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DIGITAL MICROBIOLOGY

[0001]

BACKGROUND
[0002] Identifying and/or quantifying microorganisms is relevant to many fields. Culturing
the micro-organisms is a step in various assays and it takes one or more days to accomplish.
Speeding up the culturing step would be a useful improvement to a variety of microbiological

assays.

[0003] The food industry is subject to a plenitude of requirements for monitoring of
numerous parameters of food safety. For example, food processors are generally required to
analyze and control biological, chemical, and physical hazards from raw material production,
procurement and handling, to manufacturing, distribution and consumption of the finished
food product. One aspect of these requirements involves enumeration of microbial food
quality indicators (QI). Such QI enumeration indicates the hygienic quality of the tested
food. This hygienic quality information provides an indication of the likelihood of
pathogenic organisms present in the food as well as the shelf life of the food. Exemplary QI
enumeration techniques include colony counting and most probable number (MPN)
techniques. Generally, such techniques can be prone to human error or inherent assay
variability. Moreover, such techniques can require specialized reagents for enumeration of
different target microorganisms. Furthermore, these techniques can require long incubation
times (e.g., 18 to 24 hours or up to 5 days) before a result is obtained. Additionally, these

techniques can require an undue amount of manual intervention.

[0004] In the clinical setting, pathogenic microorganisms can exhibit varying degrees of
susceptibility to antimicrobial agents. Thus clinicians often benefit from identifying both the
species or strain of pathogen and its susceptibility to various classes of antimicrobials and
combinations thereof. However, methods for clinical assessment of microbial infections that
are used in the art typically require at least 16-48 h to determine antimicrobial susceptibility.
Moreover, typical antimicrobial susceptibility testing methods can be prone to human error or

inherent assay variability. Additionally, these techniques can require specialized reagents for

Date Regue/Date Received 2021-05-14
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assessment of different target microorganisms. Additionally, these techniques can require an

undue amount of manual intervention.

BRIFF SUMMARY OF THE INVENTION
{0065} Described herein are methods and compositions for determining the presence or
absence of a microorganism in g sample. Also described herein are methods for rapidly
assaying a food matrix for a number of target microorganisms per unit mass or volume,
Additonally, methods {¢.g., susceptibbity tests) for rapidly assaying a target microorganism

for a minimum mhibitory concentration of a test antimicrobial are described herein.

[6086] In an embodiment, a method for deternining the presence or absence of a
microorganism in a sample comprises 1) encapsulating a sample in a plurality of water-in-oil
emulsion droplets wherein the water-in-01l emulsion droplets further encapsulate a
microbiclogical growth medium, 1) incubating the pluralitv of water-in-oil emulsion droplets
at atemperature permssive of microbiclogical growth, and for a period of time sufficient to
atiow the target microorganisms to go through 3 to 45 doubling times; i) identifving water-
in-oil emmlsion droplets comprising target microorganisies; and 1v) responsive 1o dentifying
the target microorganism in at {east one water-in-oil emalsion droplet, determuning that the

target microorganism is present in the sample.

BRIFF DESCRIPTION OF THE DRAWINGS
[6087F  FIGS. 1A-1J dlustrate results of a proof of concept expenment in which £ coli celis
were partitioned into droplets, incubated at a growth period for the indicated times, and
obscerved with either visible or flucrescent microscopy. The results indicate that bacteria can

be detected in 6 h or less and strong autoflucrescence can be detected in & h or less.

[6008] FIGS. 2A-2B dlustrate results of an experiment in which the mdicated food
matrices were fested for compatibility with droplet generation.
[0009}  FIGS 3A-30 dlustrate rapid enumeration of £ coli from a ham food matrix using

water-in-gil droplets.

[G016] FIGS. 4A-4) llustrate rapid detection of various bactona using water-in-oil

droplets.

[6011}) FIGS 5A-5F dlustrate rapid detection of various yeasts, and molds using water-in-

oit droplets.
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[3812] FIGS. 0A-6B illustrate accurate enumeration of target bacteria by counting positive
and negative droplets in an automated droplet reader.

{6013} FIGS. 7A-7B llustrate accurate enumeration of target bacteria and yeasts by
counting positive and negative droplets in an automated droplet reader.

j6014] FIGS. 8A-8D iflustrate the use of a P-galactosidase substrate for specific detection

and/or epumeration of a target microorgamsm that expresses the B-galactosidase enzyvme,
[6013} FIGS. 9A-9B illustrate detection of C. afbicans in droplets without incubation.

[6016] FIGS. 10A-10C tHustrate O albicans moculum equivalent to 0.1 McFarland and

conjugate at 1/200 after 5 hours of mcubation.

[6017F FIGS 11A-11C illustrate O afbicans moculum equivalent to 0.1 McFarland and

conjugate at 1/200 after 24 hours.

{6018} FIGS. 12A-12B illusteate O parapsilosis inoculum equivalent to 1McFarland and

conjugate at 1/200 without incubation.

16019]  FIGS. 13A-13B are a sample of 8 aqurens ("SA”¥ propidium todide PPy without

cefoxitin ("FOX) after 6h of incubation.

16820 FIGK. 14A-14C arc a sample of SA + PH 0.25 mg/L FOX aficr 6h of incubation.
[3021] FIGS. 15A-15C are a sample of SA + P+ 8 3 mg/L FOX after 6h of meubation,
[0922F FIGS 15A-16C are a sample of SA + PI+ 4 mg/L. FOX after b of incubation.

[6023F FIGS 17A-17F illustrate the use of propidium 1odide and a heating step to enhance
the fluorcscent signal detecied from droplets having bacterial growth (G). Droplets were
formed from buffered peptone water broth spiked with £ coli ATCC 25922 in the absence
(FIGS. 17A and 17D) or presence (FIGS. 178 - 17C and 17E — 17F) of propidium 1odide.
The droplets were incubated 24 hours at 37°C. The droplets shown in FIGS. 17C and 17F
were also heated at 90°C for 5 munutes.

[6024] FIGS. 18A-18D illustrate the use of a pH indicator for detection of microorganisms.

Droplets were formed from tryptone-glucose broth spiked with £ coli ATCC 25922 in the

absence (FIGS. 18A and 18C) or presence (FIGS. 18B and 18D) of pHrodo® Red.

0025} FIGS 19A-19D illustrate the use of a f-glucoside substrate for specific detection

and/or enumeration of a target microorganism that expresses the B-glucosidase enzyme.

()
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Droplets were formed from buffered peptone water broth spiked with Enterobacrer
aerogenes ATCC 13048 in the abscnce (FIGS. 19A and 19C) or presence (FIGS. 19B and
19D) of ALDOL®S 1 8-R-glucoside.

{0026} FIGS. 20A-20B illustrate a control condition in which no antitungal compound was
included in the oil phase of water-in-oil droplets having mold spores (i.¢., Fusarium
graminearum DSM 1096) in the water phase. After 48 hours of incubation, mold byphae
were able to cross droplet membranes, resulting m droplet coalescence (FIG. 20A). Further

growth led to sporulation (FIG. 20B).

[6027) FIGS. 21A-21B Hustrate mhibition of mold growth ouiside the aqueous phase when
60 mg/L dicloran is incladed in the oil phase of the water-in-oil droplets. FIGS. 21A and
218 show growth of Mucor racemosus CECT 20821 in YCG broth after 48 hours of

incubation in the absence or in the presence, respectively, of dicloran i the oil phase.

[0028F FIGS 22A-22D illustrate inhibition of mold growth outside the aqueous phase
when 40 rag/L dicloran is included in the o1l phase of the water-in-oil droplets. Mucor
racemosus CECT 20821 in YCG broth was incubated for 48 howrs in the presence of dicloran
in the ot phase. Fluorogenic substrate 5.6 carboxyfluorcscein diacctate (25 mg/dL) was

added to the broth for the images shown 1n FIGS. 22C and 22D,

166291 FHGS. 23A-23B ilustrate inhibition of mold growth outside the aqucous phase when
20 mg/L dicloran is included in the oil phase of the water-in-oil droplets. FIGS. 23A and

238 show growth of Aspergillus restricous CECT 20807 in YOG broth after 24 hours of
incubation in the absence or m the presence, respectively, of dicloran m the o1l phase. In

FiG. 234, the clide inlet is on the right side of the figure.

[30306] FIGS. 24A-24B illustrate inhibition of mold growth outside the aqueoas phase when
100 mg/t. dicloran is included in the oif phase of the water-in-oil droplets. FIGS. 24A and
248 show growth of Aspergilius restricrus CECT 20807 m YCG broth afier 48 hours of
incubation in the absence or m the presence, respectively, of dicloran m the oil phase. Tn

FIG. 244, the slide inlet 18 on the night side of the figure.

(6831 FIGS. 23A-25B illustrate inhibition of mold growth outside the aqueous phase when
30 mg/L dicloran 1s meluded m the oil phase of the water-in-oil droplets. FIGS. 23A and

258 show growth of Penicillium hirsutum ATCC 16025 in YOG broth after 24 hours of
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tncubation in the absence or in the presence, respectively, of dicloran in the oil phase. The

slide 1ndet 15 on the left side of FI(GG. 25A and the right side of FIG. 25B.

[6032] FIGS 26A-26B illustrate inhibition of mold growth cutside the aqueous phase when
60 mg/L dicloran 15 included 10 the ol phase of the water-in-od droplets. FIGS. 26A and
268 show growth of Eresium rubrum CECT 20807 in YCG broth after 24 hours of

incubation in the abseonce or m the presence, respectively, of dicloran m the o1l phase.

106337 FIGS 27A-27B dlustrate inhibition of mold growth outside the agueous phase when
80 mg/L dicloran 13 included in the ol phase of the water-in-oil droplets. FIGS. 27A and
278 show growth of Zrodum rubrum CECT 20807 in YCG broth after 48 hours of
incubation i the absence or i the presence, respectively, of dicloran in the oi phase. In

Fi(z. 27A, the shide inlet 1s on the tight side of the figwre.

{6634} FIGS. 28A-28B illustrate mhibition of Erosum rubrum CECT 20807 growth
outside the agucous phase when 80 mg/L dicloran is included i the oil phase of the water-in-
oil droplets. The fluorogenic substrate 5,6 carboxvfluorescein diacetate (25 mg/L} was added

1 the broth.

[B035} FIGS. 29A-298 ilhustrate inhibition of mold growth outside the aqueous phase when
100 mg/L. dicloran 1s incloded in the oif phase of the waier-in-oil droplets. FIGS. 29A and
298 show growth of Fusarium graminearum DSM 1096 in YOG broth after 48 hours of
incubation in the absence or in the presence, respectively, of dicloran i the oil phase. In

FIG. 294, the slide inlet 1s on the night side of the figure.

[6036} FIGS, 30A-308 illustrate inhibition of mold growth outside the aqueous phase when
150 mg/L rose bengal is mchuded in the oil phase of the water-in-oil droplets. FIGS. 30A and
30B show growth of Aspergilius restrictus CECT 20807 after 48 hours of incubation i the

absence or presence, respactively, of rose bengal in the oil phase.

(6837} FIGS. 31A-31B ilustrate inhibition of mold growth outstde the aqueous phase when
0.5 mg/L Imazalil is included in the oil phase of the water-in-oil droplets. FIGS. 314 and
318 show growth of Peniciflium hirsutum ATCC 16025 aficr 48 hours of mcubation mn the

absence or presence, respectively, of Imazalil in the oif phase.

[0038} FIGS. 32 - 35 dlustrate the use of lectin for detection of microorganisms. FIG. 32 1s
an image of droplets having C. glabrata and fluorescem-labeled Concanavalin A (ConAj}.

FIG. 33 is an image of droplets having C fropicalis and ConA. FIG. 34 15 an image of
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droplets having . coff and ConA. FIG. 33 is a merged image of a viaible tmage and a preen

fluorescence image from droplets having C. frusei and ConA.

{6039} FIGS. 36A and 36B tllustrate growth of Candida albicans ATCC 10231 in a non-
gelled droplet {(FIG. 36A) and a gelled droplet (FIG. 36B).

{3040} FIGS. 37A - 37D iHlustrate control conditions 1o ensure that gelation was not due to
the presence of gelling agent alone. The droplets contained Candida albicans ATCC 10231
in YGC broth in the agueous phase and 0.1% (v/v) acetic acid in the oil phase.  Arrows show

exaroples of droplets positive for Candida albicans.

[6041F FIGS 38A - 38D iHustrate control conditions to ensure that gelation was not due 1o
the presence of gelling agent alone. The droplets contained Saccharomyces cerecisice DSM
1333 1n YOO broth m the aqueous phase and 0.1% (v/v} acetic acid n the o1l phase.  Arrows

show examples of droplets positive for Saccharomyees cerecisiae.

(G042 FIGS. 39A -390 and FIGS . 40A - 40C sdlustrate gelation 1 the presence of
acidifying yeast strain Saccharomyces cerecisice DSM 1333 (FIGS. 39B and 40B) and non-
actdifving yeast strain Debaryomyces honsenii CLIB 197 (FIGS . 39C and 40C). The strains
were grown for 24 hours in YGC broth supplemented with 1 g/L calcium carbonate. No
acetic acid was added to the oil. FIGS. 39A and 40A are negative controls. Arrows show

gxamples of droplets positive for the microorganism.

[6043] FIGS. 41A - 41D iHusirate gelation in the absence (FIGS. 41A and 41C) and
presence (FIGS. 41B and 41D) of acetic acid afier droplets contatning Saccharomyces

cerecisice DSM 1333 were wncubated 24 hours.

[3644] FIGS. 42A — 42D iHustrate gelation 1n the absence (FIGS. 42A and 42C) and
presence {FIGS. 42B and 42D) of acctic acid after droplets containing Caondida albicans

ATCC 1023 1were incubated 48 hours.

[6045F FIGS. 43A - 45B illostrate the use of 3(6)-carboxy{huorescein diacetate (CEFDA)
substrate for specific detection and/or enumeration of target nicroorganisms that express the
esterase enzyme. FIGS. 43A and 438 show detection of Candida albicans ATCC 10231 m
the absence and presence, respectively, of CFDA. FIGS. 44A and 44B show detection of
Klyyveromyces lacris CLIB 196 n the absence and presence, respectively, of CFDA. FIGS,

454 and 458 show detection of Zygosaccharomyces rouxii DSM 75235 in the absence and
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presence, respectively, of CFDA. In each experiment, microorganisms were meabated 24

hours 1n YGC broth having 25 mg/L CFDA.

[6046] FIGS. 46A - 46D ilustrate the specific detection and/or enumeration of Mucor
racemosus CECT 20821 in the absence (FIGS. 46A and 46B) and presence (FIGS. 46C and
46D}, respectively, of 25 mg/L CFDA after 48 hours of incubation in YGC broth, Dicloran

(]

was added to the o1l pbase to confine the growth of the hyphae in the aqueous phase.

10647}  FIGS. 47A - 47D illustrate the spectfic detection and/or enumeration of Aurofium
rrebrwm CECT 20808 in the absence (FIGS. 47A and 47B) and presence (FIGS. 47C and
47D, respectively, of 25 mg/L CFDA after 24 hours of incubation in YGC broth. Dicloran

10 was added to the o1l phase to confine the growth of the hyphae i the agueous phase.

[0048] FIGS. 48A - 48D dlustrate the specific detection and/or enumeration of Fusarinm
graminearum DSM 1096 in the absence (FIGS. 48A and 48B) and presence (FIGS. 48C and
48D}, respectively, of 25 mg/L CFDA after 48 hours of incubation in YGC broth. Dicloran

was added to the ol phase to confine the growth of the hvphae i the aqueous phase.

ot
(¥4

{6049} FIGS 49A and 498 illustrate the specific detection and/or enumeration of Candida
tropicalis ATCC 750 in the absence (FIGS. 49A) and prosence (FIGS. 49B), respectively, of
50 mg/L. ALDOL® 315 Phosphate after 24 hours of incubation in YGC broth

[6050] FIGS. S0A and S0B illustrate the specific detection and/or enumeration of
Sacchraromyees cerevisiae DSM 1333 in the absence (FIGS. 30A) and presence (FIGS.

20 50B), respectively, of 50 mg/L ALDOL® 515 Phosphate after 24 hours of incubation in YGL
broth.

[B651] FIGS. 51A — 51D iHustrate the spectfic detection and/or enwmeration of Fusarium
graminearum DSM 1096 in the absence (FIGS. 51A and 51B) and presence (FIGS. 51C and
51D, respectively, of 23 mg/L ALDOL® 515 Phosphate after 24 hours of incubation in

b
wn

Y GO broth. Dhicloran was added to the o1l phase to confing the growth of the hyvphae m the

agueous phase.

(0052 FIGS. 52A — 52D sllustrate the specific detection and/or enumeranion of Mucor
racemosus CECT 20821 in the absence (FIGS. 32A and 52B} and presence (FIGS. 532C and
5213, respectively, of 25 mg/L ALDOL® 515 Phosphate afier 24 hours of incubation in

30 YGC broth. Dicloran was added to the o1l phase to confine the growth of the hyphae in the

agqueous phase.
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(3853} FIGS. 533A and 53B tllustrate the use of a B-glucuronidase substrate for specific
detection and/or enumeration of a target microorganism that expresses the Brglucuronidase
enzyme. Droplets were formed from buffered peptone water broth spiked with £ coli ATCC

25922 1n the absence (FIG. 53A) or presence (FIG. 33B) of resorufin-f-D-glucuronic,

DETAILED DESCRIPTION OF THE INVENTION
E. Overview
[0654] Descnibed herein are methods, compositions, and kits where fewer doubling times
are required in a culturing step allowing for analvzing rapidly the presence or absence of a
microorganism and/or growth or number of microorganisms in a sample. These methods are
useful in the areas of gquality indicators (QF) for food and the environment and clinical

diagnosis of microbial infections.

[B055]  When analyzing food, the method is performed on any suitable food matnx from
raw materials to finished food products. Food and food products include but are not limited
to solud food and beverages, mehading water. Qf cnomeration for food also includes analysis
of the environment in which tood is prepared, processed and stored. Such environmental
samples are samples taken from equipment, surfaces, etc. where food is being prepared,
processed and stored. Examples include swabs of counters in a kitchen and slicing

machivery.

{3056} The described methods compositions and kits are also usefidd for determining Q1 of
the environument. Environments to be tested are any kind of environment where
migroorganismas, if present, would be detrimental to humans or arumals. Such environments
can be mdoors or cutdoors and melude, but are not limited to, water used in recreation (e.g.,

swingning pool, lakes), farms and swfaces 1o buiddings.

{08657} The methods, compositions, and kits described heremn can also provide for rapid
antisicrobial susceptibility testing and, optionally, specific identification without any
incubation or within a small number of doubling times of the subject nucroorganism(s}.
Doubling time (also called mean generation time) 18 the time required for a given population
{n) to double 1 nwmber (Zn) under optimal conditions of growth. Doubling times for various
microorganisms are known and published in the lterature. Optionally, identification of
microorganisms is accomplished without any marker being added to enhance the signal of the
identificd microorganism {¢.g., by autofluorcacence). In other embodiments, reagents bind

the target microorganism o aid in its identification and/or quantification.
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{3658} This rapid assessment of microbial quality or antimicrobial susceptibility involves
partitioning a sample containing ong or more target microorganisms into a plurality of water-
in-oil emmlsion droplets containing an antibiotic to which susceptibility is 1o be tested,
incubating the droplets for, or forat least, 1o 35{e.g, 11030, 11025, 1 to 20, 110 15, T to
10,510 35, 5t 30,510 25,510 20, 510 15, 5 t¢ 10, 1010 33, 1010 30, 110 25, 1010 20, 10
to 15) doubling times, and detecting the presence or absence of the target microorganisms in
the droplets. In embodumnents in which antimicrobial susceptibility 1s assessed, the droplets
contain an antibictic or an antifungal. In some embodiments, different concentrations of
antimicrobial are tested. Which droplet contains which concentration of antibiotic is known
by adding an identificr to cach droplet. Such wdentifiers can be dves or bar codes. In some

embodiments, no incubation is used.

B, Compesitions

[B059]  Water-in-oil droplet chenustries described herein include droplets with sking and
dual-phase surfactant droplets. As used herein, dual phase soerfactant droplets contam an oil
and an oil-phase surfactant as the non-aqueous phase and water and an aqueous-phase
surfactant as the agueous phase. Such water-in-oil droplets can be adapted for compatibility
with: {1}, microbial growth and culture media components; (11}, tood matrices; (in), detection
reagents {e.¢., a fluorescent detection reagent): (iv), antimicrobials: (v}, clinical samples; or
{v1}, prolonged {e.g., greater than 4, 8, 24, or 36 h) incubation periods by enhancing stability,
or a combination of two, three, four, or five of the foregoing. The mventors have surprisingly
found that certain water-in-otl droplet chemistries desertbed herein are compatible with a
wide variety of food or clinical matrices. Moreover, the mventors have surprisingly found
that certain water-in-oil droplet chemistries and methods of their use can provide taproved
Q1 enumeration, identafication of microorganisms, and/or antimucrobial susceptibility results
in a reduced amount of time.  Additionally, surprisingly, cortain microorganisms can be
detected by detecting autofluorescence of droplets in which the microorganisms are grown
thercby eliminating the need for addition of a detection reagent. Alternatively, an
wntercalating dve can be used fo detect certain microorgamisms. Surprisingly, certain dves are

effective without lveing the microorganism’s cells and do not disrupt the cell growth.

A, Dyeplet with Skins Compositions
[60868] Water-wn-otl emulsion droplets described herein include, but are not Hmited to,
those that contain a “skin” or shell at an interface between an aquoous and a non-aqueous

phase. Such sking are composed of skin-forming components. A skin-forming component is

9
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any substance or combination of substances that promotes formation of a skin near or at an

agueous/mon-aqueous interface.

i. skin-forming proteins
(00617 A skin-forming componernt can include at least one skin-forming protein. The skin
forming protein can be provided in an agueous phase prior 1o combining with a non-agueous
phase to form droplets. Alternatively, the skin formung component can be relatively
hydrophobic and can therefore be provided in a non-aqueous phase prior to combinmg with
an aquecus phase to form droplets. After combining of aqueous and non-aqueous phases, the
skin-forming protein can be recraited to the aqueous/non-aqueous interface before or during

skin formation.

[6062] The skin forming protein may be present at a concentration effective for detoctable
skin formation under skin formation conditions {e.g., heating). Exemplary effective
concentrations inchude, but are not himited o, at least about 0.01 % or 0.03%, 0.03% to 3%,
3.05% t0 2%, 0.1 % to 1 %, or about 0.1 % by weight. The protcin may be a "nonspecific
blocking” skin~tforming protein or a "non-specific binding" skin-forming protein. The phrase
“non-specific blocking™ or "non-specific binding” as nsed herem refers generally to a
capability to non-specifically bind to surfaces, that is, hydrophobic and/or hydrophilic
surfaces, sometimes with the aid of heating. Non-specific blocking/binding proteins are
tvpically water-soluble proteins, may be relatively large serum or nulk protemns {among
others), and/or may not interact with any of the other components of the agueous phase in a
specific binding fashion. Exemplary non-specific blocking/binding proteins that may be
switable as skin-forming proteins include, but arc not hmuted to. albumins (such as a scrum
albumin {e.g., from bovine (BSA}, human, rabbit, goat, sheep or horse, among others)),
globuling {e g, beta-lactoglobuling, casein, and gelatin {e.g., bovine skin gelatin type B). and

fragments (e.g., proteolviic fragments) thoreof.

i, agueons phase surfactanis
166631 Water-in-oil emulsion droplets that contain a skin can be formed with an aqueous
phase that containg a surfactant, a surface-active substance capable of reducing the surface
tension of a hqowd in which it 1s present. A surfactant can be a detergent and/or a wetling
agent. In some embodiments, the surfactant contains a hydrophilic and a hydrophobic
portion and is therefore amphipathic. The aqueous phase can include at least onc non-ionic

surfactant, at least one ionic surfactant, or at least one non-ionic and at least one 1onic
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surfactant. Exemplary sorfactants inchude, but are not limited to, block copolymers of
polyvpropviene oxide and pelvethylene oxide (e g, poloxamers}. Exemplary poloxamers
include, but are not imited to, those sold under the trade names PLURONIC® and
TETRONIC®. In some embodiments, the agqueous phase includes the surfactant
PLURONIC® F-68. In some embodiments, the aqueous phase includes a water-soluble
and/or hydrophilic fluorosurfactant. In some cases, the aqueous phase includes a
fluorosurfactant sold under the trade name ZONYLE®, such as a ZONYL® FSN

fluorosurfactant. In some cases, the aqueous phase can include the surfactant polysorbate 20.

[0064} The concentration of a particular surfactant or total surfactant of an aqueous phase
prior to, duning, or after combining with a non-agueous phase to form water-in-oil emulsion
droplets with sking can be selecied to stabilize emulsion droplets prior to skin formation {e.g.,
heating}. An excraplary concentration of agucous phase swfactant includes, but 1s not
timited to, about ¢.01% to about 10%, 0.05% 1o about 5%, 0.1% to about 1%, or 8.5% w/w,

wiv, or v/v.

iii. oil phase
[6065] Water-m-oil emulsion droplets that contain a skin can be formed in, and/or formed
by combining an aqueous phase with, a non-agueous phase. The non-agueous phase can be a
continuous phase water-immiscible carner fluid.  Alternatively, the non-aqueous phase can
be a dispersed phase. The non-aqueous phase can be referred to heren as an o1l phase
containing at least one oil, but may mclude additional liguid (or liquefiable) compounds or
mixtares that are inuniscible with water. The oil can be synthetic or natarally occurring. The
ol can be a carbon-based {e.g., alkvl) and/or sihicon-based (e g, siloxanc-based) oil. The o1l
can be a hydrocarbon and/or a silicone oil. The oil can be partially or fully fluorinated. The
oif can be gencrally miscible or immiscible with one or more classes of organic solvents.
Exemplary oils include, but are not limited 1o, at least one of silicone ol (2.2,

polvdimethylsiloxane}, mineral oil, fluorocarbon oil, vegetable o1l or a combination thereof.

16666}  In an exemplary embodiment, the oil is a fluormated or perflucrinated oil. A
fluormated o1l can be a primary o1l or an additive to a primary o1, Exemplary fluornated oils
mchide, but are not limited to, those sold under the trade name FLUORINERT®, such as
FLUORINERT® electronic hiquid FC-3283, FC-40, FC-43, FC-70, or combinations thereof.
Additional or alternative exemplary fluoninated oils include, but are not hmited to, those sold

under the trade name NOVEC®R, meluding NOVEC® HFE 7500 engineered fluid.
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B. Dual Phase Surfactant Droplets
160677  Dual phase surfactant droplet methods and compositions include, but are not hnmuted
to, those emploving an oil phase containing a fluorosurfactant and an aqueous phase
containing a non-ionic fluorosurfactant. Tn some cases, the ol 15 a fluorous o1l In some
cases, the fluorosurfactant is non-ionic.

i, vif phase fluorosurfaciants
[6068] In some cases, the fluorosurfactant of the oil phase (e.g, fluorosurfactant of an oil

phase containing a fluorous oil) is a triblock copolvmer of Formula I

o olF C) CF _A B.. .CF| _CE lo. _cFs
e N e Yo \ﬂ/ {\’/\C' \F/ R aae
£z | \ " | sz Fa
CFy o} : o
mi /!Imz

Formula L

Formula 1 1s a triblock copolymer contairung polyethviene glveol (PEG) polvmer covalently
linked to a polvhexafluoropropylene (PFPE) at both ends. In one embodiment, the covalent
fimkage between the PEG block and PFPE blocks at both ends is an amide hinkage (A and B
arc nitrogen}. In another embodiment, the linkage between the PEG block and the two PFPE
blocks 1s an ester linkage (A and B are oxygen). In another example, one end can be an ester

bokage and one ¢nd an amide linkage (A is G, and BisN; or Ais N, and B 15 O).

{3069} The lengths of the PFPE chains and the PE(G block can affect the properties of the
fluorgsurfactant of Formula . In some aspects of the present disclosure both my and my, are
independently in a range of about 10-100. In some cases both my and my, are independently
in the range of about 10-20, about 10-30, about 10-40, about 10-50, about 10-60, about 10~
70, about 10-80, about 10-90, about 20-30, about 20-40, about 20-50; about 20-60, about 20~
70, about 20-80, about 20-90, about 20-100, about 30-40, about 30-30, about 30-60, about
30-740, about 30-80, about 30-90, about 30-100, about 40-50, about 40-60, about 40-70, about
4080, about 40-90, about 40-100, about 50-60, about 30-70, about 50-80, about 50-90, about
50-100, about 60-70, about 60-80, about 60-90, about 60-100, about 70-80, about 70-90,
about 70-100, about 80-90, about 80-100, or about 90-100. In some cases my is in the range
of about 10-20, about 10-30, about 10-40, about 10-50, about 10-60, about 18-70, about 10-
80, about 13-90, about 20-30, about 20-40, about 26-50; about 20-64, about 20-70, about 20-

80, about 20-90, about 20-100, about 30-40, about 30-30, 30-60, about 30-70, abowt 30-80,



o)
(9]

CA 03012425 2018-07-24

WO 2017/130059 PCT/IB2017/000086

about 30-90, about 30-100, about 40-50, about 40-60, about 40-70, about 40-80, about 40-90,
about 40-100, about 50-60, about 50-70, about 50-80, about 50-90, about 50-100, about 60-
70, about 60-80, about 60-90, about 60-100, about 70~-80, about 70-90, about 76-100, about
803-90, about 80~ 100, or about 90-100. In some cases mo s 1o the range of about 10-20,
about 10-30. about 10-40, about 1G-50, about 10-60, about 10-70, about 10-80, about 10-90,
about 20-30, about 20-40, about 20-30; about 20-60, about 20-70, about 20-80, about 20-90,
about 20~100, about 30-40, abont 30-50, about 30-60, about 30-70, about 30-80, about 30-90,
about 30-100, about 40-50, about 40-60, about 40-70, about 40-8¢, about 40-9¢, about 40-
100, about 50-60, about 30-70, about 50-%0, about 50-90, about 50-100, about 60-70, about
60-80. about 60-90, about 60-100, about 70-890, about 70-90. about 70-100, about 0-90,
about 80-104, or about 90-1040.

{0076} The value of 'n' of Formula [ may be in a range of about 10-60. In some cases the
value of 'n' 18 in the range of about 10-20, about 10-30, about 10-40, about 10-30, about 15-
20, about 15-30, about 13-40, about 15-58, aboui 15-60, about 20-30, about 20-40, about 20-
50, about 20-60, about 25-30. about 25-40, about 25-50, about 25-60, about 30-40, about 30-
50, about 30-60, about 35-40, about 35-50, about 35-60, about 40-30, about 40-60, about 45-
50, about 45-60, about 50-50, about 53-60. In some embodiments, cach of my and mz s

about 35 and 'n' is about 22.

{30871} In some cases, the flucrosurfactant of the oil phase (e g, fluorosurfactant of an oil

phase containing a fluorous oil} is a polymer of Formuda I

CFs
G ol ) K
F™ e e o Trf \/j\OR
Fa ,L
)

Fa s, f2

Formula {1

The surfactant of Formula I is a diblock copolymer of PEG and PFPE. The valuc of ms,
which represents the length of the PFPE block, is in a range of about 10-100. In some
aspects, m; 18 in the range of about 10-20, about 10-30, about 10-40, about 10-50, abowt 10-
60, about 10-70, about 10-80, about 10-90, about 20-30, about 20-40, about 20-50; about 20-
60, about 20-70, about 20-80, about 20-99, about 20-100, about 30-40, about 30-50, about
30-60, about 30-70, about 33-80, about 30-90, about 30~100, about 40-50, about 40-60, about

40-70, about 40-80, about 40-90, abowut 40-100, about 50- 60, about 50-70, about 50-80,
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about 50-90, about 50-100, about 60-70, about 60-80, about 60-90, about 60-100, about 70-
80, about 76-90, about 70-100, about 80-90, about 80-100, or about 90-100. The length of
the PEG unit, 'n;' is in the range of about 10-60. In some cases the value of 'ny' is i the range
of about 10-20, about 10-30, about 10-40, about 10-50, about 15-20, about 15-30, about 15-
40, about 15-30, about 15-60, about 20-30, about 20-40, about 20-530, about 20-60, about 25~
30, about 25-40, about 25-30, about 25-60, about 30-40, about 30-30, about 30-60, about 35-
40, about 35-50, about 35-60, about 40-30, about 40-60, about 45-530, about 43-60, about 50-
50, or about 533-60. The end of the PEG block, -OR, can either be a hydroxyl group (fe. | -

OHj}, an alkoxy group, or an amine {R can be hydrogen, an alkyl group, or an amine}.

(66721 Insome cases, the fluorcsurfactant of the oil phase (e g, fluorosurfactant of an oil

phase contaimning a fluorous 0il} 18 a polymer of Formula I

Y«.
/\/ { }\ 3

F2 Fx ?FS /!’{\r 0 5 o%\/o R
C OLF.C CE ; s &g ~2
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Formula HIL

[0073F  The swfactant of Formula 111 1s a triblock copolymer wherein two units PEG (same
or different length) and one unit of PFPE are connecied by a phosphate hinker (POy}. The
length of the PFPE chain my is in a range of about 10-100. In some cases my 18 in the range
of about 16-20. about 10-30, about 10-40, about 10-50, about 10-60, about 10-70, about 10-
80, about 10-90, about 20-30, about 20-40, about 20-50; about 20-60, about 20-70, about 20-
80, about 20-90, about 20-100, about 30-40, about 30-50, about 30-60, about 30-70, about
30-80, about 30-90, about 30-100, about 40-50, about 40-60, about 40-70, about 40-80, about
40-90, about 40-100, about 30-60, about 30-70, about 50-80, about 30-90, about 30-100,
about 60-70, about 60-80, about 60-90, about 68-100, about 70-80, about 70-90, about 70-
100, about 3090, about 80-100, or about 90-100. The lengths of the two PEG umits, n; and
1y are independently in a range of about 10-60. In some cases n; and n; are independently in
the range of about 10-20, about 10-30, about 10-40, about 10-50, about 15-20, about 15-30,
about 15-40, about 15-530, about 13-60, about 20-30, about 20-48, about 20-50, about 20-60,
about 25-30, about 25-40, about 25-50, about 25-60, about 30-40, about 30-50, about 30-60,
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about 35-40, about 35-50, about 35-60, about 40-30, about 40-60, about 45-50, about 45-60,
about 50-30, or about 55- 60. In some cases ns ig in the range of about 10-20, about 10-30,
about 10-40, about 10-50, about 15- 20, about 15-30, about 15-40, 15-530, about 15-60, about
2030, about 20-40, about 20~50, about 20- 60, about 25-30, about 25-40, about 25-50, about
25-60, about 30-40, about 30-50, about 30-60, about 35-40, about 35-50, about 35-60, about
40-50, about 40-60, about 45-30, about 45-60, about 30-30, or about 35-60. In some cases ny
is in the range of about 10-20, about 10-30, about 10-40, about 10-50, about 15-20, about 15-
30, about 15-40, about 15-50, about 15-60, about 20-30, about 20-40, about 20-30, about 20-
60, about 25-30, about 25-40, about 25-50, about 23-60, about 30-40, about 30-50, about 30-
60, about 35-40, about 35-50, about 35-60, about 40-50, about 40-60, about 45-50, about 45-

60, about 50-30, or about 53-60. The CH; spacer (ns) can be 0, 1, 2 or 3 carbons in length.

(6874} In somwe casecs, the fluorosurfactant contains a mixture of Formula I, Formula 1,
and/or Formula 1. In some cases, the fluorosurfactant contains a mixture of Formula T and
Formula 11, a muxture of Formmuida § and Formuda T or a mixture of Formula I and Formula
1. In some examples, the fluorosurfactant can comprise at least about 5%, about 10%, about
15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%,
about 55%, about 6096, about 65%, about 70%, about 75%, about 80%, about 85%, about
90%, about 931%, about 92%, about 93%, about 94%, about 93%, about 96%, about 97%,
about 98%, about 99%, about 99.3%, or about 99 9% {(w/w) of a mixture of Formula | and
Formula 11, For example, the fluoro surfactant can compnise at least about 80%, about 90%,

or 95% (w/w) of a mixture of Formula I and Formula I1.

16675} Further, the mixture of Formula I and Formula 1 can be in a ratio of greater than
about 1199, about 1:99, about 2:98, about 3:97, about 4:96, about 5:95, about 14:90, about
15:83, about 20:80, about 25:75, about 30:70, about 35:63, about 40:60, about 45:55, about
30:50, about 35:45, about 60:40, about 63:33, about 70:30, about 75.25, about 80:20, about
8515, about 80:10, about 95:5, about 96:4, about 97:3, about 98:2, about 99: 1, or about 199;
I {(whw). For example, the mixture of Formula [ and Formula I can be i a ratio of greater

than about 80:20, about 90: 10, or about 95:5 {w/w}.

[6076] In certain examples, the mixture can further contain a compound of Formuda XI:

i
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Formula X1,

wherein n can be about 10 10 100, about 10 to 80, about 15 1o 80, about 15 to 50, or about 20

to 30

[0077F  For example. the fluorosurfactant mixture can contain about 0.1% to 50%, about
0.1% to 20%, about 0.2% 10 20%, about 0.2% to 10%, about 0.5% to 10%, about 0.5% 10 39

or about 1% to 5% (w/w) of Formula X1

{6078} Further, the fluorosurfactant mixture can comprise greater than about 0.1%, about
{0.2%, about 0 3%, about £.49%, about 0.5%6, about 0.6%, about 0.7%, about 0.8%, about
1.9%, about 1%, about 1.5%, about 2%, abowt 2.5%, about 3%, about 3.5%, about 4%, about
4.5%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, about 15%, about
20%, about 25%, about 30%, about 35%, about 40%, about 45% or about 530% (w/w) of
Formula XI. For example, the flucrosurfactant mixture can mmprise greater than about 0.1%
to about 0.5%, greater than about 19, greater than about 2%, or about 5% {(w/w) of Formula
X1

{66797 Alternatively, the fluorosurfactant mixtare can comprise less than about §.1%, about
(0.2%, about 0.3%, about 0.4%, about 0.5%, about 0.6%., about 0.7%, about 0.8%, about

0.9%, about 1%, about 1.5%, about 29, about 2.5%, about 3%, about 3.5%, about 4%, about

4 5%, about 5%, about 6%, about 7%, about 8%, about 9%

>

. about 10%, about 13%, about
20%, about 25%, about 30%, about 33%, about 40%, about 43% or about 509% (w/w) of
Formula XI. For example, the fluocrosurfactant mixture can comprise less than about 1%,

about 2%, about 3%, about 10%, or about 20% (w/w) of Formula X1,

{6680} 1o certain cases, the oil formulation can comprise less than about 0.1%, about 0.2%,
about §.3%, about 0.4%, about 8.5%, about §.6%, about 0.7%. about 0.8%, about 0.9%, about

1

ey

o, about 1.5%, about 2%, about 2.3%, about 3%, about 3.5%, about 4%, about 4.59, about
5%, about 6%, about 7%, about 8%, about 9%, about 109, about 15%, about 20%, about
25%,, about 30%, about 35%,, about 40%, about 45% or about 50% {(w/w) of Formula Xi. For
example, the ol formulation can comprise less than about 1%, about 2%, about 3%, about

10%, or about 20% (w/w) of Formmuda X1
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§081]  In other cases, the oil formulation can comprise greater than about 0.1%, about
=) 2
{0.2%, about 0.3%, about 0.4%, about 0.5%, about 0.6%, about 0.7%, about 0.8%, about
{.9%, about 1%, about 1.5%, about 2%, about 2.5%, about 3%, about 3.5%, about 4%, about
4 5%, about 5%, about 6%, about 7%, about 8%, about 995, about 10%, about 15%, about
20%, about 25%, about 30%, about 35%, about 40%, about 453% or about 50% (w/w) of
Formuda X1, For exampie, the oif formulation can comprise about greater than about 0.1%,

about 0.5%, about 1%, about 2%, or about 5% (w/w) of Formula X1

{66827 A surfactant can be charactenized according to a Hydrophife-Lipophile Balance
{HLB) value, which may be defined as the ratio of the molecular weight (MW) of the
hydrophilic portion of the compound to the total MW of the compound. HLB can be
controlled by varving the lengths/MWs of the hydrophobic portion (PFPE) and the
hydrophilic portion (PEG) of the molecule. In some cmbodiments, droplets having oil-phase
fluorosurfactants having longer (higher MW) perflucropolyether chams can have increased

resistance to thermally induced droplet coalescence.

160837  In some embodiments, the MW of the perfluoropolyether chain is at least about
3000, at least about 4000, at least about 5000, at feast about 6000, at least about 7000, at least
about 8000, at least about 9000, or at least about 10000, In some other embodiments, the MW
of the perfluoropelyether chain is about 3000, about 4000, about 5000, about 6000, about
7000, about 8004, about 9000, or about 100040,

{6084} 1o some aspects of the current disclosure, the HLB value of the fluoro surfactant is
in the range of about 0-20. In some cases, the HLB values of the non-ionic surfactant ranges
from about 0- 10, about 0-20, about 5-10, about 5-13, about 3-20, or about 10-20. In some
further aspects, the HLB value of the fluoro surfactant is about 1, about 2, about 3, about 4,
about 5. about 6. about 7. about 8, about 9, about 10, about 11. about 12, about 13, about 14,

about 15, about 16, about 17, about 18, about 19, or about 20.

16085} In general, the fluoro surfactants obtained in the present disclosure arc hugh punty
fluorosurfactants and can be successfully used in microbial number and/or growth assays
with while avoiding ieaching of detection reagent and/or detectable or substantial inhibition
of microbial growth. Inhibition of microbial growth can be detected by comparing doubling
times of a target microorganism in bulk media of the same composition and temperature as
the media and temperatore used in the aqueous phase of a droplet. Generally, suitable levels

of growth are within at least about 10% of the bulk doubhing time.
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(3086} In some cases, the fluorosurfactants can be greater than about 1%, about 2%, about
3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, about 15%,
about 20%, about 23%%, about 30%, about 35%, about 40%, about 45%, about 50%, about
55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 85 5%,
about 86%, about 86.5%, about 87%, about 87.5%, about 88%, about 88 5%, about 89%,
about 89.3%, about 90%, about 90.5%, about 91 3%, about 92%, about 92.5%, about 93%,
about 93 3%, about 94%, about 94.5%, about 95%, about 96.5%, about 97%, about 97.53%,
about 98%, about 98.3%, about 99%, or about 99 5% weight percent (w/w) pure. In some
examples, the fluorosurfactants are greater than about 90% weight percent (w/w) pure. For
exaraple, the fluorosurfactants can comprise at least 90% (w/w) of a nuxture of Formula I and
Forranla I, In some cases the weight percent purity of the fluorosurfactant is i the range of
about 90%-91% w/w, about 90%-92% w/iw, about 90%-93% w/iw, about 90%-94% wiw,
about 90%-95% w/w, about 90%-96% w/w, about 90%-97% w/w, about $1%-98% w/w.
about 90%-99% wiw, about 91%-~-92% w/w, about 91%-~93% w/w, about 91%-94% w/w,
about 9196-95% wiw, about ¢196-96% w/w, about 91%-97% w/iw, about 91%-98% wiw,
3196-99% wiw, about 92%-93% wiw, about 92%-94% wiw, about 92%-95% wiw, about
92%-96% wiw, about 92%-97% w/w, about 92%-98% wiw. about 92%-99% w/w. about
03%-94% w/w, about 93%-95% w/w, about 93%-96% wiw, about 93%-97% w/w, about
03%-98% wiw, about 93%-99% w/w, about 94%-03% w/w, about 94%-96% wiw, abowt

0496-97% w/w, about 94%~-9%8% w/w, or about 94%- 99% w/iw.

{3087} In some cases the fluorosurfactants are greater than aboat 95% (weight percent)
pure. For example, the fluorosurfaciants can comprnise at least 95% (w/w) of a mixture of
Formula | and Formula 1. To some cases the weight percent punity of the fluorosurfactant is
in the range of about 95%-96% w/w, about 93%-~97% wiw, about 93%-98% w/w, about 95%-
99% whw, about 96%6-97% whw, about 96%6-98% wiw, about 36%-99% wiw, about 97%-98%
viw, about 97%-99% wiw, or about 98%-99% w/w. In some cases, the fluorosurfactants
may have weight percent purity of about 90% wiw, about 91% w/w, about 92% w/w, about
93% w/w, about 94% w/w, about 85% wiw, about 96% wiw, about 7% w/w, about 98%

w/w, or about 99% w/iw.

[06688] The concentration of fluorosurfactant can affect droplet stability. Tn some cases, the
concentration of fluorosurfactant can be in arange of 0.1-10.0 mM. In some embodiments,
the concentration of flucrosurfactant is in a range of about 0.1 mM-1.0 mM, about 0.1 mM-
2.0 mM, about 0.1 mM-3.0 mM, about 0.1 mM-4.0 mM, about 0.1 mM-5.0 mM, about 0.1

18
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mM-6.0 mM, about 8.1 mM-7.0 mM, about 0.1 mM-8.0 mM, about 0.1 mM-9.0 mM, about
(.5 mM-1.0 mM, about 0.5 mM-2.0 mM. about 0.5 mM-3.0 mM, about 0.5 mM-4.0 mM,
about 0.5 mM-5.0 mM. about 0.5 mM-6.0 mM, about 0.5 mM-7 .0 mM, about .5 mM-8.0
mM, about 0.5 mM-2.0 mM, about 0.5 mM-10.0 mM, about 1.0 mM-2.0 mM, about 1.0 mM-
3.0 mM, abouot 1.0 mM-4.0 mM, about 1.0 mM-5.0 mM, about 1.0 mM-6.¢ mM, about 1.0
mM-7.0 mM, about 1.0 mM-8.0 mM, about 1.0 mM-9.0 mM, about 1.0 mM-10.0 mM, about
L5 mM-2 0 mM, about 1.5 mM-3.0 mM, about 1.5 mM-4.0 mM, about 1.5 mM-5.0 mM,
about 1.5 mM-6.0 mM, about 1.5 mM-7.0 mM, about 1.5 mM-8.0 mM, about 1.5 mM-9.0
mM, about 1.5 mM-10.0 mM, about 2.0 mM-3.0 mM, about 2.0 mM-4.0 mM, about 2.0 mM-
5.0 mM, about 2.0 mM-6.0 mM, about 2.0 mM-7.0 mM, about 2.0 mM-8.0 mM, about 2.0
mM-9.¢ mM, about 2.0 mM-10.¢ mM, about 2.5 mM-3 .0 mM, about 2.5 mM-4.0 mM, about
2.5 mM-5.0 mM, about 2.5 mM-6.0 mM, about 2.5 mM-7.0 mM, about 2.5 mM-8.0 mM,
about 2.5 mM-9.0 mM, about 2.5 mM-10.0 mM, about 3.0 mM-4.0 mM, about 3.0 mM-5.0
mM, about 3.0 mM-6.0 mM, about 3.0 mM-7.0 mM, about 3.0 mM-8.0 mM. about 3.0 mM-
9.0 mM, about 3.0 mM-10.0 mM, about 3 5 mM-4.0 mM, about 3.5 mM-5.0 mM, about 3.5
mM-6.0 mM, about 3.5 mM-7.0 mM, about 3.5 mM-8.0 mM, about 3.5 mM-9.0 mM, about
3.5 mM-~10.0 mM, about 4.0 mM-5.0 mM, about 4.0 mM-6.0 mM, about 4.0 mM-7.0 mM,
about 4.0 mM-8.0 mM, about 4.0 mM-92.0 mM, gbout 4.0 mM-10.0 mM, about 4.5 mM-3 0
mM, about 4.5 mM-6.0 mM, about 4.5 mM-7.0 mM, about 4.5 mM-8.0 mM, about 4.5 mM-
9.0 mM, about 4.5 mM-10.0 mM, about 5.0 mM-6.0 mM, about 5.0 mM-7.0 mM, about 3.0
mM-8.0 mM, about 5.0 mM-9.0 mM, about 5.0 mM-10.0 mM, about 5.5 mM-6.0 mM, about
5.5 mM-7 0 mM, about 5.5 mM-8.0 mM, about 5.5 mM-9.0 mM, about 5.5 mM-10.0 mM,
about 6.0 mM-7.0 mM, about 6.0 xM-8.0 mM, about 6.0 mM-9.0 mM, about 6.0 mM-10.0
mM, about 6.5 mM-7.0 mM, about 6.5 mM-8.0 mM, about 6.5 mM-9.0 mM, about 6.5 mM-
10.0 mM, about 7.0 mM-8.0 mM, about 7.0 mM-9.0 mM, about 7.0 mM-~10.0 mM, about 7.5
mM-8.¢ mM, about 7.5 mM-9.0 mM, about 7.5 mM-10.0 mM, about 8.0 mM-9.0 mM, about
8.0 mM-10.0 M, about 8.5 mM-9.0 mM, about 8.5 mM-10.0 mM, about 9.0 mM-10.0 mM,
or about 9.5 mM-~-10.0 mM. In some cmbodiments, the concentration of fluorosurfactant is
about 0.5 mM, about 1.0 mM, aboui 1.3 mM, about 2.0 mM, about 2.5 mM, about 3.0 mM,
about 3.5 mM, about 4 0 mM, about 4 5 mM, about, 5.0 mM, about 5.5 mM, about 6.0 mM,
about 6.5 mM, about 7.0 mM, about 7.5 mM, about 8.0 mM, about 8.5 mM, about 9.0 mM,

or about 9.5 mM.
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i, vil phase
{60827 The a1l phase or the continuous phase used for the dual-phase water-m-oil droplets
can be anv liquid compound or mixture of liquid compounds that is immiscible with water.
The ol used can be or mclude, but 1s not limited (o, at least one of siticone oil, mwmeral o1,
hydrocarbon oil, flucrocarbon oil, vegetable oil, or a combmation thereof. Any other sintable
components can alsc be present in the oil phase, such as at least one surfactant, reagent, other

additive, preservative, particles, or any combination thercof.

[6690F In soime cases, the oil 1s fluorinated oil. Fluorinated oil can be any fluorinated
organic compound. In some cases, the fluonnated oil is perfluorccarbon, such as
perfluorooctane or perfluorchexane. In some cases, the fluorine -containing compound is a
partially fluonnated hydrocarbon, sach as 1.1 -trifluorooctane or 1,112 2-
petantafiuorodecane. The fluormated organics can be lincar, cyclic or heterocyclic. In
addition to carbon and fluorine, the fluormated organic compound can further contaim

hydrogen, oxygen, mtrogen, sulfur, chlonne, or bromine atoms, or combinations thereof.

16991}  In sore cases, the fluorinated oil is a perfluoroalkyl ether like methyl
nonaftuoroisobutyl ether sold as NOVEC™ HFE-7100 Engmeered Fluid. In some cases, the
fluorine containing compound is an ethoxy-nonaflucrobutane. or the ethoxy-
nonafluorobutane mixture, sold as NOVEC™ HFE-7200 Enginccred Fluid. In some cases,
the fluorine-containing compound 13 3-cthoxy- 1,1,1,2,3,4.4,5,5,6,6,6~dodecafluoro-2-
trifluoremethyl-hexane, sold as NOVECT™™ HFE-7500 Enginecred Fluid. In some cases, the
fluorine-containing compound can be 1,1,1,2.2 3 4 5 5 S-decafluoro-3-methoxy-4-

triffuoromethyl-pontane, sold as NOVEC™ HFE-7300 Engimeered Fluid,

[6092] In some cmbodiments, the fluorosurfactants reside mainly in the oif phase. In some
cases at least about ©0%, about 91%. about 92%, about 93%. about 4%, about 95%. about

96%, about 97%, abowut 98%, or about 99% of the fluorosurfactant vesides in the oil phase.

iii. Agueous Phase
[6093}7 The aqueous phase can contain anv lquid or liguefiable component that when
mixed with water at room temperature, forms a stable single phase agueous solution. In some
embodiments the aqueous phase can comprise one or more physiologically acceptable
reagents and/or solvents efe. at a concentration that is compatible with microbial growth
and/or enumeration.  Some non-hmiting examples of agueous phase components include

water, DMF, DMSC, methanol or ethanol. The aqueocus phase can also include a buffering
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agent as described below. In some embodiments, the aqueous phase may include particles,
such as beads. The aqueous phase may also include vehucles that provide for delayed release

of reagents.

iv. Non-ionic Non-fluorosurfactan:
{6094} The agucous phase of the dual phase water-in-oil droplets can contain a non-ionic
non- fluorosurfactant. In some embodunents, the non-ionic non-fluoro surfactant is a
polvalkylene oxade block copolvmer surfactant. In some cases, the non-tonic non-thioro
surfactant is a block copolymer of polvpropylence glycol (H-{O-CH{CH:)-CH,),- OH, PPG)
and polyethylenc glveol (H-(O-CH~CHa)-OH, PEG) having the general formula [PPGy-
PEGa}

[6095} The non~onic non-fluorosurtactant can be a di, t, tetra, penta or even higher block
polymer of PEG and PPG. In some cases the non-ionic non-tlucrosurfactant is an alternating
copolymer with regolar altemating PEG and PPG anits of general formola (PEG-PPG),,
whercin x 1s in the range of about 10-100. In some cases, x is i the range of about 10-20,
about 10-30, about 10-40, about 10-30, about 10-60, about 10-70, about 10-80, about 10-90,
about 20-30. about 20-40, about 20-30, about 20-60, about 20-70, about 20-80, about 20-90,
about 20-100, about 30-40, about 30-30, about 30-60, about 30-70, about 30-80, about 30-90,
about 30~100, about 40-50, about 40-60, about 40-70, about 40-80, about 40-90, about 40~
100, about 50-60, about 50-70, about 50-80, about 50-90, about 50-100, about 60-70, about
60-80, about 60-90, about 60-100, about 70-80, about 70- 90, about 70-100, about 30-90,
about 30-100. or about 90-100. In some cases the non-ionic non-fluorosurfactant is a random
copolymer of PEG and PPG with the monomeric PEG and PPG blocks attached in a random

sequence.

[6096] In some cases the molecular weight of PEG and PPG block copolymer i3 in the
range of about 4,000 daltons ("Da"}25,000 Da. In some cases the molecular weight of the
non-tonic non- fluorosurfactant is m the range of about 10,000 Da-23,000 Da; about 15,000
Da-25.000 Da; about 20.000 Da-25.000 Da; about 4.000 Da-20.000 Da; about 10,000 Da-
20004 Da; about 13,0600 Da~ 20,000 Da; about 4,000 Ba-15,000 Da; about 10,600 DBa-15,000
Da; or about 4,000 Da-10,000 Da. In some cascs the molecudar weight of the non-ionic non-
fluorosurfactant is about 4,000 Da; about 4,500 Da; about 5,000 Da; about 5,500 Da; about
6,000 Da; about 6,500 Ba; about 7,000 Da; about 7,300 Da; about 8,000 Da; about 8,500 Da;
about 9.000 Da; about 9,500 Da; about 10,000 Da; about 10.500 Da; about 11,000 Da; about
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11,500 Da; about 12,000 Da; about 12,500 Da; about 13,000 Da; about 13,500 Da; about
14,000 Da: about 14,500 Da; about 13,000 Da; about 13,500 Da; about 16,000 Da; about
16,500 Da; about 17,000 Da; about 17,500 Da; about 18,000 Da; about 18,500 Da; about
19,600 Da; about 19,500 Da; about 20,000 Da; about 20,500 Da; about 21,000 Da; about
21,500 Da; about 22,000 Da; about 22,500 Da; about 23,000 Da; about 23,500 Da; about
24 000 Da; about 24,500 Da; or about 25,000 Da.

{06971  In some cases, the non-ionic non-fluorosurfactant 18 a triblock copolymer of
polypropylene oxide and polyethylene oxide, known as a poloxamer. In some cases the non-
ionic non-fluorosurfactant 1s a poloxamer sold under the trade name PLURONIC® or
TETRONICE. In some embodiments, the Pluronic® surfactant is Pluronic® F-38,
Pluronic® F-68, Pluronic® F-77, Pluronic® F-87, Pluronic® F-83, Pluronic®F-98,

Pharonic® F-108 or Pluronic® F-127 (a= 101, b = 56).

[3698] In some embodiments the non-ionic non-flucrous surfactant is Nonidet® P40. The
gengral structure of Nonidet® 1nciudes a hydrophilic polvethylene chain and an aromatic
hydrocarbon lipophilic group as depicted in Formula VI

O{CH,CHLO)xH

Formula VI

16999}  In some cases, the non-ionie non-fluorous swrfactant can be a polvethviene glveol
derivative. In some cases, the non~ionic non-fluorous surfactant is a polyethylene glyeol
derivative of Formula VI

C(CHLCHOH

oy

Formula VHL

Exemplary non-ionic non-flucrous polyethylene ghycol derivative surfactants of Formula VI
inchude, but are not fimited to, Triton® surfactants. Exemaplary Triton® surfactants include,
but arc not linuted to, Triton® X-15 (x=1.5 avg}. Triton® X-35 (x=3 avg), Tnton® X- 45
{(x=4.5 avg), Triton® X-100 (x=9.5 avg), Triton® X-102 (x=12 avg), Triton® X-114 (x=7.5
avg}, Triton® X-165 (x=16 avg}, Triton® X-305 (x=30 avg), Triton® X-405 (x=35 avg), or

Triton® X- 705 {x=1.5 avg}.
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{3180} In some embodiments, the non-ionic non-flocrous surfactant is a polvoxyethvlene
derivative of sorbitan monolaurate of Formula [X:

HOERLHL  ocH,cr,0)H

RCO(OCHZCH?)\JQ""/L\@’Q(CHZGHQC)WH
O

v+why+z=20

3 Formula IX.

Exemplary polvoxvethylene derivatives of sorbitan monolaurate of Formula IX mclude, but
are not himited to those commercially available onder the trade name Tween®. In some
cases, the non-ionic non-flucrous surfactant 1s Tween® 20 (R = CHy(CH,)oCH3)), Tween®

AO®=
10

CH{CH )13 TH), Tween® 60 (R=CH{CH,};;CH:) or Tween®-80 {R=
(CH W CH=CH(CH))a.

[3i01] The concentration of non-tonic non-fluorosurfactant can be in a range of about 0.1~
5.0% weight percent. In some embodiments the concentration of the non-ionic non-

15 fluorosurfactant 1s less than about 1.5% weight by weight ("w/w"}. In some cases, the
concentration of Pluronic® is fess than about 1.4% w/w, about 1.3% w/w, about 1.2% w/w,
about 1.1% w/w, about 1.0% whw, about (.9% w/w, about 0.8% w/w, about 0.7% w/w, about
0.6% wiw, about 0.5% w/w, about 0.4% wiw, about 0.3% w/w, about 0.2% w/w or about
0.1% wiw. In some embodiments the Phuonic® F-98 concentration 1s in the range of about

20 0.50% wiw- 1.53% wiw. In some embodiments the Pluromie® F-98 concentration ts in the
range of about 0.50% w/iw-0.60% w/iw, about 8.50% w/w-0.65% whw, about §.50% w/iw-
0.70% wiw, about 0.55% whwv-0.60% wiw, about (.55% w/w-0.65% w/w, about 0.55% w/w-
0.70% w/w, about 0.35% w/w-~0.75% w/w, about 0.60% w/w-0.65% w/w, about 0.60% w/w-

0.70% w/w, about 0.60% w/w-0.75% w/w, about §.65% w/w-0.70% w/w, about 0.65% w/w-

|\
(4

8.75% w/w, or about 0.70% w/w-0.75% w/w. In some further embodiments the
concentration of the non~ionic non-fluorous surfactant can be adjusted to optinuze the droplet
stability and droplet size without inhibiting the microbial enumeration or microbial growth

assay.

[6102} In some embodiments, the concentration of the fluorosurfactant is n a range of

£l
<o

about 1.0-6.0 mM and the concentration of non-ionic non-fluorosurfactant is in a range of
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about 0.1%-3.0% weight percent. In a farther embodiment, the fluorosarfactant has a
structure of Formula I and a concentration of about 2.5 mM, and the non-ionic non-fluoro
surfactant i1s Pluronic® F-98 and has a concentration of about 0.5%, w/w~1.3% w/w. In some
cases, the fluorosurfactant has a structure of Formula | and a concentration of about 2.5 mM,
and the non-1onic non-fluorosarfactant is Pluronic® F-98 and has a concentration of about
0.50% w/w-0.60% wiw, about 0.50% w/w-0.65% w/w, about 0.530% w/w-0.70% w/w, about
0.35% wiw-0.60% wiw, about 0.55% w/w-0.65% w/w, about $.35% wiw-0.70% wiw, about
(.55% wiw-0.75% wiw, about 0.60% wiw-3.65% wiw, about $.60% wiw- 0.70% whiw, about
0.60% w/iw-0.75% wiw, about 0.65% wiw-0.70% w/w, about 0.65% w/w-0.75% w/w, or

about 0.70% w/iw-0.75% w/w.

(6183} In some embodiments, the non-onic non-fuorous surfactants reside essentially in
the aqueous phase. In some cases af least about 90%, about 91%, about 92%, about 93%,
about 94%, about 95%, about 96%, about 97%, about 98%, or about 99% of the non-ionic

non-fluorous surfactant resides n the agueous phase of the water-in-otf emuldsion droplets

. Droplet Salts and Buffering Agents
[31¢4] The agueous phase of water-in-otl droplets described herein {e.2., droplets with
skins and/or dual phase droplets) can inchude a variety of salts, butfering agents, microbial

growth media components, detection reagents {e.g., dyes, probes, or fluorogenic or

D
colorimetric substrates), microorgamsms, food matrices, and/or any additional components
necessary to determine microbial growth and/or numbers. All such additional components

can be selected to be compatible with the mtended assay.

(6195} Suitable buffer(s) or buffering agent(s) may be present in the agueous phase. The
buffer or buffering agent may be configured to mamtamn the pH of the agucous phase near or
at any suitable pH, such as a pH near or at which microbial growth and/or detection is
optimal. For example, the pH may be sclected to be at or near an optimum pH for an enzyme
activity that can be detecied by a fluorcgenic or colonmetric substrate. As another example,
the pH may be selected to be at or near an optimum pH for growth of a target microorganisnt.
As vet another example, the pH, buffering agent, and/or concentration of buffering agent can
be selected to provide for a detectable pH reduction caused by microbial growth, e.g., with a
pH sensitive fluorophore. Similarly, suitable salts that may be preseint in the aqueous phase

mclude, but are not inuted to, salts compatible with microbial growth and/or detection.
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Exemplary salts inclade, bat are not himited 1o, any one or combination of NaCl, KCL, CaCl,

Mg, MgS0,, phosphate salts, and the like.

{6106} In some cases, the conceniration of potassium salt (e g, KC1) and/or sodium salt
{e.g., NaCl} can be about, more than about, or less than about 10 mM, about 20 mM, about 30
mM, about 40 mM, about 36 mM, about 60 mM, about 80 mM, about 100 mM, about 200
mM. In some cases, the concentration of magnesium salt (e.g., Mg(Cl) is at a concentration
of about, more than about, or less than about 1.0 mM, about 2.0 mM, about 3.0 mM, abouot
4.0 mM, or about 5.0 M. In some cases, the buffering agent 1s about, is more than about, or
is less than about 1 mM, 5 mM, 10 mM, 15 mM, 20 mM, 30 mM., 50 mM, 80 mM, 160 mM,
or 200 mM.

[3107} In some cases, the pH may, for example, approximate a physiological pH, such as
about 510 9,510 6.5, 6510 85, 7to 8, or about 7.5 among others. A particular buffering
agent may be selected that has a pKa relatively close to the desired pH to be maintained and
that 1s compatible with the reaction({s) to be performed. The buffering agent may be
physiclogically compatible. Exemplary buffering agents that may be suitable include, but are
not limited to, Tris (2-Amuino-2-hydroxymethyl-propane-1 ,3-diol}, MES {2-«(N-mormpholino}
cthanesulfonic acid), MOPS (3-morphalinopropane-1 -sulfonic acid), HEPES (2-[4-2-
bydroxyethyDpiperazin-1 -yl ethanesulfonic acid), and the like. In some cases, the buffering
agent 18, or mcludes, a phosphate bufter, such as a mono-, di-, and/or tri-basic sodium or
potassium phosphate buffer, or a combination thereof. In some cases, a buffering agent is
mherently provided by one or more components of a minimal, complex, defined and/or
undcfined microbial medum. For example. components of tryptones, various peptoncs,
phytones, amino acid mixtures, physiological sodinm, potassium, or magnesium salts, efe.,
can provide sufficient buffering capacity for the methods and compositions of the present
invention. Altematively, it some cases, although minimal, complex, defined and/or
undefined microbial media can provide buffering capacity, an additional buffering agent,
such as one or more of the foregomg buffering agents 1s included n the agueous phase of the

water-in-oil droplets.

F. Droplet Growth Media
{6188} A wide variety of growth media can be selected as a component of the agueous
phase of the water-in-oil droplets. The word medium (also referred to as growth or culture

media} as used herein includes any medium used for microbiclogical celture including

N
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defined and undefined components. Tyvpically, a growth medium suitable for, compatible
with, or optimal for, growth of the one or more target microorganisms to be ¢numerated or
assaved for antimicrobial susceptibility 1s selected. Generally, the growth medium will

contain a nitrogen source, a carbon source, and various essential elements.

[6109} The nitrogen source can be, or inchude, a protein, or mixiure of proteins. For
example, the nitrogen source can be beef extract, or veast extract. The nitrogen source can
be, or include, a partially or fully hydrolyzed protein or mixture of proteins such as peptone,
tryptone, casamine acids, erc. The nitrogen source can be, or include, an amino acid or
mixture of amino acids. In some cases, the nitrogen source is a nitrogen (€. g., nitraic} salf,

such as ammonium sulfate.

[3110} The carbon source can be, or mehade, glucose, galactose, arabinose, succinate,
glycerol, pyruvate, glutamate, xvlose or a combination thereof In some cases, in complex
media containing one or more undefined nitrogen sources {e. g., beef extract, veast extract,
tryptonge, or peptone), the carbon source 1s an inherent component of the undefined nitrogen
source. Essential elements include, but are not limited to, sodium, potassium, calcium,

magnesiam, iron, nitrogen, phosphorous, and sulfur,

{6111} Excmplary growth media for use in an agucous phase of water-in~-oil emulsion
droplets include, but are not united to, tryptone-soya broth (TSB), buffered peptone water
{e.g.. BAM Media M192), and combinations thereof. In some cases, a selective media is
used as a component of the agqueous phase of the water-in-oll emulsion droplets. Such
selective media include, but are not limited to, chromogenic media, BairdParker, bromeresol
purple ("BCP”) agar, bile escolin agar ("BEA”) agar, Bryant and Burkey's medium, buffered
peptons water, chapman's mediam, chocolate agar, cvstine lactose electrolvte deficient
{(“CLED”) agar, colctsos, columbia agar, Dnigalski agar, Frascr, Granada, GV PC agar,
Hektoen agar, king A & B, Lowenstein-Jensen, LT100, mac conkey agar, MRS broth or agar,
mueller Hinton broth or agar, Maller-Kauffimann, listeria identification agar base
(“PALCANM), PUB, RPMIL RVS, Sabouraud, Schaedler broth or agar, selenite broth, Slanetz
and Bartley's medium, SPS agar, TGY, TSB, TSI, TTC tergitol, VRBG, XL.D, etc.

G. Droplet Antimicrobials
{3112} In some aspects the agueous phase of the water-im-oil emulsion droplets can contamn
an antimicrobial. The antimicrobial can be included to ensure that the assay is not

confounded by the presence of confounding microorganisms. For example, if Q1
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enumeration is desired, where the target microorganisms are bacteria, then an antifungal
agent can be included in the aquecus phase to avoid growth of fungt which are non-targeted
organismas. As another exanmple, if QI enumeration is desired, where the tarzet
roicroorganisms are fungt or molds, then an antibactenal agent can be mcluded m the
aqueous phase. Alernatively, the antimicrobal can be meluded to assess antimicrobial
susceptibility of a target microorganism, or class of target microorganisms. For example, a
nuntmum inhibitory concentration (MIC) against an antimicrobial can be determained by
assaying the growth of target microorganism{s) with at Ieast two {e.g., 3-10} different
concentrations of the test antimicrobial in the aqueous phase.  There can also be many more
different concentrations such as when using a gradient of antimicrabial concentrations n the
droplets. The gradient of concentrations can be linear or noun-linear. In another example, one
concentration 1s used when determining whether a microorgamism 1s susceptible to the test
antimicrobial. The one concentration selected is a breakpoint concentration that differentiates

the susceptible organisms from those that are not susceptible,

G113} A wide vanety of anfimicrobials can be employed in the agueous phase of the
water-in-oil emulsion droplets. Generally, the antimicrobials are selected to not disturh the
existence of the droplets. For example, antimucrobials that reside cssentially wn the agucous
phase and do not substantially compartmentalize to the non-aquecus phase can be selected.
Altemnatively, partial partitiorung of the antimicrobial to the oil phase can be accounted for
before determining the MIC of the antimicrobial. As vet another alternative, the
antimicrobial can be incloded in both the oil-phase and the agueous phase if the antimicrobial
exhibits substantial solubility in both phases. As vet another alternative, droplet chenustry
can be adjusted o mintmize such von-aqueous partitioning of the antimicrobial. For
exaraple, a dual phase system can be substituted for a droplets with skin system, or vice
versa, or a surfactant {e. g, non-tonic non-fluorosurfactant, or a fluorosurfactant} with an

increased or decreased HLB can be utilized.

0114} Exemplary antimicrobials include but are not bmited to B-lactam antimicrobials,
cephamycin antimicrobials, cephalosporin antimicrobials, quinolone antimicrobials,
fluoroquinalone antimicrobials, naphthyrdine antinuerabials, polyketide antimicrobials,
dihydrofolate reductase inhibitors, polvmyxin antimicrobials, nitrofuran antimicrobials,
antimicrobials of the amphenicol class, aminoglycoside antimicrobials, glveopeptide
antimicrobials, polyene antifungal, imidazole or triazole antifungals such as imidazole- or

triazole-class mhibitors of fimgal lanosterol 14 a~-demethvlase, thiazole antifungals,

27



CA 03012425 2018-07-24

WO 2017/130059 PCT/IB2017/000086

(]

N2
(a3

aliylamine antifungals, echinocanding antifungals, S-fluorocytosine antifungals or
combinations thereof. In some cases, the antimicrobial is ecfoxitin, piperacitiin, nalidixic
acid, tetracyclin, vancomycin, trimethoprim, nitrofurantoin, colistin, nitrofuran,

chloramphenicol, gentamyaen, amphotencin B, fluconazole, or a combination thereof
H. Droplet Antifungals

[3115] In some aspects, the oil phase of the water-in-otf emuldsion droplets can contain one
or more antifungal agents. The antifungal agent can be mcluded fo prevent microorganisms
from growing outside the aqueous phase or to create a “fence” around the agueous phase.

For antifungal agents can be ncluded in the o1l phase to prevent the mold from growing
outside of the aqueous phase. Exemplary antifungal agents include, but are not limited to,

2. 6-dichloro-4-nitroaniline (or dicloran), 4,5,6,7-tetrachloro-2',4',53', T'-tetraiodofluorescein (or
rose bengal), (RS)-1-[2-(allvlioxy}-2-(2 4-dichlorophenyljethyl]- 1H-imidazole {or imazahl,

chloramizole), and/or chitosan.

[G116] In certain embodiments, the o1 phase comprises dicloran at a concentration of about
Smg/L to about 200 mg/L, about 10 mg/L to about 100 mg/L, about 20 mg/L to about 100
me/L, about 40 mg/L to about 100 mg/L., or about 20 mg/L to about 200 mg/L.. In somc
embodiments, the oil phase comprises dicloran at a conceniration of about Smg/L., about 10
mg/L., about 20 mg/L. about 23 mg/L, about 30 mg/L, about 40 mg/L, about 50 mg/L, about

50 mg/L, about 70 mg/L, abowt 80 mg/L, about 90 mg/L., about 100 mg/L, about 125 mg/L,

about 150 mg/L, about 175 mg/L, or about 200 mg/L.

(6317} In certain embodiments, the o1l phase comprises rose bengal at a concentration of
about 30 mg/L to about 375 mg/L, about 100 mg/L to about 200 mg/L or about 50 mg/L to
about 130 mg/l.. In some embodiments, the o1l phase comprises rose bengal at a
concentration of about 30 mg/L., about 75 mg/L, about 100 mg/L., about 125 mg/L. about 130
mg/L, about 175 mg/L, about 200 mg/L., about 250 mg/L, about 300 mg/L, about 350 mg/L.,

or about 375 mg/L.

[6118] In some embodiments, the o1l phase comprises mmazalil ai a concentration from
about 0.1 mg/L to about 2.5 g/L, about 0.1 mg/L to about 1.0 g/L, about 0.5 to about 1.0 g/
or about 0.5 mg/L 1o about 2.5 g/L. In some embodiments, the oil phase comprises imazahl
at a concentration of about 0.1 mg/L, .25 mg/L, 0.5 mg/L, 0.75 mg/L, about 1 mg/L, about 2

mg/L., about 5 mg/l., about 10 mg/L, about 100 mg/L, about 1.0 o/L, or about 2.5 g/1..
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{3119}  In some embodiments, the oil phase comprises chitosan and the concentration of

chitosan i the ol phasc 1s about 0.3 % or Iess.
. Droplet Gelling Agents

(6126} In some aspects, the agucous phase or the oil phase of the water-in-o1l emulsion
droplets comprises one or more gelling agents. In some embodiments i which the targes
mucroorganism is yeast, a gelhing agent can be included in the aqueous phass to prevent a
change in droplet size (e.g., to prevent a reduction in droplet size). In an erbodiment, the
aqueous phase comprises a hydrogel, such as alginic acid, that can be gelled by the addition
of calcium 10ns. In a gelation process, alginate and calcium carbonate are included in the
aguecus phase of the droplets and acetic acid 15 included in the oil phase of the droplets.
During the gelation process, H+ 1ons from acctic acid diffuse front the oil phase mnto the
agueous phase of the droplet causing a decrease in the pH of the agueous phase and the

dissocigtion of calcium ions from the calehum carbonate according to the following equation:
) g T ~ ~ . ~ \ N
CaCOs 4+ 2H > CaHCO: +H - Ca +H,0+COy

{6121}  In some embodiments, the concentration of alginate in the agueous phase is about
3.5 grams/hiter or less. In certain embodiments, the concentration of alginate in the aqueous
phaseisabout 1, 2, 2.5, 3, or 3.5 grams/liter. In some embodiments, the concentration of
calcium 1on in the aqueous phase 1s about 1 gram/liter or fess. In some embodiments, the

concentration of caletum ion in the aqueous phase s about 0.25, 0.5, 0.75, or 1 gram/liter.

{3122} Other exemplary polvmeric matenials that may be used as gelling agents include,
but are not limtted to, kappa-carrageenan, 1ota-carrageonan, furcellaran, zem, succinylatec
zein, succinyvlated cellulose, and/or cthyl sucemylated celiulose. Exemplary synthetic water
soluble polymeric matenals that may be used as gelling agents mclude, but are not limited to,
those formed from vinyl pyrolidone, 2-methy-3-vinyl pyrridine-metnyl acrvlate-methacrylic

acid copolymer, vinyl aloobol, vinyl pyrridine, vinyl pyraidine-styrene copolymer.

4. Droplet Detection Reagents
[6123] Water-in-oil crnulsion droplets can contain one or more detection reagents. The
detection reagents can be genotype specific nucleic acid detection reagents, proteins {e.g.,
anitbodics, lecting, fibrinogen} and other molecoles. Exemplary genotype apecific micleic
acid detection reagents include, but are not limited to, nucleic acid probes. Genotype specific

detection reagents may be specific for a particular genus, species or strain of microorganisim.
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Exemplary nacleic acid probes melude, bot are not hmited to, double-stranded probes, such
as the double-stranded probes described in U.S. Patent Nos. 5,928 862 or 9,194 007,
Molecular Beacon probes, such as those descabed in WO 98/10096; TagMan probes, such as
those described in U.S, Patent Nos. 5,.210,015; 5,487,972 5,538,848 5,723,591, and
6,258,569 scorpion probes; light cycler probes; LUX probes; and amplifiuor probes. Such
probes can be used for detection by, e.g., incubating the droplets containing the probes under
conditions for growth of the target microorganism(s}, then lysing the target microorgamisms
after incubating, e. g, by heating, optionally amplifying a target locus, and detecting the
presence or absence of a genotype with the nucleic acid probe. In some embodiments,
labeled antibodics or other molecuics specific to particular microorganisms are used. Such
labeled molecules can be specific also to strains of microorganisms allowing for
identification of those microorganisms which are susceptible to a particular antinvicrobial

agent.

{3124} The detection reagents can be genotype non-specific nucleic acid detection reagents
include, but are not himited, to intercalating dyes. Intercalating dves are generally aromatic
cations with planar structures that insert between stacked base pairs in the DNA duplex, an
arvangement that provides an eovironmenially dependent fluorescence enhancement for dye
molecules and creates a large increase n the fluorescence signal relative to the free dve in
sohution. The signal enhancement provides a proportional response, allowing direct
quantitative DNA measurements. Preferred miercalating dves in the present disclosure
tnclade fluorescent dves. The dve can be a cvanine or a non-cyaning intercalating dve. In
some cases, the mtercalating dye is a cyanine dye. In some cases the cvanine dyve can be
Thiazole Orange, SYBR® {e.g, Svbr Green 1. Svber Green T, Svbr Gold, SYBR DX, Oil
Green, CyQuant GR, SYTOX Green, SYTO09, SYTO10, 8SYTO17, SYBR14, Oxazile Yellow,
Thiazone Orange, SYTD, TOTO, YOV, BOBO, and POPO. Insome cascs the dyeisa
non-cvanine dyve. In some cases the non-cyanine dye is peatacene, anthracene, naphthalene,
ferrocene, methyl viologen, tri- morpholme ammonium, propidinm {e.g , propidmm jodide)
or another aromatic or hetero aromatic derivative. In some cases, the mitercalating dye 18
selected from the group consisting of DAPI (4 6-diamidino-2-phenylindole), acridine orange,
cthidiume monoazide (EMA), propidium moncazide (PMA), SYBR® Green I, SYBR® Gold,
ethidium bromide, propidinm bromide, Pico Green, Hoechst 33258, YO-PRO-f and YO-YO-
I SYTO®RS, L Green®, LE Green® Plus+, and EvaGreen®. In some cases, the

intercalating dye 1s EvaGreea®. Such mtercalating dyes can be used for detection by, e.g.,
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incubating the droplets containing the probes under conditions for growth of the target
microorgantsm(s}), then lysing the target microorganisme after incubating, e.g., by heating,
optionally amplifying a target locus, and detecting the presence or absence of double-
stranded nucleic acid with the mtercalating dve. In some embodiments, no mcubation is
required. Alternatively, the cells do not need to be lysed to detect the target microorganism

and monitor the growth of the target microorganism.

[3125] The detection reagent can be phenotype specific. For example, the detection
reagent can be a reagent that detects the presence of an enzyme activity indicative of the
presence of an organism that produces such an cnzvme. Accordingly, the detection reagent
can be a pH sensittve chromophore or fluorophore that changes absorbance {e.g., of visible
highty and/or fluorescence as 3 resulf of a change i pH. An example pH sensitive fluorescent
probe 1s detectably fluorescent at a detection wavelength 1n an agqucous solution having a pH
of less than about 3 and is not detectably fluorescent at the detection wavelength in an

agueous solution having a pH of greater than about 6.5,

[6126] Forexample, microorganisms such as certain bacteria such as Anterohactericceae,
which are known to dramatically reduce the pH of media in which they are grown in the
absence of a strong buffering agent at sufficient concentration can be detected with a marker
{2.z., probe or other identifier) that changes color or flucresces at low pH. Alternatively, the
detection reagent can be a substrate of an enzyme indicative of a microorgamism or class of
microorganisms. In some embodiments, the detection reagent ts a product of a reaction
hetween a substrate and an enzyme produced by the target microorganism. The substrate can
be colorimetric or fluorogenic. Exemplary cnzyvmes, exemplary microorganisms, and

corresponding substrates include, but are not limited to those described i Table L

Table L:

Enzymatic activity Genus / Species Substrates

B-glucum nidase E. coli, Shigella Methyl-Umbellvferyi--D-

glucuroxide, Indolvl- § -D-

ghicoronide, Aldol™.- § -D-
glacuronide

P-galactosidase Coliforms Methyi-Umbellyferyl- p <D

galactoside, Indoiyl- § -D-

galactoside, Aldol™- 3 -D-
galactoside




WO 2017/130059

CA 03012425 2018-07-24

PCT/IB2017/000086

Enzymatic activity

Genus / Species

Substrates

Methyi-Umbellyferyl- f -~

o-galactosidase

B-glucosidase Listeda spp., KESC group,
Enteroceecus glucoside, Indolyl- B -D-glucoside,
Aldol™. B - glucoside
Chronobacter Methyl-Unibellyfervi- § -~

galactoside, Indoiyl- f -D-
galactoside, Aldoi™- § -~
galactoside

v~ghucosidase

Staphylococeus, Enterncocens

Methyl-Umbellyferyi-  -[3-
glucoside, Indolyl- p -D-glucoeside,
Aldoi™.- § -[- glucoside

Phosphatase

Staphylococcns aurcus,
Entcrobacicriaccac, Clostridinm
perfringens

Methyl-Usobelly feryi-phosphatc,
Indolyl-phosphate Aldol™-

phosphate

N-acetyl-glucosaniinidase

Candida

Methyl-Umbellyferyl-N-acetyl-
glucesaminide, Indolyl-N-acetyl-
glucosamuide, Aldo!™-N-acetyi-

glucosaminide,

Esterase

Satmonella, Campylebacter,
Pseudomonas

Methyi-Urnbellyferyi-caprylate,
Indolyi-caprylaie, Aldol™™-
caprylate, Methyl-Umbellyferyl-
caprate, Indolvi-caprate, Aldo]™-
caprate, Methyl-Umbellyferyl-
acetate, Indolyi-acetate, Aldoi™.
acctate,

Aminopeptidase

Peeudomonas

Amine acid-p-nitroanilide, Amino
acid-7 methy coumarin

Phospholipase

Listeria monocytogenes,
Pseudomouas asruginosa, Bacillus
cerens

Methyi-Umbellifery]l-Phosphatidy]
inositol, Indoly!l-Phosphatidyl
Inositol, Aldol™.-Phosphatidyl
Inositol, Methyl-Umbelliferyl-
Phosphatidyl choline, indolyl-
Phosphatidyl choline, Aldoi™-

Phosphatidyl cheline

[0127]

Generally, the detection reagents are selected to be compatible with the droplet

chenustry employed. For example, detection reagents that reside essentially 1n the agueous

phase and do not substantially compastmentalize to the non-agueous phase can be selected.

In some cases, droplet chenustry can be adjusted to minimize non-agucous partitioning of the

detection reagent. For example, a dual phase system can be substituted for adroplets with

skin system, or vice versa, or a sarfactant {e.g., non-ionic non-fluorosurfactant, or a

fluorosurfactant} with an 1ncreased or decreased HLUB can be utilized.
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J. Samples
16128}  Samples for partitioning mto water-in-oil droplets can melude any sample known or
suspected of containing a target microorganism. For QO cnumeration, the sample can be, or
contain, food {e.g., food for humans or animals), environmental samples taken from surfaces
or equipment. Samples can contain one or more target microorganisms. The target
microorganisins) can be or include bacteria, yeasts, or melds. Clinical samples include

various bodilv fluids or diluted specimens.

{3129} Anv microorganism can be identified using the disclosed methods. Example target
microorganism{s) can be or include gram positive and gram negative bacteria,
Enterobacteriaceae (Escherichia spp., Klebsiella spp., Enterobacter spp., Serrafia
marscescens, and Citrobacier spp., Shigella spp., Salmonella spp., Cronobacier spp., ..},

Pseudamonas spp., Acinetobacter spp., Campylobacter spp., Siaphylococcus spp., Legionella

spp., Corviwbacterium spp., Listeria spp., Enterococcus spp., Strepiococcus spp.,
Clostridium spp., Baciflus spp., Candida spp., Aspergiifus spp., Cryptococeus spp.,
Debaromyees spp., Geotrichum spp., Hanseniaspora spp., Kluyveromyces spp., Fichia spp..
Rhadorula spp., Saccharomyces spp., Trichosporon spp., Zygosaccharomyces spp.,
Alternaria spp., Fusarium spp., Mucor spp., Penicillium spp., Pullularvia spp., Trichothecium

spp. or a combination thereof.

{3130} The target microorganism(s) can be or melade Escherichia coli, Klebsiella
preumoniae, Kiebsiella oxyioca, Servatia marcescens, Enterobacter cloacae, Enterobacter
aerogenes, Proteus mirabilis, Freudomonas aeruginosa, Acinetobacter baumannii,
Stenotraphomonas maltophilic, Staphviococcus aureus, Staphylococcus epidermidis,
Staphylococous haemolviicus, Streptococcus preumonice, Strepiococous pyogesnes,
Streptococcus agalactiae, Streptococcus mitls, Enterococeus faecium, Enterococous jaecalis,
Candida albicans, Candida tropicalis, Candida parapsilosis, Candida krusei, Candida
glabrata, Mveobacterivm tuberculosis, Cryptococcus albidus, Debaromyces hansenii,
Geotrichum candidum, Hanseniaspora guillermonii, Kluyveromyces lactis, Pichia angusia,
Rhodotuia ghitinis, Saecharomyces cerevisiae, Trichosporon pulluians, Zygosaccharonyyces
rouxii, Alterngria alternata, Fusarium graminearwm, Mucor miehei, Penicillium porilum,
Pullularia pullulans, Trichothecium voseum, Aspergillus niger, or Aspergillus fumigatus, or a

combination thereof.
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i. Food Matrices
{6131} The food matrix can be a human food or an animal food, such as food forapet or
for livestock. The inventors have surprisingly found that water-in-oil droplet chemistries and
raethods of their use deseribed herein are compatible with a wide vanety of food matrices.
Exemplary food matrices include, but are not limited to, those contamning animal-based food
{e.g., meat such as beef or ham, dairy such as milk or cheese} or plant-based food {e.g.,
vegetable or fruit), beverages or a combination thereof. Tn some cases, the meat containing
food matrix 1s ground beef (2.2, 85% or 95% lean ground beef). In some cases, the milk

contaming food matnx 1s whole milk, cream, half-and-half, 2%, 1%, or fat-free {skim) milk.

[G132] A wide variety of fat contents of the food matrix are compatible with the water-in-
oif chemistries described herein. Surprisingly, it was determined that substantial amounts of
fat can be n the food matrix and not disturb the formation of the droplcts. Possible fat
contents include about 8%, less than about 0.5%, about 0.5%, about 1%, about 2%, about 3%,
about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, about 119%,
about 12%, about 13%. about 14%, about 15%, about 20%,. about 25%., about 30%, about
35%, about 40%, about 45%, about 50%, or about 60%. In some cases the fat content 15 from

about 0% to about 20%, or from about 0% to about 25%, or from about 20 1o 459%.

[3133}  Generally the food matrix is suspended, mixed, blended, or homogenized nto one
or more, or all, components of the aqueous phase of the water-in-o1l droplets. For example,
the human food matrix can be mixed with one or more, or all, components of the aqueous
phase of the water-in-oil droplets at a ratio of abowt about 1:10, about 10:90, about 15:85,
about 20:80, or about 25:75 weight of food matrix to total volinme of agueous phase

components.

ii. Environmental Samples
[3134] When analyzing the environment, samples are from whichever environment is of
interest whether indoors or outdoors. Examples of environments for which the Qf 1s relevant
include recreational water, beach sand and surfaces. An additional example is the
environment on a farm, slavghterhouse or any other location where food 13 processed (e g,
packing houses}. Samples from a farm would include soil samples, surfaces on farm
buildings, farm equipment. Recreational water is any water in which recreation occurs and
mcludes recreational bodies of water such as swimnung pools, lakes, rivers, oceans, cte.

Surfaces are relevant particularly i hospitals, schools, food processing facihities, ete. The
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samples would be swabs taken from surfaces and the swab s then introduced nto the
medium from which droplets are created.

iii. Clinical Samples
[6135}] Descobed herein are methods and compositions for detecting the presence or
absence or antimicrobial susceptibility of one or more target microorganisms in a clinical
sample. In some cases, the sample is a sample from a subject {e.g., a human subject) known
or suspected of being infected by a pathogenic microorganism. The sample can be blood, or
a fraction thereof such as plasma or serum | tissue, uring, saliva ; pericardial, plearal or spinal
fluids; sputum, bone marrow stem cell concentrate, platelet concentrate | nasal, rectal, vaginal
or inguinal swabs; wounds ; specimens from skin, mouth, tongue, throat ; ascites ; stools and
the like. Such samples can be analyzed to determine g microbial number and therefore assess

the probability of pathogenic mfection.

[3136] Alternatively, the chinical sample can be a pure or substantially pure culture of a
target microorganism of known identity. Such a pure culture or substantially pure calture of
a target microorganism of known identity can be analyzed by the disclosed methods for
antimicrobial susceptibility. For example, a sample from a subject can be provided or

g, bv plating a

&

obtaimed and agscssed for the prosence or absence of target microorganisms, e.
sample from a subject or a cultured sample from a subject onto suitable mediom. A single
colony or phurality of colontes of target microorganisia can be selected, optionally caltured,
and partitioned into a plurality of water-in-otl emulsion droplets that contain a test
antimicrobial. The test antimicrobial can be at one concentration or a plurality of

concentrations in the plurality of water-in-oil emulsion droplets.
Sample Analysis

16137} Samples can be analyzed with a fluorogenic or colonimetric substrate in the aqueous
phase of the water-in-0il droplets to determine the presence or absence of a target
microorganism that expresses an enzyme that recognizes the substrate, thus diagnosing a
presence or absence of a genus or species or class of target microorganism{s). Alematively,
a binding partner specific for the macroorgamism of interest (e.g., an antibody) i3 used to
determine the presence or absence of g target microorganism. In another embodiment, a
target microorganism is identified as present if the interior of the droplet is turbid. Samples

can be assayed in paraliel with or without an antimicrobial susceptibility test, and optionally

Lo
i
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at multiple different antimicrobial concentrations, to simulianeously assess antimicrobial

susceptibility of the target microorganism(s).

{6138} The total vohame of aqueous phase components 18 a function of the nomber of
droplets that the svstem generates and the volume of cach droplet. In some cases, the total
volume of agueous phase components that is used to generate droplets is from 3 pl., 10 ul.,
15k, 20 uL, 30 L, 40 ub, 50l 60 pl, 70 pb, 80 ul, 90 b, 100 w150 pL, 175 pl,
200 pL, 225 pl, 250 pL, 275 ul, 300 ulk. 325 L, 350 pl, 375 L. 400 pL. 425 uL. 450 pL,
475 i, 500 pL, 500 uL, 550 pL, 600 pl., 650 uL, 700 L, 750 pL, 800 uL, 850 uL, 900 pL,
950 ub, Lk, 2 mL, 3 mL, 4 mL. In some cascs, the total volume of aqueous phase
components, including but not hmited to chinical sample or pure culture from a clinical
sample, that is used 1o generate droplets is from about 10 gl o about 1 mb, from about 20
ul. to about 1 k., from about 25 ul to about 560 ul,, from about 50 pl. to about 400 pl.,

from about 75 uL to about 300 puL, or from about 100 uk to about 200 yl.

161321 In somgc cases, the total number of droplets of a plurality of droplcis {e.g..
containing a human food matrix or clinical sample) is at least about 1,000, 2,000; 3,000,
4.000; 5,000, 6,000; 7.000; 8,000 9,000; 16,000, 15,000; 20,000, 25,004, 30,000, 35,000;
40.000; 50,000, 60,000; 70,000; 80.000; 90.000; 100,000, In other embodiments, upto a
million droplets are formed. In some cases, the total number of droplets of a plurality of
droplets {e.g.. containing a human food matrix or chnical sample) 1s from about 1,000 to
about 100,000; from about 2,000 to about 90,000, from about 3,000 to about 80,000; from
about 4.000 to about 70.000; from about 5,000 to about 60,000; from about 7,500 to about
50,000; from about 10,000 to about 40.000; from about 15,000 to about 30,000, or about
20,0600,

Bl Methods

[6140] Described herein are methods for rapidly analyzing growth or number of one or
more target nucroorgamsms m a sample by partitioning the sample nto a plurality of water-
in-oil emlsion droplets, incubating the droplets for, or for at least, 110 50 {e.g., S t0 20)
doubling timaes, and detecting the presence or absence of the target microorganisms in the

droplets.

[6141}  Generally, the disclosed methods include encapsulating a sample in a plurality of
water-in-oil emulsion droplets wherem the water-in-oi! emulsion droplets further encapsulate

a microbtological growth medium; incubating the plurality of water-in-oil emulsion droplets

36
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at a temperatare permssive of microbiclogical growth, and for a pertod of time sufficient to
allow the target microorganisms to go through 5 to 45 doubling times; identifving water-in-
oil emoulsion droplets comprising target microorganisms; and responsive to identifying the
target microorganism n at least one water-in-oil emulsion droplet, detenmiung that the target
microorganism 13 present in the sample. In some embodiments, incubation 18 not used and

the droplets are analyzed without incubating first.

[0142] In some embodiments, the water m 01l droplets further mchide one or more of

intercalating dye, labeled protein (¢ g, antibody, lectin or fibrinogeny}, bovine serum albumin.

[6143] A general method for analvzing a food matrix to determine the number of a target
microorganism comprises the steps of : homogenizing a portion of the food matrix, wherein
the portion of the matrix has a known mass or volume; mcubating the plurality of water-mn-oil
ermulsion droplets at a temperatare permissive of microbiological growth, and for a pedod of
time sufficient to allow the target microorganisms io double from 3 to 45 times; determining
from the incubated water-in-oif emulsion droplets: a number of water-in-oil emulsion
droplets that contain microorganisms, thercby determining a vumber of positive droplets; and
a number of water-in-oil emulsion droplets that do not contain microorganisms, thereby
determining a number of negative droplets; and determining from the number of positive
droplets and negative droplets a total number of target microorganisms, thereby determining
the number of target microorganisms per unit mass or volume of the food matnix. Example
microbiclogical growth media include partially digested protein (e.g., partial tryptic digest of
casein, partical papaic digest of soybean meal or a combination thercof), Water-in-oil
droplets further optionally contam one or morce of buffered peptone water (such as BAM
Media M192) and a surfactant. For example, the surfactant can be non-ionic such as
poloxamer. An example poloxamer has a molecular weight of about 1,800 g/mol. In some
embodiments, the poloxamer comprises about 80% polyoxvethylene. Surfactants can be at
concentrations of at least about 0.01% and no more than about 3% or about 1%.

Encapsulated microbioclogical growth medium has a pH of about 7.2 in some embodiments.

[6144] general method for assaying a target microorganism for a mmmum mbabitory
concentration of a test antamicrobial comprises: (1) encapsulating a plurality of the target
microorganisms in a plurality of water-in-oil emulsion droplets comprising microbiological
growth medium, wherein the water-in-oil emulsion droplets further encapsulate a

microbiclogical growth medium. a first portion of the water-in-oil droplets encapsulate the
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test antimicrobial at a first concentration, or do not encapsulate the test antimiciobial; a
second portion of the water-in-oll droplets encapsulate the test antimicrobial at a second
concentration different than the first concentration; and optionally up to four additional
portions of the water-in-oil droplets encapsulating additional different concentrations of the
test antimicrobial; (11} incubating the phurality of water-in-otl emuulsion droplets at a
temperature pernissive of microbiological growth in an absence of the test antimicrobial, and
for a period of time sufficicnt to allow the target nucroorgamisms, if not mhibited by the tost
antimicrobial, to divide from 5 to 20 timnes, or more; tit) determining for each portion of the
incubated water-in-oif emulsion droplets: a mumber of water-in-oil emulsion droplets
comprising the target microorganisnm above a threshold number, thereby determining a
number of positive droplets; and a number of water-in-~oil emulsion droplets comprising the
target microorganism below the threshold number, thereby determining a number of negative
droplets; and v} determining the minimum inhibitory concentration of the test antimicrobial
from the positive and negative droplets for in each portion of droplets. In some
embodiments, there are six portions of water-in-oil croulsion droplets and the first — fifth
portions have concentrations of test antimicrobial that are serial two-fold dilutions of the

concentration of the sixth portion.

[6145] In some embodiments, determining the number of positive droplets and the
determinung the number of negative droplets comprises detecting the presence or absence of
bactenal spores or veast or mold hyphae n the droplets by visual or computer imaging,
wherein the mimber of positive droplets is the number of droplets exhibiting the presence of
bacterial spores or veast or mold hyphae m the plurality of water-in-o1l droplets and the
number of negative droplets is the number of droplets exhibiting the abscoce of bacterial

spores or veast or mold hyphae in the plorality of water-in-oil droplets.

A, Treatment of Agueous Phase and/or Sample

{3146} The sample and/or the aqueous phase can be treated, prior to droplet generation, to
facibitate formation of droplets. Treatment can be particalarly suitable with a relatively lugh
concentration and/or relatively long fungal filaments or microbial clusters in the agueous
phase. When droplets are formed under standard conditions, the aqueous phase can be
subjected to a rapid decrease in cross sectional area, elongation, followed by separation and
formation of the droplet. When microorganisms are present above cerfain concentrations o1
in cortain morphologics {e g.. fiocculent, hyphal, efe.}, the ability to form droplets may be

tmpaired. For example, these microorganisms can become entangled with cach other in the

38
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rapid process of droplet formation, and may not have sufficient time to separate through
diffusion, thereby forming a cord that causes the droplets not to form efficiently. The cord
can result in jetting, microsatellites, and coalescence, and other features of poor emulsion
formation. Alternatively, or 1n addition, the microorganisms can interact with the droplet

mterface, decreasing sarface tension and preventing droplet formation.

{3147} In some cases, an approach is needed to overcome this effect on droplet formation,
{Une exemplary approach 1s to slow down the rate of droplet formation so that the droplet has
time to pinch off and form. Another mecharnical selution may be to redesign the droplet
gencrator to force the formation of droplets under these high conceontration conditions.
Another exemplary approach is to treat the sample to be mcorporated into the aqueous phase
to reduce clumping, ageregation, flocculation, length of hyphae, efc. In some cases, such
reduction can be performed by heat treatment of the sample to at least about 40-50°C for at
least about 1, 2, 3, 10, 15, or 30 minutes, among others. The temperature applied is

determined based on the heat stability of the mucroorganism being analyzed.

16148} A further exemplary approach is to mechanically separate large clunips, aggregates,
hyphal structures efe. Such mechanical separation can be performed as a separate step, or
dunng homogenization or mixing of a sample {e.g., food matrix) with other components of
the aqueous phase. For cxample, a sample of food matrix can be homogenized or mixed with
agueous phase components with a stomacher, bead beater, vortex, or other suitable apparatus,
wherein such homogenization or mixing also separates clumps, aggregates, hyphal structures
and the Like of one or more target microorganisms. As another example, a sample, such as a
pure culture of a target microorganism can be briefly subject to mechanical agitation (e.g.,
using a voriex mixer) prior to or afler combming with one or more components of an agueons

phase.

B. Formation of Droplets
16149} The agueous and non-agucous phases containing the components discussed above,
including but not limited fo target microorganisms, culture media, and optionally test
antimicrobial, can be provided (e.z.. obtained and/or prepared), and then utilized to form an
emulsion, thus generating a plurahity of water-in-o1l droplets contamning target

MICroOrganisms.

[B158]  An emulsion generally includes droplets of a dispersed phase (e g, an aqueous

phase} disposed in an immiscible continuous phase {e.g., a non-agueous phase such as an o1l
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phase) that serves as a carner flund for the droplets. Both the dispersed and continuous

phases generally are at least predominantly higuid.

(0181} Awny suitable method and stractare can be used to form the emulsion. Generally,
energy input is needed to form the emulsion, such as shaking, stirring, sonicating, agifating,
or otherwise homogenizing the emulsion. However, these approaches can produce
polydisperse emulsions, in which droplets exhibit a range of sizes, by substantially
uncontrolled generation of droplets. Alternatively, monodisperse emulsions {with a highly
uniform size of droplets) can be created by controlled, senal droplet generation with af least
onc droplct generator. In exemplary embodiments, the droplet gencrator operates by

microchannel flow focusing to generate an emulsion of monodisperse droplets.

[01382] A surfactant present in the aquecus phase can aid in the formation of agueous
droplets within a non-aqueous phase. The surfactant can do so by physically interacting with
both the non-aqueous phase and the agueous phase, stabihizing the inferface between the
phases, and forming a self-assembled nterfacial laver. The surfactant can increases the
kinetic stability of the droplets, reduce coalescence of the droplets, reducing droplet
aggregation, or a combination thereof. The droplets can be relatively stable to shear forces
created by fluid flow during fhiidic manpulation. For example, the droplets can be stable to
flow rates of at feast 40 L/min or 50 L/min in a 100 um or 200 uym channel using sclected
combinations of non-aqueous and agueous phase formulations. The resulting droplets can
have any suitable shape and size. The droplets can be sphernical, when shape 1s not
constrained. The average diameter of the droplets can be about 1 to 500 pum, 3 to 300 pm, or

50 to 500 pm, and the average volume of the droplets may be about 50 pL to 300 nk, 100 pL.
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to 10 nL, 200 pL to 3 nl., about 0.3 nL, about I nl, about 2 nL, about 3 nk, or about 5 nl.
The number of droplets generated can depend upon a variety of factors mehiding, but not
himited to, the instrumentation utilized and manner of droplet generation (e.g., bulk agitation
or serial generation), the droplet chemistry, droplet volame, the volume of agueous and/or
non-aqueons phases consumed during droplet gencration, the volume of the sample analvzed,

and the number of target microorganisnss 1o be partitioned.

{31531 The droplets can be formed and then collected as an emulsion m a reservorr, such as
vial, a test tube, a wel of 3 plate, a chamber, or the like. In some embodiments, the dropiets
can be collected as an cmuldsion i a PCR tube or microplate, which is then incubated m an
incubator configured 1o hold one or more PCR tubes or microplates. Alternatively, orin
addition, the droplets can be collected in a reservoir and then transferred to a different
contatner for incubation at a nucrobial growth temperature and/or may be manipulated and/or
transporied via fluidics, such as nucrofhuidics 1o an incubator position. In an alternative
embodiment, droplets are formed and enter a microfhudic chanpel. In such an embodiment, a

single-file line of droplets forms in the chamnel.

[6154] There 1s no reguirement for a specific concentration of microorganisms in the
agqueous phase prior to droplet generation. In order to achieve substantially all droplets with
no more than one microorganism at droplet generation, the starting aqueous phase isat a
concentration where onc in ten droplets contams a microorganisim. o other embodiments,

more than one microorganism can be in each droplet.

{6155} Drroplets can be dispersed in a spacing fluid. In some cases, the spacing fluid can
facititate fluidic manipelation of droplets that are densely packed and/or facilitate dispersal of
sticky droplets or capsedes. For example, droplets can be generated, optionally transformed
into capsules. imcubated at one or more temperatures (e 2., nucrobial growth and/or detection
temperatures), and then dispersed in a spacing fluid. Altemnatively, the droplets can be
dispersed i a spacing thud prior to one or more of the incubations. In some cases, the
spacing fluid contains the oil phase component of the non-aqueous phase used to gencrate the
droplets. In some cases, the spacing fluid contains the ol phase but not the non-aquecus

surfactant used to gencrate the droplets.

B. Droplet Transformation
[3156] Droplet chemisiries containing one or more skin-forming components {e.g., skin-

forming proteins) can be transformed from droplets to capsules for enhanced stability. Such
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transformation can be useful for analysis of slow growing microorganisms. In such cases,
droplet coalescence or aggregation during ¢xtended incubation at a mucrobial growth
temperature can be reduced or clinunated. Moreover, in some cases hvphal growth of a
target nucroorgamsm can penetrate the walls of untransformed droplets, decreasing droplet
stability. In such cases, transformation of droplets to capaules can be useful to reduce or
eliminate such hyphal-penctration. Alternatively, capsule formation can be performed after
incubation of droplets at a microbial growth teraperature. Such capsule formation can, e.g.,
atiow for capsule formation and simeltanzous killing of tareet microorganisms. Such
capsules can optionally be stored and/or analyzed at a later time. In some cases, capsule
formation by heating after incubation of droplets at a microbial growth temperature can be
pertormed to reveal mternal epitope or to release nucleic acid from the microorganisms in the

droplets, if present, and detect the nucleic acid with one or more probes or intercalating dyes.

[B1587}  Generally, droplets are transformed by heating. The droplets, the continuous phase,
and/or the emnaision can be heated to a temperature sufficient for skin formation and for a
time sufficient to produce the skin. An inverse relationship can exist between the
tenperature and the time sufficient for such a conversion to occur. That is, heating the
droplets at a relatively low temperature can reguire a longer heating time than heating the
droplets at a relatively higher temperature. However, skin formation can occur rapidly above
a threshold temperature and much more slowly a few degrees below the threshold
temperature. For example, skin formation can occur or be complete n less than about five
minutes or less than about one minute when the emulsion is heated above the threshold
temperature. Transformation of droplets into capsules may decrease the sohubility of one or
more skin-forming proteins {and/or other skin-forming component(s})) in the aqueous phase,
such that the skin-forming component(s) become less soluble (e.g , become substantially
mnasoluble} in the agucous phase. Accordingly, the skin can be substantially 1nsoluble in the

agueous phase.

[0158]  In some cmbodiments, the threshold temperature can correspond to the denaturation
temperature of a skin-forming protein in the aqueous phase. Accordingly, formation of the
skin can be a consequence of protein denaturation that occurs much more rapidly above the
threshold temperature than below. As an example, BSA has been reported to denature at
about 30 °C to 53 °C, and droplets incorporating BSA as a skin-forming protein can be

induced to form a skin tapidly at about the same temperature. Accordingly, use of another
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skin-forming protein with a different denaturation temperature can require heating to a

corresponding different temperature before skan 1s formed.

[0139] Insome cases, a skin-formung component having a skin-forming (e.g., denaturation}
temperatare that 1s compatible with viability of a target microorganism can be selected. For
example, a relatively low skin-forming temperature can be selected for capsule formation of
droplets so that the target microorganism can romain substantially viable after mcubating for,
o1 for at least, about I - 3 minutes at the skin-forming temperature of the skin-forming
component. Alternatively, a skin-forming component having a skin-forming {e.g.,
denaturation) temperature that 1s compatible with kitling of target nucroorgamisats or
releasing nucleic acid from the target microorganisms can be selected. For example. a
relatively high skin-forming temperature can be selected for capsule formation of droplets so
that target microorganisms can be substantially killed or lysed after incubating for, or for at

feast about 1 — 30 minutes at the skin-forming temperature of the skin-forming component,

{6168] Heuating the droplets to a temperature above skin formation temperature can convert
a sclf~ asscrbled mterfacial layer to an nterfacial skin. The skin can be composed of
protein, or protein and surfactant, among others. In some cases, the droplete can be heated
via thermal cycling, such as is performed during PCR amplification. The thermal cycling
profile can mclude varations m temperature from about 4 °C to about 99 °C. The droplets
optionally can be heated via thermal cveling as a result of transport of the droplets through a
flow-based thermocyching system. Further aspects of an exemplary flow- based
thermocycling system are disclosed w U.S. Patent Application Publication No.

2010/0,173,394 A1, published July 8, 2010.

B. Incubation
[B161] After droplet or capsule formation, the droplets or capsules can be incubated at a
selected temperature or temperatures. For example, droplets or capsules can be incubated at
one of morte temperatures suitable for microbial growth, lysis, enzymatic processing of a
colorimetric or fluorogenic substrate, or nucleic acid detection, or a corbination thereof,
Flucrogenic substrates undergo intramolecular aldol condensation after cleavage with an
cnzyme of the target microorgamism, thereby producing a fluorescent indicator compound.
Exemplary microbial growth temperature include, but are not imuted to, 20 °C, 25 °C, 30 °C,

35°C, 37 °C, 40°C, 41°C, 41.3°C, 42°C, 43°C, 44°C, 45°C, or 30 °C. In some cases, the

b

microbial growth temperature is optinized for a particular target microorganism or class of
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target microorganisms. For example, if the target microorganism is £ cofi| then the
microbial growth temperature can be 37 °C. Alternatively, a target microbial growth
temperature that is suitable for growth of multiple microorganisms having multiple different
optimal growth temperatures can be selected. For example, growth of yeasts, molds, and
bacterta can be assayed simuoltansously esmg a microbial growth temperature of 25°C, 30°C,

35°C, or 37°C.

{31621  Droplets or capsules can be incubated at a microbial growth temperature for a
selected nomber of doubling times. The present inventors have surprisingly discovered that
the methods and compositions described herein can provide accurate microbial numbers or
antimicrobial susceptibility results after no time for doubling or a relatively small number of
doubling times (e.g. 1, 2,3, 4,5, 10, 15,20, 25,30, 35, 40, or 45; 3-45, 10-40, 15-30, 20-23,
16-20, 10~15, or 5-15), thus cnabling a rapid assay as compared to standard culture m iqmd
(broth) and/or plating techniques. One of skill in the art will appreciate that a target
microorganism that 1s incubated for a selected number of doobling times at a microbial
growth temperature does not necessarily double 1n quantity the selected number of times due
to lag phase, acceleration phase, exponential phase, stationary phase, deceleration phase,

death phase, or combinations thercof that microorganisms typically exhubit,

[3163] Such selected numbers of doubling times can correspond to at least about 15 min,
20man, 30min, .. 1h 2 3h 4h S 6h 7Th 8, 9k 10 10 b, 20, 13 h, 14k, 15h, 16
by 17h, 18h, 190,200, 21 h, 228,23 1,24 b, 25 h, 26 h, 271, 28 1, 29 h, 30 h, 32 h, 34 h,
36h 38h 40h,44h 48h, 520, 58 b 60 h, 66 h, or 72 h

[6i64] The selected numbers of doubling times can correspond to:

from at least about 4 b and no more than about 16 h or at least about 4 b and no more

®

than about ¥ h for bacteria;

& from ai least about 6 h and no more than about 12 h or at least about 8 h and no more
than about 12 h for veast;
& from at least about 8 h and no more than about 36 h or at least about 8 h and no more

than about 24 h for molds;

¢ from about from 2 h to about 8 h, 2 hto about 6 h, from about 4 hto about 8 h, or
from about 4 b to about 12 h for a fast growing microorganism such as £, coli at or

near an optimal growth temperature such as 37°C,

44



L

10

9]
<D

CA 03012425 2018-07-24

WO 2017/130059 PCT/IB2017/000086

s from about 4 b to about 12 h, from about 4 h to about 16 b, from about 4 h to about 18
h, from about 4 h to about 24 b, from about 4 h to about 48 h, from about 6 h to about
12 h. from about 6 h to about 16 h, from about 6 h to about I8 h, from about 6 h to
about 24 h, from about 6 b to about 48 h, from about & h to about 16 h, from about 8 hh
to about 18 h, from about & h to about 24 h, or from about 8 hto about 48 hfora
slower growing microorganism such as Listeria spp. at or near an optimal growth

temperature such as 37°C;

e from about 4 h to gbout 12 b, from about 6 h to abowt 12 b, from about 6 h to about 16
h, from about 6 h to about 18 h, from about 6 h o about 24 h, fiom about 6 h to about
48 h, from about 8 h to about 12 h, from about 8 b to about 16 h, from about 8 h to
about 18 hy, from about 8 h to about 24 h, from about 8 h to about 48 h, from about 12
hto about 16 h, from about 12 h to about 18 h, from about 12 hto about 24 h, or from

about 12 h o about 48 b for a yeast or mold.

[6163] In some cases, after incubation at the microbial growth temperature, droplets or
capsules are mcubated at a second temperature. The sccond temiperature can be lower (e.g., 4
°(} for short term storage. The second temperature can be higher (e g, 65 °Cor 93 °Cito
form capsuics, lyse target microorganisms, release nucleic acid, and/or mitiate amplification
and/or detection by thermocyceling. In some cases, after incubation at the microbial growth
temperature, droplets or capsules are meubated at a temperatare selected for fluorogenic or
colonmetric detection of an cnzyme that is not substantially active against a fluorogenic or
colornimetric substrate at the microbial growth temperature. Altemnatively, the enzyme can be
active at the microbial growth temperature and additional incubation temperatures are not
required. In some cases, although the enzyme can be active at the microbial growth
temperature it is sequestered inside the cells of the target microorganism. In such cases, a
high temperature incubation step after microbial growth can be performed to release a

fraction of the enzyme for subsequent detection.

E. Detection
[6i66] The presence or absence of target microorganisms in a plurality of droplets or
capsules can be detected by a vanety of methods, For example, the wnventors have
surprisingly discovered that droplets containing above a threshold concentration of certain
target microorganisms (e.g., after incabation of droplets for a suitable number of target

nmicroorganism doubling times or divisions} exhibit a detectable autofluorescence. Therefore,

g
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after incubation at 3 microbial growth temperature droplets can be assayed for the presence or
absence of autofluorcscence, wherein the autofluorescence is indicative of the presence of the

farget MmiCroorganism.

{6167} In some cases, detection can be detection of turbidity n the droplets. Thus, droplets
in which encapsulated microorganisms have substantially divided can be detected. In some
cases, detection can be detection of fluorescence or absorbance of a fluorophore or
chromophore. For example, a digestion of a flucrogenic or colorimetric substrate such as one
of the substrates of Table I can be detected by detecting dioplets that exhubit characteristic
absorbance or fluorescence.  As another example, fluorogenic probes or intercalating dyves
can be used to respectively detect the presence or absence of a nucleic acid sequence or
double-stranded nocleic acid i general. As vet another example, a pH sensitive
chromophore or fluorophore can be used to detect prosence or absence of a change 1o pH i
the droplets indicating a presence or absence of target microorganisms in the droplets
respectively. In other embodiments, a detectable moicety that specifically binds the
microorganism of interest is used to identify the presence or absence of the microorganism.
Such a detectable moiety can be a labeled protein (e.g., an antibodv, a lectin, fibrinogen).

Markers such as these can be used with and without lysing agents.

[6168} Generally, droplets are identified as positive or negative. Positive droplets are those
that contain microorganisms or contain above a threshold number of nucroorgamsms and
negative droplets are those that do not contain microorganisms or contain below a thresheld

number of microorganisms. In some assays, droplets are analvzed before and after

microorganisms mcreased from the frutial analysis and negative droplets are those for which
the number of microorganisms did not increase from the mitial analysis. Analvsis can be
performed manually, e.g., using an optical microscope or i an automated fashion. Jo some
cases, the automated detection is performed by senally flowmg the droplets through a
detection region configured to detect absorbance, transmission or emission {e.g.,
fluorescence} at one or more wavelengths, In some cases, a spacing fluid is added to droplets
flowing i a channel to a detection region that 1s operatively disposed with respect to a
detector and/or an excitation light source. In some cases, the automated detection is
performed by a high throughput 3D particle counting svstem i a volume of droplets as

-~

described m Nature Communications 5, Article number:5427, do1:10.1038/ncomms6427, 13

46



(]

10

[\
W

CA 03012425 2018-07-24

WO 2017/130059 PCT/IB2017/000086

November 2014, For example, high throughput 3D particle counting can be used to detect &

single-fluorescent droplet in a several mulliliter pool of non-tluorescent droplets.

{6169} The sample can be assayed for total microbial load, total bacterial load, total
coliforms, veasts, molds, or a combination thereof. Altematively, specific microorganisms

are identified and, optionallv, quantified.

F. Betermination of Microorganism Namber
16170} After droplets are detected for the presence or absence of microorganisms, thus
obtaining a number of positive droplets and a namber of negative droplets, the data can be
analvzed to determine a quantitative result, such as microbial load of a food matrix sample or
the presence of a target microorganism in a clinical sample. In some cascs, the fraction of
positive droplets (i.e., ratio of positive droplets over total droplets) s caleulated from the
number of positive and negative droplets. In some cases, the fraction is corrected by fitting
the fraction to a Poisson distribution. The Poisson correction accounts assumes that target
microorganisms are randomby partitioned wito droplets during droplet formation, and
therefore multiple target microorganisms can partition into a single droplet with a finite,
concentration dependent, and predictable probability. In some cases, the value of In{1-p},
where p 15 the fraction of positive droplets, determines the number of target microorganisms
per dioplet and thus the number of target microorganisms m the sample from which the
droplets were generated.
BV, Kits
(6171} Described herem are kits for enumeration of one or more target microorganisms,
determining antimicrobial susceptibility of a target microorganism, or a combination thereof,
The kits can include non-aqueons phase reagents for fornung dual-phase droplets and/or
droplets with sking, such as oil {e.g., fluorous o) and non-agueous surfactant {e.z., 3
flucrosurfactant or mixture contaiing one or more fluorosurfactants). The kit can inclade
aqueous phase reagents, such as skin-forming components (e g, BSA). Additional or
aliernative agueous phase roagents include aqueous surfactant {e.g., a non-ionic non-
fluorosurfactant or a mixture contaming a non-ionic non-fuorosurfactant). The kit can
melude o1 phase reagents such as antifungal agents (e g, dicloran, rose bengal, and/or
chitosan}. The kit can include detection reagents including, but not limited to, one or more
enzyme substrates of Table I, an intercalating dve, an antibody, a lectin, fibrinogen, ora

nucleie acid probe. The kit can include one or more control microorganisms. The kit can
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tnclade one or more test antimicrobials. The kit can include mstructions for carrying out the

methods described herein.

EXAMPLES

Example I: Detection of Antimicrobial Susceptibility

Muaterials and Methods

6172}  Strains with well characterized minimal inhibitory concentrations (MiCs) against a
large variety of drugs (CLSL MI00S21. Performance standards for amtimicrobial
susceptibility testing: twenty-first informational supplement. Wayne, PA: Clinical and
Laboratory Standards Instituie; 2011} were chosen from isolates obtamed from the American
Type Cuolture Collection (ATCC®R). They comprised Escherichia coli (ATCCRZ5922TM),
Staphylococcus aurens (ATCCR29Z12TM), Enterococcus faecalis (ATCCR29212TM) and
Candida atbicons (ATCCR24433TM). Another strain of 8 aureus ATCC®43300 was
studied for which the MIC was not characterized in the CLSI document but determined by
Witte ef af. {Clin Microbiol Infect 2007, 13: 408-412). This strain 18 known to carry an
heterogeneous resistance phenotype was also used with or without induction with

cephalosporins.

[3173] FEach strain was stored as -80 °C frozen stock. Except when indicated, after
overnight cultures m Trypto-casein-soy broth {TCS; Bio-Rad, Marnes la Coquette, France),
all bactenal strains were started from the same adjusted turbidity which was equivalent to
1:100 of a 0.5 McFardand in TCS. For the Candida albicans, the starting turbidity was

equivalentto a 1:10 of a 0.1 McFartand.

Susceptibility Testing

(0174} Droplets were prepared according to the manufacturer instructions (Bio-Rad) using
QX200™ Drroplet Generation 81l for EvaGreen (+surfactant) with the mixing parameters
adjusted for sample volume and approximate number of sucroorgamisms. Turhidity adyusted
cultures were diluted in agueous-phase reagents with a known concentration of antibiotic or

antifungal agents in a 11 ratio of TCS culture to agueous phase reagents (v/v, 10 ul./10 ul).

{6175} The antibiotic and aotifungal agents tested comprised cefoxitn, piperacillin,
nalidixic acid, tetracyclin, vancomyein, tnimethoprim, nitrofurantoin, colistin, nitrofuran,

chloramphenicol, gentamyein, amphotenicin B, fluconazole.
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{3176} As soon as the droplets were prepared, the cariridges, protected by an adhesive film,

were directly incubated at 37 °C {(at 30 °C for the £ albicans).

[6177F Afier 4 and 6 hours of mncubation, droplets were pipetted and introduced nto cell
counting shides (Bio-Rad). The microorganisms were then observed in the droplets using a
nmicroscope {objective 100x or 400x). The approximate counts of droplets canrving

microorganisms as their growth mside the droplets were reported.

{6178} The minimal udhibitory concentration (MIC) was determined as the lowest
concentration of an antunicrobial agent that prevents visible growth of a microorganism {7.e.
a total absence of baciena or a total absence of fungal growth observable m droplets using the

MICIOsCope).

Resuits
LE coli ATCCRI5922

1- Piperacillin: Expected MIC (CLSE) @ 1-4 mg/LL

Reading tumes / 4h
Conc of antibiotic
No autibiotic Growth in more than 30% of the droplets
{ mg/L Limited growth in dropliets with colls forming filaments
2 mg/L Np growth

Ohbserved RIC: 2 mp/L

2- Nalidixic acid: Expected MIC (CLSI) : -4 mg/L

Reading timeg 4h 5h
fCone of
antibiotic
MNo antibiotic Growth in more than 50% of the droplets Growth in more than 30% of the droplets
1 g/l Growih in 20-30% of droplets with cells Growth in about 30% of droplets with celis
fornung filaments formung filaments
2 g/t Growth in 20-30% of droplets with cells One or few small filaments in 10-25% of
forming flaments droplets
4 mg/i One or fow small filaments in 20-30% of No growih
droplets

Observed MIC: 4 mg/L

3- Fetracycline: Expected MIC (CLSI) : 0.5-2 mg/L

Reading d4h Gh
times /Conge
of antibiotic

49




CA 03012425 2018-07-24

WO 2017/130059 PCT/1IB2017/000086
No antibiotic Growth in more than 50% of the droplets Growth in more than 50% of the droplets

0,125 mg/L

Growth in 30-50% of droplets

(Growth i 30-50% of droplets

0.25 mg/lL

Limited growth in few droplets

Growth in 20-30% of doplets

6.5 mg/L

No arowth

No growth

Observed MIC: 8.5 mg/L

4- Trimethoprim: Expected MIC (CL5L ¢ 6.5-2 mg/L

Readinp times
{Cone of
antibiotic

4h

¢h

No antibiotic

Growth in more than 50% of the droplets

Growth in more than 50% of the droplets

0,125 mg/l

Limited growth in few droplets with celis
forming filaments

Growth in 30-50% of droplets with cells
forming filameuts

0.25 mg/

Limited growth in fow droplets with celis
forming filaments

Growth in 20-30% of droplets with cells
forming filaments

0.5 me/L One or few small filaments in about 20% of Limited growth in fow droplets with celis
- g droplets forming filaruents
: Limited growth in few droplets with celis
1 mg/L Mo growth L T T |
¢ = forming filancnis
2 mg/L No erowih Me growth (one small filament in 18-25%
NOE of droplets likely aifact)

Observed MIC: 1 mg/L (4 h) or 2mg/L {6 h)

8- Colistin: Expected MIC (CLAD) : 8.5-2 mg/L

Reading times /
Cong of
antibiotic

4h

6h

Mo antibiotic

Growth in 30- 50% of the droplets

Growth in mere than 50% of the droplets

0.125 mg/L

Growth in 10-20% of dioplets

ND

0.25 mg/L

Limited growth in few droplets

Growih in 20-30% of droplets

0.5 mg/L

Growth in 1 droplet

Growth in about 10 % of droplets

1 mg/l

NI

Np growth

Observed MIC: 1 mg/L

6- Mitrofuran: Expected MIC (CLSIE) : 4-16 mg/L

Reading times /

Conc of 4 ¢h
antibiotic
No antibiotic Growth in > 30% of the droplets Growth in more than 50% of the droplets
I mg/L Growth in approx. 20% of droplets ND
2 mg/L, Limite.d gm W,th ira‘ za.boi?t 20% of dﬂroplei,srwith Growth in approx. 30-50 % of droplets
cells | some of ther forming filaments
4 gl Limited growth in abgut 20% of droplets with Growth in approx. 20 % 01_° droplets with
i cells forming filaments celis; some of them forming filaments
8 mo/l. Np growth No growth
16 mg/L No growth No growth
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Observed MIC : 8 mg/L
7- Chisramphenicol Expected MIC (CESD : 2-8 ma/L,
Reading times /
Cone of 4h ¢h
antibietic
No antibiotic Growth in > 30% of the droplets Growth in more than 50% of the droplets
0.5 mg/L Growth in approx. 30-50% of doplets ND
I mg/L Growth in approx. 20-30% of droplets Growth in approx. 30-30% of droplets
2 g/l No prowth Limited growth in fow droplets with celis
4 mg/L No growth No growth
8 mg/l MNo growth ND
Observed MIC: 2-4 mg/L
8- Gentamvyein: Expected MIC (LK) £ 8.25-1 mg/L
Reading times /
Conc of 4h 6h
antibiotic

No antibiotic

Growth in approx. 50% of the droplets

Growth in wore than 30% of the droplets

0.125 mp/L

Growth in approx. 30% of the droplets

ND

0.25 mg/L

Growth 1 approx. 30-50% of droplets

ND

0.5 mg/L Growth in approx. 30% of droplets Growth in approx. 30-30% of droplets
1 mg/L Few droplets with limited # of cells Few droplets with lhaited # of cells
2mg/L Ng growth No growth

Observed MIC : 2 mg/L

1L S qurens ATCC®29213™™

1- Vancomyvein: Expected MIC (CLSE) : 0.25-1 mg/l,

Reading times /
Cong of
antibiotic

4h

¢h

No antibiotic

Growth in approx. 50% of the droplets

Growth in mwore than 30% of the droplets

0.25 mg/L

Growth in approx. 23-50% of droplets

Growth in approx. 50% of the droplets

0.5 me/L.

1 droplet with cells

Growih inapprox. 10% of droplets

i mg/L

ND

Mo growth

Ohbserved MIC: 1 mg/L

2- Cefoxitin: Expected MIC (CLSE) ¢ 14 mg/L

Reading tivaes /
Cone of

4h

¢h
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antibiotic
No antibiotic Growth in approx. 30% of the droplets ND
0.3 mg/L Growth in approx. 20-30% of droplets ND

| mg/L

Growth in approx. 20% of droplets

Growth in < 50% of dropleis

2 mg/i

No growth

Mo growth

Observed RMIC: 2 mg/L

1. E. faecalis ATCC®29212™

i- YVancomvan: Expected MIC (CLSE : 1-4 mg/L

Reading times /
Coug of
antibiotic

4h

6h

Mo antiblotic

v

Growth in > 50% of the dioplets

Growth in more than 50% of the droplets

0.25 g/l

srowth in 23-30% of droplets

Growth in 20-50% of droplets

0.5 mg/L

Growth in 25-30% of droplets

Growth in approx. 30% of droplets

{mg/L Limited growih in 25-30% of droplets Growth in 20-30% of droplets
2 myg/L XNo zrowth No growth

Observed MIC: 1- 2 mg/L

IV, C albicans ATCC®24433™

I- Amphotericin B: Expected MIC (CLSH : 6.25-1 mg/L

Reading
times /
Conc of

antibioiic

4h

6h

24h

No autibiotic

Growth in 15-20% of droplets

Full growth in approx. 50% of
the deoplets

Full gowth in approx,
50% of the droplets

0,125 mg/L.

Growth in 13-20% of droplets

Full growth in approx. 50% of

Full growth in approx.

the droplets 50% of the droplets
e 21 204090 o the al sraarth A« ,
0.25 mght, Growth in 15-20% of droplets Cirowth in 30-40% of the hﬁ‘? grow :h i approx.
i i droplets 50% of the droplets
Srowih i annrn. 30% ol Srowih in ¢ 3. 209, of
6.5 mp/L Growth in 15-20% of droplets Growilh m1 approx. 30% of Growth in approx. 20% of
droplets droplets

Lirnited growth in 15-20% of

Limited growth (2-3 celis) in

Liruited growth in approx.

/1 ox. 20% droplets wit o .
I mg droplets approx. 20 ;O‘C;l oplets with 2084 of droplets
cells
{imited growth (2-3 cells)in o i
2 mgll 1 cefl in 15-20% of droplets approx. 20% droplets with let,egﬂgm?m nl appIox.
cells 20% of droplets
) s i1t 20%%
4 mg/l. i cell in 13-20% of droplers 1 cell in 10% of droeplets 12 cells in 20% of
droplets
o ;e . . 1 -2 cellsin 20% of
8 mg/L 1 cell in 13-20% of droplets el in 10% of droplets
mg/ 1 cell in 13-20% of droplets i cellin 10% of droplets droplets

Observed MIC: 2- 4 mg/L

U
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2~ Fluconazole: Expected MIC (UL5E) : 6.25-1 myg/L
Reading
1;“]]‘?5 ’ . 4% 6h
Cong ot
antibiotic
No antibiotic Growth in 35-40% of droplets Growth in 33-40% of dropleis
1 mg/L Growth in 25% of droplets Growth in 15-20% of droplets
2mg/l Growth in 15-20% of droplets Growth in 15-206% of droplets
4 mg/L Growth in approx. 15% of droplets Growth in 15-20% of droplets
§ my/L. Limited growih (-4 cells) in approx. 15% of | Limited growth (fow cells) in approx. 13% of
= droplets dropletls
16 m/L Limited growth (1-4 cells) in approx. 15% of Liruited growth (fow cells) in approx. 15% of
droplets droplets
22 mg/l. Limited growth (1-4 cells) in approx. 15% of Limited growth (few cells) in approx. 15% of
droplets droplets
64 mg/L Limited prowih (1-4 cells) in approx. 15%of | Limited growth {even less cells) in approx. 15%
droplets of droplcts
Observed MIC: 8 mg/L

V. 8. aurens ATCC®R43300™Y Expected MIC (JOM) : 16-32 mg/L

50179

The sduction of the resistance was performed by ioculating this strain on

MRSASELECTH (Bio-Rad) followed by an overnight incubation. Colonies were picked up

to perform the bacterial suspension in TCS.

Reading

tivues /
Cone of antibiotic

4 h w/o induction

¢ h w/o induction

No anti

biotic

o/

Growth in approx. 20%
of droplets

Growth in approx. 20%
of droplets

4 mg/l

Mo growth

Limited growth (few
cells) in fow of droplets

8 mg/L ND No growth
16 mg/L ND ND
32 g/l ND ND

Observed MIC: 2-4 me/L using non induced strain

10

Reading times /
Cong of auntibiotic

4 I with induction

6 hwith induction

o antibiciic

Growih in approx. 20% of droplets

Growth n 50% of droplets

4 yup/l.

Limited growth (few celis) in
approx. 16% of droplets

Limited growth (few cells) in less
than 10% of droplets

8 mg/L

Limited growth in few droplets

1 droplet with cells

16 mg/L

Very Hmited growth {few cells) in
few droplets

No growth

32 mg/LL

No growth

ND

Observed MIC: 16-32 mg/L with induced strain
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(3180} As illustrated in the foregoing resulis, MICs against a variety of test antimicrobials
can be accurately and rapidly determined for a variety of target microorganisms using water-

in-oil droplet compositions and methods described herein,

Example 1I: Enumeration of Microorganisms

1. Encapsulation and Growth

{3181} Goal: To investigate whether 1) bactenal cells can be encapsulated 10 droplets using
water-in-oil droplet chemistry, i) bacterial cells can grow inside droplets and 1i1) bactenal
cells can metabolize a substrate in droplets in order to generate a fluorescent signal. For this
purpose a pure culture of Lscherichia coli cells was encapsulated n droplet in the presence of
4-Methyiumbellifervl-p-D-glucaronide and incubated at 37 °C for various timies. Droplets

were then observed with either visible or fluorescent microscopy.

{3182} Materials and Methods:
® I coli ATCC 25922 was grown overnight in Tryptone-Sova Broth.
» The colture was diluted in order to obtain:

o Droplets cultwre: A 10 efu/mi bacterial suspension in Buffered Peptone Water
supplemented with 4-Methylumbelhiforvi-B-D-glucuronide (100 mg/l) and
Pluronic F-98 (1%). 20 ul of this suspension were nuxed with 50 ul of
X200 Droplet Generatton Oil for EvaGreen (surfactant) {(Available from
Bic-Rad Laboratories}) with the Bio-Rad droplets generator system. The
droplets then were transferred nto a 96-well microplaie.

o Bulk reaction: A 50 ofivml bacterial suspension in 5 mi of Buffered Peptone

Water supplemented with 4-Methvivmbelliferyl-B-D-glucuronide (100 mg/l)

and Pluronic F-98 (1%},
e Both microplates and tubes were mevbated af 37+1 °C for 24 hours.
e Aficr G, 4, 6, 8 and 24 hours of incubation;

o A sample of droplets was observed with the ZOE Fluorescent Cell Imager

{Bio-Rad) i the visible channel and the blue fluorescence channel.

o A sample of droplets was tested with the Bio-Rad droplet reader QX200.
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o Inthe same time, the 5 mi tube was observed under uliraviolet light using a

Wood lamp at 365 nm.

[6183] Results: As shown on FIG. 1, bacicrial growth can be detected from 6 h following
encapsulation. Growth could be followed either by direct ebservation of droplets full of
bacteria or owing to the emission of a blue fluorescence. Control experiments without MUG
substrate (not shown) as well as expeniments with other bacteria (see 4) demonstrated that
this blue fluorescence was due to the auto-fluorescence of the droplet loaded with bactena.
The substrate was likely leached into the oil phase. Conversely, metabolization of the
substrate was obscrved in the bulk reaction (not shown)}. This lack of metabolization was
confirmed with Listeria. Yet, this expenment indicated that it 15 possible to encapsulate and
grow bacteria within droplets in a short time. The autofiuorescence in droplets phenomenon

has not been previously described.

2. Food Matrices
i3i184] Guoal: To wnvestigate whether the gencration of droplets 1s compatible with a
suspension obiained from 3 food matrix diluted 10-fold 10 buffered peptone water. Several

matrices were used for a proofof-concept experiment.
[G185] Materials and Methods:

s 25 g of a food matrix {(ground beef with 5% and 15% of fat content, ham, raw
milk, raw milk camembert and grated carrots} were weighed in a stomacher
bag containing 2 280 pm filer.

¢ 225 ml of Buffered Peptone Water supplemented with 4-Methyviumbelliferyl-
B-D-glocuronide (100 mg/ly and Pluronic F-98 (1%) were added to the bag.

#  The food sample was suspended in the broth using a stomacher system for 2
Mminios.

e 20 ul of the food saspenston were mixed with 30 pl of GX200™ Droplet
Generation (il for EvaGreen (tsurfactant) with the Bio-Rad droplets
zenerator system.

# The food suspensions and the droplets obtained were observed with the ZOE

Fluorescent Cell Imager in the visible channel.

U
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[3186] Results: Visual inspection of droplets {visible microscopy) showed that droplets

were actually generated whatever the food matrix. All droplets were homogeneous in size and
their stabilitics over time were comparable. This result indicated that the standard protocol for
sample preparation from food matrices is compatible with droplet generation within the Hmits

of the matrices tested so far (FIG. 2).

3. Time~to-Result

{01871  Goal: To deternmine whether growth of bacteria encapsulated from a food
suspension can be detected at an carlier time than when the same suspension is streaked on a
petri dish. For this purpose, a bam matrix was contaminated with 7. co/i, and a sample of the
homogenized matrix was either encapsulated or streaked on a Petri dish before incubation at

37 °C for various fimes,
[6188] DMaterials and Methods:

» 25 g of ham were suspended in 225 mi of Buffered Peptone Water and Pluronic F-98
{196} in a stomacher bag with a 280 i filter using the stomacher system for 2

minufes.

e An overnight culture of I cofi ATCC 25922 i Tryptone-Soya Broth was dituted in

order to spike the ham suspension at the level of 10° cfu/mL.

# 20 ul of this suspension was mixed with 50 ul of QX200™ Droplet Generation (al
for EvaGreen {(+surfactant) with the Bio-Rad dropicts generator svstem. The droplets

were transferred into an Eppendort microplate.
e Scrial dilutions of the ham suspension were camied out and spread on a TBX agar.

e The Eppendorf microplate and the TBX plates were incubated at 3741 °C for 24

hours.
e After 0, 4, 6, 8 and 24 hours of incubation:

o A sample of droplets was observed with the ZOE Floorescent Cell Imager

(Bio-Rad) in the visible channel and the blue fluorescence channel.
o A sample of droplets was tested with the Bio-Rad droplets reader X200,

# In the same time, the TBX agar plates were observed.
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{3189} Results: Growth of the bacteria encapsulated in droplets was readily deteciable
cither by visible microscopy or by flucrescent microscopy owing to the autofluorescence
phenomenon described above. Bacteria were detected as carly as 6 h following encapsulation
whereas the colonies were not detected betore 24 h on the Petni dish. Durect visual

5 enumeration the positive droplets or reading the positive droplets with the QX reader yielded
an estimate close to the expected number of bacterta and matching the visual cnumeration on
Petni dish. Altogether these results demonstrated that droplet encapsulation can be used to

erumerate bacteria prosent in a suspension of a food sample (FIG. 3}

4. Other Bacteria, Yeasts, and Molds
1 [0196]  Goal: To prove that the principle of carly detection of bacterial growth in droplet

can be extended 1o other bacieria and microorganisms.
[0191] DMaterials and Methods (Bacteria and Yeast):

®  FEnterobacter cloacae ATCC 13047, Enterobacter aerogenes ATCC 13048,
Clitrobacter freundii ATCC 8090, Baceillus subtilis ATCC 6633, Staphyiococcus
13 aureus ATCC 25923 and Candida albicans ATCC 10231 were grown overnight in

Tryptone-Sova Broth.

e The cultures were then diluted in order to obtain a 10° cfu/ml cells suspension in
Buffered Peptone Water supplemented with Pluronic F-98 (1%). 20 ul of these

suspensions were muxed with 50 pl of QXZ00™ Droplet Generation Ol for Eva

]
<

Green (surfactant} with the Bio-Rad droplets generator system. The droplets

obtained were transferred in a well of an Eppendorf microplate.
s The microplate was incubated at 37+1 °C for 24 hours.
&  After 0,4, 6, 8 and 24 hours of mcubation:

o A sample of droplets was observed with the ZOE Fluorescent Cell Imager in
23 both the visible channel and the blae fluorescence channel.
o A sample of droplets was enumerated with the Bio-Rad droplets reader

QX 200.

[6192] Results: All bactenia (gram negative as well as granm positive) and yveast could be
detected by visual examination of droplets within various times following encapsulation (see

30 FIGS. 4 and 5). Autoflucrescence was detected, although with various intensities.
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Enmtervbacteriaeeae gave rise 1o a strong aosto-flucrescence within 3 h, whereas 24 hr were
required to obtain a sunilar signal for Bacillus subtilis. Staphviecoccus aureus elicited a
weak signal and Listeria (see also 6) did not give rise 1o a fluorescence signal. All
roicroorganisms could be enumerated using the QX200 reader, although the mtensities of the

posttive droplets varied as a function of the avtoflugrescence mtensity (see FIGS. 6 and 7).
(3193} Materials and Methods (Mold):

s Aspergillus niger T646 (Bio-Rad internal strain collection number) was grown for 5

davs on a sabouraud agar.

# The spores were then harvested with a loop and were suspended in Buttered Peptone

Water.

# The spores suspension was diltuted in order to obtain a 107 ¢fi/ml spore suspension in
Butfered Peptone Water supplemented with Ploronic F-98 (19%). 20 ul of these
suspensions were mixed with 30 wl of QX200™ Droplet Generation (il for EvalGreen
{(+surfactant) with the Bio-Rad droplets generator system. The droplets obtained were

transferred in a well of an Eppendorf microplate.
e The nucroplate was meubated at 37+1 °C for 24 hours.
e After 0, 4, 6, 8 and 24 hours of incubation:

o asample of droplets was observed with the ZOE Flusrescent Cell Imager from

Bio-Rad m the visible channel and the blue fluoresconce channch.
o asample of droplets was tested with the Bio-Rad droplets reader QX200.

[G194] Results: Mold growth could be observed in droplets although, conversely to
bacteria and veast, mold growing led to an chservable amount of droplet coalescence, likely
due to the protrusion of hyvphac through droplet membrane (FIG. 5). Alternative droplet
chenustries can be used to prevent this fusion effect. Mold growth gave rise to a weak but

detectable autofluorescence.

3. Listeria Species
[6195F Goal: Listeria is a slow growing bacteram. This expertment was undertaken to
determine whether Listeria growth in droplet can be detected within 24 h. Moreover we also

studicd whether a specific substrate can be used for detection. Three species of Listeria were
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mixed together o represent a Lisrerio spp. population and grown in droplets in the presence

of 4-Methylumbeliferyi-B-D-glucoside.
[6196] Materials and Methods:

s Listeric monocviogenes ATCC 13932, Listeria innocua ATCC 33090 and Listeric

5 grayi ATCC 19120 were grown overnight in Tryptone-Soya Broth.
o The cultures were then diluted in order to obtain:

o a 10’ cfu/mi bacterial suspension in Buffered Peptone Water supplemented
with 4-Methviumbelhfervl-p-D-glucoside (100 mg/1) and Pluromc F-98 (196}
26 pl of this suspension were muxed with 50 pl of QX200™ Dropiet
10 Generation (4 for EvaGreen (+surfactant) with the Bio-Rad QX200™ droplet
goncrator svstem. The droplets obtaned were transforred imto a well of a

microplate.

o a 30 cfu/ml bacterial suspension in 3 ml of Buftered Peptone Water

supplemented with 4-Methylumbethferyl-g-D-gluconide (100 mg/l) and

15 Pluronic F-98 (1%).
¢ The microplate and the tubes were meubated at 3741 °C for 24 hours.
e After G, 4, 6, § and 24 hours of mcubation:
o asample of droplets was observed with the ZOE Fluorescent Cell Imager in
the visible channel and the blue fluorescence channel.
20 o asample of dropicts was tested with the Bio-Rad droplets reader QX200.

& In the same time, the 5 mi tube wags observed under ultraviolet Heht using a Wood

famp at 365 nm.

{6197} Results: As shown on FIG. 4, bottom right panel, bacterial growth can be detected
within 24 h by direct obscrvation of droplets full of bacteria. No fluorcscence was detected,
25 thereby mdicating that 1} no avto-fluorescence was generated by Lisferia growth and 1) the
MUG substrate was not metabolized or not metabolised enough to elicit a detectable signal as
already noted with &£. cofi. Growth can likely be detected in a shorter time under optimized

conditions. More sensitive substrates can be readily screened. Moreover this experiment was
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carried cut with a media that 1s not optimized for Listeria growth. Better results are expected

with a dedicated broth.

6. Use of an ALDOL® Sabstrate for Detection of Coliform Bacteria (£ cof)
[6198F Goal: A green Huorescence substrate specific for B-galactosidase expressing
coliforms such as £, coli was performed to assess whether altemative substrates could

perforo better than MUG.
[3199] Muaterials and Methods (Bacteria and Yeast):
e [ coli ATCC 25922 was grown overnight i Tryptone-Soya Broth.

¢ The culture was diluted in order to obtain a 10° cfu/ml bacterial suspension in
Buffered Peptone Water supplemented with Aldol®458-8-D-galactoside (100 mg/)
and Pluronic F-98 (1%}, 20 ul of this suspension were mixed with 50 pl of QX200™
Droplet Generation Gl for EvaGreen (+surfactant) with the Bio-Rad QX200™
dropiet generator systerm. The droplets obtained were transferred to a well of a

microplate.
s The microplate was incubated at 37+1 °C for 24 hours.
e  After G, 4, 6, 8 and 24 hours of mcubation:
o asample of droplets was observed with the ZOE Fluorescent Cell Imager
from Bio-Rad n the visible channel and the green fluorescence channel.
o asample was tested with the Bio-Rad QX200dvoplet reader.

[6280) Results: After 6 h, a clear green tluorescent signal was observable (see FIG. 8},
This signal was different from the blue fluorescence obtained in similar conditions in absence
of the substraie. The fluorescence could be read on the FAM channel of the QX reader (not
shown} and gave rise 1o a stronger fluorescence than the blue avtoflucrescence, thereby

demonstrating that a specific substrate can be used to identify bactenia in droplets.
7. Detection of Microorganisms Using An Antibody as a Marker

{281} An anti-Candida antibody Ac EBCA | (Bio-Rad Laboratories) that recognizes C.
albicans was labeled using Kit Lynx LNKO24RPE {Abd Serotec). After overnight cultures in
sabouraud agar (Bio-Rad Laboratories), droplets were first made by adding a muxture (v/v) of

C. albicans ATCCR24432TM (1 McFarland) to dilutions of the conjugate from 1/25 to 1/200.
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The samples were read using the ZOE™ Fluorescent Cell Imager (Bio-Rad Laboratories).
FIGS. OA and 9B show clear fluorescence at (Ty) using an inceulum equivalent

tolMcFarland and conjugate at 1/200.

{0262} In an additional expenment, droplets were made by addimg a muxture {viv) ofa
reduced inoculum of C. adbicans ATCCR24433TM (0.1 McFardand) to dilutions of the
conmjugate from 1/25 to 1/200, then were meubated at 30°C. The samples were read using the
ZOE™ Fluorescent Cell Imager (Bio-Rad Laboratories) after 5h or 24h. FIGS. 10A-10C are
tmages of inoculum equivalent to 0.1 McFarland and conjugate at 1/200 after 3 hours. FIGS.
11A-11C are images of inoculum equivalent to 0.1 McFarland and conjugate at 1/200 after 24

hours.

[0203] € parapsilosis (ATCC®22019™), to which the antibody docs not specifically
bind, was studied 1 the same way as C. albicans above. FIGS. 12A and 128 are images of
inocuhun equivalent to 1McFarland and conjugate at 17200 at To. No microorganisnt is

visible as would be expected as the antibody docs not specifically bind O parapsiiosis.

{6204} In another experiment, an anti-PBP2a antibody (Biosource clone M0O071933) that
recognizes PBP2a indicative of the resistance against methiciilin in Staphviococeus aureus
{SA) was labeled using Kit Lynx ENK174PETR (Abd Serotec), After overnight cultures on
blood agar plates {Bio~-Rad Laboratories), droplets were first made by adding colonies of cach
of the 4 tested strains of MSSA and MRSA (1/30 of a 0.5 McFarland, equivalent to
approximatelv 1-10 bacterial cell in 20 droplets) to the conjugate at 1/200 supplemented by
Bovine serum albuman (BSA) +/- cefoxatin (FOX at 0 or 2 mg/L) n broth.  After incubation
at 37°C for 3 hours, the samples were read using the ZOE™ Fluorescent Cell Imager (Bio-
Rad Laboratories). The tables below show growth (visible) and labeling (Ruorescence)

obtamned for the teosted strains of MSSA and MRSA.

. . BSA 2.5% BSA 2.5% +
, + FOY & FOX 2

Strains BSAG+FOX G +FOX § BSAG+FOX 2 FOX 2

RMSSA o . o S
ATCC 6538 Growth + Growth +> Growth — Growth -
AT2%§§213 Growth (+) Growth +> Growth — Growth -
13T§§§2§47 o | Growh() | Gowh(¥) | Growth(+) | Growth+

MRSA
ATCC BAA Growth + Growth +> Growth +< Growth +>

2312
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Strains | BSAO+FOX0  PonZS\ psa g poxz | PO 2SN
A :gzséssg Fluo ++ to -+ Huf:r o BN - BN -
AT?@S%@ 3| Fuostor | o+ BN (+) BN (+)
ATE’%%M g | Fluosto++ Fluo ++-+ }BI\‘“:O (:} Fluo +++
A’f%%gm Fluo + Fluo ++10 Fluo + Fluo ++to
2312 o o

W

[\

[6205F BSA was added 1o the broth to increase the growth and to aide the identification of
the SA strams. Adding BSA promotes the production of a micro-colony of bacterial cclls
{i.e., the bactenial cells form a cluster instead of remaining single} which in tum emits a

stronger detection signal, thereby aiding detection of microorganism.

The antibody detected both MRSA and MSSA when it was supposed to be specific for
MRSA, FOX was then added to inhibit specifically the growth of MSSA and fo obtain a
fluorcscent signal mited to MRSA. Background noisc (BN) was observed duc to
fluorescence not related to bacterial cells. The concentration of antibody may be adjusted to

reduce background flaorescence.

[6206} The results show that MRSA could be detected in droplets even at a low
concentration within 3 hours by using a combination of labeled antibody, BSA and

cefamycin.
8. Detection of Microosrganisms Using Fibrinogen as a2 Marker

{6207} Fibrinogen (Sigma Aldrich) that binds to Staphyiococcus aureus (5. aureus cells
express surface proteins that promote attachment to host proteins such as fibronecting was
labeled using Kit Lvox LNKI74PETR (Abd Serotec). After overnight cultures on biood agar
plates (Bio-Rad Laboratorics), droplets were first made by adding a suspension of colonies of
each of the 4 tested strans of MSSA and MRSA (1/50 of a 0.5 McFarland, equivalent to
approximately 1-10 bacterial cell in 20 droplets) to the conjugate at 1/200 supplemented by
Bovine serom albumin (BSA) +/- cefoxitin (FOX at 0 or 2 mp/L) in broth. Afier incubation
at 37°C for 3 hours, the samples were read using the ZOE™ Fluorescent Cell Imager (Bio-
Rad Laboratories}. The tables below show growth (visible) and labeling (fluorescence)

obtamed for the tested strains of MSSA and MRSA.
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BSA G+ BSA 2.5% + BSA O+ BSA 2.5% +

Strains FOX 0 FOX FOX 2 FOX 2
MSSA ) i o N L
ATCC 6538 Growth + Growth + Growth Growth
MSSA n : . N " ‘
ATCC 29313 Growth (+) Growth + Growth - Growth -
MRSA o - | - ; o
ATCC 49476 Growth (+) Growth (+) Growth (+) Growth +
MRSA
ATCC BAA Growth ~ Growth +{+) Growth ~ Growth +(+)
2312
Strains BSA G+ BSA 2.58% + BSA G+ BSA 2.5% +
SHAMS FOX 0 FOX 6 FOX 2 FOX 2
PVESSA& L o 3 A {1
ATCC 6538 Floo ++ Fluo +++ BN (+3 BN {+}
Fluo ++ 1o
MSSA L - N . e
ATCC 29213 NS Fluo =+ BN (5 BN ()
BN (H)
Fluo ++ to
MRSA - N ) -
o , Fiuo +++ Fluo +++ -t/ Fluo +++
ATCC 49476 BN (1)
MRSA
ATCC Baa BN () Fluo +++ BN () Fluo +++
2312

[0208] The results show that MRSA could be detected in droplets even at a low

concentration within 3 hours by using a combimation of labeled fibnnogen, BSA and

9. Detection of Microorganisms Using An Intercalating Agent as a Marker

[6289] A solution of tmg/mb of propidivm todide (“PI” from Sigma Aldrich) was prepared
and 400ul. were added to 9ml TCS broth (Bio-Rad Laboratorics) previously spiked with S.
anrens ATCC®29213™ (“SA™) at 0.005MeFarland. 10pL of this mix with 10 gL of various
concentrations of cefoxitin ("FOX™) were used to prepare droplets. The samples were read
using the ZOE™ Fluorescent Cell Imager (Bio-Rad Laboratorics) over time up to 8h. The
results demonstrate that Pl can be used to identifv the presence or absence of a particular

microorganism in a sample without a lysing agent being added to the reaction.

[3218] FIGS. I3A and 13B are a sample of SA + PI without FOX after 6h of incubation.
FIGS. 14A-14C are SA + PI+ 0.25mg/L FOX after 6h of incubation. FIGS, 13A-15C are 5A
+ Pi+ 0.5mg/L FOX after 6h of incubation. FIGS. 16A-16C are SA -+ P+ dmg/L FOX after
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6h of incubation. Pl is excluded from viable cells and penetrates the cell membranes of dead
or dving cells. Surpnsingly, PI labeled all viable cells in this experiment. Intercalating
agents are considered toxic for cell growth because they react with DNA, blocking the
replication of the cells. However, by following the tuwbidity of a bactenal culture over time
in the presence and absence of P1, the wnventors observed that PI allowed growth of bacteria

or yeast with only a limited impact.
16. Betection of Microorganisms Using An Infercalating Agent as a Marker and Using
an Additional Heating Step

(6211} Geal: To determine if using an intercalating agent along with an additional heating

step enhances the fluorescent signal detected from droplets having bacterial cells.
[0212] Materials and Methods:

# Buffered peptone water broth without and with 15 uM propidium iodide (PI) was

spiked with Escherichia coli ATCC 25922,

= Droplets were then produced with the Bio-Rad QX200™ Droplet Generator and
Evalreen oif such that one out of ten droplets contatned a smgle bacterial cell. The

droplets were transferred to a microwell and were incubated for 24 howrs at 37°C.
e A portion of the droplets having propidiom iodide were also heated at 90°C for 5
minuies.

e The droplets were then imaged with a ZOE™

field channel (FIGS. 17A-17C) or with a red fluorescent filter (FIGS. 17D-17F).

Fluorescent Cell Imager using a bright-

[6213] Results: As shown in FIGS. 17A — 17C, bacterial growth (G) was observed in
buffered peptone water with no PL with PL and with PI plus an additional heating step.
However, no fluorescence signal was obscrved from any of the droplets when no Pl was
present (FIG. 17D). A weak fluorescent signal was observed from droplets having bacteria
and PI(FIG. 17E). mdicating that P{ can be used to differentiate hetween droplets having
bacterial growth from empty droplets. As shown in FIG. 17F, heating droplets having

bacteria and PI at 90°C for 5 minutes enhances the fluorescence signal.
&

71, Detection of microorganisms using pHrodo® Red as a pH indicator

[0214] Goal: To determine if microorganisms can be detected with pHrodo® Red.

[6215] Materials and Methods (Bacieria and Yeast):
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s Trypione-glucose broth without and with 5 uM pHrodo® Red were spiked with £.
coli ATCC 25922,

s Droplets were then produced with the Bio-Rad GX2Z00™ Droplet Generator and
Evatreen oil such that one out of ten droplets contained a single bacterial cell. The

N0

droplets were transforred 1o a mucrowell and were incubated for 24 hours at 37°C.

» The droplets were then imaged with a ZOE'™ Fluorescent Cell Imager using a bright-
field channel (FIGS. 18A and 18C) or with a red flucrescent filter (FIGS. 158 and
130,

[6216F Results: In the absence of pHrodo® Red, no fluorescence was observed in droplets
having bacterial growth G (FIG. 18B). In the presence of pHrodo® Red, droplets having
bacterial growth produce red fluorescence due to a change in pH mdicator properties in the
presence of acid following glucose fermentation (FHG. 18D), thereby demonstrating that a pH

indicator can be used to identify bacteria in droplets.

12. Use of an ALDOL518® Substrate for Detection of Coliform Bacteria (Enferobacier
aeregenes)

{6217} Goal: A red fluorescence substrate specific for B-glucosidase expressing coliforms
such as Enferobacier aerogenes ATCC 13048 was pedirmed 1o assess whether alternative

substrates could perform better than MUG.
16218} Materials and Methods:

e Buffered peptone water broth without and with ALDOLS18®-B-glucoside at 250

mg/L were spiked with Enterobacter aerogenes ATCC 13048,

e Diroplets were produced with the Bio-Rad QX200™ Droplet Generator and Evalreen
ol to obtain 10,000 bactenia per droplet. These droplets were then difuted with
droplets containing the same broth but no bactena. The droplets obtained were

transferred to a well of a microplate.

& The microplate was incubated at 3741 °C for 24 howrs. The droplets were imaged
with 2 ZOE™ Fluorescent Cell Imager using a bright-field channel (FIGS. 19A and
19B) or with a red fluorescent filter (FIGS. 19C and 19D).

16219} Results: In the absence of ALDOLS 18®-B-glucoside, no flucrescence was

observed in droplets having bacterial growth (FIG. 19C}). In the presence of ALDOLS18®-3-
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glucoside, the B-glucosidase activity of Entferobacter aerogenes ATCC 13048 hvdrolvzes the
substratc and rcleases a fluorsscent ALDOL compound such that droplets having bacterial
growth produce red fluorescence (FIG. 19D, thereby demonstrating that a specific substrate

can be used to identify bactenia m droplets.
13. Inhibition of Mold Growth Outside the Droplet Aqueous Phase Using Dicloran

[3228] Goal: To determine f including an antifungal agent {c.g., dicloran} in the droplet oil

phase inhibits mold growth outside the droplet agueous phase.

{6221} Materials:

Reagent Supplier | Reference | CAS number
Dicloran S Sigma o ac Q
(2 6-Dhchloro-d-NitroAniline) C} Aldrich D67820 v9-30-5
Acetone 1 VWR 2006631 67-64-1
CFDA | Sigma , . .
. o =0 2187 24387-19-5
{53({6)-Carboxyfluorescein diacetate) Aldrich 1879 124387-19-5
DMS0 VWR 23846297 | 67-68-5

{Dmmcthyvlsulfoxide}
YGC broth

Yeast extract 5 e/l
S Bio-Rad | 20 g/L N/A
- Glucose o2
0.3 g/l

- Chloramphenicol

Droplet seneration component | Supplier | Reference
{hl for Eva Green Bio-Rad | 186-4006
Pluronic F68 surfactant 10% DRC -

DGR cartridge | Bio-Rad | 186-4008
DGE gasket ‘| Big-Rad | 186-3009
TC20 counting slide | Bio-Rad | 1450011

[6222] Methods:
Preparation of spore stock suspensions

[6223] Usual foodborne mold strains were grown until the sporudation state (usually for 5
1o 7 days) on the appropriate culture medium at 28°C. Spores were then scraped into 0.05%
Tween 80 sterile solution. The collected suspensions were filtered on several layers of gauze
compressed 1o eliminate most of the hyphae and mycehum fragments. When necessary, the

suspensions were kept under stirring in the dark and at room temperature before the filiration
r=l §
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step to ensure optimal spore release from the fungal stroctures. The spore concentration was
determined in a hemocytometer chamber and/or by plating on agar Petn plates.
{6224} 'The suspensions were then centrifuged for 5 muinutes at 10.000 rpm and the

supernatants discarded. The pellets were resuspended with the appropriate volume of YGC

(]

broth containing 30% of glveero! and the aliguots were stored at -20°C for up to 6 months.
Sample preparation for droplet generation

[6223} Aliguots were thawed at room temperature and washed once in YGC broth to
remove glycerol. The spores were then diluted to the concentration of 10° spores/mL in YGC

broth containing 5% of Pluronic F68 surfaciant.

16 [06226] For the detection assay, fluorogemc substrate CFDA (3(6)-Carboxyfluorescen
diacetate} was added to the YGC broth. The substrate was prepared by dissolving 10 mg m 1
L of BMSO (Dimethvisulfoxide) and 28,75 yL of this solution was added to 10 mb of
YOO broth, [8227)  The CFDA was used at the final concentration of 25 mg/L. taking into

account the 13%-dilution factor due to the surfactant and mocuium volumes.
15 Addition of Dicloran to Eva Green (3l

{6228} Dicloran stock solution was prepared at 40 mg/mL in acctone. The stock solution

wag then diluted to produce working solutions according to tabic below.

Bicloran working Bicioran stock Acetone

solution {mg/L) sohution (ul) {ul)
4 100 909

6 150 850

8 200 300

i2 300 700

16 400 600

20 500 300

{6229} A volume of 10 pb. of the appropriate working sofution was then added to 2 mbL of

20 Ol for Bva Green to reach the targeted final concentrations (0.5% v/v) (see the table below),

Dicloran working Dicloran final concentration m
solution {mg/L) Oil for Eva Groen (mg/l)
4 20
5 30
3 40
2 60
16 80
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{ 20 100

Broplet generation and analysis

{0230} For droplet gencration using the QX200™

Droplet generator, the “sample” and “oil”
wells of a DGE cantnidge were respectively filled with 20uL of the prepared spore suspension
(with or withowt CFDA) and 70uL. of the 01l for Eva Green (with or without Dicloran}). After
the generation process, the droplet emulsions (30 - 33 uLl / well) were transterred to a 96-
well Eppendorf plate and placed at 28°C tor 24 to 48 hours. For analysis, the droplet

; ' ™ T
emulsions (20 pl / sample) were observed with the ZOE™ fluorescent cell imager.

{6231} Results: In the absence of anti-fungal compound {control condition}, mold hvphae
were able to cross droplet membranes and to propagate through the sample, resulting m
droplet coalescence (FIG. 20A). Further growth led to the sporulation of the strain and spores
could be randomly observed in larger droplets (FIG. 20B}. In some cases, strains produced

raycclia that were responsible for clogging at the sample mict of the obscrvation shde.

(6232} When dicloran was added to the oil for EvaGreen at concentrations ranging from 40
to 100 mg/l, the hyphac spreading was inhibited and mold growth was confined within the
droplet. FIGS. 21A - 298 show examples of the inhibition of the mold propagation by
dicloran for several usual foodborne mold strains {e.g, Fusarium graminearum DSM 1096,
Mucor racemosus CECT 20821, Aspergiilus resirictus CECT 20807, Penicillium hirsutum
ATCC 16025, and Eurotium rubrum CECT 20807y, FIGS. 22 and 28 illustrate how the
confinement of the hyvphae i the droplet improved the detection of droplets positive for the
mold when the fluorogenic subsirate CFDA was added to the YGC broth. Note that because
dicloran solution was prepared in acetone, the absenee of nhibition of the strain by the

acetone alone (0.5% v/v) was checked for cach tested mold strain.

14, Inhibition of Mold Growth Qutside the Droplet Agueous Phase with Rose Bengal or

Emazalil

[6233] Goal: To determine if including an antifungal agent {¢.g., ros¢ bengal or imazalil} in

the droplet oil phase idubits mold growth outside the droplet agucous phase.

[3234] Materials:

Reagent Reference | Supplier CAS number
Rose Bengal 3300600 SiEma 632540
Aldnch
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Ethanol 7% Sigma 5d~17-5
Aldrich
{mazabil (Entlconazole) | 320407 Sizma 335584-44-0
Aldeich
Acctone 2006031 | VWR 67641
Y GC broth 3555489
- Yeast exiract 5 g/l . o
- $3tucoge 2(; g/ Bio-Kad RNIA
« Chloramphenicol 83 gL
Mold strain
Aspergtllus vestricos CECT 20807
Pevictilivm hivsuiom ATCL 16625
Droplet generation component | Reference | Suppler
(nl for Eva Green 156-4006 | Bw-Rad
Plyronic F63 sarfactant 10% - DBG
DGE cartridge 186-40G08 | Bio-Rad
D38 gashet 185-304% | Bis-Rad
TC28 counting slide 143001% | Bio-Rad

Methods:

¢ Rose bengal was dissolved in ethanol and added o the (il for Eva Green at the

concentration of 130 mg/L. The final concentration of ethano! in the oif phase was of

0,5% (v/v).

s lmazalil was prepared m acetone and added to the 01l for Eva Green at the concentration

of 0.5 mg/L.. The final concentration of acetone in the oil phase was of 0,1% (v/v}.

s Spore suspensions were encapsulated at the concentration of 105 spores/mb in the YGC

broth to reach the ratio of 1 positive droplet {containing 1 cell) out of 10. Droplet

cmulsions were prepared with Gil for Eva Green supplemented with the appropriate

fungicide.

¢ The droplets were then transferred at 28°C for 24 - 48 hours.

» After incubation, droplet samples were observed under the ZOE™ fluorescent Cell

Imager.
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s Note that the absence of an effect of ethanol on the growth of the strains used to test rose
hengal was checked as was the absence of an cffect of acetone on the growth of the

strains used to test imazalil.

{8236} Resalts: Inthe absence of anti-fungal compound {control condition), mold hyphae
were able to cross droplet membranes and to propagate through the sample, resulting m
droplet coalescence (FIGS. 30A and 31A). When 130 mg/L rose bengal (FIG. 30B) or 0.3
me/L Imazalil (FIG. 31B) was added to the oil for EvaGreen, the hyphae spreading was

inhibited and mold growth was confined within the droplet.
I5. Betection of Microorganisms Using A Lectin as a Marker

[6237F A solution of 3mg/mL of fluorescein-labeled ConcanavalinA ("ConA”™ from
Thermofisher) in sodium bicarbonate was diluted in TCS broth (Bio-Rad Laboratories) or
RPMI previousty spiked with strains (at 1 McFarland for veasts and 0.5McFarland for
bacteria) belonging to the following species: Candida albicans, C. parapsilosis, C. tropicalis,
. krusel, C. glabrata, Cryptococeus neoformans, Bacillus subtilis, . coli, 8. aureus. 20uL
of this mix were used to prepare droplets that were read using the ZOE"™ Fluorescent Cell

Imager (Bio-Rad Laboratories) without any incubation time.

{6238} 'The results (FIGS. 32, 33, and 34 for C. glabraia, C. tropicalis, and £ Coli,

respectively) and the table below showed that Condida (1o, C. afbicans, C. parapsilosis, C.

tropicalis, C. krusei, C. glabrata) can be directly and specifically detected, whereas bacteria

&

such as £ coli did not fluoresce and cannot be detected.

fluorcscence
yes 1o
C. albicans X
. tropicalis X
. glabrata X
. krusei X
C. neaformans x {verv faint}
B subtilis X
E coli X
S qureus X

[0239] In another assay using C. krusei, up to 10% of blood was added before the droplet

making step. The samples were read using the ZOE™ Fluorescent Cell Tmager (Bio-Rad

70



CA 03012425 2018-07-24

WO 2017/130059 PCT/IB2017/000086

Laboratories) at Tp. FIG. 35 15 a merged 1mage of a visible image and a green fluorescence
image from the sample. In FIG. 35, the red bloed cells were grey and the Candida kruset
cells were green fluorescent. The results demonstrate that ConA can be used to specifically

detect the preseuce of Candida species 1 a sample even though it contains 10% of blood.

5 16, Droplet Gelation
[3248] Goal: To deternune (T including a gelling agent prevents a reduction in the droplet
size as veast strains are grown in the droplets.
[6241}] Materials:
Reagent Reference Supplier CAS number
VG broth 3555489 Bio-Rad PA
~ Yeast extract 5o/t
- Glucoae AR D
- Chloramphenicol 0,3 g/l
Sodun algmaie AZISE Sigma GU05-38-3
{viscosiy H00-300 of)
Calcwrn Carbonate 5000616 kerck 471-34-2
{Cal ()
€l for Bva Green 186-4006 Bio-Bad N/
Acgetic and SO0005 VWK 64-19-7
Strain Characteristie
Condida afbicans ATCL 180231 Fermentative strain (broth acidification}
Saccharomyees cerevigice DEM 1333 | Fermentative strain {broth acidification)
Debarvepyees honsers! CLIB 197 Weakly fermentative strain
10
Broplet genevation component | Reference Supplier
11 for Eva {Green 146-4006 Bio-Rad
Pluronie F68 surfactant 10% - OBG
LG8 cartridpe 186-4008 Bio-Rad
PGS gasket 186-300% Bio-Rad
TCZ0 counting shde 1430011 Big-Rad

(6242} Methods:

s Sterile YGC broth supplemented with calcium carbonate (0, 0.5 or 1 g/L) and sodsum

alginate {0, 2.5 or 3.3 g/L) was used as the culture medium.
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s (ells of Candida albicans ATCC 10231, Saccharomyces cerevisiae BSEM 1333 and
Debarvomyces hansenii CLIB 197 were encapsulated in order to observe the effective

gelation of the droplets.

»  Droplets were generated with ol for Eva Green containing 0.1 % (v/v) of acetic acid

unless otherwise indicated.

= Droplet emulsions were incubated for 22-48 hours at 28°C and observed with a

ZOE™ Cell Tmager.

[02437 Results: FIGS. 36A - 42D tllustrate the droplet gelation resulis. FIGS. 36A and
368 show growth of Candido albicans ATCC 10231 i a non-gelled (FIG. 36A) and a gelled
(FiG. 36B) droplet after 22 hours of tncubation. Gelation was obtained by supplementing the
YGC culture broth with 3.3 g/L. of sodium alginate and 1 g/L of calcium carbonate. The
gelled droplets showed no modification of shape. Gelation was only visible with cell growth.
Cells showed movement and scattered o the non-gelled droplets. Cells looked embedded

and grew as mucrocelonies in the gelled droplets.

[6244}] To ensure that the presence of sodium alginate or caleium carbonate alone does not
cause gelation, sedium alginate and calcium carbonate were tested separately in a control
assay with Candida alhicans ATCC 10231 (FIGS. 37A - 37D) or Saccharomyces cerevisiae
DSM 1333 (FIGS. 38A - 38D). FIGS. 37A — 37D and FIGS. 38A — 38D show growth of the
microorganisms i droplets after 24 hours of incubation. Growth of the microorganisms was
in {A) YGC broth; {B) YGC supplemented with 2.5 ¢/L alginate; (C) YGC supplemented
with 0.5 g/L calcium carbonate; or (D) YGC supplemented with 2.5 ¢/L alginate and 0.5 g/L.
calcnum carbonate. Gelation of the droplets occurred only when sodium alginate and calcium
carbonate were present simultancousty, as shown by the formation of micro-colonies in the
posttive droplets {(FIGS. 3713 and 38D). In the other assays (FIGS. 37A - 37C and 38A -

38}, the cells were motile and spread. Arrows show examples of positive droplets.

16245} FIGS 39A - 39C and 40A ~ 40C show the results of experniments using acidifving
and non-acidifving yveast strains and with no acetic acid added to the o1l phase. FIGS. 39A
and 40A are negative controls. Saccharomyces cerevisice DSM 1333 (F1GS. 39B and 40B)
or Debaryomyces hansenii CLIB 197 (FIGS. 39C and 400) were grown m Y G broth
supplemented with | ¢/L calcium carbonate after 24 hours of incubation. The calciom

carbonate was partially dissociated n the presence of acidifving Saccharomyces strain only.
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With the non-acidifving Debaryonvees strain, the particles of calcium carbonate were

observed as i the negative control. Arrows show examples of positive droplets.

[6246] FIGS 41A ~ 41D show the results of a gelation experiment in the absence (FIGS.
41 A and 41C) and presence (FIGS. 418 and 41 D) of acetic acid after droplets containing
Saccharomyces cerecisice DSM 1333 were incubated 24 hours. In FIGS. 414 and 418, the
Saccharomyces strain was grown in YOO broth only. In FIGS. 41C and 418, the
Saccharomyces strain was grown in Y GO broth supplemented with 2.5 /L alginate and 0.5

g/L calcmum carbonate. (elation occurred in the presence or absence of acetic acid.

(6247} FIGKS 42A - 42D show the results of a gelation expenment in the absence (FIGS.
424 and 42C) and presence (FIGS. 428 and 42D} of acetic acid after droplets containing
Candida albicans ATCU 10231 were meubated 24 hours, In FIGS. 42A and 428, the
Condida strain was grown in YGC broth onlv. In FIGS, 42€ and 428, the Candida strain
was grown in YGC broth supplemented with 2.5 g/L alginate and 0.5 g/L calcium carbonate.

Gelation occurred in the presence or abscoce of acctic acid.

{6248} The results demonstrate that a gelling agent can prevent a reduction 1n droplet size
when yeast s grown in the droplets. The results also show that acetic acid is not required in
the o1l phase wher acidifying veast strains are grown in YGC broth supplemented with

alginate and calcium carbonate.

17, Use of an Esterase Substrate or a Phosphatase Substrate for Detection of Various
Strains of Yeast and Mold
(62497 Materials:

Reagent Reference | Supplier CAS number
YOO broth 3535489 Big-Rad N/A
- Yeast extract 5e/L
~{Hucose 20 g/l
- Chloramphenicol 0,3 o/L.
CFDA = Esterase substrate
S{6}-carboxviinorescein diacotale P Sigma 134387-19.5
MExe max = 492 nm ' Aldrich
®Em max = 517 nm
ALDOL" 515 Phosphaie = Phosphatase
substrate A-4721 Biossath |
rExe mmc= 500 nm 7
AEmomax = 610 nm
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BMSO

2384297

YWH

67-58-5

Yeast Strain

Condida albicons ATCC 10231 (FIGS, 43A-438)

Condida tropticalis ATCC 730 (FHGS. 4944983

Kiayverompees loctis CLIB 196 (FIGS. 44A-448)

Zvipsaccharmyces rouxii DBM T325 (FIGS, 434A-4358)

Seccharomyces cerevisice BSM 1333 (FIGE. 50A-50B)

Mold stram

Mucor racemosus CECT 20821 (FIGS. 46A-460. 52A-5200)

Eurotium rubrum CECT 20808 (FIGS 47A-4710)

Fusarium graminearum DAM 1096 (FIGE, 45A-48D, 51A-51DY)

Droplet generation component | Reference | Supplier
Uil for Eva Green 18564006 | Bio-Rad
Pluronic F68 surfaciant 10% ~ DBG

D8 carteudpe 186-4008 | Bio-Rad
D58 gasket 186-300%9 | Buo-Rad
TE20 counting shide 1430011 Bio-Rad

102501 Methods:

The CFDA and the ALDOL®313 Phosphate substrates were dissolved in DMSO and
added 1o YOO broth at the final concentration of 25 mug/L. Some experiments were

also performed with 30 mg/L of ALDOL®315 Phogphate.
The concentration of DMSG was of 0.14% (v/v).

Cell suspensions were encapsulated at the concentration of 105 cells or spores/ml m

the YGC broth to reach the ratio of 1 positive droplet (containing 1 cell) out of 10.

Droplet emulsions were preparcd with Ol for Eva Green supplemented with dicloran
for molds assays (o contine hyphae growth in the droplets).

The droplets were then transferred at 28°C for 24 hours (FIGS . 43A - 45B; 474 -
470 49A — 5213) or 48 hours (FIGS, 46A — 46D; 48A — 48D,

After incubation, droplet samples were observed under the ZOE™ Fluorescent Cell

Imager for the detection of the esterase (CFDA hydrolysis) or phosphatase
{ALDOL®515 Phosphate hydrolysis} activities.
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[3251] Results: FIGS. 43A - 480 show images of vartouas straing of veast and mold
grown i the absence or presence of 25 mg/L CFDA. See the above table of veast and mold
straing for the figure having the given microorganism. In the absence of CFDA no
fluorescence was observed in droplets having veast or mold growth. Tn the presence of
CFDA the esterase activity of the microorgamism hydrolyzes the substrate and releases a
fluorescent compound such that the droplets having veast or mold growth produce green
fluorescence, thereby demoustrating that a specific substrate can be used to identify the

microorganism in droplets.

[0252}  FIGS. 49A - 532D show images of various strains of veast and mold grown i the
absence or presence of 30 mg/L. ALDOL® 5135 phosphate (FIGS. 49A ~ S0B) or 25 mg/L
ALDOL® 515 phosphate (FIGS. 52A - 52D). See the above table of yeast and mold straing
for the figure having the given microorganisme. In the absence of ALDOGLE 513 phosphate,
no fluorescence was observed in droplets having veast or mold growth. In the presence of
ALDOL® 5135 phosphate, the phosphatase activity of the microorganism hydrobyzes the
substrate and releases a fluorescent compound such that the droplets having yeast or mold
growth produce red fluorescence, thereby demonstrating that a specific substrate can be used

to identify the nucroorganism m droplets,
18, Use of a Glucurcnidase Substrate for Detection of £, Colf
[3253] Materials and Methods:

® A pepton-alginate-salt broth supplemented with resorufin-beta-D-glicoronic acid

5
]

methyl ester ™ at 100 mg/L was spiked with Escherichia coli ATCC 25922,

e Droplets were then produced with the Bio-Rad droplets generator and EvaGreen ol in

order to obtain 1/10 of droplets containing 1 single bacterial cell.

e Diroplets were mcubated in a monolayer for 6 hours at 37°C and then imaged with the
ZOE™ Fiuorescent Cell Imaging Svstem using a bright-field channel (FIG. 33A) or

using a red fluorescence filter (F1G. 53B).

(6254} Results: The droplets showing bacterial growth (G) produced a bright red
fluorescence due to the cleavage of the resorufin-beta-D-glucuronic acid methy] ester™
substrate by glucuronidase of the & Coli strain. The demonstrates that a specific substrate

can be used to identify the nucroorganism i droplets.

=3
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[0255] Although the foregoing invention has been described in some detail by way of
itiustration and example for purposes of clarity of understanding, one of skill in the art will
appreciate that certain changes and modifications may be practiced within the scope of the

appended claims,

[T i

10 [6286]  As used inthis specification and the appended claims, the singular forms an',

and "the" include plural referents unless the content cleardy dictates otherwise. Asused
[L74

herein, the torm “about” refers to the recited number and any value within 10% of the recited

number. Thus, “about 37 refers to any value between 4.5 and 5.5, including 4.5 and 5.5,
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THE EMBODIMENTS OF THE INVENTION FOR WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for determining the presence or absence of a micro-organism in a
sample, the method comprising:

1) encapsulating a sample in a plurality of water-in-oil emulsion droplets wherein the
water-in-oil emulsion droplets further encapsulate a microbiological growth medium;

i1) incubating the plurality of water-in-oil emulsion droplets at a temperature
permissive of microbiological growth, and for a period of time sufficient to allow the target
microorganisms to go through 5 to 45 doubling times;

iii) identifying water-in-oil emulsion droplets comprising target microorganisms,
wherein the identifying step comprises detecting autofluorescence in the plurality of water-in-
oil droplets and autofluorescence is indicative of the presence of droplets comprising
microorganisms; and

iv) determining that the target microorganism is present in the sample, wherein the
water-in-oil droplets comprising microorganisms is indicative of the presence of

microorganisms in a sample.

2. The method of claim 1, wherein the target microorganisms are selected from
the group consisting of bacteria, yeasts, and molds and wherein the incubating step is
performed for a period of time corresponding to:

about 4 hours to about 16 hours when the target microorganisms are bacteria;
about 6 hours to about 12 hours when the target microorganisms are yeasts;
and

about 8 hours to about 36 hours when the target microorganisms are molds.

3. The method of claim 2, wherein the target microorganisms are selected from
the group consisting of bacteria, yeasts, and molds and wherein the incubating step is
performed for a period of time corresponding to:

about 4 hours to about 8 hours when the target microorganisms are bacteria;
about 6 hours to than about 12 hours when the target microorganisms are
yeasts; and

about 8 hours to about 24 hours when the target microorganisms are molds.
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4. A method for determining the presence or absence of a micro-organism in a
sample, the method comprising:

1) encapsulating a sample in a plurality of water-in-oil emulsion droplets wherein the
water-in-oil emulsion droplets further encapsulate a microbiological growth medium;

1) identifying water-in-oil emulsion droplets comprising target microorganisms,
wherein the identifying step comprises detecting autofluorescence in the plurality of water-in-
oil droplets and the detection of autofluorescence is indicative of the presence of droplets
comprising microorganisms;and

iii) determining that the target microorganism is present in the sample, wherein the
water-in-oil droplets comprising microorganisms is indicative of the presence of

microorganisms in a sample.

5. The method of any one of claims 1 to 4, wherein the sample is an
environmental sample, a water sample from a recreational body of water, a sample from a

surface, a clinical sample, or a food matrix.

6. A method for rapidly assaying a food matrix for a number of target
microorganisms per unit mass or volume, the method comprising:

1) homogenizing a portion of the food matrix, wherein the portion of the matrix has a
known mass or volume;

i1) encapsulating the homogenized matrix in a plurality of water-in-oil emulsion
droplets, wherein the water-in-oil emulsion droplets further encapsulate a microbiological
growth medium; and

iii) incubating the plurality of water-in-oil emulsion droplets at a temperature
permissive of microbiological growth, and for a period of time sufficient to allow the target
microorganisms to double from 5 to 45 times; and

1v) determining from the incubated water-in-oil emulsion droplets:

a number of water-in-oil emulsion droplets that contain microorganismes,
thereby determining a number of positive droplets, the determining step comprising detecting
autofluorescence in the water-in-oil emulsion droplets and autofluorescence being indicative
of the presence of droplets comprising microorganisms; and

a number of water-in-oil emulsion droplets that do not contain

microorganisms, thereby determining a number of negative droplets; and
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v) determining from the number of positive droplets and negative droplets a total
number of target microorganisms, thereby determining the number of target microorganisms

per unit mass or volume of the food matrix.

7. The method of claim 6, wherein the target microorganisms are selected from
the group consisting of bacteria, yeasts, and molds and wherein the incubation is performed
for a period of time corresponding to:

about 4 hours to about 16 hours when the target microorganisms are bacteria;
about 6 hours to about 12 hours when the target microorganisms are yeasts;
and

about 8 hours to about 36 hours when the target microorganisms are molds.

8. The method of claim 7, wherein the target microorganisms are selected from
the group consisting of bacteria, yeasts, and molds and wherein the incubation is performed
for a period of time corresponding to:

about 4 hours to about 8 hours when the target microorganisms arc bacteria;
about 6 hours to about 12 hours when the target microorganisms are yeasts;
and

about 8 hours to about 24 hours when the target microorganisms are molds.

9. The method of any one of claims 6 to 8, wherein the microbiological growth

medium comprises partially digested protein.

10. The method of claim 9, wherein the partially digested protein comprises a
partial tryptic digest of casein or partial papaic digest of soybean meal or a combination

thereof.

11. The method of any one of claims 6 to 8, wherein the microbiological growth

medium comprises buffered peptone water.

12. The method of any one of claims 6 to 11, wherein the microbiological growth

medium comprises a surfactant.

13. The method of claim 12, wherein the surfactant is a non-ionic surfactant.
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14. The method of claim 13, wherein the non-ionic surfactant is a poloxamer.

15. The method of claim 14, wherein the poloxamer has a molecular weight of

about 1,800g/mol.

16. The method of claim 15, wherein the poloxamer comprises about 80%
polyoxyethylene.
17. The method of claim 12, wherein the microbiological growth medium

comprises surfactant at a concentration of from about 0.01% to about 5%.

18. The method of claim 12, wherein the microbiological growth medium

comprises surfactant at a concentration of about 1%.

19. The method of any one of claims 6 to 18, wherein, prior to the incubation, the

encapsulated microbiological growth medium has a pH of about 7.2.

20. The method of any one of the claims 6 to 19, wherein the food matrix

comprises animal protein.

21. The method of any one of claims 6 to 19 wherein the food matrix comprises a
dairy product.

22. The method of claim 21, wherein the food matrix comprises cheese.

23. The method of claim 20, wherein the food matrix comprises ground beef.

24. The method of claim 20, wherein the food matrix comprises ham.

25. The method of claim 20, wherein the food matrix comprises unpasteurized
milk.
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26.  The method of any one of claims 6 to 18, wherein the food matrix comprises

plantmatter.

27.  The method of any one of claims 6 to 18, wherein the food matrix comprises

20 to 45 Y%fat.

28. The method of any one of claims 1 to 4 and 6 to 27, wherein the oil phase of
the water-in-oil emulsion droplets comprises an oil and a fluorosurfactant, wherein said

fluorosurfactant is selected from the group consisting of:

Cl
Fa F2 [

Fa (i:F;; | ]
C Q[ F _C CF A B CF CE_ Q CF3
FsC” g7 e oo \n/ o \ﬂ/ o” ¢ g7
Fa I n Fo Fa
CFs O O
1 m2

Formula I,
wherein each of A and B is O or NR1, wherein R] is H or an alkyl group; each of m1 and

m?2 is a number from about 10 to 100; and n is a number from about 10 to  60;

CF3
& _olp &\ & fo
F
FsC™ \Ir::/ (i:/ o~ \ﬂ/< v?oa
2
CFy O nz
m3
Formula II,

wherein m3 is a number from about 20 to 50; n2 is a number from about 8 to 30; and R is H or

\\R1

0

N3

cFs [~ % \OJ
N\

0
Cc OLF_C CK. AN

an alkyl group; and

I
0—ﬁ—0 R
O

Formula III,
wherein m4 is a number from about 20 to 50; ¢ach of n3 and n4 is a number from about 5 to

25;n5 is a number from about 0 to 3; and cach of R1 and R2 is an alkyl group or H.

29. The method of claim 28, wherein said oil comprises fluorous oil.
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30.  The method of claim 29, wherein said fluorous oil is 2-trifluoromethyl-3-
ethoxydodeca-fluorohexane or 1,1,1,2,2,3,4,5,5,5-decafluoro-3-methoxy-
4(trifluoromethyl)pentanc.

31. The method of any one of claims 1 to 4, and 6 to 30, wherein the
encapsulating comprises:

providing an aqueous phase including the homogenized food matrix or clinical
specimens or antimicrobial susceptibility test microorganisms and one or more skin-forming
proteins;

forming an emulsion including droplets of the aqueous phase disposed in a non-
aqueous continuous phase; and

heating the emulsion to create an interfacial skin between each droplet and the

continuous phase, to transform the droplets into capsules.

32.  The method of claim 31, wherein the step of heating includes a step of heating

the emulsion to a temperature of about 55 °C.

33. The method of claim 31, wherein the step of heating includes a step of heating

the emulsion to a temperature of about 90 °C.

34, The method of claim 31, wherein the aqueous phase provided includes the

skin-forming proteins at a concentration of about 0.01% to about 10% by weight.

35. The method of claim 34, wherein the aqueous phase provided includes the

skin-forming proteins at a concentration of about 0.1% to about 1% by weight.

36. The method of any one of claims 31 to 35, wherein the skin-forming proteins

are selected from the group consisting of serum albumin, casein, gelatin, and globulin.

37. The method of claim 31, further comprising a step of providing an oil phase

that is used as the non-aqueous continuous phase for the step of forming the water-in-oil
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emulsion droplets, wherein the oil phase of the water-in-oil droplets includes a negatively

charged, fluorinated surfactant.

38. The method of claim 37, wherein the fluorinated surfactant is present at a

concentration of about 0.05% to about 0.5% by weight.

39. The method of any one of claims 31 to 38, wherein the aqueous phase

comprises at least one surfactant.

40. The method of claim 39, wherein the at least one surfactant is present at a

concentration of about 0.01% to about 5% by weight.

41. The method of claim 39, wherein the at least onc surfactant is present at a

concentration of about 0. 5% by weight.

42. The method of claim 39, wherein the at least one surfactant comprises a
poloxamer.
43, The method of any one of claims 1 to 4, and 6 to 42, wherein the determining

the number of positive and negative droplets comprises collecting data from the droplets

travelling serially through a detection region of a detecting device.

44, The method of any one of claims 1 to 4, and 6 to 43, wherein the determining
the number of positive and negative droplets comprises imaging the plurality of water-in-oil

droplets in parallel.

45. The method of any one of claims 1 to 4, and 6 to 43, wherein the determining
the number of positive droplets further comprises correcting the number by applying a
Poisson distribution correction to account for incorporation of multiple target microorganisms

in a single droplet.

46. The method of any one of claims 28 to 45, wherein the target microorganism

is mold and the oil phase comprises at least one antifungal agent.
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47. The method of claim 46, wherein the at least one antifungal agent is selected
from the group consisting of 2,6-dichloro-4-nitroaniline, 4,5,6,7-tetrachloro-2'4"5"7'-
tetraiodofluorescein, (RS)-1-[2-(allyloxy)-2-(2,4-dichlorophenyl)ethyl]-1H-imidazole, and

chitosan.

48. The method of claim 47, wherein the concentration of 2,6-dichloro-4-

nitroaniline ranges from about 5 mg/L to about 200 mg/L.

49. The method of claim 47, wherein the concentration of 4,5,6,7-tetrachloro-

2'4'.5', 7'-tetraiodofluorescein ranges from about 50 mg/L to about 375 mg/L.

50. The method of claim 47, wherein the concentration of (RS)-1-[2-(allyloxy)-2-
(2,4-dichlorophenyl)cthyl}-1H-imidazole ranges from about 0.1 to about 2.5 g/L.
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