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CONJUGATION OF MULTIPLE VANCOMYCIN MOLECULES ON A POLYVINYL
ALCOHOL BACKBONE FOR THE CAPTURE OF MICROORGANISMS

CROSS-REFERENCES TO RELATED APPLICATIONS

{061} This application clams priority to U.S. Provisional Patent Application No.
61/802,011, filed March 15, 2013 and entitled “Conjugation of Multiple Vancomycin Molecules
on a Polyvinyl Alcohol Backbone for the Capture of Microorganisms,” herein incorporated by

reference in its entirety for all purposes.

FIELD OF THE INVENTION
1662} The present disclosure relates to compositions, methods, and kits for the rapid
detection, separation and/or isolation of microorgansrs.  Specifically, the disclosure relates to
compositions, methods, and kits for using vancomycin - PVA backbone complexes to capture
and/or concentrate microorganisms in an aqueous sample, such as gram positive and/or gram
negative bacteria in sohution.
BACKGROUND

ELERY Infectious diseases are one of the world’s most pressing health challenges and the
development of strategics capable of quickly identifying infections presents a difficult challenge
because most of the diagoostic applicatiouns currently employed are slow, expensive, and are not

practical for point-of-care or ficld applications.

{004] Microorganisms such as bacteria and viruses in biological saraples are hard to detect
at low concentrations and usually require long induction or incubation times before further
analysis can be performed. Currently, the identification of microorganisms in biological samples
is a tirne-consuming process. For bacterial detection, body fluid samples must be incubated for
iong periods of time before any bacterial cultures can be positively identified. Methods that can
detect bacteria at uitralow concentrations without time-consuming incubation or amplification
processes thus have certain advantages in clinical diagnosis, food safety, biodefense, and/or
environmental monitoring applications.

HERY Currently, the tdentification of bacteria in aqueouns samples such as urine is a time-

consunung process. Exernplary urine saraples must be incubated for days before positive
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identification of any bacterial cultures can be microorganisms such as bacteria and viruses are
hard to detect at low concentrations and usually require long wmduction or incubation times before
further analysis can be performed. For bacterial detection, body fhiid samples must be incubated
for long periods of time before any bacterial cultures can be positively identified. Methods that
can detect bacteria at ultralow concentrations without time-consuming incubation or
amplification processes thus have certain advantages in clinical diagnosis, food safcty,
biodefeuse, and/or environmental monitoring applications.

SUMMARY OF THE INVENTION
[G06] fo one aspect, the wstaot disclosure s directed to a novel approach which uses PVA-
vancomycin-conjugates to capture and detect microorganisms and/or pathogens such as Gram-
positive or negative bacteria at very low concentrations. The compositions and method of this
disclosure, may accordingly be used to expedite the identification of pathogens (viruses, bacteria,
and fungi} by providing specific and efficient methods for nucrobial separation and/or detection.
{667} This invention is useful in mimmizing the time needed to positively identify the
presence of bacteria in urine samples to a near "real-time” event. This mvention identifies the
specific Higands which atiract and froroobhize bacteria on a sohid support matrix.  This sohd
support matrix, in turn, can be concentrated (thus concentrating the microbes such as bacteria)
leading to positive and rapid ideuotification of bactenia within a short time aficr obtaining the
sample.
1808} In onc aspect, the present disclosure relates fo compositions comprising vanco-PVA
coupled to a microsphere solid support, as well as kits comprising the microspheres, and methods
of thetr usc for the detection, affinity separation, corichment, and/or reducing the concentration
of microorganisms, for example, pathogens, tn a sample. The microspheres or microsphere solid
support may include functionalized protein microspheres, or functionalized magnetic particles,
where the functional groups are capable of binding to said roicroorganisms via ligand-receptor,
antibody-antigen, ionic, or metal-ligand interaction.
[309] fo one aspect, the present disclosure provides method and compositions for the
capture of microorganisms such as gram positive bacteria with a vancomycin-PVA conjugate
immoblized on a solid support. In some aspects, the solid supports for use in the compositions

and methods of this disclosure are beads or particles, which can include, for example,
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microspheres or nanoparticles. In some aspects, the beads such as microspheres or nanoparticles
roay be magnetic,
{8016} In one aspect, the present disclosure provides a synthetic polymer of the general

formula (I):

PV A Backbone
™YY YT YT
O O O O O O
Gt G Gt Gl
/NH NH / NH i N /,NH
Blotin /\ & < < < < fiuorescein
e Fh Fh Ph
Solid support coated // / / 7
with Streptavidin \ < < < & ,1\\
/
Vanoo / Veanccs/ \lanw/ ‘vaa‘co/ Vancg vanm/
(1)

wherein nis 10 to 100,

where the synthetic polyrer coraprises repeating monoroer units of polyvioyl alcobol wherein
cach hydroxyl group is covalently bound to a2 molecule of carbonyldiimidazole, wherein a first
population of the monomeric anits cach coraprises a hnker covaleuntly bound to the
carbonyldiimidazole and a solid support, and wherein a sccond population of the monomeric
units cach comprises activated vancormycin, and wherein optionally a third population of the

monomeric units cach comprises a fluorescent molecule.

{6031 1] In one embodiment, the polymer inchides more of the second monomeric units than of
the first roonoreric units. In one crabodiment, the polymer inclades more of the sccond
monomeric units than of the third monomeric units, In one embodiment, the linker is biotin, In
one embodiment, the activated vancomycin 18 bound to the sccond population of the monomeric
untts through para-xylene diaroine. In one embodiment, the Huorescent wolecule is 5-

{aminoacetamido) fluorescein. In one embodiment, the synthesis of the polymer inchudes at least

[X)
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a ten-fold excess of the second monomeric units. In one embodiment, the solid support
comprises wagnetized particles. In one embodiment, the waguetized particles coraprise

Streptavidin particles.

{8012} In another aspect, the present disclosure provides a method for capturing
nicroorganisms in a test sample comprising: a) adding a synthetic polymer comprising repeating
monomer units of polyvinyl alcohol wherein each hydroxyl group is covalently bound to a
molecule of carbonyldiimidazole, wherein a first population of the monomeric units cach
comprises a linker covalently bound to the carbouyidumidazole and a sohd support, and wherein
a second population of the monomeric units cach comprises activated vancomycin, and wherein
optionally a third population of the monomeric units each corprises a fluorescent molecule to a
solution comprising the microorganisms; b) agitating the mixture from step a) followed by
incubation; Clapplying a magnetic ficld to the mixture from step b); d) removing the lignid from
step ¢); e) transferring the polymer from step d) to agar plates to allow any colony forming units
to proliferated; and f) visually mmspecting the agar plates from step e) for the presence of any
colony forming units. fo one embodiment, the microorganisms are gram positive bacteria. In
one embodiment, the microorganisms are gram negative bacteria. In one embodiment, the
roicroorganistos are selected from Staphyiococcus epidermidis and Streprococcus gallolvticus.
in one cmbodiment, the polymer includes more of the second monomeric units than of the first
monomeric units. In one embodiment, the polymer includes roore of the second monomeric
units than of the third monomeric units. In one embodiment, the linker is biotin. In one
cmbodiment, the activated vancomycin is bound to the second population of the monomeric units
through para-xylene diamine. In one embodiment, the fluorescent molecule is 5-
{aminoacctarnido) Huorescein. In one embodiruent, the polyrer includes at least a ten-fold
excess of the second monomeric units. In one embodiment, the solid sapport corprises
magnetized particles. In one embodiment, the magnetized particles comprise Streptavidin
particles.

{8013} In one aspect, a process for preparing a synthetic polymer of general fornwula (1)

comprising the steps:
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FVA Backbone
/}[ 7 NG g NN ~ A\ g
T T :
Voo oo oot oot oo o o
o & o] O G x, O £ O *\
>NH \ \NH \ \ \NH \NH / g
Biotir < < < < < < flucrescein
. Pl Ph : :
Solid support coated ;o Fh Fh / /Ph
with Streptavidin < < < < « <
/ / / /NE'E
Vanco Vaned VanCD/ \/anc:o/ vancd Vanco'/
(1}
wherein n is 10 to 100,
a} reacting vancomycin with para-xylene diamine to give the compound of formula (1)
T ‘NHQ ' NH?
Vancomyein + / X____// I / \ o
. N e/ Vancomyein—— “Jh S

p-Kylene diamine

an
b} reacting polyvinyl alcohol with a molar excess of carbonyldiimidazole to give the
compound of formula (I}
g P e )J\ - / :E//
% \\g /1 + N’?{\\\;“i \5“§/ \/N ,{ \[/j
é)H \\;:;_.:j \:‘::_,,_-“— e
Polyvinyl alcohal DI o-—-—-—-—-v"f
K="
K
N (111}
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¢} reacting the compound of formmla (I} from step a}, the compound of formula (11} from

step b), a hinker, and optionally, a fluorescent molecule to give a compound of formula (IV); and

PV A Backbone

o o o 0 o o o
R G
/NH NH NH /NH NH N NH /N“i
Riotir < < & <\ <\ Huorescein
Ph Ph Ph Ph Ph =
/r\. /NH /NH /NH \NH NH
Vanco \/ancc’/ vVancd Vanco Vanca/ ance/
d} reacting the compound of formula (1V) from step ¢} with a solid support to produce

synthetic polymer (I}, In onc embodiment, the carbonyldiimidazole 1s used in a molar excess
from about 3 o about 15. In one embodiment, the linker is biotin. In one embodiment, the
fluorescent molecule 18 5-(amincacctamido) fluorescein. In one embodiment, the solid support
comprises magnetized particles. In one embodiment, the waguetized particles coraprise
streptavidin particles. In one embodiment, the vance PV A-specics complexes are separated
aggregation of the vanco-PVA-species complexes under a magnetic field. In one embodiment,
the complex comprises an affinity molecule selected from the group consisting of: a receptor, a
figand, an antibody, a hormone, RNA, DNA, PNA or nucleotide derivatives or analogs, or
wherein the affinity molecule is biotin, or wherein the affinity molecule s an avidin or
streptavidin. In one crabodiment, the PV A backbone 18 conjugated to primary amine containing
vancomycin produced by diaminoxylene (BAX) using HBTU chemistry. In one embodiment,
the PV A- backbone 18 conjugated to avidin. In one embodiment, the PVA- backbone is
conjugated to fluorescene. In one ernbodiment, the PV A- backbone is conjugated to polymyxin
B; antilipid A; antigen; antiEcoli {pAb); lysozyme; deactivated tysozyme; ampicilling anti-FLIC;
cecropin; or bactenecin. In one embodiment, the sample s a liguid selected from blood, serur,

6



WO 2014/151885 PCT/US2014/026614

plasma, spinal fluid, synovial fluid, saliva, urine, semen, cell and/or tissue homogenates. In one
embodiment, the sample coutains a species of bacterium.  In one embodiment, the specics s a
gram~positive bacterium. In one embodiment, the species is a gram-negative bacterium. In one

embodiment, the bacterium is Staphylococcus.

{8014} In one aspect, a coraposition for detecting a species i a sample, comprising  the
polymer of claim 1 s provided. In one aspect, a composition for concentrating or depleting a
species in a sample, comprising the polymer of claim 1 is provided. In one aspect, a kit
comprising the polymer of clairo 1 and nstructions for use 18 provided.

{8015] In another aspect, compositions comprising PVA-vancomycin fluorescene biotin
conjugates are also provided. In another embodiment, the PVA comaplex comprises vancomycin.

{(016] Kits comprising one or more of the disclosed PVA vancomycin complexes are also

provided.
DETAILED DESCRIPTION OF THE INVENTION
{8017} Vancornycin is a well-known glycopeptide antibiotic capable of strongly interacting

with a broad range of Gram-positive bacteria. It interacts with bacterial cells through a
surprisingly simple five-hydrogen bond motif between the heptapeptide backbone of vancomycin
and the D-alanyl-D-alarune dipeptide extending from the cell wall. The wmieraction is quite
strong with respect to small melecule biomolecule interactions, with a dissociation constant (Xd)
of about 1 to 4 micro Molar (M) at pH 7 (stmilar to many antibody _anfigen interactions (Kd = |
micro Molar to about 1 fM). Though vancomycin offers less specificity/ selectivity than
ronocional antibodics, it 1s very attractive as g higand allowing affinity capture of a wide range
of bacteria with a single vancomycin-functionalized particle.

{G018] The present disclosure relates i general to novel chemical entitics corprised of
multiple molecules of vancomycin which are covalently attached to a polyvinyl alcohol (PVA)
backbone via carbodiimidizole chemistry ({CD}. PV A is a water soluble, synthetic polymer with
hydroxyl functions (-OH) attached to every other carbon. The geueral formula for PVA 18 -
(CH2-CHOH n- where "n" is the number of repeating units. Others have atteripted to used CDI
chernistry to attach primary amine-containing compounds to (mPeg, but these reactions tend to
merely "activate” the one {(or two) hydroxyls per molecule of (mjPeg. In the present disclosure,
the inventors have surprisingly and unexpectedly discovered composition and methods based on

cdi-activation chemistry to activate most (if not all} of the hydroxyls on the PVA backbone. The

7



WO 2014/151885 PCT/US2014/026614

methods and compositions described herein allow for multiple attachment points of any primary
amine coutaining compounds iu relatively close proximity to cach other. In certain
embodiments, the present disclosure relates to exemplary primary amines useful for coupling to
the PVA backbone.

{01 9]

Ny
Vancomyein +

N

Vanconyein

p-Xylene diamine

{6020}

M
OH \m,wej \L"“::_// O

Polyvinyl alcohol CDi O

PV A Backbone

O O O O 3 O
S /O g fo /O A
\NH \NH \ \ NH \
Bictm/ < < < < < < fluorescein
. Ph
Solid support coated
with Streptavidin < < < < < <
NH
Vancc/ Vance ‘vanw/ Vamo/ \/amo/ camo/

~d
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{00211 Vancomycin. As an example, vancomycin can be used conjugated or coupled to the
PVA backbone. The exemplary vancomycin can be used to attract and immobilize gram positive

bacteria. Vancomyein 15 a well-estabhished glycopeptide antibiotic specific against grarn positive

the peptioglycan layer of the bacterial cell wall. The inventors have recognized that individual
roolecules of vaucoraycin are attracted to gram-positive cell walls but the mdividual vancomycin
molecules lack the ability (as scparate individual molecules) to immobilize gram positive
bacteria.  However, surprisingly, the inventors have discovered that when large guantities of
vancomycin are attached to the PVA backbone in close proximity to one another, the collective
atiractive forces of many vancomycin molecules are capable of immobilizing gram positive
bacteria in an aqueous solution and/or a fluid sample. Since vancomycin does not naturally
contain a primary amine to readily attach to the cdi-activated PVA, vancorycin must be altered
to contain a primary amine. As an example of synthetic methods as described herein to make
vanco-PVA, modification of vancomycin to contain a primary amine can be accomplished by the
conjugation with diaminoxylene (DAX) via HBTU chermstry, then followed by subsequent
HPLC purification.

16022} Biotin addition to PVA backbone. As an example, biotin is added in small quantitics
to the PVA backbone to serve as an anchoring point between the PVA compond and a solid
support. Once biotin 1s attached to the PVA molecule, 1t can then facilitate the attachment of the
PVA molecule to any solid support coated with streptavidin, An an example, EZ Link-PEQG3-
Biotin was used in this process, it 18 a pre-manufactured aroine containing biotin molecule
complete with a spacer arm (PEG3) to attach to the cdi~-activated PVA.

{6623} Furthermore, in certain embodiments, a reporter molecule such as fluorescein, can be
added in small quantities to the PVA backbone as a veporter to help "visualize” the attraction and
capture of the bacteria in solution. In certain exemplary preparations, S-(aminoacctamido)
fluorescein can be uwsed as an exemplary reporter, the use of this reagent provides a pre-
manufactured amine containing flouroescein molecule to attach to the cdi-activated PVA.

16024} As used herein, microorganism is understood to include any prokaryotic microscopic
organism (including bacteria) or eukaryotic microscopic organism {inchiding protozoa, algae,

yeasts and fungt), and/or viruses. The bacteria can include those generally known as pathogenic

(e
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bacteria, such as, for cxample, specics of Enterobacteriaceae, Vibrionaceae, Bacifius,
Escherichia, Streptococcus, Psewdomonas, Salmonella, Legionella, Enterobacter, ctc. In some
embodiments, the bacteria are gram negative bacteria. In other erabodiments, the sample is gram
positive bacteria.

{B025] As used herein, a support is understood to include a solid formed by a polymeric
material which has, on its surface, a large number of chemical groups necessary for fixing
roolecules of interest.

16020] As used herein, quantifying is understood as determining in an ¢xact manner the
concentration or amount of the microorganism of interest in the sample. Semi-quantifying 18
understood as determining in an approximate manner the concentration of the microorganism of
mterest in the sample. Detecting 18 understood as determining the presence-absence of the
microorganism of interest in the sample.

{6627} As used herein, a “saropic” includes any saruple that is suspected of containing the
microorganism. The sample will generally be of a diagnostic, envirenmental and/or food origin,
and in certain cases will be of biological fluids.

{0028} As used herein, the term “selection” includes both "negative” selection and “positive”
sclection. Negative sclection processes are processes in which the unwanted components are
bound to the functionalized affinity separation particles are iselated during the procedure,
icaving the desired components in the sample. On the other hand, “positive” sclection processes
include separation processes in which the wanted components are bound to the functionalized
affinity separation particles and isolated during the procedure. In certain embodiments,
scparation processes are used to achieve an cnrichment or the desired sample or depletion of the
undesired sample.

{8629] As used herein, detection may invelve, for example, fluorescence assay, enzyme-
linked wmmunosorbent assay (ELISA), optical mucroscope, clectron microscope, or a
combination thercof.

[6038] fo some embodiroents, the biological test sample iuclades a biological flind.
Biclogical fhuids are typically liquids at physiological temperatures and can include naturally
occurring fluids present in, withdrawn from, expressed or otherwise extracted from a subject or
biological source. Certain bislogical fluids derive from particular tissues, organs or localized

regions and certain other biological fluids can be rore globally or systemically situated in a

10
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subject or biological source. Non-limiting examples of biclogical flnids include blood, serum and
serosal fluids, plasma, lymph, urine, cercbrospinal fluid, saliva, wucosal secretions of the
secretory tissues and organs, vaginal secretions, breast milk, tears, and ascites fluids such as
those associated with non-solid turmors-are also suitable. Additional examples include fluids of
the pleural, pericardial, peritoneal, abdominal and other body cavities, and the like. Biological
fluids can further include liguid solutions contacted with a subject or biological source, for
example, cell and organ culture medivm including cell or organ conditioned wedium, lavage
fluids and the like. In other embodiments the biological sample is blood serum, plasma, or the
supernatant of centrituged urine.

{6031} In certain embodiments, the capture of microbial samples such as bacteria sample can
be achieved by coupling of vancomycin (e.g. effective for gram (+) bacteria) to the PVAL
Moreover, the vanco-PVA compounds and composttions of this disclosure can be used in
combination and/or coupled with other capture moictics, such as for exaraple, polymyxin B,
antilipid A, antigen, antiEcoli (pAb), lysozyme, deactivated lysozyme, ampicillin, anti-FLIC,
cecropin, and bactenecin.

18632} The present disclosure also provides a kit for the
determination/detection/separation/concentration/purification of sampics containing
microorganisms. The scope of said determination/detection/separation/concentration/purification
can be semiquantitative or quantitative; semiguantitative determination s understood as onc in
which the result s an cstimation of the order of magnitude of the concentration of the
microorganism of interest in the sample. The kit allows the selective capture of the
microorganism of interest in agueous, water and/or food saroples, its concentration and
separation from the remaining components of the sample, and its colorimetric detection, in a
simple and rapid manner, in situ determination being possible. The kit uses vanco-PVA
molecules directed against the microorganism of interest, immobilized on their surface, which in
the supplied reaction media bind specifically to the microorganism of interest that is present or
potentially present in the sample.

{033} In one aspect, the disclosure provides a method of detecting microorganisms
comprising steps of: (a) contacting a sufficient amount of vanco-PVA moicty with an appropriate

sample for an appropriate period of time to permit the formation of complexes between the

11
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microorganisins and vanco-PVA complexes; (b) aggregate said complexes; and (¢} detecting said
complexes.

10634} in one embodiment, the sensitivity of detection for the method can be at least as low
as 10 colony forming units {(cfuy of the microorganisms m onc mulliliter of selution. The
exemplary method of the present invention is capable of detecting anywhere from about 20, 40,
60, 80, or 100 cfu/mL. In another embodiment, for viruses, the exemplary mcthod of the present
fovention 1s capable of detecting conceutrations at least as low as 10 plaque forming unids per
onc millititer of sohution {pfw/mL) and upwards of about 100, 500, or 1000 pfu/mL.

[6035] fn one ermbodiment, the microorganisros are pathogens. As used herein, pathogens
arc defined as any disease-producing microorganism. Pathogens include, but are not limited to,
bacteria, virases, mycoplasma, algac, amocba, or other single-cell organismus. The bacteria may
be either Gram positive or Gram negative, which may be captured and/or affinity separated .
The bacteria can include, but are not limited to, Staphviococcus aureus, Staphviococcus
epidermidis, coagulase negative staphylococct (UNS), £ cofi, or Vancomycin Resistant
Enterococct {VRE).

18036} The sarople to be tested can be a chinical sample, which may nclude, but 18 not
limited to, bodily fluid samples, smear samples, or swab samples. The sample can also be taken
from the environment, which roay nclude, but 1s not himited to, environmental sources such as
water, air, or soil.

16637} Additionally, the saraple can be taken from food products, which may include, but is
not limited to, Hquid or solid foods that are processed, concentrated, or otherwise artificially
maodified. The present mvention can be very beneficial to the food industry where sensitive
detection of pathogens is desired. Samples, whether in solid, Hquid, or gas form, can be prepared
accordingly (e.g. dilution, dissolution, immersion) s0 as to render them in solution form for use
in the present invention.

18038] The solid supports useful in the compositions and methods of this disclosure include
microsphere sohid supports which may include protein microspheres or magnetic particles. In
one embodiment, the protein microspheres, for example, albumin microspheres, such as human
serum  albumin microspheres.  In some embodiments, the microspheres are unstabilized
microspheres that have not been stabilized, for example by treatment with a cross-linking agent,

tanning agent {such as Cr+++ or other alkali metal tanning agent), or a fixative {such as an

12
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aldehyde, ¢.g.,glutaraldehyde or formaldehyde). In other embodiments, the microspheres may be
stabilized.  Microspheres which are unstabilized may advavtageously be destroyed by
solubilization with a detergent. The solid support particles may also be composed of magnetic
spheres and bead, including but not himited fo, polystyrene, or other polymerie or plastic
micrgspheres, iron, noble metals (such as gold, silver, platinum, or palladium), cobalt, metal
oxides, nickel, or alloys thereofl In one crobodimaent, the ruagnctic nanoparticles are iron-
platinum (FePt), SmCos, Feas, Fer(:, FePd, CoPt, Smloy@Fe0:, SmCoy@Fe:0y,
MiaFe,0, or M@Fe;04, whereby x=1 to 4, y=5 to 20, and M is a magnetic metal selected from
the group consisting of cobalt, vickel, iron, and magnetic alloys thereof. Tn the embodiment

described above imvolving Sm,Co@Fe.0:, SmCo@Fe:0y, M@Fe,0s, and M@Fe:0,, the

v

symbol “@” merely indicates that the magnetic nanoparticles have a SmCoy or M core and a
Fe,(s or Feally shell. Metals which can be magnetic are well known in the art. See Magnetic
Nanoparticles Having Passivated Metallic Cores. The functional group may be an antibiotic,
ligand, receptor, or metal complex.

{3439] In another embodiment, after the bacteria has been captured by the vanco-PVA
complex, a conjugate of Van and biotin {Vau-Biotin) can be bound to the free D-Ala-D-Ala on
the surface of the bacteria. This 18 beneficial, becaunse the binding particles may not exhaust all
the D-Ala-D-Ala {or other biomarkers) on the surface of the bacteria. Thas, the free D-Ala-D-
Ala (or other biomarkers) are available for binding with a second ligand, a biotin conjugate such
as Van-biotin. In some crabodiments, a magnetic ficld can be used to aggregrate the resulting
complexes. By exploiting the interaction between biotin and avidin via an avidin-FITC
{tluorescein isothiocyanate) conjugate, the presence of the bacteria can then be easily reported
using conventional fluorescence or enzyme-linked immunosorbent assays (ELISA}. Detection
may further comprise analysis with an optical microscope, an electron microscope, or a
combination thereof.

{3040} In one embodiment, the sample can be a biological sample selected from the group
consisting of blood, serum, scrosal fluid, plasma, lymph, urine, cercbrospinal fluid, saliva, a
mucosal secretion, a vaginal secretion, ascites fluid, pleural fluid, pericardial fluid, peritoneal
fluid, abdominal fluid, culture medium, conditioned culture medium and lavage flud.

{8041} The solid support may be any material known to those of ordinary skill in the art to

which the antibody may be attached, such as a test well in a microtiter plate, a nitroccllulose
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filter or another suitable membrane. Alternatively, the support may be a bead or disc, such as
glass, {iberglass, latex or a plastic such as polystyrene or polyvinylchloride. The vanco-PVA
may be immobilized on the solid support using a vartety of techniques known to those in the art,

which arc amply described in the patent and scientific literature.

{6042} In certain ernbodiments, the vanco-PVA complex can contain a detectable reporter
moiety or label such as an enzyme, dye, radionuclide, tuminescent group, fluorescent group or
biotin, or the like. Any reporter moicty or label could be used with the methods disclosed herein
so long as the signal of such is directly related or proportional to the quantity of antibody
remiaining on the support after wash. The amount of the second antibody that remains bound to
the solid support 1s then determined using a method appropriate for the specific detectable
reporter moiety or label. For radicactive groups, scintillation counting or autoradiographic
rocthods are generally appropriate. Autibody-cozyme conjugates can be prepared using a variety
of coupling techniques {by way of example, see Scouten, W. H. (1987} A survey of enzyme
coupling techuiques. Methods in. Enzymology 135, 30-65). Spectroscopic method can be used
to detect dyes {(including, for example, colorimetric products of enzyme reactions), luminescent
groups and fluorescent groups. Biotin can be detected using avidin or streptavidin, coupled to a
diffevent reporter group {coramonly a radicactive or fluorescent group or an enzyroe). Enzyme
reporter groups can generally be detected by the addition of substrate {gencrally for a specific
period of time), followed by spectroscopic, spectrophotoruetric or other analysis of the reaction
products.  Standards and standard additions can be used to determine the level of antigen in a
sample, using well-known techoiques.

{8643} Standard recombinant DNA and molecular cloning techniques used in the examples
are well known in the art.

{(344] While the present invention has been described in conjunction with specific
embodiments sct forth above, many alternatives, modifications and variations thereot will be
apparvent to those of ordinary skill ju the art. Al such altervatives, modifications and variations
are intended to fall within the spirit and scope of the present invention.

{0045] EXAMPLES

HEEE LY Prior to the experiments described herein, there was no published protocol that allows

for optimal separation of gram positive or gram nogative nmicroorganisms with a PV A conjugated
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vancomycin, biotin and/or fluoroscein complex. Aspects and embeodiments of the instant
disclosure stem from the unexpected discovery that PVA conjugated vancomycin, fluoroscein
and biotin complex have surprising and unexpected utility and efficacy when used for capture,
separation, and/or 1solation of microorganisms.

{3647} In the experiments described herein, several factors were discovered that allowed for
the uncxpected cnhanced / potentiated cfficacy in the synthesis and/or use of the PVA
vancomycin complex. For exaraple, it was discovered that when large quantities of vancomycin
are attached to the PVA backbone in close proximity to one another, the collective attractive
force of many vancomycin molecules are capable of unmoblizing graro posttive / (and/or
negative bacteria in solation. It was discovered that mmltiple molecules of vancomycin can be
covalently attached to a polyvinyl alcohol (PVA)Y backbone via a modified carbodiimidizole
(CD1) chemistry reaction that can activate most (if not all) of the hydroxyls on the PVA
backbone. This allows multiple attachment poinds of any primary amine containing compounds
in relatively close proximity to each other.

{6048} By way of cxample, methods for synthesizing PV A backbone with Vancomycin,
biotin, and/or fluorescein conjugates were developed.

{8049} EXAMPLE I: Preparation of Vancomycin/Diaminoxylene (DAX) conjugate

{8050] HPLC purified vancomycin-DAX

{6051 First, 300 mg, 274 mg, 115 mg and 78 mgs of Vancomycin hydrochloride (MW of
1485.74 ¢/mole, 202 umoles), p-xylene diarnine (MW of 136.2 g/mole, 2020 umoles), HBTU (2-
{th-benzotriazol-1-yi)-1,1,3,3 -tetramethyhronium hexafluorophosphate MW of 3793 g/mole,
303 umoles), and NN disopropyl ethylamine(MW of 12924 g/mole, 606 umoles) were
dissolved in 1500 ul of DMSQ, 1500 ul of DMF, HBTU (provided in 0.500 molar solution}
{catalog # 401091 lot #EGUE3 from Applicd Biosystems), and as a neat solution respectively.
Next, 200uls of vancomycin hydrochloride solution was placed m a 1 ml vial, followed by 90
microlilters of HBTU solution and 13 microliters of DIEA (used neat reagent of 107 microliters),
the resulting solution was stirred for 10 munutes. This roixtore was then transferred to a separate
vial containing 200 ul of DAX. The mixture was stirred for one hour at room terperature
followed by HPLC purification using the Haroilton Su silica 7mm x 300mm column and an
Agilent Su C-18 4 X 250 mm column.  The resultant HPLC purified vancomycin-BAX was

obtained.
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{6052] Preparation of | mg/mL PVA

{8053} 5.50 mg, B.68 wmg, and 392 mg of high- (83,000-98,000 typical MW, 99+%
hydrolyzed}, mid- (31,000-30,000 typical MW, 99% hydrolyzed), and low- (13,000-23,600
typical MW, 98% hyvdrolyzed) molecular weight PVA [Sigma-Aldrich] were placed in separate
Smi. glass tubing vials respectively. Corresponding quantities (5.50 mi., 8.68 mL, and 3.92 mL}
of anhydrous Dimethyl Sulfoxide (DMSQ) [Sigma-Aldrich] was added to cach tubing vial, then
sealed with Teflon~coated rubber stoppers and a crimped aluminum overseal. The tubing vials
were repeatedly vortexed and then heated to 60°C until all the powdered PVA had dissolved in
all solutions.

{G(54] To make room for the addition of molecular sieves, half (4.34 mb) of the mid-MW
PVA solution was removed from that tubing vial and discarded.  Approximately 5 mb of
molecular sieves [3A, 1.6mm Sigma- Aldrich] was added to cach tubing vial. The tubing vials
were then re-scaled, capped, then mounted on a rotation wheel and rotated slowly overnight to
remove any residual water contained in the BMSG or PVA.

{G055] Activation of PVA with CDI ar {0x molar excess (over available hydroxyls)

{8056 First, 34.9 mg, 40.5 wg, and 38.9 mg of 1.1-Carbonyl-dimidazole (CDI) [Sigma-
Aldrich] were respectively placed in separate Smb glags Reacti-vials [Pierce] fitted with Teflon-
coated Reacti-vial magnetic stirrers {Pierce] and sealed with Tuf-bond Teflon/silicone disc
septums {Pierce]. Bach Reacti-vial was then purged with Argon [Airgas] at approximately 90
co/min for at least (NLT) 2 minutes by mcans of piercing the septum with a 22G needle,
plumbed to the Ar gas line, and vented with a separate 22G needle. The purge needle was placed
as close to the powder at the bottom of the Reacti-vial without actually disturbing it. The purge
needle was placed as close to the septum (top of the vial} as possible. These needle positions
optimize the amount of moisture and air climinated from the Reacti-vial without disturbing the
powder.

18057} Then, I mL (I mg) cach of high-, mid-, and low-MW anhydrous PVA was added to
each of the Reacti-vials via gas-tight syringe. The Reacti-vials were instantly vortexed, then
purged with Ar for NLT 2 minutes, then placed on a magnetic stir plate to mix overnight.

{3858} Vancomycin, Fluorescein, and Biotin conjugates at 0.9x, 0.28x, and 0.28x molar

ex¢ess {pver available hydroxyls), were added respectively.
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{4059] 6.53 mg of Vancomycin/DAX, 047 mg of S-{aminocacctamido} Fluorescein
fInvitrogen], and .51 mg EZ Link Biotin-PEQs-Amine [Pierce] were transterced into a virgin 3
ml Reacti-vial. The Reacti-vial was sealed and purged with Ar as previously described. 300 ul
of aDMSO was added to the Reacti-vial via air-tight syringe, then vortexed until all powder
constituents were dissolved in solution.

{6060} 3 empty Reacti-vials were secaled, then purged with  Ar 100ul. of
vancornycin/fluorescein/biotin/ DMSO was transferved via air-tfight syringe 1oto each vial. Then
65uk (8.065mg) of cdi-activated high-, mid-, or low-MW PVA was cach added to the vials.
Each Reacti-vial was immediately vortexed, wrapped m aluminum foil, then mounted on a
rotation wheel and rotated slowly overnight to allow the vancomycin, Fluorescein, and biotin to
react with the CDI activated PVAL

{8061} Preparation of a PV A control (Biotin conjugation only)

{8062} 13.55 mg Biotin-PEG:-Amine was dissolved in 100 pl ashydrous DMSO, the
sample was then vortexed until the powder was dissolved in the solution. Al 100ul of
Biotin/DMSO along with 1yl of mid-MW cdi-activated PVA (excess previously made above),
and Iml of avhydrous DMSO were all added to a virgin 5ml glass Reacti-vial. A Reacti~vial
magnetic stirrer was inserted into the glass Reacti-vial, then the vessel was scaled with a Tuf-
Boud Teflon/silicone disc septum. The Reacti-vial was then purged with Ar for NLT 2 nunutes
as previgusly described. The Reacti-vial was stirred overnight to allow the biotin to react with
the CDH-active PVA.

{8063} EXAMPLE 2: Capture of m/o+ with PVA/(viancomycin/{fHluorescein/(b)iotin

[30364] Immoblize PVA/v/f/b onto magnetic particles

{B065] 100 ul. of Biomag Streptavidin particles [xxx] was trausferred into a polypropylene
{PP) centrifuge tube and was washed 3-times by the application of a strong magnetic field,
rerooval of the Hauid phase, and resuspension of the wagnetic particles 1n 100ul. of PBS under
vortex. This solution was then divided among 8 new PP centrifuge tubes transferring 10ul of
washed magnetic particles into each centrifuge tube.

{(066] 1ul of the high-MW PV A/N/b was added to tube #31 and tube #02.

{8867} il of the rmid-MW PVA/N/Tb was added to tube #03 and tube #04.

{8068] 1ul of the low-MW PVA/V//b was added to tube #05 and tube #06.

18069] 1ul of the control PV A/b was added to tube #07 and tube #0K.
17
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{6670} Each tube was then vortexed and allowed fo incubate for 30 minutes to allow the

streptavidin coated magoetic particles to bind to the biotin active sites of the PVA.
[6071] Preparation of 5 x10" cel/mL Gram Negative bacteria

10072] Cultures of Staphyviococcus epidermidis and Streptococcus gallolvticus were inttiated
from known colony plates and incubated in LB broth [IPM Scientific] at 37°C overnight. T mL
of cach bacterial solution was fransferred into separate plastic disposeable cuvettes and placed in
a spectrophotorueter {Uvikon 933, Kontron Industries]. The absorbance of both solutions was
measured at 600 nm with LB broth as the reference (zero) standard and found to be 0.326 and
0.283, respectively. Assuming that the cell density is approximately equal to the OD reading x
107, the cell solutions were diluted with PBS to obtain a final cell density of approximately § x
104 cells/mb. Thus, 0.767ul of 8. epidermidis was added to SmL of PBS and 0.884uL of 5.

gallolviicus was added to 5 mL of PBS.

(6673} Addition of 5 x10° cell/mL bacteria to Immoblized PVA

{6074] 100ul x 4 of S. epidermidis was added to tube #01, #03, #05, and #07.

[B075] 100ul x 4 of S. gaflolvticus was added to tube #02, #04, #06, and #08.

{88376] Each tube was vortexed and allowed to incabate for 1 hour at room temperature.
{3877} Propagation of bacteria

{6878} A stroug magnetic ficld was applied to each centrifuge tube until all of the magnetic
particles migrated to one side. With the magnetic ficld still applied, 10pL of liquid (no mag
particles) was extracted from cach centrifuge tube and transferred onto separate LB agar plates
[IPM Scientific]. The liquid on the agar plates were then streaked to distribute the liguid evenly
across the entire surface of the plate. The plates were then incubated at 37°C overnight to allow
any colony forming units (CFUs) to proliferate.

[6679] With the magnetic field stll apphied, the remaining liguid was removed {rom each
centrifuge tube and discarded. Then, with the magnetic field removed, 10uL of PBS was added

to cach centrifuge tube and vortexed to resuspend the wagnetic particles. All 10ul. of magnetic
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particles were then transferred onto LB agar plates and streaked to distribute the lignid evenly
across the entive surface of the plate. The plates were then incubated at 37°C overnight to allow

any colony forming units {CFUs) to proliferate.

{B0R6} All agar plates were removed from incubation and visually inspected for the presence of
CFUs. CFUs (if present) were counted and recorded. Results of cach agar plate count are

tabulated below:

{6081}
Sample Bacteria PVA MW CFU (liquid) CrFU
{immobilized)
Tube #01 N. epidermidis | High {3 300+
Tube #02 S. gallofyticus | High 0 62
Tube #03 S. epidermidis | Mid Y 300+
Tube #04 S. gallolyticus | Mid 0 25
Tube #05 S. epidermidis | Low 0 200+
Tube #06 S. gallolvticus | Low Y 56
Tube #07 S. epidermidis | Control I8 79
Tube #08 S. gallolvticus | Control 9 07

{8082} From the table above, it 1s readily apparent that when vancorycin is conjugated to any
PV A backbone and immobilized on a solid support, that all bacteria are captured by that solid
support. The capture cfficiency appears to be 100% as all bacteria are associated with the

magunetic particles (solid support) and none remain in the surrounding liquid.

{8083} Also, because maguoetic particles can efficiently be separated from their surrounding
liquid, this mechanism of capture would allow for the concentration of bacteria in solution. 1%
{ot less) concentrations of maguetic particles in solution would result v a winimum of 2 orders

of magnitude concentration factors for the bacteria.

{#684] Thus, vancomycin conjugated on a PV A backbone and immobilized on a solid support is

capable of capturing and concentrating gram posttive/ negative bacteria in solution,

{0085] All patents, publications, scientific articles, web sites, and other documents and materials

referenced or mentioned herein are indicative of the levels of skill of those skilled in the art to
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which the invention pertains, and cach such referenced document and material is hercby
incorporated by reference to the same extent as if it had been incorporated by reference in its
entivety individually or set forth herein in its entirety. Applicants reserve the right to physically
incorporate inte this specification any and all materials and mformation from any such patents,
publications, scientific articles, web sites, electronically available information, and other

referenced materials or documents.

{#086] The terms and expressions that have been employed are used as terms of description and
not of himitation, and there is no itent in the use of such terms and expressions to exclude any
equivalent of the features shown and described or portions thercof, but it is recognized that
various modifications are possible within the scope of the juvention as claimed. Thas, it will be
understood that although the present invention has been specifically disclosed by preferred
cmbodiments and optional features, modification and variation of the concepts herein disclosed
may be resorted to by those skilled in the art, and that such modifications and variations are

considered to be within the scope of this mmvention as defined by the appended claims.

{8087} The invention has been described broadly and generically herein. Each of the narrower
species and subgeneric groupings falling within the generic disclosure also form part of the
invention. This includes the generic description of the invention with a proviso or negative
limitation removing any suabject matter from the genus, regardless of whether or not the excised

material is specifically recited herein.

{3088} Other embodiments are within the following claims. In addition, where features or
aspects of the mvention are described 1o terrs of Markush groups, those skilled in the art will
recognize that the invention is also thereby described in terms of any individual member or

subgroup of members of the Markush group.
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What is claimed is:

,FJ

A synthetic polymer of the general formula (I):
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wherein nis 10 to 100,

comprising repeating monomer units of polyvinyl alcohol wherein each hydroxyl group
18 covalently bound to a roolccule of carbonyldiimidazole, wherein g first population of
the mounomeric units each comprises a linker covalently bound to the
carbonyldiimidazole and a solid support, and wherein a second population of the
monomeric units cach coraprises activated vancornycin, and wherein optionally a third

population of the monomeric units cach comprises a fluorescent molecule.

The synthetic polymer of claim 1, wherein the polymer includes more of the second

monomeric ynits than of the first monomeric units.

The synthetic polymer of claim 1, wherein the polyroer includes more of the second

monomeric units than of the third monomeric units.

The synthetic polymer of claim 1, wherein the linker is biotin.
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The synthetic polymer of claim 1, wherein the activated vancomycin is bound to the

second population of the rovnomeric units through para-xylene diamune.

The synthetic polymer of claim 1, wherein the fluorescent molecule 18 5-

{aminoacetamido} fluorescein.

The synthetic polymer of claim 1, wherein the polymer inchides at least a ten-fold excess

of the second monomeric units.

The synthetic polymer of claim 1, wherein the solid support comprises magnetized

particles.

The synthetic polymer of claima 8, wherein the magnetized particles comprise

Streptavidin particles.
A method for capturing microorganisms in a test sample comprising:

a} adding a synthetic polymer comprising repeating monomer units of polyvinyl
alcohol wherein cach hydroxyl group 18 covalently bound to a roolecule of
carbonyldiimidazole, wherein a first population of the monomeric units cach comprises a
linker covalently bound to the carbonyldiimidazole and a solid support, and wherein a
second population of the monomeric units each comprises activated vancomycin, and
wherein optionally a third population of the monomeric units cach comprises a

fluorescent molecule to a solution coraprising the microorganisms;

b) agitating the maixture from step a) followed by incubation;

¢} applying a magnetic ficld to the mixture from step b);

d) removing the hquid from step ¢);

¢} transforring the polymer from step d) to agar plates to allow any colony forming

units to proliferated; and

) visually mspecting the agar plates frora step ¢) for the preseoce of any colony

forming units.
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The method of claim 10, wherein the microorganisms are gram positive bacteria.
The method of claim 10, wherein the microorganisms are gram negative bacteria.

The method of claim 10, wherein the microorganisms are selected from Staphviococcus

epidermidis and Streptococcus gallolyticus.

The racthod of claim 10, wherein the polyraer includes more of the second monomeric

units than of the first monomeric units.

The rocthod of claima 10, wheretn the polyreer includes more of the second wonomerie

units than of the third monomeric units,
The method of claim 10, wherein the linker is biotin.

The method of claim 10, wherein the activated vancomycin is bound to the second

population of the monomeric untis through para-xylene diarmine.

The method of claim 10, wherein the fluorescent molecule 18 5-{aminoacetamido)

fluorescein.

The method of claim 10, wherein the polymer includes at least a ten-fold excess of the

second MONOMEric units.
The method of claim 10, wherein the solid support comprises magnetized particles.

The method of claim 20, wherein the magnetized particles comprise Streptavidin

particles.

A process for preparing a synthetic polymer of general formula (1) coraprising the sieps:
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wherein n is 10 to 100,
a) reacting vancomycin with para-xylene diamine to give the compound of fornmula
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c} reacting the compound of formula (31} from step a), the compound of formula (II)
frorn step b}, a linker, and optionally, a fluorcscent molecule to give a compound of

formuda (IV); and

PVA Backbone
| T T .
fo! O O Jo) 0 0 0
0 «<\0 <\0 <o o < \f (<O <
N NH NH NH NH S
JI"\‘T/ / "/
<\ < fluorescein
F Ph Ph
< < { < { <
/ S / VA
Vanao / Vanm Ve mm/ Vano 0/ Vancg}/ Vanco/
d) reacting the compound of formula (IV) from step ¢ with a solid support to

produce synthetic polymer (I},

The process of claim 22, wherewn the carbonyvidiimidazole is used 10 a molar excess from

about 5 to about 15
The process of claim 22, wherein the linker is biotin.

The process of claim 22, wherein the fluorescent molecule is S-(aminoacctamido)

fluorescein.
The process of claim 22, wherein the solid support comprises magnetized particles.

The process of claim 30, wherein the magnetized particles comprise Streptavidin

particies.
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28.  The method according to claim 10 wherein the vanco PV A-species complexes are

separated aggregation of the vanco-PV A-species complexes vnder a magnetic field.

28, The method of claim 28 wherein the complex comprises an affinity molecule sejected
from the group consisting of: a receptor, a ligand, an antibody, a hormone, RNA, DNA,
PNA or nucleotide derivatives or analogs, or wherein the affinity molecule s biotin, or
wherein the affinity molecule 18 an avidin or streptavidin,

30, Theroethod according to claim 29, wherein the PV A backboue is conjugated to primary

arnine containing vancomycin produced by diaminoxylene {DAX) using HBTU

chernistry.
31, The method according to claim 30, wherein the PV A- backbone is conjugated to avidin.
32, The method according to claim 31, wherein the PV A- backbone is conjugated to
fluorescene,
33, The method according to claim 32, wherein the PVA- backbone 18 conjugated to

polymyxin B; antilipid A; antigen; antilcoli {pAb); lysozyme; deactivated tysozyme;

ampicitiing anti-FLIC; cecropin; or bactenecin.

34, The method of claim 6, wherein the sample s a liguid selected from blood, serum,

plaswa, spinal fluid, synovial flind, saliva, urine, semen, cell and/or tissue homogenates.

3S. The rocthod of claim 6, wherein the saraple coutains a species of bacterium.

36. The method of claim 6, wherein the species is a gram-positive bacteriun.

37.  The method of claim 6, wherein the species 18 a gram-negative bacterium.

38. The method of claim 13, wherein the bacterium is Staphylococcus.

39 A composition for detecting a specics in g sarople, comprising: the polymer of claim 1.
40, A composition for concentrating or depleting a specics in a sample, comprising: the

polymer of claim 1.

41. A kit comprising the polymer of claim 1 and msiructions for use.
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