identification. The present invention addresses these needs and provides related advantages as well,

4. SUMMARY-OF

[0005] Provided herein are methods and compositions useful for detecting a
recombinantly produced water-immiscible compound in a cell, for example, a microbial cell
genetically modified to produce one or more water-immiscible compounds at greater vield
and/or with increased persistence compared to a parent microbial cell that is not genetically
modified. In  particular, the methods provided Therein, alternately referred 1t as
“picoscreening,” provide for high-throughput, sensitive and quantitative means for screening
microbial strains that are engineered, for example, to produce industrially useful water-
immiscible compounds, including but not limited {o isoprenoids, polyketides, fatty acids, and
derivatives thereof. = The methods provided herein also provide for the identification and
selection of, and enrichment for, a cell, eg., a recombinant cell, and clonal cell populations
thereof, which produce and/or comprise increased levels of such recombinantly produced
water-immiscible compounds.

[6009a] In a first aspect, the present mvention refers io a method of detecting recombinanily

produced water-immiscible compound in a cell, the method comprising: (a) encapsulating the cell in a

hydrogel particie; and {b) culturing the cell within the hydrogel particle whereby a cell population is

formed within the particle; and (c) detecting the recombinantly produced water-immiscible compound

within the hydrogel particle, wherein said detecting comprises contacting the hydrogel particle with a

fluorescent solvatochromic dye and normalizing the amount of water-immiscible compound within the

hydrogel particie to the amount of cell biomass within the hydrogel particle.

[0018] In some examplembodiments, the method comprises encapsulating a cell in a
hydrogel particle and detecting recombinantly produced waler-immiscible compound  within
the hydrogel particle. In some exmmnplembediments, the cell is selected from the group consisting of
a yeast cell, a bacterial cell, a mammalian cell, a fungal cell, an insect cell, and a plant cell.
In some examplembodirgents, the cell is 2 yeast cell. In some examplombediments, the veast is

Saccharomyces cerevisiae.



[0011] In some examplembediments, the methods of detecting comprise contacting the
hydrogel particle with a fluorescent dye that directly binds to the recombinantly produced
water-immiscible compound and detecting the fluorescent dye within the hydrogel particle.
In some examplemsbedirnents, the fluorescent dye is Nile Red. In some examplessbodiments, the detecting
comprises normalizing the amount of water-immiscible compound within the hydrogel

particie to the amount of cell biomass within the hydrogel particie.

[0612] In some examplembedimenis, the hydrogel particle is capable of retaining a water-
immiscible compound, eg., a water-immiscible compound produced by the cell. In some

examplembodiments, the hydrogel comprises agarose. In some examplembediments, the hydrogel particle
is less than about 1 millimeter in diameter. In some examplembediments, the hydrogel particle is
less than about 500 micrometers in diameter. In some examplemtbodiments, the hydrogel particle is

less than about 100 micrometers in diameter. In some examplembediments, the hydrogel particle is



less than 50 micrometers in diameter. In some embedimentsexampies, the hydrogel particle is about
50, 45, 40, 35, 30 or 25 micrometers in diameter.

[6013] In some embedmpestsexamples of the methods of detecting provided herein, the
encapsulating comprises contacting the cell with an aqueous hydrogel suspension under
conditions sufficient to form a hydrogel particle comprising the cell. In some embeodimentsexamples,
the conditions comprise contacting the aqueous hydrogel suspension comprising the cell with
a fluorocarbon oil. In some embedimentsexamples, the fluorocarbon oil comprises a flurosurfactant.
In some embedimentsexamples, the contacting with a fluorocarbon oil comprises loading the agueous
hydrogel suspension comprising the «cell onto a microfluidic device comprising the
fluorocarbon oil, wherein the hydrogel suspension contacts the fluorocarbon oil at a T-
junction of the microfluidic device, wherein the contacting with the fluorocarbon oil results in
formation of a non-aqueous hydrogel particle comprising the cell. In some embodimentsexamples, the
methods of detection further comprise the step of separating the hydrogel pasticle from the
fluorocarbon oil.

1001 4] In some embedimentsexainples, the methods of detecting further comprise culturing the
cell within the hydrogel particle prior to the detecting step. In some embedimentsexamples, the

culturing 1s for a period of 12 to 24 hours,

[0615] In some embodimentsexamples, the recombinantly produced water-immiscible
compound is a terpeme, Cs; isoprenoid, C; isoprencid or C,s; isoprenoid. In some

embedimentsexamples, the recombinantly produced water-immiscible compound is farmesene. In
some embodimentsexamples, the cell is a recombinant yeast celi comprising one or more heterologous
micleotide sequences encoding one or more enzymes of the mevalonate (MEV) pathway. In
some embedimenisexamples, the recombinantly produced water-immiscible compound is farnesene.
In some embedimentsexamples, the cell is a recombinant yeast cell comprising one or more
heterologous nucleotide sequences encoding one or more enzymes of the 1-deoxy-D-xylulose
5-diphosphate (DXP) pathway. In some embedinentsexamples, the recombinant yeast cell comprises
a heterologous nucleotide sequence encoding an  enzyme that can convert isopentenyl
pyrophosphate (IPP) into dimethylaliyl pyrophosphate (DMAPP). In some embedimentsexamples, the
recombinant vyeast cell further comprises a heterologous nucleotide sequence encoding an
enzyme that can modify IPP or a polyprenyl to form an isoprenoid compound.

[0016] In some embedimentsexainples, the cell is a recombinant veast cell comprising one or
more heterologous nucleotide sequences encoding one or more enzymes of the polyketide

biosynthesis pathway. In some embedimentsexamples, the recombinant yeast cell comprises one or



more nucleic acids encoding a polyketide synthase system (PKS). In some embodimentsexamples, the
PKS is 2 modular PKS. In some embeodimentsexamples, the PKS is an aromatic PKS.

[0617} In some embedimentsexamples, the cell is a recombinant yeast cell comprising one or
more heterologous nucleotide sequences encoding one or more enzymes of the fatty acid
biosynthests pathway. In some embeodimentsexamples, the recombinant yeast cell comprises a nucleic
acid encoding acetyl-CoA synthase. In some embedimentsexamples, the recombinant vyeast cell
comprises a heterologous nucleotide sequence that encodes an enzyme that can convert
acetyl-CoA into malonyl-CoA. _

[6018] In some embedimentsexamples, the method of detecting a recombinantly produced
water-immiscible compound in a cell comprises: (a) contacting the cell with an aqueous
hydrogel suspension; {b) loading the agueous hydrogel suspension comprising the cell onto a
microfluidic device comprising a fluorocarbon oil, wherein said hvdrogel suspension contacts
the fluorocarbon oil at a T-junction of the microfiuidic device, wherein said contacting with
the fluorocarbon oil resuits in formation of a non-aqueous hydrogel particle comprising the
cell; {c) separating, eg., washing the {fluorocarbon oil from the hydrogel particle; (d)
culturing the cell within the hydrogel particle; (e} contacting the hydrogel particle with a
fluorescent dye that directly binds to the recombinantly produced water-immiscible
compound; and (f} detecting the fluorescent dye within the hydrogel particle.

[0018a] in a second aspect, the present invention refers to a method of screening a library of cells

for a cell recombinantly producing a water-immiscible compound, the method comprising: (a)

encapsulating each ceil of the library in a hydrogel particle; (b) detecting recombinantly produced water-

" immiscible compound within each hydrogel particle, wherein said detecting comprises contacting the

hydrogel particle with a fluorescent solvatochromic dye and normalizing the amount of water-immiscible

compound within the hydrogel particle to the amount of cell biomass within the hydrogel particle; and (c)

selecting a cell producing said recombinantly produced water-immiscible compound.

[6619] In pne example, there is describedanether-aspest—provided—herein—is a method of

screening a library of cells for a cell recombinantly producing a water-immiscible compound, comprising

encapsulating each cell of the library in a hydrogel particie; detecting the recombinantly produced water-
immiscible compound within each hydrogel particle, and selecting a cell producing said

recombinantly produced water-immiscible compound.



[6019a] In a third aspect, the present invention refers to a method of enriching a population of

cells for cells recombinantly producing a water-immiscible compound, the method comprising: (a)

providing a population of hydrogel particles, wherein the population comprises hydrogel particles that

encapsulate a cell or a clonal population of cells genetically modified to produce a water-immiscible

compound; (b) culturing the cell within the hydrogel particie whereby a cell population is formed within

the particle; (¢) detecting a hydrogel particle comprising recombinantly produced water-immiscible

compound, wherein said detecting comprises contacting the hydrogel particle with a fluorescent

solvatochromic dye and normalizing the amount of water-immiscible compound within the hydrogel

particle to the amount of ceil biomass within the hydrogel particle; (d) recovering the cell or clonal

population of cells from the hydrogel particle of step (b); (e) re-encapsulating the cell or clonal population

of cells from step (c); and (f) repeating steps (a) — (d).

{0020} In one example. there is describedansther—aspest—provided—herein—is a ‘method of

enriching a population of cells for cells recombinantly producing a water-immiscible compound, the

method comprising: (a) providing a population of hydrogel particles, wherein the population
comprises hydrogel particles that encapsulate a cell or a clonal population of cells genetically
modified to produce a water-immiscible compound; (b) delecting a hydrogel particle
comprising recombinantly produced water-immiscible compound; (¢} recovering the cell or
clonal population of cells from the hydrogel particle of step (b} (d) re-encapsulating the cell
or clonai population of cells from step {c); and {e) repeating steps (a) - (c).

[0020a] In a fourth aspect, the present invention refers to a hydrogel-encapsulated cell population

comprising recombinantly produced water-immiscible compound and a fluorescent solvatochromic dye

that enables normalization of the amount of water-immiscible compound within the hydrogel to the

amount of cell biomass within the hydrogel.

[0021] In one example, there is describedanether—aspest—provided—herein—s a method of

encapsulating a cell within a hydrogel particle, the method comprising: {a) contacting the cell with an

aqueous hydrogel suspension; and (b) loading the aqueous hydrogel suspension comprising the cell onto a

Sa



microfiuidic device comprising a fluorocarbon oil, wherein said hydrogel suspension coatacis
the fluorocarbon oil at a T-junction of the microfluidic device, wherein said contacting with

the fluorccarbon oil results in formation of a non-aquecus hydrogel particle comprising the

cell.
{00622} In one exampleanetheraspest, provided herein is a hydrogel-encapsulated cell or clonal
cell population comprising recombinantly produced water-immiscible compound. In some

exampiembediments, the cell is selected from the group consisting of a fungal cell, e.g., a yeast cell,
a bacterial cell, a mammalian cell, an insect cell, and a plant cell. In some examplembediments, the
cell 1s a yeast cell. In some examplewbediments, the yeast is Saccharomyees cerevisiae.

[0022a] In a fifth aspect, the present invention refers to a hydrogel particle comprising a cell

population, and further comprising recombinantly produced water-immiscible compound and a fluorescent

solvatochromic dye that enables normalization of the amount of water-immiscible compound within the

hydrogel particle to the amount of cell biomass within the hydrogel particle.

[0023] In one exampleanother-aspeet, provided herein is a hydrogel particle comprising a cell or
clonal cell population, and further comprising recombinantly produced water-immiscible
compound. In some embodimentsexamples, the cell is selected from the group consisting of a fungal
cell, eg. a yeast cell, a bacterial cell, 2 mammalian ceil, a fungal cell, an insect cell, and a
plant cell. In some embedimentsexamples, the cell is a yeast cell. In some embodimestseyamples, the
veast is Saccharomyces cerevisizge. In some embeodimentsexamples, the hydrogel comprises agarose. In
some embedimentsexamples, the hydrogel particle is less than about 1 millimeter in diameter. In some
embedimentsexamples, the hydrogel particle is less than about 500 micrometers in diameter. In some
embeodimentsexamples, the hydrogel particie is less than about 100 micrometers in diameter. In some
emnbodimentsexamples, the hvdrogel particle is less than 50 micrometers in diameter. In some
embeodimentsexamples, the hydrogel particle 1s about 50, 45, 40, 35, 30 or 25 micrometers in diameter.

5. BRIEF DESCRIPTION OF THE FIGURES

j0024] FIG. 1A provides a schematic representation of the mevalonate (“MEV™)
pathway for the production of isopenteny! diphosphate (“IPP”).

[0025] FIG. 1B provides a schematic representation of the I1-deoxy-D-xylulose 3-
diphosphate (“DXP”) pathway for the production of isopentenyl pyrophosphate (“IPP”) and
dimethylallyl pyrophosphate (“DMAPP™). Dxs is l-deoxy-D-xylulose-5-phosphate synthase;
Dxr is I-deoxy-D-xylolose-5-phosphate reductoisomerase {also known as IspC); IspD is 4-
diphosphocytidyl-2C-methyl-D-erythritol synthase; IspE is  4-diphosphocyiidyl-2C-methyl-
D-erythritol synthase; IspF is 2C-methyl-D-erythritol 2,4-cyclodiphosphate synthase; IspG  is
1-hydroxy-2-methyl-2-(E)-butenyl 4-diphosphate synthase {Isp(3); and ispH is
isopentenyl/dimethylally! diphosphate synthase.
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CLAIMS:

1.7 A method of detecting recombinantly produced water-immiscible com
in a cell, the method comprising:
(&) encapsulating the cell in a hydroge! particle; and .
(b} culturing the cell within the hydrogel particle whereby a celYpoputation is
formed within the particle; and
{c) dcteéting the recombinantly produced water-immiscible compound within
the hydrogel particle, wherein said detecting comprises contagfing the hydrogel
particle with a fluorescent solvatochromic dye and normaliZing the amount of water-
immiscible compound within the hydrogel particle to thg’amount of cell biomass

within the hydrogel particle.
2. {Cancelled)

3. {Cancelled)

4, The method of claim Z, whergin the fluorescent solvatochromic dye is Nile
Red.

5. (Cancelled)

6. The method of ¢faim 1, wherein the cell is selected from the group consisting

of a yeast cell, a bacterial cgfl, 2 mammalian cell, a fungal cell, an insect cell, and a plant call,

7. The method of claim 6, wherein the cell is a yeast cell.

8. The method of claim 1, wherein the recombinantiy produced water-inwniscible
compound is sélected from the group consisting of an isoprenoid, a poivketide and a fatty

acid.

The method of claim 1, wherein the hydrogel particle is capable of retaining a

r-immiscible compound.
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10.  The method of claim 1, wherein the hydrogel comprises agarose.

l1i.  The method of claim 1, wherein the hydrogel particle is less than abofit 1

millimeter in diameter.

[2.  The method of claim 1, wherein the hydroge! particte is lessthan about 100
micrometers in diameter,
13, The method of claim i, wherein the hydrogel partigle is less than about 50

micrometers in diameter.

14, The method of claim 1, wherein the hydrogél particle is about 50, 45, 40, 35, :

30 or 25 micrometers in diameter.

15. The method of claim 1, wherein saj encapsulating comprises contacting the
cell with an aqueous hydroge! suspension undey’ conditions sufficient to form a hydrogel

particle comprising the cell.

16.  The method of claim 15/ wherein said conditions comprise contacting the
" aqueous hydrogel suspension compgising the cell with a fluorocarbon oil comprising a

fluorosurfactant.

17.  The method #f claim 16, wherein said contacting with a fluorocarbon oil
comprises ioading the agdeous hydrogel suspengion comprising the cell onto a microfluidic
device comprising theAluorocarbon oil, wherein said hydrogel suspension contacts the
fluorocarbon oil at 4 T-junction of the microfluidic device, wherein said contacting with the

fluorocarbon oil fesults in formation of & non-aqueous hydrogel particle comprising the cell.

18./ The method of claim 17, further comprising the step of separating the

hydrogel particle from the fluorocarbon oil.

19.  The method of claim 1, further comprising the step of culturing the cell within
¢ hydrogel particle prior to said detecting.
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20. The method of claim 19, wherein said culturing is for a period of 12 to 24

hours.

21, The method of claim 1, wherein the recombinantly produced water-isamiscible

compound is a terpene, Cs isoprenoid, Cyg isoprenoid or Cys isoprenoid.

22.  The method of claim 21, wherein the recombinantly producgd water-

immiscible compound is farnesene.

23.  The method of claim 22, wherein the cell is a reconibinant yeast cell
comprising one or more heterologous nucleotide sequences engdding one or more enzymes of

the mev_a!onate {MEV} pathway.

24.  The method of ciaim 23, wherein the repbmbinant veast cell comprises a

nuelieic acid encoding farnesene synthase.

25. The method of claim 23, wherej the recombinant yeast cell comprises a
heterologous nucleotide sequence that encogles an enzyme that can convert HMG-CoA into

mevalonate.

26, The method of clau

heterologous nucleotide sequency that encodes an enzyme that can convert mevalonate into

3, wherein the recombinant yveast cell comprises a

mevalonate 5-phosphate.

27. The methéd of claim 23, wherein t_he ane or more heterologous nucleotide

sequences encodes mgre than one enzyme of the mevalonate pathway.
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30.  The method of claim 29, wherein the enzyme is selected from the group
consisting of carene synthase, geraniol synthase, linaloo! synthase, limonene synthase,
myrcene synthase, ocimene synthase, a-pinene synthase, B-pinene synthase, y-terpi
. synthase, terpinolene synthase, amorphadiene synthase, u-famesene synthase, B-fdrmesene
synthase, farnesol synthase, nerolidol synthase, patchouliol synthase, nootkatgtie synthase,
and abietadiene synthase.

31.  The method of claim 29, wherein the isoprenoid is a C#Cyp isoprenoid.

32,  The method of claim 31, wherein the isoprenoig/is selected from the group
consisting of abietadiene, amorphadiene, carene, a-fameseng, B-farnesene, farnesol, geraniol, '
geranylgeraniol, isoprene, linalool, limonene, myrcene, pérolidol, ocimene, patchoulol, -
pinene, sabinene, y-terpinene, terpinolene, and valencegne.

33.  The method of claim 22, wherein/the cell is a recombinant yeast cell
comprising one or more heterologous nucleotide sequences encoding six eniymes of the

mevalonate (MEV} pathway.

34, The method of claim

comprising one or more heterolog

, wherein the cetl is a recombinant yeast cell

s nucleotide sequences encoding one or more enzymes of

the polyketide biosnythesis patitway.

35, The method of claim 34, wherein the recombinant veast cell comprises one or

mare nucleic acids encdding a polyketide synthase system (PKS).
36, Thé method of claim 35, wherein the PKS is a modular PKS.
The method of claim 35, wherein the PKS is an aromatic PKS,

The method of claim 35, wherein the recombinant yeast cell comprises a

nuciic acid encoding an enzyme comprising a ketosynthase/acy! transferase (KS/AT)
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39, The method of claim 35, wherein the recombinant yeast cell comprises a

nucleic acid encoding an enzyme comprising a chain length factor (CLF) catalytic regiop!

40.  The method of claim 35, wherein the recombinant yeast cell compriges a

comprising one or more heterclogous nucleotide sequencés encoding one or more enzymes of

the fatty acid biosynthesis pathway.

43.  The method of claim 42, wherein the recombinant yeast cell comprises a

nucleic acid encoding acetyl-CoA synthase,

_ 44,  The method of claim 42, yWherein the recombinant yeast cell comprises a
heterologous nuclectide sequence thayencodes an enzyme that can convert acetyl-CoA into

malonyl-CoA.

45.  The method ofClaim 42, wherein the recombinant yeast cell comprises a

nucieic acid encoding maiphyi-CoA synthase.

46.  The méthod of claim 42, wherein the recombinant yeast cell comprises a
heterologous pdh pank, aceEF, fabH, fabD fabG, acpP, or fabF nucleotide éequencc.

47. / A method of delecting recombinantly produced water-immiscible compound

in a cell, the method comprising:

{a) contacting the cell with an aqueous hydrogel suspension;

(b) loading the aqueous hydrogel suspension comprising the cell onto a
icrofluidic device comprising a fluorocarbon oil, wherein said hydrogel suspension contacts
the fluorocarbon oil at a T-junction of the microfluidic device, wherein said contacting with
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the fluorocarbon oil results in formation of a non-aqueous hydrogel particle comprising the

(c) separating the hydrogel particle from the fluorocarbon oil;

(d) culturing the cell within the hydrogel particle whereby a cell population is
formed within the particle;

{e) contacting the hydrogel particle with a fluorescent solvatpthromic dye that
directly binds to the recombinantly produced water-immiscible compoupd; and

(f) detecting the fluorescent solvatochromic dye withis‘the hydrogel particle,
wherzin said detecting comprises normalizing the amount of watep/inmiscible compound

within the hydrogel particle to the amount of cell biomass withix the hydroge! particle.

48, A method of screening a library of cells for/ cell recombinantly producing a
water-immiscible compound, the method comprising: | '
(a) encapsulating each celi of the lbrgty in & hydrogel particle; |
(b) detecting recombinantly produged water-immiscible compound within
each hydrogel particle, wherein said detecting gomprises contacting éhc hydrogel particle
with a fluorescent solvatochromic dye and pormalizing the amount of water-immiscible
compound within the hydrogel particle t¢/the amount of cell biomass within the hydrogel
particie; and
(¢) selecting a cell producing said recombinantly produced water-immiscible

compound.

49, A method of enriching a population of celis for cells recombinantly producing

a water-immiscible co

(a)

comprises hydrogel particles that encapsulate 2 cell or 2 clonal population of cells genetically

pound, the methoed comprising:

providing a population of hydrogel particies, wherein the population

modified to produce a water-immiscible compound;

(b)  culturing the cell within the hydrogel particle whereby a cell
populatiog is formed within the particle; '

(e detecting a hydrogel particle comprising recombinantly produced

watgt-immiscible compound, wherein said detecting comprises contacting the hydrogel

" pérticle with a fluorescent solvatochromic dye and normalizing the amount of water-
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immiscible compound within the hydrogel particle to the amount of cell biomass within the
hydrogel particle;
(d)  recovering the cell or clonal population of cells from the hydro
patticle of step (b);
{e) re-encapsulating the cell or clonal population of cells frond step (c);
and

H repeating steps {a) — (d)._

50. {Cancelled)

51, A hydrogel-encapsulated cell population compfising recombinantly produced

water-immiscible compound and a fluorescent solvatochrorhic dye that enables normalization
of the amount of water-immiscible compound within the’ hydrogel to the amount of cell

biomass within the hydrogel.
52.  (Cancelled)

53.  The hydrogel-encapsulated Cell population of claim 51, wherein the

fluorescent solvatochromic dyve is Nile Red.

54.  The hydrogel-encapsulated cell population of claim 51, wherein the cell is
selected from the group consisging of a yeast cell, a bacterial cell, a mammalian cell, a fungal

cell, an insect cell, and a pi

55.  The hygfogel-encapsulated cell population of claim 51, wherein the cell is a

yeast cell,

he hydrogel-encapsulated cell population of claim 51, wherein the
y produced water-immiscible compound is selected from the group consisting of

an isoprefioid, a polyketide and a fatty acid.
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57.  The hydrogel-encapsulated cell population of claim 56, wherein the
recombinantly produced water-immiscible compound is a terpene, Cs isoprenoid, Cig

isoprenoid or Cys isoprenoid.

58.  The hydrogei-encapsulated celi population of claim 56, wherei

recombinantly produced water-immiscible compound is farnesene.
59.  The hydrogel-encapsulated cell population of claim 55, Awherein thecell is a

recombinant yeast cell comprising one or more heterologous nuclegtide sequences encoding

one or more enzymes of the mevalonate (MEV) pathway.
60,  The hydrogel-encapsulated cell population of claim 59, wherein the

recombinant yeast cell comprises a nucleic acid encoding farnesene synthase.

61,  The hydrogel-encapsulated cell popaiation of claim 59, wherein the
recombinant yeast cefl comprises a heterologoug nucleotide sequence that encodes an enzyme

that can convert HMQG-CoA into mevalonate

62.  The hydrogel-encapsulaiéd cell population of claim 59, wherein the
recombinant yeast cell comprises a héterologous nucleotide sequence that encodes an enzyme

that can convert mevalonate into pdevalonate S-phosphate.

63.  The hydrogel/encapsulated cell population of claim 59, wherein the one or
more heterologous nuclegfide sequences encodes more than one enzyme of the mevalonate

pathway.

64.  The hydrogel-encapsulated cell population of claim 59, {urther comprising a

heterologous

pyrophosp

cleotide sequence encoding an enzyme that can convert isopentenyl

te (IPP) into dimethylallyl pyrophosphate (DMAPP).

65,

hetgrologous nucleotide sequence encoding an enzyme that can modify [PP or a polyprenyi to

The hydrogel-encapsulated ceil population of claim 59, further comprising a

rm an isoprenoid compound,
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66.  The hydrogel-encapsulated cell population of claim 65, wherein the enzyme ig

selected from the group consisting of carene synthase, geraniol synthase, linalool synthasg

limonene synthase, myrcene synthase, ocimene synthase, d~pinene synthasé, B-pinene
synthase, y-terpinene synthase, terpinolene synthase, amorphadiene synthase, a-farpésene

synthase, B-farnesene synthase, farnesol synthase, nerolido! synthase, patchouliol synthase,

nootkatone synthase, and abietadiene synthase.

67.  The hydrogel-encapsulated cell population of claim 65, wherein the isoprenoid

is a Cs-Cyp isoprenoid,

68.  The hydrogel-encapsulated cell population of claim 67, wherein the isoprenoid
i selected from the grougS consisting of abietadiene, amorpHadiene, carene, a-farnesene, f-
farnesene, farnesol, geraniel, geranylgeraniol, isoprene, Bnalool, limonene, myrcene,

nerolidol, ocimene, patchoulol, -pinene, sabinene, yAerpinene, terpinolene, and valencene.

69.  The hydrogel-encapsulated cell population of claim 59, wherein the cell is a
recombinant yeast cell comprising one or mgfe heterologous nucleotide sequences encoding

six enzymes of the mevalonate (MEV) pajhway.

70.  The hydrogel-encapsilated cell population of claim 55, whersin the cell is a
recombinant yveast cell comprising/one or more heterologous nucleotide sequences encoding

one or more enzymes of the polyketide biosnythesis pathway.

71.  The hydrg
recombinant yeast celj/comprises a one or more nucleic acids encoding a polyketide synthase
system (PKS). |

el-encapsulated cell population of claim 70, wherein the

72.

modular PKS.

he hydrogel-encapsulated celi population of claim 71, wherein the PKS is a

73.

argmatic PKS.

The hydrogel-encapsulated cell population of claim 71, wherein the PKS is an
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74.  The hydrogel-encapsulated cell population of claim 71, wherein the
recombinant yeast cell comprises a nucleic acid encoding an enzyme comprising a

ketosynthase/acyl transferase (KS/AT) catalytic region,

75.  The hydrogel-encapsulated cell population of claim 71, wherein the
recombinant yeast cell comprises a nucleic acid encoding an enzyme comprising a chain

length factor (CLF) catalytic region.

76.  The hydrogel-encapsulated cell population of claim 71, wherein the
recombinant yeast cell comprises a nucleic acid encoding an enzyme comprising an acyl

carrier protein {ACP) activity.

77.  The hydrogel-encapsuiated cell popuiatiod of claim 71, wherein the
recombinant yeast cell further comprises a nucleic acjd encoding an enzyme comprising a
cyclase (CYC) catalytic region, a ketoreductase (KAR) catalytic region, an aromatase (ARO)
catalytic region, an enoylreductase (ER) catalytiC region, a thioesterase (TE) catalytic region,

or a holo ACP synthase activity.

78.  The hydrogel-encapsulared cell population of claim 55, wherein the cell is a
recombinant yeast cell comprising offe or more heterologous nucleotide sequences encoding

one or more enzymes of the fatty dcid biosynthesis pathway.

79.  The hydrogeKencapsulated cell population of claim 78, wherein the a

recombinant yeast ceil cofmprises a nucleic acid encoding acetyl-CoA synthase,

80.  The Hydrogel-encapsulated cell population of claim 78, wherein the
recombinant yeagt cell comprises a heterologous nucleotide sequence that encodes an enzyme

that can conveft acetyl-CoA into malonyl-CoA.

The hydrogel-encapsulated cell population of claim 78, wherein the
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82.  The hydrogel-encapsulated cell population of claim 78, wherein the
recombinant yeast cell comprises a heterologous pdh, pank, aceEF, jabH, fabD fabG, ac,

or fabF nucleotide sequence.

that enables normalization of the amount of water-immiscible compound within the hydrogel

particie to the amount of cell biomass within the hydrogel particle.

84,  (Cancelled)

85.  The hydrogel particle of claim 83, wherein the'solvatochromic fluorescent dye

is Nile Red.

86.  The hydrogel particle of claim 83, whérein the cell is selected from the group

consisting of a yeast cell, a bacterial cell, a mam

plant cefl,

87.  The hydrogel particle of clfim 84, wherein the cell is a yeast cell.

tian cell, a fungal cell, an insect celi, and a

88.  The hydrogel particle/of claim 83, wherein the recombinantly produced water-

immiscible compound is selected Arom the group consisting of an isoprenoid, a polyketide

and a fatty acid.

89.  The hydrogel particie of claim 88, wherein the isoprenoid is a terpene, Cs

isoprenoid, C g isopreroid or Cys isoprcnéid.
20.  The hydrogel particle of claim B8, wherein the isoprenoid is farnesene.

a1,

comprisgs a nucleic acid encoding farnesene synthase,

The hydroge! particle of claim 83, wherein the recombinant yeast cell

etaining a watec-immiscible compound.

88

AMENDED SHEET

82.  The hydrogel particle of claim §3, wherein the hydrogel particle is capable of

Clairns — Moy 2013

04:05-2013,




CLMSPAMD PCT/US 2012 /(PCT/US:2072/023 0241

PCY/US2012/023024
Amended Claims
May 2013

93.  The hydrogel particle of claim 92, wherein the water-immiscible compound'is

selected from the group consisting of an isoprenoid, a polyketide and & fatty acid.

94,  The hydrogel particie of claim 92, wherein the water-immiscible cdmpound is

farnesene.
95.  The hydrogel particle of claim 83, wherein the hydrogel cdmprises agarose,

96.  The hydrogel particle of claim 83, wherein the hydrgigel particle is less than .

about 1 millimeter in diameter,

97.  The hydroge! particle of clairn 83, wherein ghe hydrogel particle is less than

about 300 micrometers in diameter.

98, The hydroge! particle of claim 83, wherein the hydrogel particle is less than

about 100 micrometers in diameter.

99.  The hydrogel particle of clgim 83, wherein the hydroge! pacticle is less than 50

micrometers in diameter.

100.  The hydrogel partigle of claim 87, wherein the cell is a recombinant yeast cell
comprising one or more heterolégous nucleotide sequences encoding one or more enzymes of

the mevalonate (MEV) pathway.

161, The hydéogel particle of claim 100, wherein the recombinant yeast cel

comprises a nucleic Acid encoding farnesene synthase.

102. he hydrogel particle of claim 100, wherein the recombinant yeast cell
comprises g/heterologous nucleotide sequence that encodes an enzyme that can convert

"HMG-CoA into mevalonate.

103,  The hydrogel particle of claim 100, wherein the recombinant yeast cell
mprises a heterologous nucleotide sequence thet encodes an enzyme that can convert

mevalonate into mevalonate 5-phosphate.
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104, The hydrogel particle of claim 100, wherein the one or moré heterclogous

nucleotide sequences encodes more than one enzyme of the mevalonate pathway.

105, The hydrogel particle of claim 100, further comprising a heterologo
nucleotide sequence encoding an enzyme that can convert isopentenyl pyrophosphate (IPP)
into dimethylallyl pyrophosphate (DMAPP).

106, The hydrogel particie of claim 100, further comprising a Heterologous
nucleotide sequence encoding an enzyme that can modify IPP or a pofypreny! to form an

isoprenoid compound.

107.  The hydrogel particle of claim 106, whercin the enzyme is selected from the
group consisting of carene synthase, geranio! synthase, lindlool synthasge, iimonene s}nthase,
myrcene synthase, ocimene synthase, a-pinene synthasg, P-pinene synthase, y-terpinene
synthase, terpinolene synthase, amorphadiene synthgse, cx-farr;esene synthase, B-farnesene
synthase, farnesol synthase, nerolidol synthase, patchouliol synthase, nootkatone synthase,

and abietadiene synthase.

108.  The hydrogel particle of cjaim 106, wherein the isoprenoid is a Cs-Cyg

isoprenoid.

109.  The hydrogel pagticle of claim 108, wherein the isoprenocid is selected from
the group consisting of abietadliene, amorphadiene, carene, o~farnesene, B-farnesene, faresol,
geraniol, geranylgeraniol, fsoprene, linalool, limonene, myrcene, nerolidol, ocimene,

paichoulol, B-pinene, sgbinene, y-terpinene, terpinolene, and valencene.

110.  Thé hydrogel particie of claim 100, wherein the cell is a recombinant yeast
cell comprising one or more heterologous nucleotide sequences encoding six enzymes of the

mevalonate{MEV) pathway.

111, The hydrogel particle of claim 87, wherein the cell is 2 recombinant yeast cell
conaprising one or more heterologous nucleotide sequences encoding one or more enzymes of

e polyketide biosnythesis pathway.
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112, The hydrogel particle of claim 111, wherein the recombinant yeast cell

comprises a one or more nucleic acids encoding & polyketide synthase system (PKS).
113.  The hydrogel particle of claim 112, wherein the PKS is a modular PKS.
114, The hydrogel particle of claim 112, wherein the PKS is an apbmatic PKS.

115, The hydrogel particle of claim 112, wherein the recomBinant yeast cell
comprises a nucleic acid encoding an enzyme comprising a ketosyrdthase/acy! transferase

{KS/AT) catalytic region.

116. The hydrogel particle of claim 112, whereip'the recombinant yeast cell
comprises a nucleic acid encoding an enzyme comprisipg a chain length factor (CLF)

catalytic region.

117.  The hydrogel particle of claim 112, wherein the recombinant veast cell
comprises a nucleic acid encoding an enzymé comprising an acyl carrier protein (ACP)

activity.

118.  The hydrogel particle’of claim 112, wherein the recombinant yeast cell further
comprises a nucleic acid encoding an enzyme comprising a cyclase (CYC) catalytic region, a
ketoreductase (KR) catalytic rggion, an aromatase (ARO) catalytic region, an enoylreduciase
(ER) catalytic region, a thipésterase (TE) catalytic region, or a holo ACP synthése activity,
119, The hydroge! particle of claim 87, wherein the cell is a recombinant yeast cell

corprising one or ghore heterologous nucleotide sequences encoding one or more enzymes of

121.  The hydrogel particle of claim 119, wherein the recombinant yeast cell
omprises a heteroiogous nucleotide sequence that encodes an enzyme that can convert

acetyl-CoA into malonyl-CoA.
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122.  The hydrogel particle of claim 119, wherein the recombinant yeast cell

comprises a nucleic acid encoding malonyi-CoA synthase.

123, The hydrogel particle of claim 119, wherein the recombinant yeast ¢
cornprises a heterologous pdh, pank, aceEF, fabH, fabD fabG, acpP, or fabF nugieotide

sequence.
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CLAIMS:

1. A method of detecting recombinantly produced water-immiscible compound in a
cell, the method comprising:

{a) encapsulating the cell in a hydrogel particle; and

(b) culturing the cell within the hydrogel particle whereby a cell population is
formed within the particle; and

(c) detecting the recombinantly produced water-immiscible compound within the
hydrogel particle, wherein said detecting comprises contacting the hydrogel particle with
a fluorescent solvatochromic dye and normalizing the amount of water-immiscible

compound within the hydrogel particle to the amount of cell biomass within the hydrogel

particle.
2. The method of claim 1, wherein the fluorescent solvatochromic dye is Nile Red.
3. The method of claim 1, wherein the cell is selected from the group consisting of a

yeast cell, a bacterial cell, a mammalian cell, a fungal cell, an insect cell, and a plant cell.
4. The method of claim 3, wherein the cell is a yeast cell,

5. The method of claim 1, wherein the recombinantly produced water-immiscible

compound is selected from the group consisting of an isoprenoid, a polyketide and a fatty acid.

6. The method of claim 1, wherein the hydrogel particle is capable of retaining a

water-immiscible compound.
7. 'The method of claim 1, wherein the hydrogel comprises agarose.

8. The method of claim 1, wherein the hydrogel particle is less than about 1

millimeter in diameter.

9. The method of claim 1, wherein the hydrogel particle is less than about 100

micrometers in diameter.

10.  The method of claim 1, wherein the hydrogel particle is less than about 50

micrometers in diameter.
T8 -



11. The method of claim 1, wherein the hydrogel particle is about 50, 45, 40, 35, 30

or 25 micrometers in diameter.

12.  The method of claim 1, wherein said encapsulating comprises contacting the cell
with an aqueous hydrogel suspension under conditions sufficient to form a hydrogel particle

comprising the cell.

13.  The method of claim 12, wherein said conditions comprise contacting the aqueous

hydrogel suspension comprising the cell with a fluorocarbon oil comprising a fluorosurfactant.

14.  The method of claim 13, wherein said contacting with a flaorocarbon oil
comprises loading the aqueous hydroge! suspension comprising the cell onto a microfluidic
device comprising the fluorocarbon oil, wherein said hydrogel suspension contacts the
fluorocarbon oil at a T-junction of the microfluidic device, wherein said contacting with the

fluorocarbon oil results in formation of a non-aqueous hydrogel particle comprising the cell.

15.  The method of claim 14, further comprising the step of separating the hydrogel

particle from the fluorocarbon oil.

16.  The method of claim 1, further comprising the step of culturing the cell within the
hydrogel particle prior to said detecting.

17.  The method of claim 16, wherein said culturing is for a period of 12 to 24 hours.

18.  The method of claim 1, wherein the recombinantly produced water-immiscible

compound is a terpene, Cs isoprenoid, Cjo isoprenoid or Cy5 isoprenoid.

19.  The method of claim 18, wherein the recombinantly produced water-immiscible

compound is famesene.

20.  The method of claim 19, wherein the cell is a recombinant yeast cell comprising
one or more heterologous nucleotide sequences encoding one or more enzymes of the

mevalonate (MEV) pathway.
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21.  The method of claim 20, further comprising a heterologous nucleotide sequence
encoding an enzyme that can convert isopentenyl pyrophosphate (IPP) mto dimethylallyl
pyrophosphate (DMAPP).

22.  The method of claim 21, further comprising a heterologous nucleotide sequence

encoding an enzyme that can modify IPP or a polyprenyl to form an isoprenoid compound.

23. The method of claim 22, wherein the isoprenoid is a Cs-Cyq isoprenoid.

24.  The method of claim 23, wherein the isoprenoid is selected from the group
consisting of abietadiene, amorphadiene, carene, a-farnesene, p-farnesene, farnesol, geraniol,
geranylgeraniol, isoprene, linalool, limonene, myrcene, nerolidol, ocimene, patchoulol, f-pinene,

sabinene, y-terpinene, terpinolene, and valencene.

25. A method of screening a library of cells for a cell recombinantly producing a
water-immiscible compound, the method comprising:
(a) encapsulating each cell of the library in a hydrogel particle;
(b) detecting recombinantly produced water-immiscible compound within each
hydrogel particle, wherein said detecting comprises contacting the hydrogel particle with a
fluorescent solvatochromic dye and normalizing the amount of water-immiscible compound
within the hydrogel particle to the amount of cell biomass within the hydrogel particle; and

(c) selecting a cell producing said recombinantly produced water-immiscible

compound.

26. A method of enriching a population of cells for cells recombinantly producing a
water-immiscible compound, the method comprising:

(a)  providing a population of hydrogel particles, wherein the population
comprises hydrogel particles that encapsulate a cell or a clonal population of cells genetically
modified to produce a water-immiscible compound;

(b)  culturing the cell within the hydrogel particle whereby a cell population is
formed within the particle;

(c) detecting a hydrogel particle comprising recombinantly produced water-
immiscible compound, wherein said detecting comprises contacting the hydrogel particle with a
fluorescent solvatochromic dye and normalizing the amount of water-immiscible compound

within the hydrogel particle to the amount of cell biomass within the hydrogel particle;
- 80 -



(@) recovering the cell or clonal population of cells from the hydrogel particle

of step (b);
(e) re-encapsulating the cell or clonal population of cells from step (c); and

H repeating steps (a) — (d).

27. A hydrogel-encapsulated cell population comprising recombinantly produced
water-immiscible compound and a fluorescent solvatochromic dye that enables normalization of

the amount of water-immiscible compound within the hydrogel to the amount of cell btomass

within the hydrogel.

28.  The hydrogel-encapsulated cell population of claim 27, wherein the cell is a yeast

cell.

29.  The hydrogel-encapsulated cell population of claim 28, wherein the cell is a
recombinant yeast cell comprising one or more heterologous nucleotide sequences encoding one

ot more enzymes of the mevalonate (MEV) pathway.

30.  The hydrogel-encapsulated cell population of claim 29, further comprising a
heterologous nucleotide sequence encoding an enzyme that can modify IPP or a polyprenyl to

form an isoprenoid compound.

31.  The hydrogel-encapsulated cell population of claim 30, wherein the isoprenoid is

a Cs-Cyyp isoprenoid.

32.  The hydrogel-encapsulated cell population of claim 31, wherein the isoprenoid is
selected from the group consisting of abietadiene, amorphadiene, carene, o-farnesene, p-
farnesene, farnesol, geraniol, geranylgeraniol, isoprene, linalool, limonene, myrcene, nerolidol,

ocimene, patchoulol, B-pinene, sabinene, y-terpinene, terpinolene, and valencene.

33. A hydrogel particle comprising a cell population, and further comprising
recombinantly produced water-immiscible compound and a fluorescent solvatochromic dye that
enables normalization of the amount of water-immiscible compound within the hydrogel particle

to the amount of cell biomass within the hydrogel particle.
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34, The hydrogel particle of claim 33, wherein the solvatochromic fluorescent dye is

Nile Red.

35, The hydrogel particle of claim 33, wherein the cell is selected from the group

consisting of a yeast cell, a bacterial cell, a mammalian cell, a fungal cell, an insect cell, and a

plant cell.
36.  The hydrogel particle of claim 33, wherein the cell is a yeast cell.

37.  The hydrogel particle of claim 33, wherein the recombinantly produced water-
immiscible compound is selected from the group consisting of an isoprenoid, a polyketide and a

fatty acid.
38. The hydrogel particle of claim 33, wherein the hydroge! comprises agarose.

39.  The hydrogel particle of claim 33, wherein the hydrogel particle is less than about

1 millimeter in diameter.

40.  The hydrogel particle of claim 33, wherein the hydrogel particle is less than about

500 micrometers in diameter.

41.  The hydrogel particle of claim 33, wherein the hydrogel particle is less than about

100 micrometers in diameter.

42.  The hydrogel particle of claim 33, wherein the hydrogel particle is less than 50

micrometers in diameter.

43,  The hydrogel particle of claim 36, wherein the cell is a recombinant yeast ceil
comprising one or more heterologous nucleotide sequences encoding one or more enzymes of

the mevalonate (MEV) pathway.

44.  The hydrogel particle of claim 43, further comprising a heterologous nucleotide
sequence encoding an enzyme that can modify IPP or a polyprenyl to form an isoprenoid

compound.

45, The hydrogel particle of claim 44, wherein the isoprenoid is a Cs-Csy isoprenoid.

_82.



46.  The hydrogel particle of claim 45, wherein the isoprenoid is selected from the
group consisting of abietadiene, amorphadiene, carene, a-farnesene, B-farnesene, farnesol,
geraniol, geranylgeraniol, isoprene, linalool, limonene, myrcene, nerolidol, ocimene, patchoulol,

-pinene, sabinene, y-terpinene, terpinolene, and valencene.
P
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