT A) and Y224
(MAT alpha). 1002971Example 19
1002981This example describes the
production of a-farnesene or
p-famesene in Escherichia con
host strains. [00299!Seed
cultures of host strains B552 and
B592 were established by adding a
stock aliquot of each strain to a
125 mL flask containing 25 mL
M9-MOPS, 0.8% glucose, 0.5% yeast
extract, and antibiotics as
detailed in Table 1, and by
growing the cultures overnight
1003001The seed cultures were
used to inoculate at an initial
OD600 of approximately 0.05, 250
mL flasks containing 40 mL
M9-MOPS, 2% glucose, 0.5% yeast
extract, and  WO
2007/139924PCIATS2007/012467
antibiotics. Cultures were
incubated at 30C on a rotary
shaker at 250 rpm until they
leached an 012600 of
approximately 0.2, at which point
the production of a-farnesene or
p-famesene in the host cells was
induced by adding 40 uL of 1 M
IPTG. At the time of induction,
the cultures were overlain with 8
InL of an organic overlay to
capture the a-farnesene. Samples
were taken every 24 hours up to
120 hours (total of 5 time
points) by transferring 2 uL to
10 111. of the organic overlay
layer to a clean glass vial
containing 1 mL ethyl acetate
spiked with trans-caryophyllene
as an internal standard. In
addition, I mL aliquots of the
cultures were spun down, cell
pellets were resuspended in 250
uL sterile water, and the cell
suspensions were transferred to a
glass vial containing 1 mL ethyl
acetate spiked with
trans-caryophyllene as an
internal standard. In addition,
0.5 mL aliquots of the whole
culture broth were added to a
glass vials containing 1 triL
ethyl acetate spiked with
trans-caryophyllene as an
internal standard. The whole
culture broth samples were
extracted in the ethyl acetate by
vortexing the glass vials for 10
minutes, after which 600 uL of
the ethyl acetate extraction was
transferred to a clean glass
vial. [00301]The organic
overlay/ethyl acetate samples and
the ethyl acetate-extracted whole
culture broth samples were
analyzed on an Agilent 6890N gas
chromatograph equipped with an
Agilent 5975 mass spectrometer
(GC/MS) in full scan mode (50-500
m/z). To expedite run times, the
temperature program and column
matrix was modified to achieve
optimal peak resolution and the
shortest overall runtime. A 1 AIL
sample was separated using a
HP-5MS column (Agilent
Technologies, Inc., Palo Alto,
CA) and helium carrier gas. The
temperature program for the
analysis was as follows: 150C
hold for 3 minutes, increasing
temperature at 25C/minute to a
temperature of 200C, increasing
temperature at POT/minute to a
temperature of 300C, and a hold
at 300C for I minute. Previous
mass spectra demonstrated that
the p-famesene synthase product
was p-farnesene, and that
p-famesene had a retention time
of 4.33 minutes using this GC
protocol. Famesene titers were
calculated by comparing generated
peak areas against a quantitative
calibration curve of purified 13-
farnesene (Sigma-Aldrich Chemical
Company, St Louis, MO) in
trans-caryophyllene-spiked ethyl
acetate. 100302]Host strain B592
produced approximately 400 mg/L
of a-farnesene at 120 hours
(averaged over 3 independent
clones), and had a maximal
specific productivity of
approximately 46 mg/L/OD600. Host
strain B552 produced
approximately 1.1 g/L of
Pfamesene at 120 hours (averaged
over 3 independent clones), and
had a maximal specific
productivity of approximately 96
mg/L/OD600 (1 representative
clone). 



[00303]Example 20   WO
2007/139924PCT/1JS2007/012467
[00304]This example describes the
production of p-farnesene via the
DXP pathway in an Escherichia
colt host strain. [00305]Seed
cultures of host strains
13650,33651, 8652, and B653 were
established by adding a stock
aliquot of each strain to
separate 125 mL flasks containing
25 ntL M9-MOPS and antibiotics as
detailed in Table 1, and by
growing the cultures overnight.
[00306]The seed cultures were
used to inoculate at an initial
08600 of approximately 0.05
separate 250 mL flasks containing
40 mL M9-MOPS minimal medium, 45
ug/mL thiamine, micronutrients,
1.00E-5 mol/L FeSO4, 0.1 M MOPS,
0.5% yeast extract 20 g/L of
8-glucose, and antibiotics. The
cultures were incubated at 30C in
a humidified incubating shaker at
250 rpm until they reached an
OD600 of 0.2 to 0.3, at which
point the production of
fi-farnesene in the host cells
was induced by adding 40 uL of 1
MIPTG to the culture medium. At
the time of induction, the
cultures were overlain with 8 mL
of an organic overlay to capture
the 13-famesene. Samples were
taken at various time points by
transferring 100 uL samples of
the upper organic overlay layer
to a clean tube. The tube was
centrifuged to separate out any
remaining cells or media, and 10
uL of the organic overlay samples
were transferred into 500 uL
ethyl acetate spiked with beta-
or trans-caryophyllene as an
internal standard in clean glass
GC vials. The mixtures were
vortexed for 30 seconds, and then
analyzed as described in Example
18. Escherichia colt host strain
8653 produced approximately 7
mg/g DCW p-farnesene.
[00307]Example 21  [00308]This
example describes the production
of ct-farnesene or ft-farnesene
in a Saccharonryces cerevisiae
host strain. [00309]Strain EPY300
was generated by removing the
expression plasmid from
Saccharomyces cerevisiae strain
EPY224 (Ro etal. (2006) Nature
440: 940-943; PCT Patent
Publication W020071005604) by
culturing in rich medium. Strain
E,PY300 was then transformed with
expression plasmids pRS425-FSA or
pR425-FSB, yielding host strains
Y166.and Y164, respectively.
100310]Host cell transformants
were selected on synthetic
defined media, containing 2%
glucose and all amino acids
except leucine (SM-glu). The host
strain EPY300 was auxotrophie for
leucine biosynthesis (leu2), but
expression plasmid pRS425-FSA or
pRS425- FSB restores leucine
prototrophy (LEU2). Single
colonies were transferred to
culture vials containing 5 mL of
liquid SM-glu lacking leucine.
The cultures were incubated by
shaking at 30C until growth
reaches stationary phase. The
cells were stored at -80C in
cryo-vials in 1 raL frozen
aliquots made up of 400 pL 50%
glycerol and 600 pL liquid
culture. 



WO 2007/139924PCTIUS2007/012467
[00311]Seed cultures were
established by adding a stock
aliquot to a 125 inL flask
containing 25 mL SM-glu lacking
leucine, and growing the cultures
overnight. The seed cultures were
used to inoculate at an initial
Woo of approximately 0.05 250 raL
baffled flasks containing 40 mL
of synthetic defined media
lacking leucine, 0.2% glucose,
and 1.8% galactose. Cultures were
incubated at 30C on a rotary
shaker at 200 tine. Because the
presence of glucose in the media
prevents induction of the Gall
promoter by galactose, famesene
production was not induced until
the cells use up the glucose in
the media and switch to using
galactose as their main carbon
source. The cultures are overlain
with 8 mL methyl olt-nre or
isopropyl myristate Samples were
taken once every 24 hours by
transferring 2-10 uL of the
organic solvent layer to a clean
glass vial containing 500 tiL
ethyl acetate containing a known
concentration of beta- or
trans-earyophyllene as an
internal standard. In addition,
0.5 mL aliquots of the whole
culture broth were added to a
glass vials containing 1 mL ethyl
acetate spiked with
trans-caryophyllene as an
internal standard. The whole
culture broth samples were
extracted in the ethyl acetate by
vortexing the glass vials for 10
minutes, after which 600 uL of
the ethyl acetate extraction was
transferred to a clean glass
vial. . [00312]Host strain Y166
produced approximately 9.8 mg/L
of a-famesene at 120 hours
(averaged over 3 independent
clones), and had a maximal
specific productivity of
approximately 3 mg/L/OD.500(1
representative clone). Host
strain Y164 produced
approximately 56 mg/L of
p-famesene at 120 hours (averaged
over 3 independent clones), and
had a maximal specific
productivity of approximately 20
mg/L/01)00(1 representative
clone). [00313]Example 22
[00314]This example describes the
production of ry-terpinene,
a-pinene, and terpinolene in
Escherichia coil host strains.
[00315]Seed cultures of host
strains for production of
ry-terpinene (E. coli DH1-Tlr
IpMevT, pMevB-Gpps, pAM445]),
a-pinene (E. coli DH1-Tlr [pMevT,
pMevB-Gpps, pAM443 or pAIV1442])
or terpinolene (E. coli DHI-Tlr
[pMevT, pMev13-Gpps, pAM444] were
established by adding a stock
aliquot of each strain to
separate 125 mL flasks containing
25 mL M9-MOPS, 2% glucose, 0.5%
yeast extract, and antibiotics as
detailed in Table 1, and by
growing the cultures overnight to
late exponential phase.
[00316]The seed cultures were
used to inoculate at an initial
ODato of approximately 0.05, 250
mL flasks containing 40 mL
M9-MOPS, 2% glucose, 0.5% yeast
extract, and antibiotics. At time
of inoculation, the cultures were
also overlain with 4 mL
hexadecane.  WO 20071139924 



.114,11)014:    Cultures were
incubated at 30C on a rotary
shaker at 200 -250 rpm until they
reached an OD 600 of
approximately 02, at which point
the production of the compound of
interest in the host cells in the
host cells was induced by adding
40 uL of 1 M 1PTG. Samples were
taken once per day for 96 hours
by transferring 200 uL of the
hexadecane layer to a 0.6 mL
microfuge tube. For analysis, the
hexadecane overlay was diluted
1:1 or 1:10 with ethyl acetate
spiked with trans-caryophyllene
as an internal standard in a 1.8
mL GC vial. In addition, 1 inL
aliquots of the cultures were
spun down, cell pellets were
resuspended in 250 uL sterile
water, and the cell suspensions
were transferred to a glass vial
containing 1 ml, ethyl acetate
spiked with trans-caryophyllene
as an internal standard. The cell
pellets were extracted in the
ethyl acetate by vortexing the
glass vials for 15 minutes, after
which 500 uL of the ethyl acetate
extraction was translated to a
clean glass vial. (003171The
hexadecandethyl acetate samples
and the ethyl acetate-extracted
cell pellet samples were analyzed
on an Agilent 6890N gas
chromatograph equipped with an
Agilent 5975 mass spectrometer
(GC/MS) in full scan mode (50-500
m/z). To expedite run times, the
temperature program and column
matrix was modified to achieve
optimal peak resolution and the
shortest overall runtime. A 1 gL
sample was split (a split ratio
between 1:2 and 1:50 was selected
based on sample concentration)
and then separated using a
11P-5MS column (Agilent
Technologies, Inc., Palo Alto,
CA) and helium carrier gas. The
temperature program for the
analysis was as follows: 75C hold
for 3 minpfrs, increasing
temperature at 20C/minute to a
temperature of 115C, increasing
temperature at 60t/minute to a
temperature of 300C, and a hold
at 300C for 0.5 minute. The
various products, 7-texpinene,
a-pinene, and terpinolene were
observed at 5.4, 4.1, 5.4, and
5.9 minutes, respectively. Titers
were calculated by comparing
generated peak areas again.* a
quantitative calibration curve of
purified standards in
trans-caryophyllene-spiked ethyl
acetate. [003181Example 23
1003191This example describes the
production of linalool,
limonene,13-pinene, fi-
phellanckene, carene, or sabinine
in Escherichia coli host strains.
1003201Seed cultures are
established by adding a stock
aliquot of each strain to
separate 125 xnL flasks
containing 25 mL M9-MOPS, 0.5%
yeast extract, 2% glucose, and
antibiotics as detailed in Table
1, and by growing the cultures
overnight. [003211The seed
cultures are used to inoculate at
an initial 013600 of
approximately 0.05, 250 mL
baffled flasks containing 40 mL
M9-MOPS, 0.5% yeast extract, 2%
glucose, and antibiotics.
Cultures are incubated at 30C on
a rotary shaker at 250 rpm until
they reach  WO
2007/139924PCTiffS2007/012467 80



an O1)600 of approximately 0.2,
at which point the production of
the compound of interest in the
host cells is induced by adding
40 ul of 1 M IPTG to the culture
medium. The compound of interest
is separated from the culture
medium through solvent-solvent
extraction, or by settling and
decantation if the titer of the
compound of interest is large
enough to saturate the media and
to form a second phase.  WO
2007/139924PCT11JS2007/012467
Sequence Listing SEQ ID NO: 1
MevT66 pecan
GAATTCAAAGGAGGAAAATAAAATGAAGAACTG
TGTGATTGTTTCTGCGGTCCG
CACGGCGATCGOCAGCTTTAACOGCTCTITAGC
GAGCACCTCTOCAATCGATCTO
GGTGCGACGGTCATTAAGGCCGCCATTGAACGC
GCCAAAATCGACAGCCAGCAC
GTTGATGAGGTGATCATGGGCAATGTGTTACAA
GCCGOCCTGOOTCAAAACCCA
OCGCGTCAAGCACTGTTAAAATCTGGTCTGGCC
GAGACCGTOTGTGGCTTCACCG
TCAATAAGGITTOCGGCTCTGOCCTGAAGAGCG
TGGCCCTOGCAGCACAAGCGA
TTCAAGCCGOTCAGGCACAAAOCATCGTTOCOG
OTGGCATGGAGAACATOTCTC
TOGCGCCGTACTTATTAGATGCCAAAGCCCOCA
GCGGTTATCGCCTGGGCGATGG
TCAGGTGTACOACQTCATCTTACGCGATGGCTT
AATGTGCGCGACCCACGGTTAC
CACATOGGTATTACGGCCGAAAACGTGGCGAAA
GAATACGOCATTACGCGCGAG
ATGCAGGATGAATTAGCACTQCACTCTCAGCGC
AAAGCAGCAGCCGCGATCGAG
TCTOGTOCGTTTACGOCOGAAATCGTOCCAGTT
AACGTOGTCACGCGCAAGAAG
ACGTTCGTMCAOCCAGGACGAGTTCCCGAAGGC
AAACAGCACCGCGGAGGCC
TTAGGTOCCTTACGCCCAGCCTTIVACAAAGCG
GGCACGOTCACCGCCGGTAATO
COAGCGOCATCAATGATOGTOCAGCGGCACTOG
TCATCATGOAAGAGAGCGCCO
CATTAGCAGCGOGTCTGACCCCATTAGCGCGCA
TTAAATCTTATGCCAGCGOCGG
CGTCCCACCAGCCCTGATQGGCATGGGTCCGGT
CCCAGCCACGCAAAAAGCCCT
GCAATTAGCGOGCCTGCAA
CTGOCCGACATTGATCTGATCGAGGCOAACOAG
GC
GTTTGCAGCOCAOTTCCTQGCGGTGGGTAAGAA
TCTGGGCTTCGACAGCGAGAA
AGTCAATGTGAACGGTGGCGCGATTGCGTTAGG
CCATCCGATTGGTGCAAGCGG
CGCACGCATCTTAGTOACGTTACTOCACGCCAT
GCAGGCACGCGACAAGACCTTA
GOCCTGOCOACCTTATOTATTGGTGGCGGTCAA
GGTATCGCCATGOTGATCGAAC
GCCTGAACTGAAGATCTAGGAGGAAAGCAAAAT
GAAACTGAGCACCAAGCTOTG
CTOGTGTGGCATCAAGGGTCGCCTGCGCCCACA
AAAGCAGCAACAOCTOCACAA
CACGAACCTGCAAATGACCGAGCTGAAAAAOCA
GAAQACGOCCGAGCAAAAGA
CCCOCCCGCAOAACGTTGGCATCAAGGOCATCC
AGAT TTATATCCCOACGCAGTG
TGTCAACCAATCTGAGCFGGAGAAATTCGATGG
CGTCAGCCAGGGTAAGTACAC
CATCGGCCTGOGCCAGACCAACATGAGCTTCGT
GAACGACCGTGAGOACATCTA
TTCTATGAOCCTGACGOTGCTGTCTAAOCTGAT
CAAGAGCTACAACATCGACACO  WO
20071139924 82 Ti
't[ru$4PSITI114'114[1
PCT/US2007/012467 



PCT/US200
AATAAGATCGGTCGTCTGGAGGTGOGTACOGAG
ACGCTGATTGACAAGAGCAAA
AGCGTGAAGTCTGTCITAATGCAGCTGTTCGGC
GAGAACACOGATGTCGAGGGT
ATCGACACCCTGAACGCGTGTTACGGCGGCACC
AACGCACTGTTCAATAGCCTGA
ACTGGATTGAGAGCAACGCCTGGGATGGCCGCG
ATGCGATCGTCGTGTGCGGCG
ATATCGCCATCTATGACAAGGGTGCGGCACGTC
COACCGOCGGTGCAGGCACCG
TTGCOATGTGGATTGGCCCGGACGCACCAATTG
TCTTCGATTCTGTCCGCGCGTC
TTACATGGAGCACGCCTACGAC1
lIiAcAAcccGoAcncAcoAocoAArAccco
TACGTGGACGGCCACTTCTCTCTGACCTGCTAT
GTGAAGGCGCTOGACCAGGTIT
ATAAQTCTTATAGCAAAAAGGCGATTTCTAAGG
GCCTGGTCAGCGACCCGGCAG
GCAGCGACGCCCTGAACGTGCTGAAGTA I i
1CGACTACAACGTGTTCCATGTCCC
GACCTGCAAATTAOTGACCAAATCTTATGOCCO
CCTGTTATATAATGATTTCCGT
GCCAACCCOCAGCTGTTCCCGGAGGITGACGCC
GAGCTGOCGACGCGTGATTAC
GACGAGAGCCTGACCGACAAGAACATCGAGAAG
ACCTTCGTCAACGTCGCGAAG
CCGTTCCACAAAGAGCGTGTGGCCCAAAGCCTG
ATCGTCCCOACCAACACGGGC
AACATGTATACCOCGTCTGTCTACGCGGCATTC
GCGAGCCTGCTGAATTACGTCG
GTTCTGACGACCTGCAGGGCAAGCGCGTTGGCC
TGTTCAGCTACGGTAGCGGCTT
AGCGGCCAGCCTGTATAGCTGCAAAATTGTCGG
CGACGTCCAGCACATCATCAA
GGAGCTGGACATCACCAACAAGCTGOCGAAGCG
CATCACCGAGACGCCGAAAG
ATTACGAGGCAGCGATCGAGTTACGCGAGAATG
COCATCTGAAGAAGAACTTCA
AGCCGCAAGGTAGCATCGAGCACCTGCAGAGCG
GCGTCTACTACCTGACGAACA
TTGACGACAAGTTCCGCCGTTCTTATGACGTCA
AAAAGTAACTAGTAGGAGGAA
AACATCATOGTOCTGACGAACAAAACCGTCATT
AGCGOCAGCAAGGTGAAGTCT
CTGAGCAGCGCCCAAAGCTCTAGCAGCGGCCCG
TCTAGCAGCAGCGAGGAGGAC
GACAGCCGTGACATTGAGTCTCTGGACAAGAAG
ATCCGCCCGCTGGAGGAGTTA
GAGGCCCTOCTGAGCAGCGOCAACACCAAGCAG
CTGAAGAACAAGGAAGTTGC
AGCGCTOGTGATCCACGGTAACTCTGCCACTGT
ATGCGCTOGAAAAGAAACTGGG
CGATACGACGCGTOCGGTCGCGGTGCGTCOCAA
AGCCTTAAGCATCTTAGCGGA
GGCCCCGGTGTTAGCCAGCGACCGCCTOCCGTA
CAAGAACTACGACTACGACCG
CGTGTTTGOCGCGTGCTGCGAGAATGTCATTGO
CTACATGCCGTTACCOGITGGT
GTGATCGGCCCGCTGOTCATTGATGGCACGAGC
TATCACATTCCAATGGCGACCA
CGGAAGGTTGCTTAGTCGCCAGCOCCATOCGTG
GCTGTAAGGCGATTAACGCCG
GCGGTGGCGCGACGACCGTGTTAACCAAGGATG
GTATGACGCGCOGTCCGGTCG
TCCGCTTCCCAACGCTGAAGCGCAGCGOCOCGT
GTAAGATTTGOCTGGATTCTGA
GGAGGOCCAAAACGCGATCAAGAAAGCCTTCAA
CTCTACGAGCCGTTTCGCGCG  WO
2007/139924PCT/US2007/012467
TTTACAGCATATCCAGACCTOCCTGGCCGOCOA
CCTGCTOTTCATGCOCITCCGC
ACCACCACGGGCGATOCGATGGGCATGAACATG
ATCAGCAAGGGCGTCGAATAT
AGCCTGAAACAAATGGTGGAAGAATATQGCTGG
GAGGACATGGAGGTTGTCTCT
GTGAGCGGCAACTATTOCACCGACAAGAAGCCG
GCAGCCATTAACTGGATTGAG
GGTCGCGOCAAAAGCGTCGTGGCAGAAGCGACC
ATCCCAGGCGACGTOGTCCGT
AAGGTTCTGAAGAGCGACGTCAGCGCCCTGGTT
GAGTIAAATATCGCGAAAAAC
CTOGTCGOCAGCGCGATGGCGGGCAGCGTGOOT
GGCTTTAACGCACATGCAGCG
AATCTGGTTACGGCGG I in
CTTAGCCTTAGGTCAGGACCCAGCCCAAAATGT
CG
AGAGCAGCAACTGCATTACCTTAATGAAAGAGG
TTGACGOTGACCTGCGCATCA
GCOTTTCTATGCCGTCTATCGAGGTCGGCACOA
TCGOCGGCGGCACCG III TAGA
ACCGCAAGGTGCGATGCTGGATCTGCTGGGCGT
GCGCGGCCCACATGCAACGGC
CCCAGGCACCAATGCCCGCCAACTGOCCCGTAT
CGTGGCCTGCOCCIGTTCTOGCG
GOTGAGCTGAGCCTGTOCGCCOCATTAGCCGCG
GOCCATTTAGTTCAATCTCACA
TGACCCACAACCGCAAGCCGGCAGAACCAACCA
AGCCAAATAACCTOGACGCAA
CCGACATTAACCGTCTGAAGGATGGCAGCGTCA
CGTGCATTAAAAGCTGAGCAT
GCTACTAAGCTT SEQ NO: 2 Primer
4-49 mvaA SpeI
5.-GCTACTAGTAGGAGGAAAACATCATGCAAA
GTTTAGATAAGAATTTCCG-3' SEQ ID NO:
3 Primer 4-49 mvaAR Xbar
5'-GCTTCTAGACTATTGTTGTCTAATTTCTTO
TAAAATGCG-3' SEQ ID NO: 4 Primer
HMOS 5' Se mvaS-S 5'-
GAACTGAACIATCTAGOAGGAAAGCAAAATGAC
AATAGGTATCOACAAAATAAA CT-3' SEQ
ID NO: 5 Primer HMOS 3' Se
mvaS-AS 



5'-TTOCATGATC1 I I I
CCTCCTACTAGTTACTCTGGTCTGTGATATTCG
CGAAC-3'  WO
2007/139924PCT/11S2007/012467 84
PCT/US200 SEQ ID NO: 6 Primer
19-25 atoB
5'-OCIAGGCCATCCTGGCCATGAAGAACTOTG
TGATTGTITCTG-3' SEQ ID NO:?
Primer 19-25 mvaA-AsiSI-AS
5'-GCTTGCGATCGCCOCTCGGATTTGTCCTAC
TCAG-3' SEQ ID NO: 8 Primer 9-70C
5'-CCACCTCGAGATGTCATTACCGTTCITAAC
TTCTG-3' SEQ NO: 9 Primer 26-39B
5'-TOGTGGAGCTLI1ATTIAAOCT000TAAAT
OCAGATAATCG-3' SEQ ID NO: 10
Primer 26-39A 



5'-TTCTTGAGCTCTTA1TCCTTTGGTAGACCA
OTCTTTGCG-3' SEQ ID NO: 11
Primers 4-40 mvaEF BamEII 5' -
TATGGATCCTAAGGAGGATATTTAGATGAAAAC
AGTAGTTATTATTGATOC - 3' SEQ D3
NO: 12 Primer 4-40 mvaER Hindi!!
5'-
AGCTAACCTTTTATTGTTTTCTTAAATCATTTA
AAATACC -3' SEQ ID NO: 13 Primer
4-40 mvaSF Egli! 5' -
TATAGATCTTAAOGAGGATAITTAGATGACAAT
MCGATTGATAAAATTAG - 3'  WO
2007/139924 85 oh: IIIkill] 1'1
PCT/US200   PCT/US2007/012467
SEQ ID NO: 14 



Primer 4-39 mvaSR Barran 5' -
TTTGGATCCTTAGTTTCGATAAGAGCGAACGG
-3' SEQ ID NO: 15 Primer 67-IA-C
for PCR amplification of the
coding sequence of the this gene
5'- ACA CTC GAG GAG (MA TAA ATG
AGT TTT GAT ATT GCC AAA TAC CCG
-3' SEQ ED NO: 16 Primer 67-18-C
for PCR amplification of the
coding sequence of the dxs gene
5'- TGA TOO TAC CTT ATG CCA GCC
AGO CCT TGA TTT TOG C -3' SEQ NO:
17 Primer 67-1C-C for PCR
amplification of the coding
sequence of the dxr gene 5'- ACT
AGO TAC CAG GAG (MA TAA ADD A/W
CAA CTC ACC ATT CTG GGC -3' SEQ
ID NO: 18 Primer 67-10-C for PCR
amplification of the coding
sequence of the dxr gene 5'- AAT
TGA TOG GCC CTC AGC TTG CGA GAC
GCA TCA CCT C -3' SEQ ID NO: 19
Primer 67-1E-C for PCR
amplification of the coding
sequence of the ispD gene 5'- CAT
AAA GGG CCC AGO AGO AAT AAA TOO
CAA CCA CTC ATT TOG ATG -3' SEQ
ID NO: 20 Primer 67-1F-C for PCR
amplification of the coding
sequence of the ispD gene 5'- TAT
TOT TCA TAT OTT ATO TAT TCT CCT
GAT GGA TOG TTC 0-3' SEQ ID NO:
21 Primer 67-I0-C for PCR
amplification of the coding
sequence of the ispE gene 



5'- AAC TAA CAC ATA TGA GGA GGA
ATA AAT GCG GAC ACA GTO GCC CTC
-3' SEQ ID NO: 22 Primer 67-111-C
for PCR amplification of the
coding sequence of the ispE gene
WO 2007/139924PCT/US2007/012467
51- TOT TAG TTA CGC OTT TAA ACC
ATG OCT CTO TGC AAT 00 -3' SEQ ID
NO: 23 Primer 67-2A-C for PCR
amplification of the coding
sequence of the ispF gene 5'- ACG
GGA TCC AGG AGO AAT AAA TGC GAA
ITG GAC AGO on TTG ACG -3' SEQ ID
NO: 24 Primer 67-28-C for PCR
amplification of the coding
sequence of the ispF gene 5'- TTT
ACT TOG OCC CTC ATT TTG no CCT
TAA TGA GTA GCG CC -3' SEQ ID NO:
25 Printer 67-2C-C for PCR
amplification of the coding
sequence of the ispG gene 5'- TAC
TAA GGO CCC AGO AGO AAA TAA TGC
ATA ACC AGO CTC CAA TTC AAC 0-3'
SEQ ID NO: 26 



Primer 67-21)-C for PCR
amplification of the coding
sequence of the ispG gene 5'- TCC
GGG TAC CTT ATT Trr CAA CCT OCT
GAA COT CAA TTC Q -3' SEQ ID NO:
27 Primer 67-2E-C for PCR
amplification of the coding
sequence of the ispH gene 5'- AAC
AUG TAC CAG GAG OAA ATA ATG CAG
ATC CTG TIC GCC AAC C -3' SEQ ID
NO: 28 Primer 67-2F-C for PCR
amplification of the coding
sequence of the ispH gene 5'- TOG
ATG AAG TCQ ACT TAA TCG ACT TCA
CGA ATA TCG ACA CGC AGC -3' SEQ
ID NO: 29 Primer 67-20-C for PCR
amplification of the coding
sequence of the idi gene 51- CAT
CAA GTC GAC AGO AUG AAA TAA TOG
AAA COG AAC ACG TCA TTT TAT TG-3'
SEQ 113 NO: 30 Primer 67-211-Cfor
PCR amplification of the coding
sequence of the idi gene  WO
2007/139924PCT/US2007/012467 87
PCT/US200 jPCt1   



5'- TAA TGC AAG CIT ATT TAA OCT
OGG TAA ATG CAG ATA ATC 0-3' SEQ
D3 NO: 31 Primer 67-2I-Cfor PCR
amplification of the coding
sequence of the ispA gene CAG TAA
AGC TTA GGA GGA AAT AAT GGA CTT
TCC GCA GCA ACT CG -3' SEQ D3 NO:
32 Primer 67-2I-C for PCR
amplification of the coding
sequence of the ispA gene 5'- TAG
TTC CAT GOT TAT TTA TTA CGC TOG
ATG ATG TAG TCC GC -3' SEQ ID NO:
33 Primer 9-156A for PCR
amplification of the RK2 par
locus 5'-
ACATAGACGTCGOGAAAGCGAGGATCTAGGTAG
GG -3' SEQ ID NO: 34 Primer
9-156B for PCR amplification of
the IIK2 par locus 5'-
TTCCCGCTCGAGGTGOCGGACCATATAGGCAGA
TCAG -3' SEQ ID NO: 35 Primer
19-137 cml-pAM37-AS 5' -
GACGTCGATATCTGGCGAAAATO -3' SEQ
ID NO: 36 Primer 19-137
cml-pAM37-S 5' -
TACTAGTOCITOGATItTCACC -3' 



SEQ 133 NO: 37 Primer for PCR
amplification of a nucleotide
sequence encoding a 13-famesene
synthase
5'-CCATGOACACTCTGCC0ATCTCTTCCOTAA
GC-3' SEQ ID NO: 38 Primer for
PCR amplification of a nucleotide
sequence encoding a 0-farnesene
synthase
5'-GAGCTCTCATACGACCATAGGGT0TAC0-3
'  WO
2007/139924PCT/11S2007/012467 88
PCT/US200 SEQ ID NO: 39 Primer
for PCR amplification of a
nucleotide sequence encoding an
a-famesene synthase
5'-CCATGGACCTGGCAGTAGAAATTGC-3'
SEQ ID NO: 40 Primer for PCR
amplification of a nucleotide
sequence encoding an arfarnesene
synthase
5'-GAGCTCTTACATCGGTACCGGCTCCAG-3'
SEQ ID NO: 41
atoB(opt):1-1MGS(opt):mvaA operon
ATGAAGAACTGTGTGATTGTTTCTGCGGTCCGC
ACGGCGATCGGCAGCLii AACG
GCTCTTTAGCGAGCACCTCTOCAATCGATCTGG
OTOCGACGGTCATTAAGGCCGC
CATTGAACGCOCCAAAATCGACAGCCAGCACGI
TGATGAGGTGATCATGGGCAA
TGTGTTACAAGCCGGCCTGGGTCAAAACCCAGC
GCGTCAAGCACTGTTAAAATCT
GGTCTGOCCGAGACCGTGTGTGGCTTCACCGTC
AATAAGGTTTGCGGCTCTGOCC
TGAAGAGCGTOGCCCTOGCAGCACAAGCGATTC
AAGCCGGTCAGGCACAAAGCA
TCGTTGCGGGTGGCATGGAGAACATGTCTCTGG
CGCCGTACTTATTAGATGCCAA
AGCCCGCAGCGGTTATCGCCTGGGCGATGGTCA
GOTGTACGACGTCATCTTACGC
GATGOCTTAATOTOCGCGACCCACGOTTACCAC
ATGGGTATTACGGCCGAAAAC
GTGGCGAAAGAATACOGCATTACGCGCGAGATG
CAGGATGAATTAGCACTGCAC
TCTCAGCGCAAAGCAGCAGCCGCGATCGAGTCT
GGTOCGTTTACGGCGGAAATC
GTGCCAGTTAACGTGGTCACGCGCAAGAAGACG
TTCGI n I CAGCCAGGACGAG
TTCCCGAAGGCAAACAGCACCGCOGAGGCCTTA
GGTGCCTTACGCCCAOCCTTTG
ACAAAGCOGGCACGGTCACCGCCGGTAATOCGA
GCGGCATCAATGATGGTGCAG
COGCACTGGTCATCATGGAAGAGAGCGCCGCAT
TAGCAGCGGGTCTGACCCCAT
TAGCGCGCATTAAATCTIATOCCAGCGOCGOCG
TCCCACCAGCCCTGATOGGCAT
GGGTCCGOTCCCAGCCACGCAAAAAGCCCTOCA
ATTAGCGGGCCTGCAACTGGC
CGACATTGATCTGATCGAGGCGAACGAGGCGTT
TGCAGCOCAGTTCCTGGCGGT
GGGTAAGAATCTGGGCTTCGACAGCGAGAAAGT
CA.ATGTGAACGGTGGCGCGAT
TGCGTTAGGCCATCCGATTGGTGCAAGCGGCOC
ACGCATCITAGTOACGTTACTG
CACGCCATGCAGGCACGCGACAAGACCTTAGGC
CTGGCGACCTTATGTATTGGTG
GCGOTCAAGGTATCGCCATGGTGATCGAACGCC
TGAACTGAAGATCTAGGAGGA
AAGCAAAATGAAACTGAGCACCAAGCTOTGCTG
GTGTGGCATCAAGGGTCGCCT
GCGCCCACAAAAOCAGCAACAGCTCrCACAACA
CGAACCTGCAAATGACCGAGCT  WO
20071139924PCT/US20071012467 



89 PCT/US200 yr'I'lldi
GAAAAAGCAGAAGACGGCCGAGCAAAAGACCCG
CCCGCAGAACGTTGGCATCA
AGGOCATCCAGATTTATATCCCGACGCAGTGTO
TCAACCAATCTGAGCTOGAGA
AATTCGATGGCGTCAGCCAGGGTAAGTACACCA
TCOGCCTOGGCCAGACCAACA
TGAGCTTCGTGAACGACCGTGAGGACATCTATT
CTATGAGCCTOACGGTGCTGTC
TAAGCTGATCAAGAGCTACAACATCOACACGAA
TAAGATCGGTCGTCTOGAGGT
GGGTACGGAGACGCTGATTGACAAGAGCAAAAG
CGTGAAGTCTGTCTTAATGCA
GCTOTTCGOCGAGAACACGGATOTCGAGGOTAT
CGACACCCTGAACGCGTGTTA
CGGCGOCACCAACGCACTGTICAATAGCCTGAA
CTGGATTGAGAGCAACGCCTO
GGATOGCCOCGATGCGATCGTCGTGTOCGOCGA
TATCGCCATCTATGACAAGGG
TGCGGCACGTCCGACCGGCGGTGCAGGCACCGT
TGCGATGTGGATTGGCCCGGA
COCACCAATTGTCTTCGATTCTGTCCGCOCGTC
TTACATGGAGCACGCCTACGAC
1111ACAAGCCOGACTTCACGAGCGAATACCCG
TACGTGGACGGCCACITCTCTC
TGACCTGCTATOTGAAOGCGCTGGACCAGOTTT
ATAAGTCTTATAGCAAAAAGGC
GATTTCTAAGGOCCTGOTCAGCGACCCGOCAGG
CAGCGACGCCCTGAACGTGCT
GAAGTATTTCGACTACAACOTGTTCCATGTCCC
GACCTGCAAATTAGTGACCAAA
TCTTATGGCCGCCTGTTATATAATGATTTCCGT
GCCAACCCGCAGCTGTTCCCGGA
GGTTGACGCCGAGCTGGCGACGCGTOATTACGA
CGAGAQCCTGACCOACAAGAA
CATCGAQAAGACCTTCGTCAACGTCGCOAAGCC
GTTCCACAAAGAOCGTGTGGC
CCAAAGCCTGATCGTCCCGACCAACACGGGCAA
CATGTATACCGCGTCTGTCTAC
GCGGCATTCGCGAQCCTGCTGAATTACGTCGGT
TCTGACGACCTGCAGGGCAAGC
GCGTTGOCCTOTTCAOCTACOGTAGCGOCTTAG
CGOCCAGCCTGTATAGCMCAA
AATTOTCGGCGACGTCCAOCACATCATCAAGGA
GCTGGAGATCACCAACAAGCT
GOCGAAGCOCATCACCGAGACGCCGAAAGATTA
CGAGOCAGCGATCGAGTTACG
CGAGAATGCGCATCTGAAGAAGAACTTCAAOCC
GCAAGGTAGCATCGAGCACCT
GCAGAGCGGCGTCTACTACCTGACOAACATTGA
CGACAAGTTCCGCCGTTCTTAT
GACGTCAAAAAGTAACTAGTAGGAGGAAAACAT
CATGCAAAGTITAGATAAGAA
TTTCCGACATTTATCTCGTCAACAAAAGTTACA
ACAATTGQTAGATAAGCAATGG
TTATCAGAAGATCAATTCGACATTTTATTGAAT
CATCCATTAATTGATGAGGAAG
TAGCAAATAGTTTAATTGAAAATGTCATCGCGC
AAGGTGCATTACCCGTTGGATT
ATTACCOAATATCATTGTGGACGATAAGGCATA
TGITGTACCTATGATGOTGGAA
GAGCCTTCAGTTGTCGCTGCAGCTAGTTATGGT
GCAAAGCTAGTGAATCAGACTG
GCGGATTTAAAACGGTATCTTCTOAACGTATTA
TGATAGGTCAAATCOTCTTTGA
TGGCOTTGACGATACTGAAAAATTATCAGCAGA
CATTAAAGCTTTAGAAAAGCA
AATTCATAAAATTOCGGATGAGGCATATCCTTC
TATTAAAGCGCGTGGTGOTOGT  WO
2007/139924PCTAIS2007/012467
TACCAACGTATAGCTATTGATACAITTCCTGAG
CAACAGTTACTATCTITAAAAG
TATrrGTTOATACGAAAOATGCTAT000CQCTA
ATATGCflJ\ATACGA1IIIAGA
GGCCATAACTOCAI I I
rIAAAAAATGAATCTCCACAAAGCGACA111
AATGAGT Al I I
IATCCAATCATGCAACAGCGTCCGTTOTTAAAG
TTCAAGGCGAAATTGACG
TTAAAGATITAGCAAGGGGCGAGAGAACTGGAG
AAGAGGTTOCCAAACGAATG
GAACGTGCTTCTGTATTOGCACAAGTTGATATT
CATCGTOCTGCAACACATAATA
AAGGTGTTATGAATGGCATACATGCCGTTG
1111 AGCAACAGGAAATGATACGCG
TGGTOCAGAAGCAAGTGCGCATGCATACGCGAG
TCGIGACOGACAGTATCGTGG
TATTGCAACATGGAGATACGATCAAAAACGTCA
ACOTTTAATTOGTACAATAGA
AGTGCCTATGACATTGGCAATCGTTGGCGGTOG
TACAAAAGTATTACCAATTGCT
AAAGCTTCTITAGAATTGCTAAATOTAGATTCA
GCACAAGAATTAGGTCATGTAG
TTGCTGCCGTTGGTTTAGCACAGAACTTTGCAG
CATGTCGCGCGCTCGTTTCCGA
AGGTATCCAGCAAGGCCATATGAGCTTGCAATA
TAAATCTTTAGCTATTGTTGTA
GGTGCAAAAGGTGATGAAATTGCGCAAGTAGCT
GAAGCATTGAAGCAAGAACCC
CGTGCGAATACACAAOTAGCI'GAACGCATTTT
ACAAGAAATTAGACAACAATAG SEQ ID NO:
42 atoB(opt) mvaS(opt) mvaA
operon
ATGAAGAACTOTGTOATTGTTTCTGCGGTCCGC
ACGOCGATCGGCAGCTITAACO
GCTCTTTAGCGAGCACCTCTGCAATCGATCTOG
GTOCGACGGTCATTAAGGCCGC
CATTGAACGCGCCAAAATCGACAGCCAGCACGT
TGATGAGGTGATCATGGGCAA
TGTGTTACAAGCCGGCCTGGGTCAAAACCCAGC
GCGTCAAGCACTGTTAAAATCT
GGTCTGGCCGAGACCGTGTGTGGCTTCACCGTC
AATAAGGTTTGCGGCTCTGGCC
TGAAGAGCGTGGCCCTGGCAGCACAAGCGATTC
AAGCCGGTCAGGCACAAAGCA
TCGTTGCGOGTOGCATGGAGAACATGTCTCTGO
CGCCGTACTTATTAGATGCCAA
AGCCCGCAGCGGTTATCGCCTGGGCGATGGTCA
GGTGTACGACGTCATC ITACGC
GATOGCTTAATOTGCGCGACCCACGGTTACCAC
ATOGGTATTACGGCCOAAAAC
GTGGCGAAAGAATACGGCATTACGCGCGAGATG
CAGGATGAATTAGCACTGCAC
TCTCAGCGCAAAGCAGCAGCCGCGATCGAGTCT
GGTGCGTTTACGGCGGAAATC
GTGCCAGTTAACGTGOTCACGCGCAAGAAGACG
TTCGTTTTCAGCCAGGACGAG
ITCCCGAAGGCAAACAGCACCGCGGAGGCCTTA
GGTOCCTTACGCCCAGCCTTTG
ACAAAGCGGGCACGGTCACCGCCGGTAATGCGA
GCGGCATCAATGATGGTGCAG
CGOCACTGGTCATCATOGAAGAGAGCGCC
GCATTAGCAGCGGGTCTGACCCCAT
TAGCGCGCATTAAATCTTATGCCAGCGGCGGCG
TCCCACCAGCCCTGATGGGCAT 



WO 2007/139924PCT/US2007/012467
GGOTCCGOTCCCAGCCACGCAAAAAGCCCTOCA
ATTAGCGGGCCTGCAACTGGC
CGACATTGATCTGATCGAGGCGAACGAGGCGTT
TOCAGCGCAGTTCCMGCGGT
OGGTAAGAATCTGGGCTTCGACAGCGAGAAAGT
CAATGTGAACGGTGGCGCGAT
TGCGTTAGGCCATCCGATTOGTGCAAGCGGCGC
ACGCATCTTAGTGACGTTACTG
CACGCCATGCAGGCACGCGACAAGACCITAGGC
CTGGCGACCTTATGTATTGGTG
GCGOTCAAGGTATCGCCATGGTGATCGAACGCC
TGAACTGAAGATCTAGGAGGA
AAGCAAAATGACAATAGGTATCGACAAAATAAA
CITTTACOTTCCAAAGTACTA
TGTAGACATGGCTANATTAGCAGAAGCACGCCA
AGTAGACCCAAACAAATTTTT
AATTGGAATTGGTCAAACTGAAATOGCTGTTAG
TCCTGTAAACCAAGACATCGTT
TCAATGGGCGCTAACGCTGCTAACTGACATTAT
AACAGACGAAGATAAAAAGAAA
ATTGGTATGGTAATTGTGGCAACTGAATCAGCA
GTTGATGCTGCTAAAGCAGCCG
CTGTTCAAATTCACAACTTATTAGGTATTCAAC
C 1111 GCACGTTGCTTTGAAATG
AAAGAAGCTTGTTATGCTGCAACACCAGCAATT
CAATTAGCTAAAGATTATTTAG
CAACTAGACCGAATGAAAAAGTATTAGTTATTO
CTACAGATACAGCACGITATG
GATTGAATTCAGGCGGCGAGCCAACACAAGGTG
CTOGCGCAGTTOCGATGGTTA
TTGCACATAATCCAAGCATTTTGGCATTAAATG
AAGATGCTGTTGCTTACACTGA
AGACGTTTATGATTTCMGCGTCCAACTGGACAT
AAATATCCATTAGTTGATGGT
GCATTATCTAAAGATGCTTATATCCOCTCATTC
CAACAAAGCMGAATGAATACG
CAAAACGTCAAOGTAAGTCGCTAGCTGACTTCG
CATCTCTATGCTTCCATGTTCC
ATTTACAAAAATGGGTAAAAAGGCATTAGAGTC
AATCATTGATAACGCTGATGA
AACAACTCAAGAGCGTTTACGTTCAGGATATGA
AGATOCTGTAGATTATAACCGT
TATGTCGGTAATATTTATACTGGATCATTATAI
TTAAGCCTAATATCATTACTTGA
AAATCGTGATTTACAAGCMGTGAAACAATCGOT
TTATTCAGTTATGGCTCAGGT
TCAGITGGTGAATTTTATAGTOCGACATTAGTT
GAAGGCTACAAAGATCATTTAG
ATCAAGCTGCACATAAACCATTATTAAATAACC
GTACTGAAGTATCTOTTGATGC
ATATGAAACATTC'rTCAAACGTTITGATGACG
TTGAATTTGACGAAGAACAAGAT
GCTGTTCATGAAGATCGTCATATTTTCTACTTA
TCAAATATTGAAAATAACGTTCG
CGAATATCACAGACC.AGAGTAACTAGTAGGAG
GAAAACATCATOCAAAGTTTAG
ATAAGAATTTCCOACATTTATCTCGTCAACAAA
AOTTACAACAATTOGTAGATAA
GCAATGOTTATCAGAAGATCAATTCGACATTTT
ATTGAATCATCCATTAATTGAT
GAGGAAGTAGCAAATAGTTTAATTGAAAATGTC
ATCGCGCAAGGTGCATTACCC
GTTGGA'TTATTACCGAATATCATTGTGGACGA
TAAGGCATATGTTGTACCTATGA
TGGTGGAAGAGCL I I
CAGTTOTCGCTGCAGCTAGTTATOGTGCAAAGC
TAGTGAA
TCAGACTGGCGGATTTAAAACGGTATCITCTGA
ACGTATTATGATAGGTCAAATC  WO
2007/139924PCT/1JS2007/012467
GTCTTTGATGOCGITGACGATACTGAAAAATTA
TCAGCAGACATTAAAGCTTTAG
AAAAGCAAATTCATAAAATTGCGGATGAGGCAT
ATCCTTCTATTAAAGCGCGTG
GTGGTGGTTACCAACGTATAGCTATTGATACAT
TTCCTGAGCAACAGTTACTATC
TTTAAAAGTATTTGTTGATACGAAAGATGCTAT
GGGCGCTAATATGCTTAATACG All
AGAGGCCATAACTGCATTTTTAAAAAATGAATC
TCCACAAAGCGACA111
TAATGAGTATTTTATCCAATCATGCAACAGCGT
CCGTTOTTAAAGTTCAAGGCGA
AATTGACGTTAAAGATTTAGCAAGOGGCGAGAQ
AACTGGAGAAGAGGTTGCCAA
ACGAATOGAACGTGCTTCTOTATTCrOCACAAO
TTGATATTCATCOTGCTGCAACA
CATAATAAAGGTOTTATGAATOGCATACATGCC
GTTOTTITAGCAACAGGAAATG
ATACGCGTGGTGCAGAACCAAGTGCGCATGCAT
ACGCGAGTCGTGACOGACAGT
ATCGTGGTATTGCAACATGGAGATACGATCAAA
AACGTCAACCITTAATTOGTAC
AATAGAAGTGCCTATGACATTOGCAATCOTTGG
CGGTGGTACAAAAGTATTACC
AATTGCTAAAGCTTCTTTAGAATTGCTAAATGT
AGATTCAGCACAA.GAATTAGGT
CATOTAGITGCTGCCOTTGGTTTAGCACAGAAC
TTTGCAGCATOTCGCGCGCTCO
TTTCCGAAGOTATCCAGCAAGOCCATATGAGCT
TG11AATATAAATC11 IAGCTAT
TGTTGTAGGTGCAAAAGGTGATGAAATTGCGCA
AGTAGCTGAAGCATTGAAGCA
AGAACCCCGTGCGAATACACAAGTAGCTGAACG
CA1-11 ACAAGAAATTAGACA ACAATAG
SEQ 113 NO: 43 pA.M328 -
ERG9-KANMX-MET3promoter-ERG9
(excluding vector backbone)
CAATACCGACTTACCATCCTATTTOCITTGCCC
ITTITCTITTCCACTGCATGGCG
GCGTTAGTATCOAATOGATOGCGGCOTTAGTAT
CGAATCGACAOCAGTATAGCG
ACCAGCATTCACATACGATTGACGCATGATATT
ACITTCTGCGCACITAACTTCG
CATCTGOGCAGATGATGTCGAGGCGAAAAAAAA
TATAAATCACGCTAACATTTG
ATTAAAATAGAACAACTACAATATAAAAAAACT
ATACAAATGACAAGTTCTTGA
AAACAAGAATC1111TATTGTCAGTACTGATTA
GAAAAACCCATCGAGCATCAAA
TGAAACTGCAATTTATTCATATCAOGATTATCA
ATACCATAl lilt GAAAAAGCC
GTITCTGTAATGAAGGAGAAAACTCACCGAGGC
AGTTCCATAGGATGGCAAGAT
CCTGGTATCGGTCTGCGATTCCGACTCGTCCAA
CATCAATACAACCTATTAATTTC
CCCTCGTCAAAAATAAGGTTATCAAGTGAGAAA
TCACCATGAGTGACOACTGAA
TCCGGTGAGAATGGCAAAAGCTTATGCATTIMT
TCCAGACTTGTTCAACAGGCC
AGCCATTACGCTCGTCATCAAAATCACTCGCAT
CAACCAAACCGTTATTCATTCG
TGATTGCGCCTGAGCGAGACGAAATACGCGATC
OCTGTTAAAAGCACAATTACA  WO
2007/139924PCT/US2007/012467   



AACAGGAATCOAATGCAACCGOCGCAGGAACAC
TGCCAGCGCATCAACAATATT
TTCACCTGAATCAGGATATTCTTCTAATACCTG
GAATGCTG IT! IGCCGOGGATC
OCAGTOGTGAGTAACCATOCATCATCAGGAGTA
COGATAAAATOCTTGATGGTC
GOAAGAGGCATAAATTCCOTCAOCCAOTTTAGT
CTGACCATCTCATCTGTAACAT
CATTGGCAACOCTACCTTTOCCATGTTTCAGAA
ACAACTCTGGCGCATCOGGCTT
CCCATACAATCGATAGATTGTCGCACCTGATTG
CCCOACATTATCGCGAGCCCAT
TTATACCCATATAAATCAGCATCCATGTTGGAA
TTTAATCGCGGCCTCGAAACGT
GAGTCTTTTCCTTACCCATGGTTGTTTATGTTC
GGATGTGATGTGAGAACTGTATC
CTAGCAAGATTTTAAAAGOAAGTATATGAAAGA
AGAACCTCAGTGOCAAATCCT AACC 1
111ATATTTCTCTACAGOGGCGCOGCGTGGGGA
CAATTCAACGCGTCTGT
GAGGGGAGCGTTTCCCTOCTCGCAGGTCTGCAO
CGAGGAGCCGTAM 111 TGCTT
CGCGCCGTGCGGCCATCAAAATOTATGGATGCA
AATGATTATACATGGOGATGT
ATGGGCTAAATGTACGGGCGACAGTCACATGAT
OCCCCTGAGCTGCOCACOTCA
AGACTGTCAAGGAGGGTATTCTGGGCCTCCATG
TCGCTGGCCGGGTGACCCGGC
GOGGACGAGGCAAGCTAAACAGATCTGATCTTG
AAACTGAGTAAGATGCTCAGA
ATACCCOTCAAGATAAGAGTATAATGTAGAGTA
ATATACCAAGTATTCAOCATAT TCTCCTCTTC
F
IIIGTATAAATCACGGAA000ATGATrrATAAO
AMAATOAATA
CTATTACACTTCATTTACCACCCTCTGATCTAG
ATITTCCAACGATATOTACOTAG
TGOTATAAGGTGAGOGGOTCCACAGATATAACA
TCGTITAATTTAGTACTAACAG
AGACTTTTGTCACAACTACATATAAGTGTACAA
ATATAGTACAGATATGACACAC
TTGTAGCGCCAACGCGCATCCTACGGATTGCTG
ACAGAAAAAAAOGTCACGTGA
CCAGAAAAGTCACGTGTAATTTTGTAACTCACC
GCATTCTAGCGGTCCCTGTCGT
GCACACTGCACTCAACACCATAAACCTTAOCAA
CCTCCAAAGGAAATCACCGTA
TAACAAAGCCACAG un
ACAACTTAGTCTCTTATGAAGTTACTTACCAAT
GAGA
AATAGAGGCTCTTTCTCGAGAAATATGAATATG
GATATATATATATATATATATA
TATATATATATATATGTAAACTTOGTFCTITTT
TAGCTTOTGATCTCTAGCTTGOO
TCTCTCTCTOTCGTAACAGTTOTGATATCGOCT
OCCTTCATCTCGACCGGATGCAA
TGCCAATTGTA_ATAGCTTTCCCATGTTAATTA
TACTTTATTCTT SEQ ID NO: 44
GAGTGAACCTOCTGCCTGGCGTOCTCTGACTCA
GTACATTTCATAGTGGATGOCG
GCOTTAGTATC  WO 2007/139924 94
I11   PCT/US2007/012467
PCT/US200i  SEQ ID NO: 45
COTGTATACGTTITCCOCTTCTGCTCTTCGTCT
TTTCTCTTCTTCCGATATCACAAC TOTTACGA
SEQ ID NO: 46 GOTAAGACGOTT600111
TATCTITTGCAGTTGGTACTATTAAGAACAATC
ACAG GAAACAGCTATGACC SEQ ID NO:
47
TTGCGill1GTACTTRIGTTCGCTCAAT111
GCAGGTAGATAATCGAAAAGTTGTA
AAACGACGGCCAGT SEQ ID NO: 48 



pAM491 sequence (excluding vector
backbone)
GTTTAAACTTGCTAAATTCGAGTGAAACACAGG
AAGACCAGAAAATCCTCATTTC
ATCCATATTAACAATAATTTCAAATOTTTA1TT
GCATTAIII GAAACTAGGGAAG
ACAAGCAACGAAAC01111GAAAAIII I
GAGTATTTTCAATAAATTTGTAGAGGA
CTCAGATATTGAAAAAAAGCTACAGCAATTAAT
ACTTGATAAGAAGAGTATTGA
GAAGGGCAACGOTTCATCATCTCATOGATCTGC
ACATGAACAAACACCAGAGTC
AAACGACGTTGAAATTGAGGCTACTGCOCCAAT
TGATGACAATACAGACGATGA
TAACAAACCGAAGTTATCTGATGTAGAAAAGGA
TTAAAGATGCTAAGAGATAGT
GATGATATTTCATAAATAATGTAATTCTATATA
TGTTAATTACCTTTTTTGCGAGG
CATATTTATGGTGAAGGATAAGTTTTGACCATC
AAAGAAGGTTAATGTGGCTGTG
CITT'CAGGGTCCATACCCOGGAGTTATGACAA
TTACAACAACAGAATTCTITCTA
TATATGCACGAACITGTAATATGGAAGAAATTA
TGACGTACAAACTATAAAGTA
AATATTITACGTAACACATGGTGCTOTTGTGCT
TCT 1111CAAGAGAATACCAATG
ACGTATGACTAAGTTTAGGATTTAATGCAGGTG
ACGGACCCATCTTTCAAACGAT
TTATATCAGTGGCGTCCAAATTGTTAGGTTTTG
TTGGTTCAGCAGGTTTCCTGTTG
TGGOTCATATGACTTTGAACCAAATGOCCGGCT
GCTAGGGCAGCACATAAGGAT
AATTCACCTGCCAAGACGGCACAGGCAACTATT
CTTGCTAATTGACGTGCGTTGG
TACCAGGAGCOGTAGCATGTGOGCCTCTTACAC
CTAATAAGTCCAACATGGCACC
TTGTGGTTCTAGAACAGTACCACCACCGATGGT
ACCTACTTCGATGGATGGCATG
GATACGGAAATTCTCAAATCACCGTCCACTTCT
TTCATCAATOTTATACAGTTOG
AACTTTCGACA1
Il1QTGCAGGATCTTGTCCTAATGCCAAGAAAA
CAGCTGTCAC  WO
2007/139924PCT/1JS2007/012467
TAAATTAGCTOCATGTOCGTTAAATCCACCAAC
AGACCCAGCCATTGCAGATCCA
ACCAAATTCTTAGCAATGTTCAACTCAACCAAT
GCGGAAACATCACITITTAACA
CTTITCTGACAACATCACCAGGAATAGTAGCTT
CTGCGACGACACTCTTACCACG
ACCTTCGATCCAGTTGATGGCAGCTGOTTITTT
GTCGOTACAGTAGTTACCAGAA
ACOGAGACAACCTCCATATCTTCCCAGCCATAC
TCTTCTACCATTTOCTITAATGA
GTATTCGACACCCTTAGAAATCATATTCATACC
CATTOCGTCACCAGTAGTTOTTC
TAAATCTCATGAAGAGTAAATCTCCTOCTAGAC
AAGTITGAATATGTTGCAGACG
TOCAAATCTTGATGTAGAGTTAAAAGC 1111
TTAATTGCGTTTTGTCCCTCTTCTG
AGTCTAACCATATCTTACAGGCACCAGATC, 1
IrTCAA.AGTTI300AAACGGACTAC
TGGGCCTL, 11 GTC
ATACCATCCITAGTTAAAACAGTTOTTOCACCA
CCGCCAOCA
TTGATTGCCTTACAGCCACGCATGGCAGAAGCT
ACCAAACAACCCTCMTAGTTG
CCATTGGTATATGATAAGATGTACCATCGATAA
CCAAGGGGCCTATAACACCAA
COGGCAAAGGCATGTAACCTATAACATTTTCAC
AACAAGCGCC AAATACGCOGT
CGTAGTCATAA 11111
ATATGGTAAACGATCAGATOCTAATACAGGAGC
TTCTGC
CAAAATTGAAAGAGCCTTCCTACGTACCGCAAC
CGCTCTCOTAGTATCACCTAAT
TTTTTCTCCAAAGCGTACAAAGGTAACTTACCG
TGAATAACCAAGGCAGCGACCT
CTITOTTCITCAATTGTTTTGTATTTCCACTAC
TTAATAATGCTTCTAATTCTTCTA
AAGGAC3TALIIICTTATCCAAGCTTTCAATAT
CGCGGGAATCATCflCCTCACTA
GATGATGAAGGTCCTGATGAGCTCGATTGCCrC
AGATGATAAACTiii GACTTTCG
ATCCAGAAATGACTOTTTTATTGOTTAAAACTG
GTGTAGAAGCC 111 1GTACAGG
AGCAGTAAAAGACTTCTTGGTGACTTCAGTCTT
CACCAATTGGTCTOCAGCCATT ATAG
111111
CTCCTTGACGTTAAAGTATAGAGGTATATTAAC
AATilt 1 TGTTGA
TACTATGACATrTGAATAAGAAGTAATACAAAC
CGAAAATOTTGAAAGTAIT
AGTTAAAGTGGTTATGCAGC1111
GCATTTATATATCTGTTAATAGATCAAAAAT
CATCGCTTCGCTGATTAATTACCCCAGAAATAA
GGCTAAAAAACTAATCGCATTA
TTATCCTATGGITGTTAATTTGATTCGTTGATT
TGAAGGTFTGTGGGGCCAGOTTA CMCC AA
IT
IITCCTCTTCATAACCATAAAAGCTAGTATTGT
AOAATCTTTAflGT
TCGGAGCAGTGCGGCGCGAGGCACATCTGCGTT
TCAGGAACGCGACCOGTGAAG
ACCAGGACGCACOGAGGAGAGTCTTCCGTCGGA
GGGCTGTCGCCCGCTCGGCOG
CITCTAATCCGTACTTCAATATAGCAATGAGCA
GTTAAGCGTATTACTGAAAGTT
CCAAAGAGAAGG1
TTTAGGCTAAGATAATGGGGCTCTTTAC
ATTTCCACAAC
ATATAAGTAAGATTAGATATGGATATGTATATG
GTGGTATTGCCATGTAATATGA
TTATTAAACTTCTTTGCGTCCATCCAAAAAAAA
AGTAAGAAT LI I I GAAAATTCA
ATATAAATGAAACTCTCAACTAAACTTTGTTGG
TOTGGTATTAAAGGAAGACTTA  



WO 2007/139924PCTAIS2007/012467
96 PCT/US200  GOCCGC
AAAAGCAACAACAATTACACAATACAAAC1 1
GCAAATGACTGAACTAA
AAAAACAAAAGACCGCTGAACAAAAAACCAQAC
CTCAAAATGTCGGTATTAAAG
GTATCCAAATTTACATCCCAACTCAATGTOTCA
ACCAATCTGAGCTAGAGAAATT
TGATGGCGTTTCTCAAGGTAAATACACAATTGG
TCTGGGCCAAACCAACATGTCT
TTTGTCAATGACAGAGAAGATATCTACTCGATG
TCCCTAACTGTTTTOTCTAAGIT
GATCAAGAGTTACAACATCGACACCAACAAAAT
TGOTAGATTAGAAGTCOGTAC
TGAAACTCTGATTGACAAGTCCAAGTCTOTCAA
GTCTGTCTTGATGCAATTGTTT
GGTGAAAACACTGACGTCGAAGGTATTGACACG
CTTAATGCCTGTTACGGTGGTA
CCAACGCGTTGTTCAACTCTTTGAACTGGATTG
AATCTAACGCATGGGATGGTAG
AGACGCCATTGTAGTTTGCOGTGATATTGCCAT
CTACGATAAGGGTGCCGCAAGA
CCAACCGGTOGTGCCOGTACTOTTGCTATGTGG
ATCGGTCCTGATOCTCCAATTG
TAT'rfGACTCTGTAAGAGCTTCTTACATOGAA
CACGCCTACGATT ill ACAAGCC
AGATTTCACCACTCGAATATCCTTACGTCGATG
GTCA1 1 1 TCATTAACTTGTTACG
TCAAGGCTCTTGATCAAGTTTACAAGAGTTATT
CCAAGAAGGCTATTTCTAAAGG
OTTGGTTAGCGATCCCOCTGGTTCGGATOCTTT
GAACGTTITGAAATATTTCGACT ACAACG1 1
1 1
CCATOTTCCAACCTGTAAA'TTGGTCACAAA,A
TCATACGGTAGATT
ACTATATAACGATTTCAGAGCCAATCCTCAATT
GTTCCCAGAAGTTGACGCCGAA
TTAGCTACTCGCGATTATGACGAATCTTTAACC
GATAAGAACATTGAAAAAACTT
ITGITAATGTTGCTAAGCCATTCCACAAAGAGA
GAGTTGCCCAATCTITGATTOT
TCCAACAAACACAGGTAACATGTACACCGCATC
TOTTTATGCCOCC Ii TGCATCT
CTATTAAACTATGITGGATCTGACGAC
TTACAAGGCAAGCGTGTTGOTTTATTTTC
ITACGGTTCCGGTTTAGCTGCATCTCTATATTC
TTGCAAAATTGTTGGTGACGTCC
AACATATTATCAAGGAATTAGATATTACTAACA
AATTAGCCAAGAGAATCACCG
AAACTCCAAAGGATTACGAAGCTGCCATCGAAT
TGAGAGAAAATOCCCATTTGA
AGAAGAACTTCAAACCTCAAGOTTCCATTGAOC
ATTTGCAAAGTOGTGTITACTA
CTTGACCAACATCGATGACAAATITAGAAGATC
TTACGATGTTAAAAAATAATCT
TCCCCCATCGATT'GCATCTTGCTGAACCCCCT
TCATAAATOCTTTATTT 11 1TGGC
AGCCTGCTTTTTTTAGCTCTCATTTAATAGAGT
AGTTTTTTAATCTATATACTAGG
AAAACTCTTTATTTAATAACAATGATATATATA
TACCCGGGAAGCTTITCAATTC
ATCTTTTTT'TTTTTTGTTC 1 it 1 II
IGATFCCOGTTTCTflGAAAI 111  1
TTGATTC
GGTAATCTCCGAGCAGAACrGAAGAACGAAGGA
AGGAGCACAGACITAGATTGG
TATATATACGCATATGTGGTOTTGAAGAAACAT
GAAATTGCCCAGTATTCTTAAC
CCAACTOCACAGAACAAAAACCTGCAGGAAACG
AAGATAAATCATGTCGAAAGC
TACATATAAGGAACGTGCTGCTACTCATCCTAG
TCCTGTTGCTGCCAAGCTATTT  WO
2007/139924PCT/US2007/012467 97
PCT/US200
AATATCATGCACGAAAAGCAAACAAACTTGTGT
GCTTCATTGGATGTTCGTACCA
CCAAGGAATTACTOGAGTTAGTTGAAGCATTAG
GTCCCAAANITTGIIIACTAAA
AACACATOTGGATATCTTGACTGA 1111
TCCATGGAGGGCACAGTTAAGCCGCTA
AAGGCATTATCCGCCAAOTACAATTTTTTACTC
TTCGAAGACAGAAAATTTGCTG
ACATTGGTAATACAGTCAAATTGCAGTACTCTG
CGGGTGTATACAGAATAGCAG
AATUGGCAGACATTACGAATGCACACGGTGTGO
TOGGCCCAGGTA'TTGTTAGCG
GTTTGAAGCAGGCGGCGOAAGAAGTAACAAAGG
AACCTAGAGGCCTITTGATGT
TAGCAGAATTOTCATGCAAGGGCTCCCTAGCTA
CTGGAGAATATACTAAGGGTA
CTGTTGACATTGCGAAGAGCGACAAAGATTTTG
TTATCGGC 111ATTGCTCAAAG
AGACATOGGTOGAAGAGATOAAGGTTACGATTG
GTTGATTATGACACCCGGTGT
OGGITTAGATGACAAGGGAGACOCATTGOGTCA
ACAGTATAGAACCGTGGATGA
TGTGGTCTCTACAGGATCTGACATTATTATTGT
TGGGTTTAAAC SEQ ID NO: 49 pAM492
sequence (excluding vector
backbone)
GTTTAAACTTGCTAAATTCGAGTGAAACACAGG
AAGACCAOAAAATCCTCATTTC
ATCCATATTAACAATAATTTCAAATGTTTATTT
OCATTATTTGAAACTAGGGAAG
ACAAGCAACGAAACG1111
1GAAAATTTTGAGTATTTTCAATAAATTTGTAG
AGG
ACTCAGATATTGAAAAAAAGCTACAGCAATTAA
TACTTGATAAGAAGAGTATTG
AGAAGGGCAACGGTTCATCATCTCATGGATCTG
CACATGAACAAACACCAGAGT
CAAACGACGTTGAAATTGAGGCTACTGCGCCAA
TTGATGACAATACAGACGATG
ATAACAAACCOAAOTTATCTGATGTAGAAAAGG
ATTAAAGATGCTAAGAGATAG
TGATGATATTTCATAAATAATGTAATTCTATAT
ATOTTAATTACCt I 11 TTGCGAG
GCATATTTATGGTGAAGGATAAGTTTTGACCAT
CAAAGAAGGTTAATGTGGCTGT
GGTTTCAGGGTCCATACCCGGGTATATATATAT
CATTGTTATTAAATAAAGAGTT
TTCCTAGTATATAGATTAAAAAACTACTCTATT
AAATGAGAGCTAAAAAAAGCA
GGCTGCCAAAAAAATAAAGCATTTATGAAGGGG
UITCAGCAAGATGCAATCGAT
GGGGGAAGA'TTATTTTITAACATCGTAAGATC
TTCTAAATTTGTCATCGATUTTG
GTCAAGTAGTAAACACCACTTTGCAAATGCTCA
ATGGAACCTTGAGGTTTGAAGT
TCTTCTTCAAATOGGCA 1-1
i1CTCTCAATTCGATGGCAGCTTCGTAATCCTT
TGGA 



GTTTCGGTGATTCTCTTGGCTAATTTOTTAGTA
ATATCTAATTCCTTGATAATATG
TTGGACGTCACCAACAAT 11i
GCAAGAATATAGAGATGCAGCTAAACCGGAACC
GTAAGAAAATAAACCAACACGCTTGCCTTGTAA
GTCGTCAGATCCAACATAGTTT
AATAGAGATGCAAAGGCGGCATAAACAGATGCG
GTGTACATGTTACCTGTGTTT  WO
2007/139924PCMIS2007/012467
GTTGGAACAATCAAAGATTGGGCAACICTCTCI
TTGTGOAATGGCTTAGCAACAT TAACAAAAGT
I in 1
CAATGTTCTTATCGGTTAAAGATTCGTCATAAT
CGCGAGT
AGCTAATTCGGCGTCAACTTCTGGGAACAATTG
AGGATTGGCTCTGAAATCOTTA
TATAGTAATCTACCGTATGATITTGTGACCAAT
TTACAGGITGGAACATGGAAAA
CGTTGTAGTCGAAATATTTCAAAACGTTCAAAG
CATCCGAACCAGCGGGATCGCT
AACCAACCCTTTAGAAATAGCCTTCTTGOAATA
ACTCTTGTAAACTTGATCAAGA
GCCTTGACGTAACAAGTTAATGAAAAATGACCA
TCGACGTAAGGATATTCGCTG
GTGAAATCTGGCTTGTAAAAATCGTAGGCGTGT
TCCATGTAAGAAGCTCTTACAG
AGTCAAATACAATTGGAGCATCAGGACCGATCC
ACATAGCAACAGTACCGGCAC
CACCGGTTGGTCTTGCGGCACCCTTATCGTAGA
TGGCAATATCACCGCAAACTAC
AATGGCGTCTCTACCATCCCATGCGTTAGATTC
AATCCAGTTCAAAGAGTTGAAC
AACGCGTTOGTACCACCGTAACAGGCATTAAGC
GTGTCAATACCITCGACGTCAG
TGlIllCACCWCAAflGCATCAQACAGACTTOA
CA0ACflbGflGTT
CAGAGTTTCAGTACCGACTTCTAATCTACCAAT
TTTGTTGGTGTCGATGTTGTAAC
TCTTGATCAACTTAGACAAAACAGTTAGGGACA
TCGAGTAGATATC'TTCTCTGTC
ATTGACAAAAGACATGTTGGTTTQGCCCAGACC
AATTGTGTATTTACCTTGAGAA
ACGCCATCAAAITTCTCTAGCTCAGATTGGTTG
ACACATTGAGTTGOGATGTAAA
TTTGGATACCTTTAATACCGACATTTTGAGGTC
TGGTTTTTTGTTCAGCGGTCTTT TG mitt].
AGTTCAGTCATTTGCAAGTITOTATTGTOTAAT
TGTTGTTOCI I GC
GGCCTAAGTCTTCCTTTAATACCACACCAACAA
AGTTTAGTTGAGAGTTTCAI
ATGTGATGATTGATTGATTGATTGTACAGTTTG
ITTCTTAATATCTATTTCGAT
GACTTCTATATGATATMCACTAACAAGAAGATA
TTATAATGCAATTGATACAAG
ACAAGGAGTTATTTGCTTCTCIIIIATATGAfl
CTGACAATCCATAflGCGTTOGT AGTCT
IIIllGCTGOAACGGTTCAOCGQAAAAGACGCA
TC0CThj 1GCTTCTA
GAAGAAATGCCAGCAAAAGAATCTCTTGACAGT
GACTGACAGCAAAAATGTCTT
TTTCTAACTAGTAACAAGGCTAAGATATCAGCC
TGAAATAAAGGGTGGTGAAGT
AATAATTAAATCATCCOTATAAACCTATACACA
TATATGAGGAAAAATAATACA
AAAGTGTTITAAATACAGATACATACATGAACA
TATOCACGTATAGCGCCCAAAT
GTCGGTAATOGGATCGGCTTACTAATTATAAAA
TOCATCATAGAAATCGTTGAAG
TTGACGCAGCGACTCGAGATCCATAGGAGCAAC
TCATGTCTGAACTTCAACGATT
TCTATGATOCATTTTATAATTAGTAAGCCGATC
CCATTACCGACATTTGGGCGCT
ATACGTGCATATGTTCATGTATGTATCTGTATT
TAAAACACTTTTGTATTATTTTT
CCTCATATATGTGTATAGUITTATACGGATGAT
TTAATTATTACTTCACCACCCTT
TATTTCAGGCTGATATCTTAGCCTTGTTACTAG
TTAGAAAAAGACA 1-1 TGCTGT  WO
2007/139924PCT/US2007/012467   



CAGTCACTGTCAAGAGATTCTTTTGCTGGCATT
TCTTCTAGAAGCAAAAAGAGCG ATGCGTC1
iliCCGCTGAACCOTTCCAOCAAAAAAGACTAC
CAACGCAATATGGA
TTGTCAGAATCATATAAAAGAGAAGCAAATAAC
TCCTTGTCTTGTATCAATTGCA
TTATAATATCTTCTTGTTAGTGCAATATCATAT
AGAAGTCATCGAAATAGATATT
AAGAAAAACAAACTOTACAATCAATCAATCAAT
CATCACATAAAATGOCTGCAG
ACCAATTOGTGAAGACTGAAGTCACCAAGAAGT
CTTITACTGCTCCTOTACAAAA
GGCTTCTACACCAGTTTTAACCAATAAAACAGT
CATTTCTGGATCGAAAGTCAAA
AGTTTATCATCTGCGCAATCGAGCTCATCAGGA
CCITCATCATCTAGTGAGGAAG
ATGATTCCCGCGATATTGAAAGCTTGGATAAGA
AAATACGTCCTTTAGAAGAATT
AGAAGCATTATTAAGTAGTGGAAATACAAAACA
ATTGAAGAACAAAGAGGTCGC
TGCCTTGGTTATTCACGGTAAOTTACCTTTGTA
CGCTTTGGAGAAAAAATTAGGT
GATACTACGAGAGCGGTTGCGGTACGTAGGAAG
GCTCTTTCAATTTTGGCAGAA
GCTCCTGTATTAGCATCTGATCOTTTACCATAT
AAAAATTATGACTACGACCGCG
TATTTGGCGCTTGTTGTGAAAATGTTATAGGTT
ACATGCCTTTGCCCGTTGGTGTT.
ATAGGCCCCTTGGTTATCGATGGTACATCTTAT
CATATACCAATGGCAACTACAG
AGGGITGTTTGGTAGCTTCTGCCATGCQTGGCM
TAAGGCAATCAATOCTGOCGG
TGGTGCAACAACTGTTTTAACIAAGGATGGTAT
GACAAGAGGCCCAGTAGTCCGT
TTCCCAACTITGAAAAGATCTGGTGCCTGTAAG
ATATGGTTAGACTCAGAAGAGG
GACAAAACGCAATTAAAAAA041111AACTCTA
CATCAAGATITGCACGTCTGCA
ACATATTCAAACTTOTCTAGCAGGAGATTTACT
CTTCATGAGATTTAGAACAACT
ACTGGTGACGCAATGGGTATGAATATGATTTCT
AAGGGTGTCGAATACTCATTAA
AGCAAATGGIAQAAGAGTATOGCTGGGAAGATA
TOGAOGTTOTCTCCGITTCTG
GTAACTACTGTACCGACAAAAAACCAQCTGCCA
TCAACTGGATCGAAGGTCGTG
GTAAGAGTOTCGTCGCAGAAGCTACTATTCCTO
GTGATOTTGTCAGAAAAGTUTT
AAAAAGTGATOTTTCCGCATTGOTTGAGTTGAA
CATTGCTAAGAATTTGGTTGOA
TCTGCAATGGCTGGOTCTGTTOGTGGATTTAAC
GCACATGCAGCTAATTTAGTGA
CAGCTGTTTTCTTGGCATTAGGACAAGATCCTG
CACAAAATGTCGAAAGTTCCAA
CTGTATAACATTGATGAAAGAAGTGGACGGTGA
TTTGAGAATTTCCGTATCCATG
CCATCCATCGAAGTAGGTACCATCGGTGGTGGT
ACTGTTCTAGAACCACAAGGTG
CCATGTTGGACTTATTAGGTGTAAGAGGCCCAC
ATGCTACCGCTCCTGGTACCAA
CGCACGTCAATTAGCAAGAATAGTTGCCMTGCC
GTCTTGGCAGGTGAATTATCC
TTATGTOCTOCCCTAGCAGCCGGCCATTTGGTT
CAAAGTCATATGACCCACAACA
GGAAACCTGCTGAACCAACAAAACCTAACAATT
TGGACC,ICCACTGATATAAATC
GTTFGAAAGATGOGTCCGTCACCTGCATTAAAT
CCTAAACTTAGTCATACGTCAT  WO
2007/139924PCTMS2007/012467
TGGTATTCTCTTGAAAAAGAAGCACAACAGCAC
CATGTOTTACGTAAAATATTTA
CTTTATAGTTTGTACGTCATAATTTCTTCCATA
TTACAAGTTCGTGCATATATAGA
AAGAATTCTGTTGTTGTAATTGTCATAACTCCC
GGGAAGC=CAATTCATCTTT 11 1111 1 1
1GTTC1 1111
1TTGATTCCGOTTTCTITGAAATTT1 11
1GATTCGGTAAT
CTCCGAGCAGAAGGAAGAACGAAGGAAGGAGCA
CAGACTTAGATTGOTATATAT
ACGCATATGTGGTGTTGAAGAAACATGAAATTG
CCCAGTATTCTTAACCCAACTG
CACAGAACAAAAACCTGCAGGAAACGAAGATAA
ATCATGTCGAAAGCTACATAT
AAGGAACGTGCTGCTACTCATCCTAGTCCTOTT
GCTGCCAAOCTATTTAATATCA
TOCACGAAAAGCAAACAAACITGTOTGCTTCAT
TGGATGTTCGTACCACCAAGGA
ATTACTGGAGTTAGTTGAAGCATI'AGGTCCCA
AAATTTGTTTACTAAAAACACAT
GTGGATATCTTGACTGA LII
11CCATOGAGGGCACAGTTAAGCCGCTAAAGGC
AT TATC
CGCCAAGTACAATTTTTTACTCTTCGAAGACAG
AAAAMGCTGACATTGG
TAATACAGTCAAATTGCAGTACTCTGCOGGTGT
ATACAGAATAGCAGAATGGGC
AGACATTACGAATGCACACGGTGTOGTOGGCCC
AGGTATTOTTAGCGGTTTGAA
GCAGGCGGCGGAAGAAGTAACAAAGGAACCTAG
AGGCCTTITGATGTTAGCAOA
AITGTCATOCAAGGGCTCCCTAGCTACTGGAGA
ATATACTAAGGGTACTGTTGAC
ATTGCGAAGAGCOACAAAGA1 Ii
IGTTATCOGCTTTATTGCTCAAAGAGACATGG
GTOGAAGAGATGAAGGTTACGATTGOTTGATTA
TGACACCCGOTOTGOGTTTAG
ATGACAAGGGAGACGCATTGGGTCAACAGTATA
GAACCGTGGATGATGTGGTCT
CTACAGGATCTGACATTATTATTGTTGGOTTTA
AAC SEQ ID NO: SO pAls4489
sequence (excluding vector
backbone)
GTTTAAACTACTATTAGCTGAAT'TGCCACTGC
TATCGTTOTTAGTGGCGTTAGTGC
TTGCATTCAAAGACATGGAGGGCGTTATTACGC
CGGAGCTCCTCGACAGCAGATC
TGATGACTGGTCAATATAT 11 fl
GCATTGAGGCTCTGTTTGGAATTATATTTTGAG
ATGACCCATCTAATGTACTGGTATCACCAGATT
TCATGTCGTTITTTAAAGCGGCT
GCTTGAGTCTTAGCAATAGCGTCACCATCTGGT
GAATCCTTTGAAGGAACCACTG
ACGAAGGTTTGGACAGTGACGAAGAGGATCTTT
CCTGCTITGAATTAGTCGCGCT
GGGAGCAGATGACGAGTTGGTGGAGCTGCrGGG
CAGGATT GCTGGCCGTCGTGGG
TCCTGAATGGGTCCTTGGCTGGTCCATCTCTAT
TCTGAAAACGGAAGAGGAGTAG
GGAATATTACTGOCTGAAAATAAGTh1 I
GAATGAACGTATACGCGTATAIll  CTA
CCAATCTCTCAACACTGAGTAATGGTAGTTATA
AGAAAGAGACCGAGTTAGGGA
CAGTTAGAGGCGGTGGAGATATTCCTTATGGCA
TGTCTOGCGATGATAAAACTTT  WO
2007/139924   PCT/US2007/012467
101 



PCT/US200  IA?
TCAAACGGCAGCCCCGATCTAAAAGAGCTGACA
CCCGGGAGTTATGACAATTAC
AACAACAGAATTCTTTCTATATATGCACGAACT
TGTAATATGGAAGAAATTATGA
CGTACAAACTATAAAGTAAATA I I I
CACGTAACACATC.TGTGCTGTTGTGCTTC I
I I
TTCAAGAGAATACCAATGACGTATGACTAAGTT
TAGGATTTAATGCAGGTGACG
GACCCATCTTTCAAACGATTTATATCAGTGGCG
TCCAAATTGTTAGG it I I GTTGG
TTCAGCAGOTITCCTGTTGTGGGTCATATGACT
ITGAACCAAATGOCCGGCTOCT
AGGGCAGCACATAAGGATAATTCACCTGCCAAG
ACGGCACAGGCAACTATTCTT
OCTAATTGACGTGCGTTGGTACCAGGAGCGGTA
GCATGTOGGCCTCTTACACCTA
ATAAGTCCAACATGGCACCTTGTGGTTCTAGAA
CAGTACCACCACCGATGGTACC
TACTTCGATGGATGGCATGGATACGGAAATTCT
CAAATCACCGTCCACTTCTTTC
ATCAATOTTATACAGITGGAACTITCGACATTT
IGTGCAGGATCTTOTCCTAATGC
CAAGAAAACAGCTOTCACTAAATTAGCTGCATG
TGCGTTAAATCCACCAACAGA
CCCAGCCATTGCAGATCCAACCAAATTCTTAGC
AATOTTCAACTCAACCAATGC0
GAAACATCACT Litt
AACAC=CTGACAACATCACCAGGAATAGTAGCT
TCTG
CGACGACACTCTTACCACGACCTTCGATCCAGT
TGATGGCAGCTGOTTTTTTGTC
GGTACAGTAGTTACCAGAAACGGAGACAACCTC
CATATCTTCCCAGCCATACTCT
TCTACCATTTGCTTTAATGAGTATTCGACACCC
TTAGAAATCATXTTCATACCCAT
TGCGTCACCAGTAGTTOTTCTAAATCTCATGAA
GAGTAAATCTCCTOCTAGACAA
GTTTGAATATGTTGCAGACGTGCAAATCTTGAT
GTAGAGTTAAAAGCTTTTTTAA
TTGCGTTTTGTCCCTCTTCTGAGTCTAACCATA
TCTTACAGGCACCAGATCTTTTC
AAAG1TGOGAAACGGACTACTGGGCCTCTTGTC
ATACCATCCTTAGTTAAAACAG
TTGITOCACCACCGCCAOCATTGATTGCCTTAC
AGCCACGCATGGCAGAAGCTAC
CAAACAACCCTCTGTAGTTGCCATTGOTATATG
ATAAWATGTACCATCGATAACC
AAGGGGCCTATAACACCAACGGGCAAAGGCATG
TAACCTATAACATTTTCACAA
CAAGCOCCAAATACGCGOTCGTAGTCATAA II
I ITATATGGTAAACGATCAGATG
CTAATACAGGAGCTTCTGCCAAAATTGAAAGAG
CCTTCCTACGTACCGCAACCGC
TCTCGTAGTATCACCTAATMTTCTCCAAAGCGT
ACAAAGGTAACTTACCGTGA
ATAACCAAGGCAGCGACCTUI 1 1
GTTCITCAATTGT 1 I 1
GTATTTCCACTAC1 IAA
TAATGCITCTAATTCITCTAAAGGACGTATTTT
C II ATCCAAGCTTTCAATATCGC
GGGAATCATCTTCCTCACTAGATGATGAAGGTC
CTGATGAGCTCGATTGCGCAGA
TGATAAACIIIIOACTflCGATCCAGAAATGAC
TGTTTTATTOGflAAAACTGGTG
TAGAAGCCILI
IGTACAGGAGCAGTAAAAOACTTCTTGGTGACT
TCAGTCII CAC
CAATTGGTCTOCAGCCATTATAGTTITTECTCC
TTGACGTTAAAGTATAGAGGTAT
ATTAACAATTTTTTGTTGATACTTTTATGACAT
TTGAATAAGAAGTAATACAAAC  WO
20071139924ITT/US2007/012467
CGAAAATGTTGAAAGTATTAGTTAAAGTGGTTA
TGCAGC lilt GCATFTATATAT
CTGTTAATAGATCAAAAATCATCGCTTCGCTGA
TTAATTACCCCAGAAATAAGGC
TAAAAAACTAATCGCATTATTATCCTATGGTTG
TTAATTTGATTCGTTGATTTGAA
GGTTTGTGGGGCCAGGTTACTGCCAATTTTTCC
TCTTCATAACCATAAAAGCTAG
TATTGTAGAATCTTTATTGTTCGGAGCAGTGCG
GCGCGAGGCACATCTOCGTTTC
AGGAACGCGACCGOTGAAGACCAGGACGCACGG
AGGAGAGTCTTCCGTCGGAG
GOCTGTCGCCCOCTCOGCGGCTTCTAATCCGTA
CTTCAATATAGCAATGAGCAGT
TAACCGTA1TACTGAAAGTTCCAAAGAGAAGGI
T1 1 11 1AGGCTAAGATAATGGG
GCTCTTTACATTTCCACAACATATAAGTAAGAT
TAGATATGGATATGTATATGGT
GGTATTGCCATGTAATATGATTATTAAACTTCT
TTGCGTCCATCCAAAAAAAAAG
TAAGAATITTTGAAAATTCAATATAAATGGCTT
CAGAAAAAGAAATTAGGAGA0
AGAGATTCITGAACGTTTTCCCTAAATTAGTAG
AGGAATTGAACGCATCGC1 1111
GGCTTACGGTATGCCTAAGGAAGCATGTGACTG
GTATGCCCACTCATTGAACTAC
AACACTCCAGGCGGTAAGCTAAATAGAGGTTIV
TCCGITGTGGACACGTATGCTA
TTCTCTCCAACAAGACCGTFGAACAATTGGOGC
AAGAAGAATACGAAAAGGTTG
CCATTCTAGOTTGGTGCATTGAGTTOTTOCAGG
CTTACTTCTTGGTCGCCGATGAT.
ATGATGGACAAGTCCATTACCAGAAGAGGCCAA
CCATGTTGGTACAAGGTTCCT
GAAGTTGGGGAAATTOCCATCAATGACGCATTC
ATGTTAGAGGCTGCTATCTACA
AGCTTTTGAAATCTCACTTCAGAAACOAAAAAT
ACTACATAGATATCACCGAATT
GTTCCATGAGGTCACCTTCCAAACCGAATTGGG
CCAATTGATGOACTTAATCACT
GCACCTGAAGACAAAGTCGACTTGAGTAAOTTC
TCCCTAAAGAAGCACTCCTTCA
TAGTTACTTTCAAGACTGCTTACTATTCTTTCT
ACTTGCCTGTCGCATTGOCCATO
TACGTTGCCGGTATCACGGATGAAAAGGATTTG
AAACAAOCCAGAGATGTCTTG
ATTCCATTOGGTGAATACTTCCAAATTCAAGAT
GACTACTTAGACTOCTTCGOTA
CCCCAGAACAGATCGOTAAGATCGGTACAGATA
TCCAAGATAACAAATOTTCTT
OGOTAATCAACAAGGCATTGGAACTTGCTTCCG
CAGAACAAAGAAAGACTITAG
ACGAAAATTACGGTAAGAAGGACTCAGTCGCAG
AAGCCAAATOCAAAAAGATTT
TCAATGACTTGAAAATTGAACAGCTATACCACG
AATATGAAGAGTCTATTGCCAA
GGATTTGAAGGCCAAAATTTCTCAGGTCGATGA
GTCTCGTGOCTTCAAAGCTGAT
GTCTTAACTGCGTTCTTGAACAAAGTTTACAAG
AGAAGCAAATAGAACTAACGCT
AATCGATAAAACATTAGATITCAAACTAGATAA
GGACCATOTATAAGAACTATA
TACTTCCAATATAATATAGTATAAGCTTTAAGA
TAGTATCTCTCGATCTACCGTTC
CACGTGACTAGTCCAAGGATTT1 ill
IAACCCGGGATATATOTGTACITTGCAGTF
ATGACOCCAGATGGCAGTAGTOGAAGATATTCT
ITATTGAAAAATAGCTTGTCAC  WO
2007/139924PCT1US2007/012467 



PCT/US200
CrTACGTACAATCTTGATCCOGAGCTTTTCTTT
TTTTGECOATTAAGAATTCGOTC
GAAAAAAGAAAAGGAGAGGGCCAAGAGGGAGGG
CATTGGTGACTATTGAGCAC
GTGAGTATACGTGATTAAGCACACAAAGGCAGE
TTGGAGTATGTCTGTTATTAAT
TTCACAGOTAGTTCTGOTCCATTGOTGAAAGTT
TOCOGCTTGCAGAGCACAGAGG
CCGCAGAATOTOCTCTAGAITCCGATOCTGACT
TGCTGOGTATTATATGTOTOCC
CAATAGAAAGAGAACAATTGACCCGGTTATTGC
AAGGAAAATTTCAAGTETTOT
AAAAGCATATAA,AAATAGTTCAGGCACTCCGA
AATACTTGGTTGOCGTGTTTCGT
AATCAACCTAAGGAGGATGTITIGGCTCTGGTC
AATGATTACGOCATTGATATCG
TCCAACTGCATGGAGATGAGTCGTGGCAAGAAT
ACCAAGAGTTCCTCGGTTTGCC
AGTTATTAAAAGACTCGTATTTCCAAAAGACTG
CAACATACTACTCAGTGCAGCT
TCACAGAAACCTCATTCGTTTATTECCTTGITT
GATTEACAAGCAGGTGOGACAG GTGAAC1
111
GGATTGGAACTCGATTTCTOACTOGGTTGGAAG
GCAAGAGAGCCC CGAAAGCTTACA1 11
1ATGTTAGCTGGTGGACTGACGCCGTTTAAAC
SEQ NO: 51 pAM497 sequence
(excluding vector backbone)
GiTTTAAAC1111
CCAATAGGTGGTTAGCAATCGTCTTAt,111
CTAAC1111CTTAC
CTTTTACATTTCAGEAATATATATATATATATT
TCAAGGATATACCATTCTAATGT
CTGCCCCTAAGAAGATCGTC(311 11
GCCAGGTGACCACOTTGOTCAAGAAATCAC
AGCCGAAGCCATTAAGOTTCTIAAAGETA 111
CTGATGTTCOTTCCAATGTCAAG
TTCGATTTEGAAAATCATTTAATTGOTGOTGCT
GCTATCGATGCTACAGGTGTTCC
ACTTCCAGATGAGGCGCTGGAAGCETCCAAGAA
GGCTGATGCCG1111 MOOT
GCTGTOGGTOGTCCTAAATGOGOTACCGOTAGT
OTTAGACCTGAACAAGOTTTAC
TAAAAATCCGTA.AAGAACTTCAATTOTACGCC
AACTTAAGACCATGTAACTITGC
ATCCOACTCTCTTTTAGACTTATCTCCAATCAA
GCCACAATTTGCTAAAGOTACTO
ACTTCGTTGTTGTCAGAGAATTAGTGGGAGGTA
TTTACTTTGGTAAGAGAAAGGA
AGACOTTTAGCTTGCCTCGTCCCCOCCGGOTCA
CCCGGCCAGCGACATGGAGOCC
CAGAATACCCTCCTTGACAGTCTTGACGTGCGC
AGCTCAGGGOCATGATGTGACT
GTCOCCCGTACATTTAGCCCATACATCCCCATO
TATAATCATTTOCATCCATACAT
TTTGATOGCCGCACGGCGCGAMICAAAAATTAC
GGCTCCTCGCTGCAGACCTGC
GAGCAGOGAAACGCTCCCETEACAGACOCGTTG
AATTGTCCCCACGCCGCGCCC
CTGTAGAGAAATATAAAAGGTTAGGATTTGCCA
CTGAGGTTCTTCTTTCATATAC Tree 1111
AAAATCTTGCTAGGATACAGTIETCACATCACA
TCEGAACATAAACA
AECATGGCAGAACCAGCCCAAAAAAAGEAAAAA
CAAACTOTTCAGGAGEOCAA  WQ
20071139924PCT11IS20071012467
GGCGTTTATCTCCCGTATCACTAATGAAACTAA
AATTCAAATCGCTATTTCGCTG
AATGGTGOTTATATTCAAATAAAAGATTCGATT
CTTCCTGCAAAGAAGGATGACG
ATOTAGCTTCCCAAGCTACTCAGTCACAGOTCA
TCGATATTCACACAGGTGTTGG C11 11
1GGATCATATGATCCATOCGTTGGCAAAACACT
CTGGTTGGTCTCTTATTG
TTGAATGTATTGGTGACCTOCACATTGACGATC
ACCATACTACCGAAGATTGCGG
TATCGCATTAGGGCAAGCGTTCAAAGAAGCAAT
GGGTGCTGTCCGTGGTGTAAA
AAGATTCGGTACTGGGTTCGCACCATTGGATGA
GGCGCTATCACGTGCCGTAGTC
GATTTATCTAGTAGACCATTTGCTGTAATCGAC
CTTGGATTGAAGAGAGAGATGA
TTGGTGAITTATCCACTGAAATGATTCCACAC
11 1 1 1GGAAAGTTTCGCGGAGGC
OGCCAGAATTACTITGCATGTTGATTQTCTGAG
AGGITTCAACGATCACCACAGA
AGTGAGAGTGCGTTCAAGGCITTGGCTGTTOCC
ATAAGAGAAGCTAITTCTAGCA
ATGOCACCAATGACOTTCCCTCAACCAAAGGTG
Ti 1 1GATGTGAAGTACTGACAA
TAAAAAGATTCTTGTTTTCAAGAACTTGTCATT
TGTATAGri 1 TTTATATTGTAG
TTOTTCTATTTTAATCAAATOTTAQCGTGATTT
ATATTT1 1 1 1 1CGCCTCGACATCA
TCTCrCCCAGATGCGAAGTTAAGTGCGCAGAAA
GTAATATCATGCGTCAATCGTAT
GTGAATGCTGOTCGCTATACTGCTOTCGATTCG
ATACTAACGCCGCCATCCACCC
GGGTTTCTCATTCAAGTGGTAACTGCTOTTAAA
ATTAAGATATTTATAAATTGAA
GCTTGGTCG1TCCGACCAATACCGTAOGGAAAC
GTAAATTAGCTATTGTAAAAAA
AGGAAAAGAAAAGAAAAGAAAA.ATGITACATA
TCGAATTGATCTTATTCC1 110
OTAGACCAGTCTTTGCGTCAATCAAAGATTCGT
TTGTTTCTTGTGOGCCTGAACC
GACTTGAGTTAAAATCACTCTGGCAACATCCTT
TTGCAACTCAAQATCCAA1TCA
COTGCAGTAAAGTTAGATGATTCAAATTGATOC
ITGAAAGCCTCAAGCTGCTCAG
TAGTAAATTTCTTGTCCCATCCAGGAACAGAGC
CAAACAAITTATAGATAAATGC
AAAGAGTTTCGACTCAT -1 1
WAGCTAAGTAGTACAACACAGCATTTGOACCTO
CA
TCAAACGTGTATGCAACGATTGTTTCTCCGTAA
AACTGATTAATGGTGTGGCACC
AACTGATGATACGCTTGGAAGTGTCATTCATGT
AGAATATTGGAGGGAAAGAGT
CCAAACATOTGGCATGGAAAGAGTTGGAATCCA
TCATTGTTTCCTTTGCAAAGGT GGCGAAATCT
1T1 1
CAACAATGOCTTTACGCATGACTTCAAATCTCT
TTGGTACG
ACATGTTCAATTCTTTCTTTAAATAGTTCOGAG
GTTOCCACGGTCAATTOCATACC
CTGAGTGGAACTCACATCCTTTTTAATATCGCT
GACAACTAGGACACAAGCTTTC
ATCTGAGGCCAGTCAGAGCTGTCTGCGATTTGT
ACTGCCATOGAATCATGACCAT CTTCAGC1
iii
CCCATTTCCCAGGCCACGTATCCGCCAAACAAC
GATCTACAAGC
TGAACCAGACCCCTTTCITGCTATTCTAQATAT
TTCTGAAGTTGACTGTGGTAATT
GGTATAACTTAGCAATTGCAGAGACCAATOCAO
CAAAGCCAGCAGCOGAGGAAG  



WO 20071139924PCT111520071012467
105 PCT/U9200YIP "
CTAAACCAGCTGCTGTAGGAAAGTTATTTTCOG
AGACAATGTGGAGTTTCCATTG
AGATAATGTGGGCAATGAGGCGTCMCGATTCCA
TTTCCTTTCTTAATTGOCGTA
GGTCGCGCAGACAATTTTGAGTTCTTTCATTGT
CGATGCTGTGTGGTTCTCCATTT
AACCACAAAGTGTCGCGTTCAAACTCAGGTGCA
GTAGCCGCAGAGGTCAACGTT
CTGAGGTCATCTTGCGATAAAGTCACTGATATG
GACGAATTGGTGGGCAGATTCA
ACTTCGTGTCCC I I it
CCCCCAATACTTAAGGGTTGCGATGTTGACGGG
TGCGGT
AACGGATGCTGTGTAAACOGTCATTATAGTTTT
TTCTCCTTGACGTTAAAGTATA
GAGGTATATTAACAA 111111
GITGATACTTTTATGACATTTGAATAAGAAGTA
AT
ACAAACCGAAAATGTTGAAAGTATTAGTTAAAG
TGGTTATGCAGCTTTTGCATTT
ATATATCTOTTAATAGATCAAAAATCATCGCTT
CGCTGATTAAITACCCCAGAAA
TAAGGCTAAAAAACTAATCGCATTATTATCCTA
TGGTTGITAATITGATTCGTTGA
TTTGAAGGTTTOTGOGGCCAGGTTACTGCCAAT
TITTCCTCTTCATAACCATAAAA
GCTAGTATTGTAGAATCMATTGTTCGGAGCAQT
GCGGCGCGAGGCACATCTGC
GTTTCAGGAACGCOACCGGTGAAGACCAGGACG
CACGGAGGAGAGTCTTCCGTC
GGAGGGCTGTCGCCCGCTCGGCGGCTTCTAATC
CGTACTTCAATATAGCAATGAG
CAGTTAAGCGTATTACTGAAAGTTCCAAAGAGA
AGO1111111AGGCTAAGATAA
TGGGGCTCTTTACATTTCCACAACATATAAGTA
AGATTAGATATGGATATGTATA
TGGTGGTATTOCCATGTAATATGATTA'TTAAA
CTTCTTTGCGTCCATCCAAAAAA
AAAGTAAGAA11111GAAAATTCAATATAAATG
TCAGAGTTGAGAGCCTTCAGTG
CCCCAGGGAAAGCQTTACTAGCTGGTGGATATT
TAGTTTTAGATCCGAAATATGA
AGCATTTGTAGTCGGATTATCGGCAAGAATQCA
TGCTGTAGCCCATCCTTACGGT
TCATTGCAAGAGTCTGATAAGTTTGAAGTGCGT
OTGAAAAGTAAACAATTTAAA
GATGOGGAGTGGCTGTACCATATAAGTCCTAAA
ACTGGCTTCATTCCIOTTTCGA
TAGGCGOATCTAAGAACCCITTCATTGAAAAAG
TTATCGCTAACGTATTTAGCTA
CTITAAGCCTAACATGGAGGACTACTGCAATAG
AAACTTGTTCGTTATTGATATT
TTCTCTGATGATGCCTACCATTCTCAGGAGGAC
AQCGTTACCGAACATCGTGGCA
ACAGAAGATTGAG111
iCATTCGCACAGAATTGAAGAAGETCCCAAAAC
AGGGC
TGOGCTCCTCGGCAGGTTTAGTCACAGITTTAA
CTACAGCTTTGGCCTCC I 11
GTATCGOACCTGGAAAATAATGTAGACAAATAT
AGAGAAGTTATTCATAATTTAT
CACAAGITGCTCATTOTCAAGCTCAGGOTAAAA
TTGOAAGCOGOTTTGATGTAGC
GGCGGCAGCATATGGATCTATCAGATATAGAAG
ATTCCCACCCGCATTAATCTCT
AATTTGCCAGATATTGGAAGTGCTACTTACGGC
AGTAAACTGOCGCNITTGOTTA
ATGAAGAAGACTGGAATATAACGATTAAAAGTA
ACCATTTACCTTCGGGATTAA
CTITATQOATGGGCGATATTAAGAATCOTTCAG
AAACAGTAAAACTOOTCCAGA  WO
2(1071139924  PC11E52007/012467
106 PCT/US200  Pui
AGGTAAAAAATTGGTATGATTCGCATATGCCGG
AAAGCTTGAAAATATATACAG
AACTCGATCATGCAAATTCTAGATITATOGATG
GACTATCTAAACTAGATCGC,
ACACGAGACTCATGACGATTACAGCGATCAGAT
ATTTGAGTCFCTTGAGAGGAAT
GACTGTACCTOTCAAAAGTATCCTGAGATCACA
GAAGTTAGAGATGCAGTTGCC
ACAATTAGACGTTCCITTAGAAAAATAACTAAA
GAATCTOGTOCCGATATCGAAC
CTCCCGTACAAACTAGCTTATTGGATGATTGCC
AGACCTTAAAAGGAGTTCTTAC
TIGGITAATACCTGGTGCTGGTOGTTATGACGC
CATTGCAGTGATTOCTAACrCAA
GATGTTGATCTTAGGGCTCAAACCGCTGATGAC
AAAAGAT 111CTAAGGTTCAAT
GGCTGGATGTAACTCAGGCTGACTGGGGTGTTA
GGAAAGAAAAAGATCCGGAAA
CTTATCTTGATAAATAACTTAAGGTAGATAATA
GTGOTCCATGTGACATCTTTAT
AAATGTGAAGTTTGAAGTGACCGCGCTTAACAT
CTAACCATTCATCTTCCGATAG
TACTTGAAATTGTTCCITTCGGCQQCATGATAA
AATTC1 II IAATGOGTACAAGCT 



ACCC000AAAGA1TCTC11 1 11
iTATGATATTTGTACATAAACTTTATAAATGAA
A
TTCATAATAGAAACGACACGAAATTACAAAATG
OAATATGTTCATAGGGTAGAC
GAAACTATATACGCAATCTACATACATTTATCA
AGAAGGAGAAAAAGGAGGATG
TAAAGGAATACAGGTAAOCAAATTGATACTAAT
GOCTCAACGTGATAAGGAAAA
AGAA'TTGCACTTTAACATTAATATTGACAAGG
AGGAGGGCACCACACAAAAAGT
TAGGTOTAACAGAAAATCATGAAACTATGATTC
CTAATTTATATATTGGAGGATT
TTCTCTAAAAAAAAAAAAATACAACAAATAAAA
AACACTCAATGACCTGACCAT
TTGATOGAGTTTAAGTCAATACCTTCTTGAACC
ATTTCCCATAATGGTGAAAGTT
CCCTCAAGAATITTACTCTGTCAGAAACGOCCT
TAACGACGTAGTCGACCTCCTC
TTCAGTACTAAATCTACCAATACCAAATCTGAT
GGAAGAATGGGCTAATGCATCA
TCCITACCCAGCGCATGTAAAACATAAGAAGGT
TCTAGGGAAGCAGATQTACAG
GCTGAACCCGAGGATAATGCGATATCCCTTAGT
OCCATCAATAAAGATTCTCCTT
CCACGTAGGCGAAAGAAACGTTAACACGTTTAA
AC SEQ ID NO: 52 pAM493 sequence
(excluding vector backbone)
GTTTAAACTACTCAGTATATTAAOTTTCGAATT
GAAGGOCOAACTCITATTCGAA
GTCGOAGTCACCACAACACIICCGCCCATACTC
TECGAATCCTCGTITCCTAAAG
TAAGTTTACTTCCACTTOTAGGCCTATTATTAA
TGATATCTGAATAATCCTCTATT
AGGGITGGATCATTCAGTAGCGCGTGCGATTGA
AAGGAGTCCATGCCCGACGTC
GACGTGATTAGCGAAGGCGCGTAACCATTGTCA
TGTCTAGCAGCTATAGAACTA
ACCTCCTTGACACCACTTGCGGAAGTCTCATCA
ACATGCTCITCCTTATTACTCAT  WO
20071139924 107 'PH  1;,{11'
PC17052007/012467 PCT/US200
TCTCTTACCAAGCAGAGAATGTTATCTAAAAAC
TACGTGTATTTCACCTCTTTCTC
GACTTGAACACGTCCAACTCCTTAAGTACTACC
ACAGCCAGGAAAGAATGGATC
CAGTTCTACACGATAGCAAAGCAGAAAACACAA
CCAGCGTACCCCTGTAGAAGC
TTCTTTGTTTACAGCACTTGATCCATGTAGCCA
TACTCGAAATTTCAACTCATCTG
AAACTTTTCCTGAAGGTTGAAAAAGAATGCCAT
AAGGGTCACCCGAAGCTTATTC
ACGCCCGGGAGTTATGACAATTACAACAACAGA
ATTCTTTCTATATATGCACGAA
CTTGTAATATGGAAGAAATTATGACGTACAAAC
TATAAAGTAAATAA ill ACGTA
ACACATGGTGCTUTTGTGCTTCTTTTTCAAGAG
AATACCAATGACGTATGACTAA
GTTIAGGATTIAATGCAGGTGACGGACCCATCT
TTCAAACGAITTATATCAGTGG
CGTCCAAATTOTTAGG1111
GTTGOTTCAGCAGGTTTCCTOTTGTGOGTCATA
TGA
CTTTGAACCAAATGGCCGGCTOCIAGGGCAGCA
CATAAGGATAATTCACCTGCC
AAGACGGCACAGGCAACTATTCTTOCTAATTGA
CGTGCGTTGOTACCAGGAGCG
GTAGCATGTGGGCCTCTTACACCTAATAAGTCC
AACATGGCACCTTGTGGTTCTA
GAACAGTACCACCACCGATOCTACCTACITCGA
TOGATGOCATGGATACCIGAAA
TTCTCAAATCACCGTCCACTTCTTTCATCAATG
TTATACAGTTGGAACITTCGACA Ti 1
1GTGCAGGATCTTGTCCTAATGCCAAGAAAACA
GCTOTCACTAAATTAGCTG
CATGTGCGTTAAATCCACCAACAGACCCAGCCA
TTGCAGATCCAACCAAAT
TCTTAGCAATGTTCAACTCAACCAATGCGOAAA
CATCACT 1 1 1 1AACAC iii TCTG
ACAACATCACCAQGAATAGTAGCTTCTGCGACG
ACACTC 1 1ACCACGACCTTCGA
TCCAGTTGATGGCAGCTGGT 11 11
IGTCGOTACAGTAGTTACCAGAAACGGAGAC
AACCTCCATATCTTCCCAGCCATACTCTTCTAC
CATTTGCTTTAATGAGTATTCGA
CACCCTTAGAAATCATATTCATACCCATTOCGT
CACCAGTAGTTGTTCTAAATCTC
ATGAAGAGTAAATCTCCTGCTAGACAAGTTTGA
ATATGTTOCAGACGTGCAAATC
TTGATGTAGAGTTAAAAGC 1 1111
1AATTGCG i 11
IGTCCCTCflCTGAGTCTAAC
CATATCTTACAGGCACCAGATCTTITCAAAGTT
GGGAAACGGACTACTGGGCCTC
TTGTCATACCATCCTTAGTTAAAACAGTTGTTG
CACCACCGCCAGCATTGATTGC
CTTACAGCCACGCATGGCAGAAGCTACCAAACA
ACCCTCTGTAGTTOCCATTGOT
ATATGATAAGATGTACCATCGATAACCAAGGGG
CCTATAACACCAACGGGCAAA
GGCATGTAACCTATAACATTTTCACAACAAGCG
CCAAATACGCGGTCGTAGTCAT AAT i111
ATATGOTAAACGATCAGATGCTAATACAOGAGC
11CTOCCAAAATTGA
AAGAGCCTTCCTACGTACCGCAACCGCTCTCGT
AGTATCACCTAATTTTTTCTCCA
AAGCGTACAAAGGTAACTTACCGTGAATAACCA
AGGCAGCGACCTCETTOTTC1T
CAATTGTTTTGTATTTCCACTACTTAATAATGC
TTCTAATTCTTCTAAAGGACGTA
TTITCTTATCCAAGCTTTCAATATCGCGGGAAT
CATCTTCCTCACTAGATGATGAA  WO
20071139924PCT/U82007/012467  108
PCT/US200 



till 011,1,10
GGTCCTGATGAGCTCGATTGCGCAGATGATAAA
C LII I GACTTTCGATCCAGAAA TGACTG1
III ATTGGTTAAAACTGGTGTAGAAGCC
1111 GTACAGGAGCAGTAAA
AGACTTCTTGGTGACITCAGTCTTCACCAATTG
GTCTGCAGCCATTATAGTTTTTT
CTCCTTGACGTTAAAGTATAGAGGTATATTAAC
AM 1111 TGTTGATACTTITATG
ACATTTGAATAAGAAGTAATACAAACCGAAAAT
GTTGAAAGTATTAGTTAAAGT GGTTATGCAGe
1 1 1
1GCATTTATATATCTOTTAATAGATCAAAAATC
ATCGCTTCG
CTGATTAATTACCCCAGAAATAAGGCTAAAAAA
CTAATCGCATTATTATCCTATO
GTTGTTAATTTGATTCGTTGATTTGAAGGTTTG
TGOGGCCAGGTTACTGCCAATTT
TTCCTCTTCATAACCATAAAAGCTAGTATTOTA
GAATCTITATTGITCGGAGCAGT
GCGGCGCGAGGCACATCMCGITTCAGGAACGCG
ACCGGTGAAGACCAGGACGC
ACCIGAGGAGAGTCTTCCGTCGGAGGGCTGTCG
CCCGCTCGGCGGCTTCTAATCCG
TACTTCAATATAGCAATGAGCAGTTAAGCGTAT
TACTGAAAOTTCCAAAGAGAA GGTTT Iii
iAGGCTAAGATAATGGGGCTCTTTACATTTCCA
CAACATATAAGTAA
GATTAGATATGGATATGTATATGGTGGTAITGC
CATGTAATATGATT'ATTAAACT
TCTTTOCGTCCATCCAAAAAAAAAGTAAGANI
1 1 1 1QAAAATTCAATATAAATGA
CTGCCGACAACAATAGTATGCCCCATOGTGCAO
TATCTAGTTACGCCAAATTAGT
GCAAAACCAAACACCTOAAGACAII1
IGGAAGAGTITCCIVAAATTATTCCATIA
CAACAAAGACCTAATACCCGATCTAGTGAGACG
TCAAATGACGAAAGCGGAGAA
ACATG11111CTGGTCATGATGAGGAGCAAATT
AAGITAATGAATGAAAATTGTA flGii n
GGATTGOGACGATAATOCTATTGGTOCCGGTAC
CAAGAAAGTTTGTCA
TTTAATGGAAAATATTGAAAAGGGTTTACTACA
TCGTGCATTCTCCGTCTTTATIT
TCAATGAACAAGGTGAATTAC n I I
ACAACAAAGAGCCACTGAAAAAATAACTT
TCCCTGATCTTTGGACTAACACATOCTGCTCTC
ATCCACTATGTATTGATGACGAA
TTAGOTTTGAAGGGTAAGCTAGACGATAAGATT
AAGGOCGCTATTACTGCGOCG
GTGAGAAAACTAGATCATGAATTAGGTATTCCA
GAAGATGAAACTAAGACAAGG
GGTAAGTTTCACT
1111AAACAGAATCCATTACATGGCACCAAGCA
ATGAACCAT
GGGGTGAACATGAAATTGATTACATCCTATTTT
ATAAGATCAACGCTAAAGAAA
ACTTGACTGTCAACCCAAACGTCAATGAAGTTA
GAGACTTCAAATGGGTTTCACC
AAATGATTTGAAAACTATGTTTGCTGACCCAAG
TTACAAGTTTACGCCTTGGTTT
AAGATTATTTGCGAGAATTACTTATTCAACTGG
TGGGAGCAATTAGATGACCTTT
CTGAAGTGGAAAATGACAGGCAAATTCATAGAA
TGCTATAACAACGCGTCAATA
ATATAGGCTACATAAAAATCATAATAACTITOT
TATCATAGCAAAATGTGATATA
AAACGTTTCATTTCACCTGAAAAATAGTAAAAA
TAGGCGACAAAAATCCTTAGT
AATATGTAAACT 1
IATTrFCFrFATnACCCGGcIAGTCAGTCTGAC
TCTTGCGAGA  WO 2007/139924
loolir,,h1109PCT/US20
PCT/US2007/012467  



GATGAGGATGTAATAATACTAATCTCGAAGATO
CCATCTAATACATATAGACATA
CATATATATATATATACATTCTATATATTCTTA
CCCAGATTCTTTGAGGTAAGACG G1TGGG111
1ATC111TGCAGTTGOTACTATTAAGAACAATC
GAATCATAAGCATT
GCTTACAAAGAATACACATACOAAATATTAACG
ATAATGTCAATTACGAAGACT
GAACTGGACGGTATATTGCCATTGOTGCrCCAG
AGGTAAAGTTAGAGACATATAT
GAGGTAGACGCTGGTACOTTOCTGTITOTTGCT
ACGGATCGTATCTCTGCATATG
ACGTTATTATGGAAAACAGCATTCCTGAAAAGG
GGATCCTATTGACCAAACTGTC
AGAGTTCTGGITCAAGTTCCTGTCCAACGATGT
TCGTAATCATTTGGTCGACATC
OCCCCAGOTAAGACTAITTTCGATTATCTACCT
OCAAAATTGAGCGAACCAAAGT
ACAAAACGCAACTAGAAGACCGCTCTCTATTGG
TTCACAAACATAAACTAATTCC
ATTGGAAGTAATTGTCAGAGGCTACATCACCGO
ATCTOCTTOGAAAGAGTACGT
AAAAACAGOTACTGTOCATGGTTTGAAACAACC
TCAAGGACTIAAAGAATCTCA
AGAGTTCCCAGAACCAATCTTCACCCCATCGAC
CAAGGCTGAACAAGGTGAACA
TGACGAAAACATCTCTCCTOCCCAGOCCOCTGA
GCTGGTGGGTGAAGAMGTCA
CGTAGAGTGGCAGAACTGGCTOTAAAACTGTAC
TCCAAGTGCAAAGATTATOCT
AAGGAGAAGGGCATCATCATCGCAGACACTAAA
TTG111AAAC SEQ ID NO: 53 pAM426
sequence
TCGCGCGTTTCGGTGATGACOGTOAAAACCTCT
GACACATGCAGCTCCCGGAGAC
GGTCACAGCTTGTCTGTAAGCOGATOCCOGGAG
CAGACAAGCCCGTCAGGGCGC
GTCAGCGGGTGTTGGCGGGTGTCOGGGCTGGCT
TAACTATGCGGCATCAGAGCA
GATTOTACTGAGAGTGCACCATATCGACTACGT
CGTAAGGCCGTTTCTGACAGAG
TAAAATTCTTGAGGGAACTTTCACCATTATOGG
AAATGCTTCAAGAAGGTATTGA
CTTAAACTCCATCAAATGGTCAGGTCATTGAGT
GTTTTITATTTOTIGTAT111111
TTTTTTAGAGAAAATCCTCCAATATCAAATTAG
GAATCGTAGTTTCATGATTITCT
OTTACACCTAAC11111
GTQTGOTOCCCTCCTCCTTGTCAATATTAATGI
TAAAGT
OCAATTC11111CCTIATCACOTTGAGCCATTA
GTATCAATTTGCTTACCTGTATT
CCTTTACTATCCTCC111 11
CTCCTTCITGATAAATGTATGTAGATTGCGTAT
ATAG TTTCGTCTACCCTATGAACATATTCCAI
111GTAKTTTCGTGTCGTTTCTATTATGA
A111CATTTATAAAGTTTATGTACAAATATCAT
AAAAAAAGAGAATC11111AAG
CAAGGATTTTC11AACTTCTTCGGCGACAGCAT
CACCGACTTCGOTGGTACTOTT
GGAACCACCTAAATCACCAGTTCTGATACCTGC
ATCCAAAACCLIll1 AACTGCA
TCTTCAATGGCCTTACCTTCTTCAGGCAAQTTC
AATGACAATTTCAACATCATTGC  WO
20071139924 110
PCT/14152007/012467     PCT/US200



'111:11.L;A?yd.;11',111,1    ii



AGCAGACAAGATAGTGOCGATAGGOTCAACC 1
1 ATTCTTTGOCAAATCTGGAGC
AGAACCGTOGCATOOTTCGTACAAACCAAATGC
GGTGTTCTTGTCTGOCAAAGA
GGCCAAGGACGCAGATGGCAACAAACCCAAGGA
ACCTGGGATAACGGAGGCTT
CATCOGAGATGATATCACCAAACATGITOCTGG
TGATTATAATACCATTTAGGTG
GOTTGGGITCTTAACTAGGATCATGGCGGCAGA
ATCAATCAATTGATGTTGAACC
TTCAATGTAGGGAATTCGTTCTTGATGGTTTCC
TCCACAGTTTTTCTCCATAATCT
TGAAGAGGCCAAAAGATTAGCITTATCCAAQGA
CCAAATAGGCAATGGTGGCTC
ATGTTGTAQGGCCATGAAAGCGGCCATTCTTGT
GATTCTTTGCACTTCTGGAACG
GTGTATTGTTCACTATCCCAAGCGACACCATCA
CCATCGTCTTCe II 1CTCTTACC
AAAGTAAATACCTCCCACTAATTCTCTGACAAC
AACGAAGTCAGTACCTTTAGCA
AATTGTGGCTTGATTGGAGATAAGTCTAAAAGA
GAGTCGGATGCAAAGTTACAT
GGTCTTAAGTTGGCGTACAATTGAAGTTCTTTA
CGGA llit TAGTAAACCTTGTTC
AGOTCTAACACTACCOGTACCCCAITTAGGACC
AGCCACAGCACCTAACAAAAC
GGCATCAACCTICTTGGAGGCTTCCAGCGCCTC
ATCTOGAAGTGGGACACCTGTA
GCATCGATAGCAGCACCACCAATTAAATGA
LIIICGAAATCGAACTTGACATTGG
AACGAACATCAGAAATAGCTTTAAGAACCTTAA
TGGCTTCGGCTGTGATTTCTTG
ACCAACGTGGTCACCTGGCAAAACGACGATCTT
CTTAGGGGCAGACATTACAAT
GOTATATCCTTGAAATATATATAAAAAAAGPCG
CCTTAGACCOCTCGGCCAAAC
AACCAATTACITGITGAGAAATAGAGTATAATT
ATCCTATAAATATAAC011 IIT
GAACACACATGAACAAGGAAGTACAGQACAATT
GA1111 GAAGAGAATGTGGAT
TTTGATGTAATTOTT000AITCCA1
LIITAATAAGGCAATAATATTAGGTATGTGO
ATATACTAGAAGTTCTCCTCGACCOTCGATATG
CGOTGTGAAATACCGCACAGAT
GCGTAAGGAGAAAATACCGCATCAGGAAATTGT
AAACGTTAATAIiit GTTAAA
ATTCGCGTTAAA 11 1
1IGTTAAATCAGCTCATTTTTTAACCAATAGGC
CGAAATCO
GCAAAATCCCTTATAAATCAAAAGAATAGACCG
AGATAGGGTTGAGTGTTGTTC
CAGTTTOGAACAAGAGTCCACTATTAAAQAACG
TOGACTeCAACGTCAAAGGGC
GAAAAACCOTCTATCAGGQCGATGGCCCACTAC
GTGOAAGATCCGAGGCCTAGC
ITTAACGAACGCAGAAI 1 1
1CGAGITATTAAACTTAAAATACGCTGAACCCG
AAC
ATAGAAATATCGAATGGGAAAAAAAAACTGCAT
AAAGGCAT-TAAAAGAGGAGC
GAATiliiilitAATAAAAATCTTAATAATCAT
TAAAAGATAAATAATAGTCTAT
ATATACGTATATAAATAAAAAATATTCAAAAAA
TAAAATAAACTATTAI I I I AGC
GTAAAGGATOGGGAAAGAGAAAAGAAAAAAATT
GATCTATCGAITTCAATTCAA
TTCAATTTATTTCI IL
1CGOATAAGAAAGCAACACCTOGCAATTCCTIA
CCTTCCA
ATAATTCCAAAGAAGCACCACCACCAOTAGAGA
CATGOGAGACCCOGGCCATGO  WO
20071139924PCT/1JS2007/012467 111
PCT/US200
TTAGATAGACATAGGOTAAACTAGCAATGATTT
GATCAAATGCTTOTATTCATCT
CCCATTCTCGTAAAATTGTCTI-TACCTGCATA
TTGGACCTCTAAAAATTOGCAAA
GATATATAACAGCCATAAGTAAAGGTCTTGGGA
TATTCTTTGTTGTTAAATACTC
TCTGTTTATGTCTTTCCAAACGTCCTCCACTTC
CTTATAAATCAGTGTCTGAGCAT
ATTCTTCGTTGACATTGTATTCCTTCATGTAAG
ATTCTAAAGAGCTTGAACTATGT
TTTCTCTCCTGTTCCGCTTTATGAGTCATCAGG
TCATTTAATCTCCTACCCAOAAT
ACCACTGTAACGGAATAAAGGCGGAGCAGATAC
AGCCCACTCAACTGATTCCTT
AGTGAAAATATCOCTCATTCCTAGATAACAGGT
AQTTGTTAGCAAGITTGCACCA
CCAGTGATAATAACTACGGGATCGTQCTCITCA
GTTGTCGGTATGTGTCCTTCATT
AGCCCATTTCGCTTCTACCATTAGATTCCTTAC
GAATTC111AACGAACTCCTTCC
CACAGTTGAATAAATCAGTTCTACCITCT1TGG
CCAGAAACTCCTCCA1TTCTGTG
TAGGTATCCATGAATAATTTGTAAATACJOCTT
CATGTATTCCGGCAACGTGTCTA
AGCAGGTGATCGACCATCTTTCCACGGCTTCAG
TOAAAATCTTTAACTCCTCGTA
AGTTCCATATGCGTCATACGTGTCATCAATAAG
TGTTATCACAGCAACTGCCTTA
GTGAAAAAAACTCTAGCTCTTGAATACTGOGOT
TCGTAACCAGAACCTAAACCCC
AAAAATAGCATTCAACGATACGATCTCTCAGAC
AT0000CA11111C1TAATATC
AAATGCCITCCACCACTTGCATACOTGACTCAA
CTCTTCCTTATOTAGGCTCTOCA
ATAGATTGAACTCCAGTTTAGCTAACTTTAGCA
GAG1111ATTATGGGAGTCTTGT
TOCTGATAGAAGOOTATGTACTGOGCOGCCTCG
ATCCTTGOCAATCTCTTCCACA
ATGGTTGCTTTAAAGCTCTCTGGATTTCAGTGA
ATAAAGCGGGGTTTGTACTAAA
CGCGTCCTTTGTCATAATCGATAOCCTTQATCI
TOTGAATCCCAGGOCATCTTCAA
GAATTATTTCGCCCGGAACTCTCATGGACGTAG
CCTCATATAATTCCAACAATCC
ITCAACATCATTCGCTAACGATTGITTAAAAGC
ACCATTCTTGTCTTTATAGTTAT
TAAACACATCACACGTGACATAGTATCCTTGTI
TACOCATCAGCCTAAACCATAA
GCTAGACCTGTCGCCATTCCAATTATCACCATA
GGTCTCGTAAATACATTGCAAT
GCATGATCAATTTCACOTTCAAA,ATGATACOG
AATACCTAAACGTTGAATCTCGT
CAATCAGCTTCAACAAATTTGCATGTTTCATAG
GAATATCCAATGCTTCCTTTAAC AACTGTC11
ACTTCCTTCTTTAGATCGTTTACTATTTGCTCC
ACACCCTGTTCAACT
TG1TTCTCATAA,ATCAAAAA1TGATCGCCCCA
AATAGAAGGTGGGAAATTTGCAA
TTGGCCTTATAGGTTTCTCTTCAGTCAAGGCCA
TTG1 LI 1CTGCAGATCC0000TT
1111CTCCTTGACGTTAAAGTATAGAGGTATAT
TAACAATTTTTTGTTGATACTTT
TATTACATTTGAATAAGAAGTAATACAAACCGA
AAATGTTGAAAGTATTAGTTAA
AGTGGTTATGCAGTTTTTGCATTTATATATCTG
TTAATAGATCAAAAATCATCGCT
TCGCTGATTAATTACCCCAGAAATAAGOCTAAA
AAACTAATCGCATTATCATCCT  



WO 2007/139924 112  1 r
PCT/US200  PCT/17S2007/012467
11111,11';11
ATGGTTGTTAATTTGAITCGTTCATTTGAAGGT
TTGTGGGGCCAGGTTACTGCCAA
TITTTCCTCTTCATAACCATAAAAGCTAGTATT
OTAGAATCTTTATTGTTCGGAGC
AGTGCGGCGCGAGGCACATCTGCOTTTCACTGA
ACGCGACCCrGTGAAGACGAGGA
CGCACGGAGGAGAGTCTTCCTTCGGAGGOCTGT
CACCCOCTCGOCGGCTTCTAAT
CCGTACTAAGATCTOCTTTAATTTGOCCGGCGA
ACQTGGCGAGAAAGGAAGGGA
AGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTOG
CAAGTGTAGCGGTCACGCTG
CGCOTAACCACCACACCCGCCGCGCTTAATGCG
CCGCTACAGGGCGCGTCGCGC
CATTCGCCATTCAGGCTGCGCAACTOTTGGGAA
GGGCGATCGGTOCOGGCCTCIT
CGCTATTACGCCAGCTGCATTAATGAATCGGCC
AACGCGCGGGGAGAGGCGGTT
TOCGTATTGGGCGCTCTTCCGCTTCCTCGCTCA
CTGACTCGCTOCGCTCGGTCGTT
CGGCTGCGGCGAGCGGTATCAGCTCACTCAAAG
GCGGTAATACGGTTATCCACA
GAATCAGGGGATAACGCAGGAAAGAACATGTGA
GCAAAAGGCCAGCAAAAGGC
CAGGAACCGTAAAAAGGCCGCOTTOCTGGCG1
111  1 CCATAGGCTCCGCCCCCCT
GACGAGCATCACAAAAATCGACGCTCAAGTCAG
AGOTGGCGAAACCCGACAGG
ACTATAAAGATACCAGGCGTITCCCCCTGOAAG
CTCCCTCGTGCGCTCTCCTGTT
CCGACCCTGCCGCITACCGGATACCTGTCCOCC
TTTCTCCCTTCOGGAAGCGTGO
CGCTTTCTCATAGCTCACGCTGTAGOTATCTCA
GTTCGGTGTAGGTCGTTCGCTCC
AAGCTGGGCTGTGTGCACGAACCCCCCOTTCAG
CCCOACCGCTGCGCCITATCCG
GTAACTATCGTe 1
1GAGTCCAACCCGGTAAGACACGACTTATCGCC
ACTGGCAGC
AGCCACTGGTAACAGGATTAGCAGAGCGAGGTA
TGTAGGCGGTGCTACAGAGTT CTTCIA
AnTnnTerarrTA A riT Arr-rjr2TAr
Arno AserjArAnTATITOOTATCTCC
GCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGA
OTTGGTAGCTCTTGATCCGGCA
AACAAACCACCGCTOGTAGCGOTGGTT1 111
1 GTTTGCAAGCAGCAGATTACGCG
CAGAAAAAAAGGATCTCAAGAAGATCCITTGAT
Cin!  CTACGGGGTCTGACGCT
CAGTGGAACGAAAACTCACGTTAAGGGATTITG
GTCATGAGATTATCAAAAAGG
ATCTTCACCTAGATCC 111
VAAATTAAAAATGAAGTTTTAAATCAATCTAAA
GTA
TATATGAGTAAACTTGGTCTGACAGTTACCAAT
GCTTAATCAGTGAGGCACCTAT
CTCAGCGATCTGTCTATTTCGTTCATCCATAGT
TGCCTGACTCCCCGTCGTGTAGA
TAACTACGATACGGGAGGGCTTACCATCTGOCC
CCAGTGCTGCAATGATACCOCG
AGACCCACGCTCACCGGCTCCAGA Iii
ATCAGCAATA.AACCAGCCAGCCOGAAG
GGCCGAGCGCAGAAGTGGTCCTGCAACTTTATC
CGCCTCCATCCAGTCTATTAAT
TOTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCA
GTTAATAGTTTGCGCAACGTTG
TTGCCATTGCTACAGGCATCGTOQTGTCACGCT
CGTCGITTGGTATGGCTTCATTC
AGCTCCGOTTCCCAACGATCAAGGCGAGTTACA
TGATCCCCCATGTTGTOCAAAA  WO
2007/139924PCT1US2007/012467
,}11111 Ai
AAGCGOTTAGCTCCTTCGOTCCTCCGATCGTTG
TCAGAAGTAAGTTGOCCGCAGT
GTTATCACTCATGGTTATGGCAGCACTOCATAA
TTCTCTTACTOTCATGCCATCCG TAAOATGC
lilt
CTGTGACTGGTGAGTACTCAACCAAGTCATTCT
GAGAATAGTG
TATOCOGCGACCGAGTTGCTCTTGCCCGGCGTC
AATACGGGATAATACCGCOCCA
CATAGCAGAACTTTAAAAGTOCTCATCATTGOA
AAACOTTCTTCOGOGCGAAAA
CTCTCAAGGATCTTACCOCTOTTGAGATCCAGT
TCGATOTAACCCACTCGTOCAC
CCAACTGATCTTCAGCATC1111ACTTTCACCA
GCG1TTCT000TGAGCAAAAAC
AGGAAGGCAAAATGCCGCAAAAAAGGGAATAAG
GGCGACACGGAAATGTTGAA
TACTCATACTCTTCCITITTCAATATTATTOAA
GCATITATCAGGOTTATTOTCTC
ATGAOCGGATACATATTTGAATGTATTTAGAAA
AATAAACAAATAGGGG'TTCCG
CGCACATTTCCCCGAAAAGTGCCACCTGAACGA
AGCATCTGTGCTTCA'111 IOTA
GAACAAAAATGCAACGCGAGAGCGCTAAT1111
CAAACAAAGAATCTGAGCTOC
ATT1TTACAGAACAGAAATGCAACGCGAAAGCG
CTA11f1ACCAACGAAGAATC
TGTGCTTCATTTTTOTAAAACAAAAATGCAACG
CGAGAQCGCTAATTTTTCAAAC
AAAGAATCTGAGCTGCA1111
IACAGAACAGAAATGCAACGCGAOAOCOCTAIT
TTACCAACAAAGAATCTATACTTC111111GTT
CTACAAAAATGCATCCCGAGAG
CGCTATTTTTCTAACAAAGCATCTTAGATTAC1
111111CTCCTTTGTOCGCTCTAT
AATGCAGTCTCTTGATAAC Iii
GCACTGTAOGTCCGTTAAGGTTAGAAGAAGG
CTACTTIVOTGTCTA11'11CTCTTCCATAAAA
AAAGCCTOACTCCACTTCCCGCGT
TTACTGATTACTAGCGAACCTOCGOGTGCA1 I
rrilCAAGATAAAGGCATCCCCG
AITATATTCTATACCGATOTGGATTQCOCATAC
TTTGTGAACAGAAAGTGATAGC
OTTGATGATTCTTCATTGOTCAGAAAATTATGA
ACGGTTTCTTCTATIllGTCTCT
ATATACTACGTATAGOAAATOTTTACA111
TCGTATTO1111CGATTCACTCTATO
AATAGTTCTIACTACAA1111111GTCTAAAGA
OTAATACTAGAGATAAACATAA
AAAATGTAGAGOTCGAGTTTAGATGCAAGTTCA
AGGAGCGAAAGOTOGATGGOT
AGOTTATATAGGGATATAGCACAGAGATATATA
CCAAAGAGATAC1111GAGCA
ATGTTTOTGGAAGCGOTATTCGCAATA1111AG
TAGCTCGTTACAGTCCGOTC_CG TTTTTGG n
1111GAAAGTGCOTCTTCAGAGCGCTTITGGI1
11CAAAAGCGCTCT
GAAOTTCCTATACTTTCTAGAGAATAGGAACTT
COGAATAGGAACTTCAAAGCGT
TTCOGAAAACGAGCGCTTCCGAAAATGCAACGC
GAGCTGCGCACATACAGCTCA
CTOTTCACGTCGCACCTATATCTGCGTOTTGCC
TOTATATATATATACATGAGAA
GAACOGCATAGTGCGTGTTTATGCTTAAATGCG
TACTTATATGCGTCTATTTATGT
AGGATGAAAGGTAGTCTAQTACCTCCTGTGATA
TTATCCCATTCCATOCOGGOTA
TCGTATOCTTCCTTCAGCACTACCCTITAGCTO
TTCTATATGCTGCCACTCCTCAA  



WO 2007/139924PCT/I7S2007/012467
114 PCT/US200
TTGGATTAGTCTCATCCITCAATOCTATCATTT
CCTTTGATATTGGATCATACTAA
GAAACCATTATTATCATGACATTAACCTATAAA
AATAGGCGTATCACGAGGCCCT TTCGTC SEQ
ID NO: 54 pAT?4322 sequence
TCGCOCGTTTCOGTGATGACOGTGAAAACCTCT
GACACATGCAGCTCCCGGAGAC
GOTCACAGCTTGTCTGTAAGCGGATGCCGOGAG
CAGACAAGCCCGTCAGGGCGC
GTCAGCGOGTGTTGGCGGGTOTCGGOGCTGGCT
TAACTATGCGGCATCAGAGCA
GATTGTACTGAGAGTGCACCATATCGACTACGT
CGTAAGOCCGTTTCTGACAGAG
TAAAATTCTTGAGGGAACTTTCACCATT'ATGO
GAAATGCTTCAAGAAGGTATTGA
CTTAAACTCCATCAAATGOTCAGGTCATTGAGT
GTTITTTATTTGTIOTAT T11 1
IIAGAGAAAATCCTCCAATATCAAATTAGGAAT
CGTAGTTTCATGATTTTCT GTTACACCTAAC
111 1 1
OTGTGGTGCCCTCCTCCTTGTCAATATTAATGT
TAAAGT
GCAATTCTTTITCCTTATCACGTTGAGCCATTA
GTATCAATTTGCTTACCTGTATT
CCTTTACTATCCTCCTTTTTCTCCTTCTTGATA
AATGTATGTAGATTGCGTATATAG
TTTCGTCTACCCTATGAACATATTCCAT 1
nOTAATITCOTGTCGTTTCTATTATGA
AT1TCATTTATAAAG1TTATGTACAAATATCAT
AA4.AAAAGAGAATCT1111AAG CAAGGA1 1
1
1CTTAACTTCTTCGGCGACAGCATCACCGACTT
CGGTGOTACTOTT
GGAACCACCTAAATCACCAGTTCTGATACCTGC
ATCCAAAACCI 111: AACTGCA
TCTTCAATGGCCTTACCTTC1TCAGGCAAGTTC
AATGACAATTTCAACATCATTGC
AC7CAGACAAGATAGTGOCGATAGGGTCAACCT
TATTCTTTGGCAA,ATCTOGAGC
AGAACCGTGGCATGGTTCGTACAAACCAAATGC
GGTGTTCTTGTCTGGCAAAGA
GGCCAAGGACGCAGATGOCAACAAACCCAAGGA
ACCTGGGATAACGGAGGCTT
CATCGGAGATGATATCACCAAACATOTT'GCTG
OTGATTATAATACCATTTAGGTG
GUTTGOOTTCTTAACTAGGATCATGGCGGCAGA
ATCAATCAATTGATGTTGAACC
TTCAATGTAGGOAATTCGTTCTTGATGGTTTCC
TCCACAGT1-111CTCCATAATCT
TGAAGAGGCCAAAAGATTAGCTTTATCCAAGGA
CCAAATAGGCAATGGTOGCTC
ATGTTOTAGGGCCATGAAAGCGGCCATTGITGT
GATTCTTTGCACTTCTGGAACG
GTOTATTGTTCACTATCCCAAGCOACACCATCA
CCATCGTMCCTTTCTCTTACC
AAAGTAAATACCTCCCACTAATTCTCTGACAAC
AACGAAGTCAGTACCTTTAGCA
AATTGTOGCTTGATTGGAGATAAGTCTAAAAGA
GAGTCGGATGCAAAGTTACAT
GGTCTTAAGTTGGCGTACAATTGAAGTTCTTTA
CGGAT1 II IAGTAAACCTFGTrC
AGGTCTAACACTACCGGTACCCCATTTAGGACC
AGCCACAGCACCTAACAAAAC  WO
2007/139924PCT/11S2007/012467  15
PCTIUS200  1   



OGCATCAACCTTCTTOGAGOCTTCCAGCGCCTC
ATCTOGAAGTGGOACACCTGTA
GCATCGATAGCAGCACCACCAATTAAATGATTT
TCGAAATCGAACTTGACATTGO
AACGAACATCAGAAATAGCTTLAAQAACCITAA
TGGCTTCGGCTOTGATITCTTG
ACCAACGTGGTCACCTOOCAAAACGACGATCIT
CTTAGGGGCAGACATTACAAT GOTATATCC I
I
GAAATATATATAAAAAAAGGCGCCTTAGACCGC
TCGGCCAAAC
AACCAATTACTTGTTGAGAAATAGAGTATAATT
ATCCTATAAATATAACG1 11 11
GAACACACATGAACAAGGAAGTACAGGACAATT
GATTTTGAAGAGAATGTGGAT
TTTGATGTAATTGTT000ATTCCA1 11
11AATAAGGCAATAATATTAGGTATGTGG
ATATACTAGAAGTTCTCCTCOACCGTCGATATG
CGOTGTGAAATACCGCACAGAT
GCGTAAGGAGAAAATACCGCATCAGGAAATTGT
AAACGTTAATA 1 1 110TTAAA
ATTCGCGTTAAA1 1 1
1GTTAAATCAGCTCA1 In!
TAACCAATAGGCCGAAATCG
GCAAAATCCCTTATAAATCAAAAGAATAGACCG
AGATAGGGITGAGTOTTGTTC
CAGITTOGAACAAGAGTCCACTATTAAAGAACG
TGGACTCCAACOTCAAAGGGC
GAAAAACCGTCTATCAGGCCGATGGCCCACTAC
GTGGAAGATCCGAGGCCTAGC
TTTAACGAACGCAGAA It II
CGAGTTATTAAACTTAAAATACGCFGAACCCGA
AC
ATAGAAATATCGAATGGGAAAAAAAAACTGCAT
AAAGGCATTAAAAGAGGAGC GAAtit tiiii
LAATAAAAATCTTAATAATCATTAAAAGATAAA
TAATAGTCTAT
ATATACGTATATAAATAAAAAATATTCAAAAAA
TAAAATAAACTATTA1 IIIAGC
GTAAAGGATGGGOAAAGAGAAAAGAAAAAAATT
GATCTATCGATTTCAATTCAA
TTCAATTTATITCTITTCOGATAAGAAACCAAC
ACCTGGCAATTCCTTACCTTCCA
ATAATTCCAAAGAAGCACCACCACCAGTAGAGA
CATGGGAGACCCGGGCCATGG
TTAGATAGACATAGGGTAAACTAGCAATGATTT
GATCAAATGCTTGTATTCATCT
CCCATTCTCGTAAAATTGTCTTTACCTGCATAT
TOGACCTCTAAAAATTGGCAAA
GATATATAACAGCCATAAGTAAAGGTCTTGGGA
TATTCTTTOTTGITAAATACTC
TCTOTTTATGTCTITCCAAACGTCCTCCACTTC
CTTATAAATCAGTOTCTGAGCAT
ATTCTTCGTTGACATTGTATTCCTTCATGTAAG
ATTCTAAAGAGCTTGAACTATGT
ITTCTCTCCTGTTCCOCTTTATGAGTCATCAGO
TCATTTAATCTCCTACCCAGAAT
ACCACTGTAACOGAATAAAGGCGGAGCAGATAC
AGCCCACTCAACTGATTCCTT
AGTGAAAATATCGCTCATTCCTAGATAACAGGT
AGTTGTTAGCAAGTTTGCACCA
CCAGTGATAATAACTACGGGATCGTOCTCTTCA
GTTGTCGGTATGTOTCCTTCATT
AGCCCATTTCGCTTCTACCATTAGATTCCTTAC
OAATTCTTTAACGAACTCCTTCC
CACAGTTGAATAAATCAGTTCTACCTTCTTTGG
CCAGAAACTCCTCCATTTCTGTG
TAGGTATCCATGAATAATTTGTAAATAGOCTTC
ATOTATTCCGGCAACGTGTCTA
AGCAGGTGATCGACCATCTTTCCACGGCTTCAG
TGAAAATCTITAACTCCTCGTA  WO
2007/139924PCTMS2007/012467
AGTTCCATATGCGTCATACGTGTCATCAATAAG
TOTTATCACAGCAACTGCCTTA
GTGAAAAAAACTCTAGCTCTTGAATACTOGGGT
TCGTAACCAGAACCTAAACCCC
AAAAATAGCATTCAACGATACGATCTCTCAGAC
ATOGGGCATITITCTTAATATC
AAATGCCTTCCACCACTTGCATACGTGACTCAA
CTCTTCCTTATGTAGGCTCTGCA
ATAGATTGAACTCCAOTTTAGCTAACTTTAGCA
GAGTTITATTATOGGAGTCTTGT
TGCTGATAGAAGGGTATGTACTOGGCGGCCTCG
ATCCTTGOCAATCTCTTCCACA
ATOGTTOCTTTAAAGCTCTCTOGATTTCAGTGA
ATAAACCOGGGTTTOTACTAAA
CGCGTCCTTTGTCATAATCGATAGCCTTGATCT
TGTGAATCCCAGGGCATCTTCAA
GAATTATTTCGCCCGOAACTCTCATGGACGTAG
CCTCATATAATTCCA.ACAATCC
TTCAACATCATTCGCTAACGATTGTTTAAAAGC
ACCATTCTTGTCTTTATAGTTAT
TAAACACATCACACGTGACATAGTATCCTTGTT
TACGCATCAGCCTAAACCATAA
GCTAGACCTOTCGCCATTCCAATTATCACCATA
GGTCTCGTAAATACATTGCAAT
GCATGATCAATTTCACGTT.
CAAAATGATACGGAATACCTAAACGTTGAATCT
CGT
CAATCAGCTTCAACAAATTTGCATGITTCATAG
GAATATCCAATOCTTCCTTTAAC
AACTGTCTTACTTCCTTCTTTAGATCGTTTACT
ATTTGCTCCACACCCTGTTCAACT
TOTTTCTCATAAATCAAAAATTGATCGCCCCAA
ATAGAAGGTGGGAAATITGCAA
TTGOCCTTATAGGTTICTCTTCAGTCAAGGCCA
TTG111iCTGCAGATCCGGGGIT
1111CTCCTTGACGTTA,AAGTATAGAGGTATA
TTAACAATT111 TOTTGATAci If
TATTACATTTGAATAAGAAGTAATACAAACCGA
AAATGTTGAAAGTATTAGTTAA
AGTGGTTATGCAQTTTTTGCATTTATATATCTG
TTAATAGATCAAAAATCATCGCT
TCGCTGATTAATTACCCCAGAAATAAGGCTAAA
AAACTAATCGCATTATCATCCT
ATGGTTGTTAATTTGATTCGITCATTTGAAGOT
TTGTGGGOCCAGGTTACTGCCAA
TTTTTCCTCTTCATAACCATAAAAGCTAGTATT
GTAGAATCTTTATTGTTCGGAGC
AGTOCOGCGCGAGGCACATCTGCOTTTCAGGAA
CGCGACCGOTGAAGACGAGGA
CGCACOGAGGAGAGTCTTCCTTCOGAGGOCTOT
CACCCGCTCGGCGGCTTCTAAT
CCGTACT'AAGATCTGCTTIAATTTGGCCGOCG
AACOTGGCGAGAAAGGAAGGGA
AGAAAGCGAAAGGAGCOGGCGCTAGGOCOCTGO
CAAGTGTAGCGGTCACGCTG
CGCGTAACCACCACACCCGCCGCGe t
AATGCGCCGCTACAGGGCGCGTCGCOC
CATTCGCCATTCAGGCTOCGCAACTGITOGGAA
GOGCGATCGOTOCOGGCCTCTT
CGCTATTACGCCAGCTGAATTGGAGCGACCTCA
TGCTATACCTGAGAAAGCAACC
TGAccTACAGGAAAGAGTTACTCAAGAATAAGA
A111 ICOTrFTWAccTAAGA
GTCACTTTAAAATTTGTATACACTTATT1111T
TATAACTTATTTAATAATAAAAA
TCATAAATCATAAGAAATTCGCTTATTTAGAAG
TGTCAACAACGTATCTACCAAC GATTTGACCC
it!!
CCATCTrITCGTAAATTTCTGGCAAGGTAGACA
AGCCGACA  WO
2007/139924PCT/IIS2007/012467   



ACCTTGATTGOAGACTTGACCAAACCTCTOGCG
AAGAATTGTTAATTAAGAGTCA
GTCGACTTAAAAACTAGQGACCAATAGCAATTC
TGTTTTACGTTGCATTGTTGCA
CCTGAACTTTCCGTCAMTCAATTTGATCATATG
AAACTCCATTGGGCAACTTCCA
GTTGAAATGATAAAGAATGTTGGCTAGTGGCAG
TTGAACATTGGCCAAACCTAA
CGCAGCGCCAGGACACATACGACGTCCAGCCCC
AAATGGTAAATAITCATATTC
GGCGCCCATCACTGTMCCGAAGAGTTTTCAAAT
CTTTCAGGTATAAACGCTTCT
GCATCCTTCCAGTATTCAGGATCTCTATTGATC
GCAAACACATTAACGATTAATTT Co HA 1
GTTA000ATATTATAACCAGCCAAGT7TACTGO
CTGACGACATTCTCTA
GOTAGCACTAACGGCAAGGOTOGGTGTAGTCTA
AGAGTCTCTTTGATQACCATAT
TCAAGTAGGACAATTCTTOTATATCTTCTTCAT
OTATIill 1 CTTTCCCATTCAAG
GCCTTACGTAATTCAOCCTGAACCTTTTCCATT
GCTTTCGGACA1 ATTAGCTC
GCTTATAGCCCATTCTATGGTAGAACTTGAAGT
OTCOGTCCCTGCACCGAACATG
TCCAAAATTATTGCTTTGATATTATCCGAAGTC
AGAGGAAACTCAGCAGAATCCT
TTAATCTAAGTAATACATCTAATAGGOTTTCGT
TCrOITTTGGATGACGTATTTACG
GTATOTTCAGCTACCAAATTGTCA,ATTAAGIT
ATCAATC 1 n IACGTAGQCTAOT
TAATCTTGCTCTCTTACCGCTCAAGTGATOCAA
GAAC11111 AGATOGGAAAATA
TCGOCAACATCGAAACCGCCTGTTTOTCTCAOT
ATTTC lii AAC AATTTCAGTAAG
TTCCTITTGATCTTTAATTCCCTTACCAAACGC
AGCACGOGATAGTATAGTOGCA
ATTAGTTTAAAAACG1
fitCACTTAAATTTACTGQTCTACCACTACCTG
AAGCCIT
TATTTCCTOGACTAAATTCCAACATTCTFCTTC
CCTCAACGATTGAAATGACTTAA CC lilt
TTACAGACAACAATTCAAQAGTACAAATCTTCC
TTAATTGTCTCCAGTAT
TCCCCATATCGAGCAAGGACAACATCAGTGTTA
TGATATAAAACTAITTCCCCAG
TTAAAGTTTCGGGTCTATTAGCGAAAOTAATAT
CGTAGGTTGTAAGAATTTCCTT
AGCCCACTTAGGACTCGACACGACTATTGTGGG
TACCTCTCCCAATTGAAGGTGC
ATTAGCGAACCATATTTTCTCGCTAAATCCCIT
ACACCCCTGTGTGGTGTGGTTCC
GATCAAATGGTGCATGTGACCAATGATOGOTAG
CCTCCAAGOTTCCGOCAAGGA
CTTTTTAGTTGACTTACTTCTAGTGGCAAATTT
GTACACGAACAACAAAATAGTT
GCTAAAGCAATTGATGTAGTTAAAGATAGTGCC
ATAGCCTITAAAATTGACTTCA
TTGTTTTCCTAGGCCTTTAGTGAGGGTTGAATT
CGAATTTTCAAAAATTCTTACTT TTT 1
GGATGGA
CGCAAAGAAGTTTAATAATCATATTACATGGCA
TTACCACC
ATATACATATCCATATACATATCCATATCTAAT
CTTACTTATATGTTGTGGAAATG
TAAAGAGCCCCATTATCTTAGCCTAAAAAAACC
TTCTCITTGGAACTTTCAGTAA
TACGCTTAACTGCTCATTGCTATATTGAAGTAC
GGATTAGAAGCCGCCGAGCGGG
TGACAGCCCTCCGAAGGAAGACTCTCCTCCGTG
CGTCCTCGTCTTCACCGGTCGC  WO
2007/139924PCT/1JS2007/012467
OTTCCTGAAACGCAGATGTGCCTCGCGCCGCAC
TGCTCCGAACAATAAAGATTCT
ACAATACTAGCTTTTATGGTTATGAAQAGGAAA
AATTGGCAGTAACCTGGCCCCA
CAAACCTTCAAATGAACGAATCAAATTAACAAC
CATAGGATGATAATGCGATTA 1T1 i
AGCCTTATTTCTGGGGTAATTAATCAGCGAAGC
GATGAT 111 TGATCTA
TTAACAGATATATAAATGCAAAAACTGCATAAC
CACTTTAACTAATACTTTCAAC
ATTTTCGOTTTGTATTACITCTTATTCAAATGT
AATAAAAGTATCAACAAAAAATT
GTTAATATACCTCTATACTTTAACGTCAAGGAG
AAAAAACCCCAAGCTTCCCGGG
AAAACAATOCAATCOACAACTTCCGTTAAACTA
TCACCTTTCGATCTTATGACTG
CCTTGTTAAATGGTAAAGTTAGTTTCGACACGT
CCAATACTTCCGATACAAATAT
ACCACTGGCGOTTTTCATGGAAAACAOGGAATT
GCTTATGATATTAACAACCAGT
GTOGCCGTTITAATTGG1TGTGTOGTTOTATTG
GTATGGAGAAGATCATCAAGTG
CCGCTAAGAAGGCCGCCGAATCACCAGTCA1TG
TCGTCCCAAAGAAAGTCACTG
AAGATGAGGTTGATGACGOCAGAAAGAAAGITA
CTGTAT I I I ECGGGACACAAA
CGGGGACTGCGGAAGG1111GCGAAAGCTCTAG
TTGAAGAAGCCAAGGCAAGGT
ACGAAAAAGCAGTATTCAAAGTTATTGATTTAG
ATGACTACGCCGCAGAAGATG
ATGAATACGAAGAAAAGCTAAAGAAAGAATC
II TGGCATTCTTCTTTTTAGCTAC
CTATGGTGACGGAGAACCAACAGATAACOCCGC
TAGATTCTATAAATOGTTTACT
GAAGGAGAAGAAAAAGGTGAGTGGTTAGATAAG
TTACAATACOCTGTCTTTGGA
TTGGGAAATCGTCAATATGAACACTTCAATAAG
ATTGCAAAAGTOGTCGATGAA
AAATTAGTTGAGCAGGGGGCTAAAAGGTTAGTG
CCTGTCGGTATGGOTGATGAC
GATCAATGTATCGAAGATGAITTTACTGCTTGO
AAGGAATTOGTITGGCCAGAAT
TAGATCAGCTATTGAGGGACGAAGATGACACAA
GTGTCGCTACTCCGTACACCG
CCGCTOTTGOCGAATATCGTGITG1 11
iTCACGATAAACCTGAAACTTACOATCA
AGATCAATTGACCAACGGACACGCAGTTCACGA
CGCCCAACACCCATGCAGATC
GAACGTTGCGGTCAAGAAAGAATTACACAGTCC
CTTATCCGATAGGAGTTGTACT
CATITAGAATTTGATATTTCCAATACTGGACTA
TCGTATGAAACTGGCGACCATG
TCOGTGTATATGTGGAAAACCTGTCTGAAGTTG
TAGATGAAGCCGAAAAATTGAT
T000CTTCCTCCACATACATAC111
1CTOTGCATACAGATAATGAAGATOGTACT
CCACTTGGCGGAGCCTCGTTACCACCTCCCTIT
CCACCATGTACACTTAGAAAAG
CTCTTGCATCTTATOCAGATGTACTTTCTFCAC
CAAAGAAAAGTGCATTACTAGCT
CTAGCCGCCCATGCTACCGACTCTACTGAAGCT
GACCGTTTGAAATTCTTTGCITC
ACCTGCTGOCAAAGACGAGTACGCACAGTGGAT
TGTOGCATCTCACAGATCATT
GCTGOAAGTGATGGAAGCCTTCCCATCGGCAAA
GCCACCATTAGGCGTOT 1 11 1C
GCATCTGITOCCCCACGTTTACAGCCTAGATAC
TATTCCATATCTTCTAGCCCAAA  WO
20071139924PCT/US2007/012467  119
PCT/US200  



tlI ItI
ATTTGCCCCCAATCGTATTCATGTOACGTGTGC
GCTGGTGTATGAACAAACTCCA
TCAGGAAGGGTACATAAAGGTGTCTGTAGTACA
TGGATGAAAAACGCGGTGCCA
ATGACTGAATCTCAAGATTGTTCGTGGGCACCA
ATTTATGTTCGTACTTCTAA1 Li
TAGACTACCTAGTGACCCTAAAGTACCAGTGAT
TATGATCGGGCCTGGGACAGG
ACTAGCGCCATTCAGAGGTTTCTTACAAGAAAG
ATTGGCCCAAAAGGAAGCAGG
TACGGAATTAGGAACCGCAATTCTATTCTTTOG
TTGTCGTAATAGAAAAGTTGAC
TTTATATACGAAGATGAGITAAACAACTTCGTT
GAAACTGGAGCOTTATCAGAAT
TAGTGACAGCATTCTCTAGGOAAGGTGCAACAA
AAGAATACGTCCAACATAAAA
TGACCCAAAAGGCCAGCGATATATGOAATITGC
TGTCCGAGOGTGCCTATTTGTA
CGITTGTGGTGATGCAAAGGOAATGOCTAAAGA
TOTTCACAGGACATTGCATAC
AATTGTTCAGGAACAAGGTTCCTTGGATTCCTC
TAAGGCAGAACTTTATGTTAAA
AACCTTCAGATGGCTGGTAGATATTTOCGTGAT
GTTTGGTGAGCTAGCTAAGATC
CGCTCTAACCGAAAAGGAAGGAGTTAGACAACC
TGAAGTCTAGOTCCCTATTTAT 11111
iATAGTTATGTTAGTATTAAGAACGTTATTTAT
ATTTCAAK11111CTTTTT
TTTCTGTACAGACGCGTGTACGCATGTAACATT
ATACTGAAAACCTTGCTTGAGA
AGGTITTGGGACGCTCGAAGATCCAGCTGCATT
AATGAATCGGCCAACGCGCGG
GGAGAGGCOGTITGCGTATTGGGCGCTCTTCCG
MCCTCGCTCACTGACTCGCT
GCGCT'CGGTCGTTCGGCTGCGGCGAGCGGTAT
CAGCTCACTCAAAGGCGGTAAT
ACGOTTATCCACAGAATCAGGOGATAACGCAGG
AAAGAACATGTGAGCAAAAG
GCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCO
CGITGCTGGCGTTITTCCATA
GGCTCCGCCCCCCTGACGAGCATCACAAAAATC
GACGCTCAAGTCAGAGGTGGC
GAAACCCGACAGGACTATAAAGATACCAGGCGT
TTCCCCCTGGAAGCTCCCTCGT
GCGCTCTCCTGTTCCGACCCTOCCGCTTACCGG
ATACCTGTCCGCCTITCTCCCTT
CGGGAAGCGTGGCGCTTTCTCATAGCTCACGCT
GTAGGTATCTCAGTTCGOTGTA
GOTCGTTCOCTCCAAGCTOGGCTGTGTOCACGA
ACCCCCCGTTCAGCCCOACCGC
TGCGCCTTATCCGGTAACTATCGTCTTGAGTCC
AACCCGOTAAGACACGACTTAT
CGCCACTGGCAGCAGCCACTGGTAACAGGATTA
GCAGAGCGAGGTATOTAGGCG
GTGCTACAGAGTTCTTGAAGTGGTOGCCTAACT
ACGGCTACACTAGAAGGACAG
TATTTGGTATCTGCGCTCTOCTGAAGCCAGTTA
CCTTCGOAAAAAGAGTTGGTAG
CTCTTGATCCGOCAAACAAACCACCGCTOGTAG
CGGTGG1 1 11TTTGTTTGCAAG
CAGCAGATTACGCGCAGAAAAAAAGGATCTCAA
GAAGATCCTTTGATCTTTTCTA
CGGGGTCTGACGCTCAGTGOAACGAAAACTCAC
OTTAAGGGA1111GOTCATGA
GATTATCAAAAAGGATCTTCACCTAGATCCTTT
TAAATTAAAAATGAAGTTTTAA
ATCAATCT'AAAGTATATATGAGTAAACTTGGT
CTGACAGTTACCAATGCTTAATC  WO
2007/139924PCT/1JS20071012467
AGTGAGGCACCTATCTCAGCGATCTGTCTATTT
CGTTCATCCATAGTTGCCTGACT
CCCCGTCGTOTAGATAACTACGATACGOGAGGG
CTTACCATCTGGCCCCAGTOCT
GCAATGATACCOCGAGACCCACGCTCACCOGCT
CCAGATTTATCAGCAATAAAC
CAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGT
CCTGCAACTTTATCCGCCTCC
ATCCAGTCTATTAATTGTTGCCGGGAAGCTAGA
GTAAGTAGTTCGCCAGTTAATA
GTTTGCGCAACGTTGTTGCCATT'GCTACAGGC
ATCOTGOTGTCACGCTCGTCGTTT
GGTATOGCTTCATTCAGCTCCGOTTCCCAACGA
TCAAGGCGAGTTACATGATCCC
CCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCO
GTCCTCCGATCGTTGTCAGAAG
TAAOTTGGCCGCAGTGTTATCACTCATGGTTAT
GGCAGCACIGCATAATTCTCTT
ACTOTCATGCCATCCGTAAGATGC 111.1
CTQTGACTGGTGAGTACTCAACCAAGT
CATTCTGAGAATAGTOTATGCGGCGACCGAGTT
GCTCTTGCCCGGCGTCAATACO
GGATAATACCGCGCCACATAGCAGAACTTTAAA
AGTGCTCATCATTGGAAAACG
TTCTTCOGOGCCIAAAACTCTCAAGGATCTTAC
CGCTOTTGAGATCCAGTTCGATG
TCCCACTCOTGCACCCAAaGATCnCAA11II
ACTTTCACCAGCGTTTC
TGGGTGAGCAAAAACAGGAAGGCAAAATGCCGC
AAAAAAGGGAATAAGGGCGA
CACGGAAATGTTGAATACTCATACTCTTCCTTT
TTCAATATTATTGAAGCATTTAT
CAGGGTTATTGTCTCATGAGCOGATACATATTI
VAATGTATTTAGAAAAATAAAC
AAATAGOGGITCCOCGCACATTTCCCCGAAAAC
TGCCACCTGAACGAAGCATCT
GTGCTICATT1TGTAGAACAAAAATOCAACGCG
AGAGCGCTAA11 1 11CAAACAA 



AGAATCTGAGCTGCA 111 1
lACAGAACAGAAATGCAACGCGAAAGCGCTATT
TTA
CCAACGAAGAATCTGTOCTTCAIIllTGTAAAC
AAAATGCC0C0AGG CTAAT
1111CAAACAAAGAATCTGAGCTGCATIII1AC
AGAACAGAAATGCAACO CGAGAGCGCTA 1
11
1ACCAACAAAGAATCTATACTTCTTTITTGTTC
TACAAAAAT
GCATCCCGAGAGCGCTAITTTTCTAACAAAGCA
TCTTAGATTACTTTTTTTCTCCT
ITGTGCGCTCTATAATGCAGTCTCTTQATAACT
III TGCACTOTAGGTCCGTTAAG
GTTAGAAGAAGGCTACTTTGGTGTCTATTTTCT
CTTCCATAAAAAAAGCCTGACT
CCACTTCCCGCGTTTACTGATTACTAGCGAAGC
TGCGGGTGCA1111 TCAAGAT
AAAGGCATCCCCGATTATATTCTATACCGATGT
GGATTGCGCATACT1TGTGAAC
AGAAAGTGATAGCGTTGATGATTCTTCATTGGT
CAGAAAATTATGAACGOTITCT TCTA1 11 1
GTCTCTATATACTACGTATAOGAAATGTTTACA
1 1 1 ICOTATTOTTflC
GATTCACTCTATGAATAGTTCTTACTACAA 1
111 n TGTCTAAAGAGTAATACTAG
AGATAAACATAAAAAATGTAGAGGTCGAGTTTA
GATGCAAGTTCAAGGAGCGAA
AGGTGGATOGGTAGGTTATATAGGGATATAGCA
CAGAGATATATAGCAAAGAGA
TACTTTTGAGCAATGTTTGTGGAAGCGGTATTC
C3CAATATTTTAGTAQCTCGTTAC  WO
20071139924PCTifis20071012467 121
PCT/US200    1111,;t11111,'1il



AGTCCOGTOCUTTITTOGIII
IUIGAAAGTQCGTCTTCAGAGCGCIII
IGGTTTrC
AAAAOCGCTCTGAAGTTCCTATACITTCIAGAG
AATAGGAACTTCGOAATAGGA
ACTTCAAAGCGITTCCGAAAACGAGCOCTTCCG
AAAATOCAACGCGAGCTGCGC
ACATACAGCTCACTOTTCACGTCGCACCTATAT
CMCGTOTTGCCTGTATATATAT
ATACATGAGAAGAACGGCATAGTOCGTOTTTAT
OCTTAAATOCGTACTTATATGC
OTCTATTTATOTAGGATGAAAGGTAGTCTAGTA
CCTCCTGTGATATTATCCCATTC
CATGCOGGGTATCGTATGCTTCCTTCAGCACTA
CCCTTTACCGTTCTATATGCTG
CCACTCCTCAATTGOATTAGTCTCATCCTTCAA
TGCTATCATTTCCTTTGATATTO
GATCATACTAAGAAACCATTATTATCATOACAT
TAACCTATAAAAATAGGCGTAT
CACGAGGCCCITTCOTC  WO
2007/139924PCT/US2007/012467 122
CLAIMS What is claimed is: A
bio-organic compound production
system comprising: a vessel
having a capacity of at least 100
liters, b. an aqueous medium,
within the vessel, forming a
first phase; c. a plurality of
host cells, within the aqueous
medium, capable of making at
least one bio-organic compound;
d. a liquid organic second phase,
comprising the at least one
bio-organic compound, in contact
with the first phase; and e. a
separating unit comprising: i) a
continuous centrifugation system;
wherein the separating unit
separates at least a portion of
said second phase from said first
phase. .The system as in claim 1
wherein the at least one
bio-organic compound is a
C5bio-organic compound. 



3. The system as in claim 1
wherein the at least one
bio-organic compound is a C10
bio-organic compound. 4. The
system as in claim I wherein the
at least one bio-organic compound
is a C15 bio-organic compound. 5.
The system as in claim 1 wherein
the at least one bio-organic
compound is a C20 bio-organic
compound. 6. The system as in
claim 1 wherein the at least one
bio-organic compound is a C10+
bio-organic compound.  7. The
system as in claim 1 wherein the
at least one bio-organic compound
is an isoprenoid compound  8. The
system as in claim 1 wherein the
vessel has a capacity of at least
1000 liters.  9. The system as in
claim 1 wherein the vessel has a
capacity of at least 10,000
liters.  WO
2007/139924PCTA1S2007/012467 123
10.The system as in claim 1
wherein the vessel has a capacity
of at least 50,000 liters. 11.The
system as in claim 1 wherein the
vessel has a capacity of at least
100,000 liters. 12.The system
as-in claim 1 wherein the vessel
has a capacity of at least
500,000 liters. 13.The system as
in claim 1 wherein the vessel has
a capacity of at least 1,000,000
liters. 14.The system as in claim
1 wherein the organic second
phase comprises the bio-organic
compound. 15.The system as in
claim 1 wherein the organic
second phase comprises at least
90% bio-organic compound. 16.A
system for making Cs-C20
isoprenoid compounds comprising: 



a. a vessel having a capacity of
at least 100 liters; b. an
aqueous medium, within the
vessel, comprising a first phase;
c. a plurality of host cells,
within the aqueous medium,
capable of making at least one
isoprenoid; d. a liquid organic
second phase, comprising the at
least one isoprenoid, in contact
with the first phase; and a
separating unit comprising: i) a
continuous centrifugation system;
wherein the separating unit
separates at least a portion of
said second phase from said first
phase. 17.The system of claim 16
wherein the isoprenoid compound
is a hemiterpene. 18.The system
of claim 16 wherein the
isoprenoid compound is a
monoterpene. 19.The system of
claim 16 wherein the isoprenoid
compound is a sesquitemene.
20.The system of claim 16 wherein
the isoprenoid compound is a
ditemene. 21.A method for
producing a No-organic compound
comprising: a. culturing in an
aqueous medium a plurality of
host cells that produce at least
one No-organic compound wherein
the aqueous medium and host cells
comprise a first phase; b.
forming a liquid organic second
phase comprising the at least one
bin-organic compound in contact
with the first phase; c.
separating at least a portion of
the second phase from the first
phase, by,  WO
2007/139924PCT/US2007/012467 124
i) a continuous centrifuging
process; and 



at least one further centrifuging
process; and d.isolating the at
least one bio-organic compound
from the second phase.  22. The
method of claim 21 wherein the
organic second phase is formed by
induction of the plurality of
host cells producing the at least
one bio-organic compound.  23.
The method as in claim 21 wherein
the at least one bio-organic
compound is a C5 bioorganic
compound.  24. The method as in
claim 21 wherein the at least one
bio-organic compound is a Cio
No-organic compound.  25. The
method as in claim 21 wherein the
at least one bio-organic compound
is a C15 bioorganic compound.
26. The method as in claim 21
wherein the at least one
bio-organic compound is a C20
bioorganic compound.  27. The
method as in claim 21 wherein the
at least one bio-organic compound
is a C20+ bioorganic compound.
28. The method of claim 21
wherein the isolation step
comprises adsorption.  29. The
method of claim 21 where the
isolation step comprises
distillation.  30. The method of
claim 21 wherein the isolation
step comprises gas-liquid
extraction.  31. The method of
claim 21 wherein the isolation
step comprises liquid-liquid
extraction.  32. The method of
claim 21 wherein the isolation
step comprises ultrafdtration.
33. The method of claim 21
wherein the at least one
bio-organic compound is an
isoprenoid compound.  WO
2007/139924PCT/US2007/012467 125
34. A method for producing a
C5-C20 isoprenoid compound
comprising; aculturing in an
aqueous medium a plurality of
host cells that produce at least 



one Cs-C20 isoprenoid compound in
a vessel having a capacity of at
least 100 liters; b. forming an
organic phase comprising the at
least one C5-C20 isoprenoid
compound; c. separating at least
a portion of the organic phase
from e aqueous medium, by: i) a
continuous centrifuging process;
and at least one further
centrifuging process; and, d.
isolating the at least one C5-C20
isoprenoid compound from the
organic phase.  35. The method of
claim 34 wherein the at least one
isoprenoid compound is a
hemiterpene.  36. The method of
claim 34 wherein the at least one
isoprenoid compound is a
monoterpene.  37. The method of
claim 34 wherein the at least one
isoprenoid compound is a
sesquiterpene.  38. The method of
claim 34 wherein the at least one
isoprenoid compound is a
ditetpene.  39. The method of
claim 34 wherein the organic
phase is formed by induction of
the plurality of host cells
producing the at least one C5-C20
isoprenoid compound.  40. The
method of claim 34 wherein the
isolation step comprises
adsorption.  41. The method of
claim 34 wherein the isolation
step comprises distillation.  42.
The method of claim 34 wherein
the isolation step comprises
gas-liquid extraction.  43. The
method of claim 34 wherein the
isolation step comprises
liquid-liquid extraction.  44.
The method of claim 34 wherein
the isolation step comprises
ultrafiltration.  WO
20071139924PCT/US2007/012467 126 



45.A had composition production
system comprising: a.one or more
fermentation systems comprising:
i)at least one vessel having a
capacity of at least 100 liters;
an aqueous medium, within the at
least one vessel, comprising a
first phase;        iii) a
plurality of host cells, within
the aqueous medium, capable of
making producing or synthesizing
at least one bin-organic
compound; and,        iv) a
liquid organic second phase
comprising the at least one
bioorganic compound in contact
with the first phase; b.one or
more first phase separation
systems whereby the first phase
and the second organic phase or
one or more components of the
second organic phase are
separated; c.optionally one or
more second phase separation
systems whereby the at least one
bin-organic compound is separated
from the second organic phase;
d.optionally one or more reactors
or vessels wherein the at least
one bin-organic compound is
chemically or biologically
modified; e.optionally one or
more purification systems whereby
the bin-organic compound or the
modified bin-organic compound is
purified or fiuther purified;
foptionally one or more blending
vessels or systems for blending
the at least one bin-organic
compound with one or more
additional fuel components; and
g.optionally one or more further
purification systems whenby the
blend of the at least one
bio-organic compound and the one
or more additional fuel 



components is purified or further
purified; wherein the first phase
separation system comprises a
continuous centrifugation system.
46.A method of making a fuel
composition comprising:
aculturing in an aqueous medium a
plurality of host cells that
produce, make or synthesize at
least one bin-organic compound
wherein the aqueous medium
comprises a first phase; b.
forming a liquid organic second
phase comprising the at least one
bin-organic compound in contact
with the first phase; c.
separating at least a portion of
the second phase from the first
phase, by: i) a continuous
centrifuging process; and at
least one fluffier centrifuging
process; d. isolating the at
least one bin-organic compound
from the second phase  WO
2007/139924PCTMS2007/012467 127,
C.optionally chemically or
biologically modifying the at
lead one bio-organie compound;
optionally purifying the
bio-orgarde compound or the
modified hie-organic compotmd;
g.optionally blending the at
least one bio-organic compound
with one or more 



additional fuel components; and
.optionally purifying the blend
of the one or more bio-organic
compounds and the one or more
additional fuel components.
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