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CONJUGATES COMPRISING AN N-OXIME BOND
AND ASSOCIATED METHODS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Application No.
61/358,166, filed June 24, 2010, which is incorporated herein by reference.

BACKGROUND

[0002] Oxime chemistry utilizing the highly specific reaction of an aminooxy
group to an aldehyde or ketone has been previously established as a possible conjugation
scheme. This conjugation scheme has been viewed favorably as the reaction between the
aminooxy group and the aldehyde or ketone can occur rapidly and can proceed to high
conversion, often without catalysts. In addition, aminooxy reactivity is significantly higher than
primary amines, thus conferring the desired specificity for certain types of conjugations.
However, one drawback to this approach has generally been the need to engineer the reactants to
contain an aldehyde or ketone group and/or an aminooxy group.

[0003] Other conventional conjugation methods generally also have drawbacks in
that they utilize reaction schemes that involve activating catalysts, include undesirable solvents,
require modification of reactants, or necessitate the generation of intermediates. Additionally,
conditions (e.g., pH, temperature, reagents) for many typical reactions may cause degradation of
the reactants. Furthermore, low reactivity of the molecules or compounds, the addition of
reactive groups, and use of unconventional solvents all contribute to complex reaction schemes,

low reaction yields, or overall inefficiency.

SUMMARY

[0004] The present disclosure relates generally to conjugate compositions
comprising an N-oxime bond and associated methods. More particularly, the present disclosure
relates to conjugate compositions wherein a compound comprising at least one reactive amide
group is reacted with a compound comprising at least one reactive aminooxy group to form a
conjugate composition comprising at least one N-oxime bond.

[0005] In one embodiment, the present disclosure provides a method comprising:
providing a first compound comprising at least one reactive amide group; providing a second
compound comprising at least one reactive aminooxy group; and reacting the first compound
comprising at least one reactive amide group with the second compound comprising at least one

reactive aminooxy group to form a conjugate comprising at least one N-oxime bond.
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[0006] In another embodiment, the present disclosure provides a composition

comprising a conjugate represented by the following Formula (I):

Formula (I)

wherein R' is derived from a compound comprising at least one reactive amide group, R" is
derived from a compound comprising at least one reactive aminooxy group, and X is H, CuH+)
or other atoms.

[0007] The features and advantages of the present invention will be readily
apparent to those skilled in the art upon a reading of the description of the embodiments that

follows.

DRAWINGS

[0008] Some specific example embodiments of the disclosure may be understood
by referring, in part, to the following description and the accompanying drawings.

[0009] Figure 1 depicts structures of O-(carboxymethyl) hydroxylamine,
glucuronic acid, and N-acetyl glucosamine.

[0010] Figures 2A-2B are ESI+ mass spectroscopy of (A) GLU stock material
and (B) the unpurified mixture of glucuronic acid and OCMH showing the absence of any
product peak.

[0011] Figures 3A-3B are ESI+ mass spectroscopy of (A) NAG stock material
and (B) the unpurified reaction product between NAG and OCMH showing the product peak at
295 and product plus Na+at 317.

[0012] Figures 4A-4C are H1 NMR spectra that showed expected changes from
(A) NAG monomer and (B) OCMH to (C) reaction product of NAG monomer with OCMH.
Product spectra showed the appearance of peaks at ~6.5 and 7.5 ppm corresponding to the N-
oxime bonding environment.

[0013] Figures SA-5C are C13 NMR spectra that showed expected changes from
(A) NAG monomer and (B) OCMH to (C) reaction product of NAG monomer and OCMH. The
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product spectra showed that the amide carbon peak (~175 ppm) shifted to ~150 ppm indicative
of the N-oxime bonding environment.

[0014] Figures 6A-6B are FTIR spectra where (A) no change was shown over
time in glucuronic acid mixed with OCMH and (B) changes in bonding environments for NAG
reacted with OCMH were shown. The decrease in absorbance at 1650 and 1550 cm™ and the
increase in absorbance at ~1750 and 1250 cm™ over time are indicative of the loss of the amide
environment and the appearance of carboxylic acid and N-oxime environments due to the
reaction of NAG with OCMH.

[0015] Figure 7 is a GPC refractive index chromatogram that showed the increase
in molecular weight as indicated by smaller retention volumes between 17 kD hyaluronic acid
(A), 31 kD hyaluronic acid (m), and hyaluronic acid with grafted Ao-LABL peptides estimated
to be ~70 kD (e).

[0016] Figure 8 is a graph depicting the release of Ao-LABL peptide from
hyaluronic acid by hydrolysis of the N-oxime bond at three pH conditions. At pH 5.5 and 7.5,
peptide concentration approaches 10% after ~240 minutes while 100% of the peptide is
hydrolyzed from HA after 60 minutes at pH 2. '

[0017)] Figures 9A-9B are FTIR spectra of (A) a mixture of the PAA polymer
(carboxylic acid side chains) with OCMH that showed no change in bonding environments and
(B) the reaction of PNVF (amide acid side chains) with OCMH that showed a decrease in the
amide peak at 1650 cm’ and an increase in the N-oxime bond peak as the appearance of a
shoulder at 1600 cm™.

[0018] Figures 10A-10B are ESI+ mass spectroscopy of (A) purified Ao-LABL
peptide with the expected mass of 1038 and (B) purified Ao-PLP peptide with the expected mass
of 1594.

[0019] Figures 11A-11B are graphs depicting (A) an example HPLC
chromatogram of peptides hydrolyzed from the conjugate product showing the presence of both
the Ao-LABL and Ao-PLP peptides; and (B) HPLC chromatogram of dialysate showing the
absence of both the Ao-LABL and Ao-PLP peptides suggesting nearly all peptide was reacted to
HA.

[0020] Figure 12 depicts the nanoparticle synthesis in the top scheme. The middle
scheme depicts the proposed interaction between fluorinated side chains as the product is
transferred from ethanol to water and transitions from transparent to turbid. The photograph inset
shows (A) reagent mixture prior to reaction, (B) product in ethanol after reaction, and (C)

nanoparticle suspension in water after dialysis.
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[0021] Figures 13A-13B depict (A) ESEM images of the fluorinated
nanoparticles, which appear as white spheres and ellipsoids. Image analysis using Image-Pro
software revealed a mean particle size of 47.0 + 3.6nm (95% confidence level). (B) DLS
measurements of fluorinated nanoparticles under different conditions; (top) size as a function of
nanopatticle concentration (bottom) effect of Tween-20 and sonication on particle size. Under
shear and in the presence of the surfactant, particle flocculation is reduced. The lines represent
the cumulative distribution function.

[0022] Figures 14A-14C depict FTIR spectrum of fluorinated nanoparticles. The
spectrum for (A) PVP is compared to (B) particles synthesized in the presence of PVP and (C)
particles synthesized without PVP. Both spectra (B) and (C) show amide I and amide III peaks,
suggesting that NVF is incorporated into the particles. Spectra (B) and (C) also show carbonyl
peaks and ester peaks, suggesting the presence of the fluorinated ester acrylate group.

[0023] Figures 15A-15B depict (A) Negative SIMS images for nanoparticle
samples suggest the presence of nitrogen-containing functional groups and fluorinated groups on
the surface of the particles. (B) The solid state 'F NMR spectrum of the fluorinated
nanoparticles reveals peaks consistent with the presence of two different fluorine-containing sites
in the fluorinated group. The peak at -82.1ppm originates from CF; fluorine, and the one at -
122.8ppm from CF; fluorine. The CF; peak is surrounded by spinning sidebands.

[0024] Figure 16 depicts the synthesis of fluorinated-fluorescent nanoparticles.
For each batch, monomers were dissolved in ethanol containing polyvinylpyrrolidone (PVP) as a
surfactant and Vazo-52 initiator. The reaction was carried out at 60°C for 24 hours.

[0025] Figures 17A-17B depict normalized fluorescence intensity of LABL-
conjugated NPs (A) and non-conjugated NPs (B) in HUVECs. LABL was conjugated using N-
oxime chemistry. The results suggest a much greater normalized fluorescence intensity for the
LABL-conjugated nanoparticles, most likely due to binding facilitated by the LABL peptide.
Data are presented by mean + standard deviation. *p<0.05, **p<0.01, and ***p<0.001.

[0026] Figures 18A-18B are ESI+ mass spectroscopy of (A) NAG stock material
and (B) the unpurified reaction product between NAG and Ao-peptide showing the product peak
at ~1798 and product plus Na+ at ~1821.

[0027] Figures 19A-19B are ESI+ mass spectroscopy of (A) NAG stock material
and (B) the unpurified reaction product between NAG and Ao-peptide showing the product peak
at ~1018 and product plus Na+ at ~1042.
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[0028] The patent or application file contains at least one drawing executed in
color. Copies of this patent or patent application publication with color drawing(s) will be
provided by the Office upon request and payment of the necessary fee.

[0029] While the present disclosure is susceptible to various modifications and
alternative forms, specific example embodiments have been shown in the figures and are herein
described in more detail. It should be understood, however, that the description of specific
example embodiments is not intended to limit the invention to the particular forms disclosed, but
on the contrary, this disclosure is to cover all modifications and equivalents as illustrated, in part,

by the appended claims.

DESCRIPTION

[0030] The present disclosure relates generally to conjugate compositions
comprising an N-oxime bond and associated methods. More particularly, the present disclosure
relates to conjugate compositions wherein a compound comprising at least one reactive amide
group is reacted with a compound comprising at least one reactive aminooxy group to form a
conjugate composition comprising at least one N-oxime bond.

[0031] In one embodiment, the present disclosure provides a method of making a
conjugate comprising: providing a compound.comprising at least one reactive amide group;
providing a compound comprising at least one reactive aminooxy group; and reacting the
cdmpound comprising at least one reactive amide group with the compound comprising at least
one reactive aminooxy group to form a conjugate composition comprising at least one N-oxime
bond. Specific examples of suitable compounds comprising a reactive amide group or a reactive
aminooxy group will be discussed in more detail below.

[0032] In one embodiment, a method of making a conjugate of the present

disclosure may be represented as follows:

Il{'
O + "R\ /U\ —— )\\
H N/ N X "R

2 H E X
Compound Compound
comprising at comprising at Formula (I)
least one least one )
reactive reactive cAo r?gé‘;%laéean

. 9

aminooxy group amide group oxime borcl
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wherein R' or R" may be independently selected to be any of a number of compounds including a
peptide, a protein, a polymer, a saccharide, a polysaccharide, nucleic acid, a small molecule, etc.
and wherein X may be H, CyH2) or other atoms.

[0033] The present disclosure is based, at least in part, on the discovery that N-
oxime chemistry provides an opportunity to conjugate a compound comprising a reactive amide
group with a compound comprising a reactive aminooxy group in a specific manner due to the
increased reactivity of the amino ester bond for an amide group. Previously, it was believed that
mainly aldehyde and ketone groups were reactive with aminooxy groups. However the presence
of aldehydes or ketones often results in highly hydrophobic molecules or polymers which is
undesirable. (Gajewiak 2006, Heredia 2007, Hwang 2007). While not being bound by any
particular theory, it is currently believed that the presence of the reactive aminooxy group on a
compound may allow for complete de-protection of the compound prior to synthesis of a
conjugate. For example, reactive amides would selectively react with aminooxy groups over
primary amines. Additional details regarding oxime chemistry, which may be applied in whole
or in part using N-oxime chemistry, may also be found in U.S. Patent Publication 2010/0047225,
the relevant portions of which are herein incorporated by reference.

[0034] One of the many advantages of the present disclosure, many of which are
not discussed herein, is that N-oxime chemistry can be carried out in aqueous solvents and
avoids many of the harsh catalysts or reaction conditions currently used to create conjugated
compounds. Additionally, the reaction can be conducted at lowered temperatures and the
reaction efficiency becomes dependent on reactant solubility providing a highly scalable process
to manufacture conjugates. In some embodiments, the reaction may be carried out in buffered
aqueous media, at pH conditions of 4 - 8, and decreased temperatures, such as about 20 - 30 °C,
although a broader rénge of temperatures and solvents may also be suitable. In some
embodiments, the methods of the present disclosure may allow an increased product yield,
reduced purification steps, and greater product stability. Accordingly, in some embodiments, the
reaction of a compound comprising at least one reactive amide group with a compound
comprising at least one reactive aminooxy group may occur under any suitable conditions known
to those of skill in the art, including conditions wherein a catalyst is not present.

[0035] As previously mentioned, a conjugate of the present disclosure may be
made by reacting a compound comprising at least one reactive amide group with a compound
comprising at least one reactive aminooxy group. Any compound comprising a reactive amide
group may be suitable for use in the present disclosure. As used herein, the term “reactive amide

group” refers to an amide group that is capable of reacting with a reactive aminooxy group to
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form an N-oxime bond. Examples of suitable compounds for use in the conjugates of the present
disclosure include, but are not limited to, polymers comprising a reactive amide group,
monomers comprising a reactive amide group, proteins comprising a reactive amide group,
peptides comprising a reactive amide group, saccharides comprising a reactive amide group,
polysaccharides comprising a reactive amide group, nucleic acids comprising a reactive amide
group (DNA, RNA, etc.) and small molecules comprising a reactive amide group. The reactive
amide group may be located anywhere on the compound provided it is still capable of reacting
with a reactive aminooxy group. For example, a reactive amide group may be present in a side-
chain, an end-group, or connected to the compound through one or more linkers. As will be
recognized by one of ordinary skill in the art with the benefit of this disclosure, synthesis of a
compound comprising a reactive amide group may be accomplished by functionalizing a desired
compound with an amide group through procedures well known to those of skill in the art.

[0036] In some specific embodiments, a compound comprising a reactive amide
group may include polymers such as hyaluronic acid, poly-N-vinyl formamide (PNVF), an
amide functionalized poly(ethylene glycol) derivative, chondroitin sulfate, dermatan sulfate and
poly(ethylene glycol) derivative functionalized with one or more amides. In some specific
embodiments, a compound comprising a reactive amide group may include small molecules such

as N-vinyl formamide or derivatives thereof, acetaminophen, formoterol, and those disclosed in

" U.S. Patent Publication Nos. 2008/0103091 and 2005/0107585 and U.S. Patent Nos. 5,863,889

and 6,075,004, the relevant portions of which are hereby incorporated by reference in their
entirety. In some specific embodiments, a compound comprising a reactive amide group may
include carbohydrates such as N-acetyl glucosamine. In some specific embodiments, a
compound comprising a reactive amide group may include 6'-sialyl-N-acetyllactosamine sodium
salt, 3'-N-acetylneuraminyl-N-acetyllactosamine sodium salt, 3'-sialyllactose, 6'-sialyllactose
sodium salt, acetylcarnosine, N-acetylated blood group antigens, cytidine-5'-monophospho-N-
acetylneuraminic acid sodium salt, 1,2-diformylhydrazine, di-(N-acetyl) chitobiose, colchicine,
linezolid, 2-propenyl-N-acetyl-neuramic acid, orlistat, sulfacetamide, erbstatin, N-
acylsphingosine, lewis-Y hexasaccharide, lewis-B tetrasaccharide, lewis-Y tetrasaccharide,
leupeptin, melatonin, N-formyl-L-sarcolysin, NSC334340, N-formylmethionyl-leucyl-tyrosine,
N-Linked high mannose glycans, and S-nitroso-N-acetylpenicillamine. Similarly, compounds
such as fluorophores, fluorinated compounds, radioactive compounds, X-ray contrast agents, etc.
may also be used in the conjugates of the present disclosure. This list is by no means exhaustive
as there are potentially thousands of compounds comprising a reactive amide group. One of

ordinary skill in the art with the benefit of this disclosure would be able to select an appropriate
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compound comprising a reactive amide group to be used in the conjugate compositions of the
present disclosure based on, inter alia, the manner in which the conjugate would be used.

[0037] Similarly, any compound comprising a reactive aminooxy group may be
suitable for use in the present disclosure. As used herein, the term “reactive aminooxy group”
refers to an aminooxy group that is capable of reacting with a reactive amide group to form an N-
oxime bond. Examples of suitable compounds for use in the present disclosure include, but are
not limited to, polymers comprising a reactive aminooxy group, monomers comprising a reactive
aminooxy group, proteins comprising a reacﬁve aminooxy group, peptides comprising a reactive
aminooxy group, polysaccharides comprising a reactive aminooxy group, nucleic acids
comprising a reactive aminooxy group (DNA, RNA, etc.) and small molecules comprising a
reactive aminooxy group. The reactive aminooxy group may be located anywhere on the
compound provided it is still capable of reacting with a reactive amide group. For example, the
reactive aminooxy group may be present in a side-chain, an end-group, or connected to the
compound through one or more linkers. As will be recognized by one of ordinary skill in the art
with the benefit of this disclosure, synthesis of a compound comprising a reactive aminooxy
group may be accomg;lished by functionalizing a desired compound with an aminooxy group
through procedures well known to those of skill in the art.

[0038] In some specific embodiments, a compound comprising a reactive
aminooxy group may include an O-Allylhydroxylamine or polymers thereof, an aminooxy
functionalized poly(ethylene glycol) derivative, and poly(ethylene glycol) derivative
functionalized with multiple aminooxy groups. In some specific embodiments, a compound
comprising a reactive aminooxy group may include small molecules such as O-(carboxymethyl)
hydroxylamine hemihydrochloride (OCMH), and those disclosed in U.S. Patent Publication Nos.
2008/0103091 and 2005/0107585 and U.S. Patent Nos. 5,863,889 and 6,075,004, the relevant
portions of which are hereby incorporated by reference in their entirety. In some specific
embodiments, a compound comprising a reactive aminooxy group may include CID 19862450,
CID 21734323, CID 21873114, CID 21941113, CID 22184284, CID 11528351, CID 3306142
and canaline. Similarly, compounds such as fluorophores, fluorinated compounds, radioactive
compounds, X-ray contrast agents, etc. may also be used in the conjugates of the present
disclosure. This list is by no means exhaustive as there are potentially thousands of compounds
comprising a reactive aminooxy group. One of ordinary skill in the art with the benefit of this
disclosure would be able to select an appropriate compound comprising a reactive aminooxy
group to be used in the conjugate compositions of the present disclosure based on, inter alia, the

manner in which the conjugate would be used.
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[0039] In some embodiments, a compound comprising at least two reactive amide
groups may be reacted with a compound comprising at least two reactive aminooxy groups to
form a crosslinked conjugate comprising at least two N-oxime bonds. Again, the reactive
aminooxy groups and the reactive amide groups may be located anywhere on the compounds
provided that the compoundé are still capable of reacting with one another to form a crosslinked
conjugate. For example, the reactive aminooxy group or reactive amide groups may be present in
a side-chain, an end-group, or connected to the compound through one or more linkers. As will
be recognized by one of ordinary skill in the art with the benefit of this disclosure, synthesis of
compounds comprising at least two reactive aminooxy groups and compounds comprising at
least two reactive amide groups may be accomplished by functionalizing a desired compound
with an aminooxy group or amide group, respectively, through procedures well known to those
of skill in the art. In some specific embodiments, suitable crosslinkers for forming a crosslinked

conjugate of the present disclosure may be represented as follows:
N R

0 0
BT H)kH/R\ng

Diaminooxy crosslinker Diamide crosslinker

wherein R may be independently selected to be any of a number of compounds including a
peptide, a protein, a polymer, a saccharide, a polysaccharide, nucleic acid, a small molecule, etc.
In some specific embodiments, a suitable crosslinker may include a diaminooxy poly(ethylene
glycol), a diamide poly(ethylene glycol), N,N,N',N'-tetraacetylethylenediamine, etc. In some
embodiments, a suitable crosslinker may be “dendritic,” owing to the presence of successive
branch points. As would be recognized by a person of ordinary skill in the art with the benefit of
this disclosure, the crosslinked conjugates of the present disclosure will comprise at least two N-
oxime bonds, but may comprise any number of N-oxime bonds in excess of one, such as two,
three, four, five, six, etc.

[0040] A conjugate of the present disclosure may be useful in a multitude of
applications. As would be recognized by a person of ordinary skill in the art with the benefit of
this disclosure, the methods and conjugate compositions of the present disclosure may be utilized
in any application where it is desirable to conjugate one compound with another. In some
specific embodiments, the methods and compositions of the present disclosure may be used in
detection or diagnostic applications, microarrays or other assay schemes, protein modification

(e.g. PEGylation, glycosylation, etc.), as a linker, in the production of colloids or other materials,
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production of therapeutics, etc. In some embodiments, the conjugates of the present disclosure
may be included in a pharmaceutically acceptable form, for example in a pharmaceutically
acceptable carrier, for administration to a subject.

[0041] To facilitate a better understanding of the present disclosure, the following
examples of certain aspects of some embodiments are given. In no way should the following

examples be read to limit, or define, the entire scope of the invention.

EXAMPLE 1

[0042] Materials

[0043] N-acetyl glucosamine, glucuronic acid, N-vinyl formamide, research grade
sodium acetate, acetic acid, O-(carboxymethyl) hydroxylamine hemihydrochloride (OCMH), and
D,0 were purchased from Sigma. Hyaluronic acid, with an average molecular weight of 31 kD
was purchased from Lifecore. Amino acids were purchased from Peptides International.
Analytical grade acetonitrile and synthesis grade trifluoro acetic acid (TFA) were purchased
from Fisher Scientific. Peptides and poly-N-vinyl formamide (PNVF) were synthesized by the
laboratory. Water was provided by a Labconco Water PRO PS ultrapure water purification unit.

'[0044] Methods

[0045] Peptide Synthesis. Aminooxy peptides were synthesized using 9-
fluorenylmethyloxycarbonyl-protected amino acid chen{istry on polyethylene glycol-polystyrene
resins. The peptides synthesized were aminooxy-LABL (aminooxy-ITDGEATDSG, Ao-
LABL), a cell adhesion molecule antagonist, and aminooxy-proteolipid peptide (PLP)
(aminooxy-HSLGKWLGHPDKF, Ao-PLP), a known antigen epitope in multiple sclerosis.
Peptides were deprotected, cleaved from resin, and isolated by precipitation in ether. Purification
was completed using preparatory high performance liquid chromatography (HPLC) followed by
lyophilization. Peptide purity was assessed using analytical HPLC and the identity of the
synthesized peptide was confirmed by electrospray ionization mass spectrometry.

[0046] Reaction of Aminooxy Molecules to Monomer/Polymer. The reaction
conditions were identical for all monomers and polymers used (N-acetyl glucosamine,
glucuronic acid, PNVF and hyaluronic acid). The aminooxy-containing small molecule OCMH
and peptide species were both tested. Polymers were first dissolved into 20 mM acetate buffered
saline (pH 5.5 + 0.1). Once dissolvéd, OCMH or aminooxy-peptide was added to the solution.
When more than one peptide species was added, both were weighed out separately then added
simultaneously. After addition of the aminooxy species, the reaction solution pH was adjusted

back to pH 5.5 + 0.1. For kinetic experiments, samples were taken from the reaction vessel at
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predetermined time points and analyzed immediately. For peptide conjugates the reaction
products were purified by dialysis to remove excess free peptide, and lyophilized. Exact
procedure for reaction can be found in supplemental materials.

[0047] Mass Spectroscopy. Masses of conjugates and of synthesized peptides
were determined by electrospray ionization mass spectroscopy by using a waters LCT premier
ESI mass spectrometer running MassLynx software.

[0048] Fourier Transform Infrared Spectroscopy. Changes in bonding
environments during reaction were monitored using a Bruker Tensor 27 FTIR spectrometer
equipped with a ZnSe attenuated total reflectance (ATR) plate (Pike Technologies). Fourier
transform infrared (FTIR) spectra were collected at room temperature (25 °C). Data were
collected over 256 composite scans with a resolution of 4 cm™. The samples were analyzed in 20
mM acetate buffered saline at a concentration of 3 mg/mL. Spectra from OCMH in solution were
subtracted using the OPUS spectroscopy software and data were further analyzed using
GRAMS/AI (Galactic, Inc.).

[0049] Nuclear Magnetic Resonance Spectroscopy. For structural analysis of the
various monomers and conjugates, samples were dissolved in D,O to a concentration of 10
mg/mL. H1 and C13 spectra were acquired on a Bruker 400MHz spectrometer at 25 °C.

[0050] Gel Permeation Chromatography. The change in molecular weight of
hyaluronic acid conjugates was determined using a Viscotek GPC max VE 2001 GPC
solvent/sample module, VE 3580 refractive index detector, and 270 Dual Detector with right
angle light scattering. Samples were separated by utilizing a tandem column setup of two
Viscogel, GMPWxI grade, columns (Viscotek) at a flow rate of 1 ml/min and isocratic elution in
water for 30 min.

[0051] High Performance Liquid Chromatography. Peptide was quantified by
gradient reversed-phase HPLC (SHIMADZU) using a Vydac HPLC protein and peptide C18
column. The HPLC consisted of a SCL-20A SHIMADZU system controller, LC-10AT VP
SHIMADZU liquid chromatograph, SIL-10A XL SHIMADZU auto-injector set at 75 uL
injection volume, DGU-14A SHIMADZU degasser, sample cooler, and SPD-10A SHIMADZU
UV-vis detector (220 nm). The HPLC-UV system was controlled by a personal computer
equipped with SHIMADZU class VP Software. Gradient elution was carried out at constant flow
of 1 mL/min, from 100% A to 35% A (corresponding to 0% B to 65% B) for 50 min, followed
by an isocratic elution at 75% B for 3 min. Mobile phase compositions were (A) acetonitrile-

water (5:95) with 0.1% TFA and (B) acetonitrile-water 90:10, v/v) with 0.1% TFA. At the end
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of each analysis, the cartridge was re-equilibrated at initial conditions at 1 mL/min flow rate for
5 min with A.

[0052] Discussion

[0053] Using O-(carboxymethyl) hydroxylamine (OCMH), the potential for an
aminooxy reaction to the monomers of HA, glucuronic acid (GLU) and N-acetyl glucosamine
(NAG), was probed. Both of these groups display a carbonyl carbon; a carboxylic acid on
glucuronic acid and an amide on N-acetyl glucosamine (Figure 1). Individual monomers were
reacted with OCMH in an acetate buffered saline and the product was analyzed by mass
spectroscopy. The spectrum for the reaction product between GLU and OCMH (Figure 2)
showed the presence of the GLU (MW = 144.1) and OCMH (MW = 91), however, no reaction
product was present. In the mass spectra for the reaction between NAG and OCMH, a peak at a
mass of 317 Da was found in addition to the reactants themselves (Figure 3). This molecular
mass was equivalent to the theoretical mass expected for aminooxy conjugation through the N-
acetyl site of NAG, thus supporting the possibility of an N-oxime reaction scheme. It should be
noted that in both mass spectra for GLU and NAG, there is a peak at 286 for GLU and at 285 for
NAG in the stock material that also appears in the final product.

[0054] With the mass spectroscopy data suggesting a reaction was occurring, the
products were analyzed to identify the groups involved in the reaction process. The NAG +
OCMH product was analyzed by H1 (Figure 4) and C13 (Figure 5) NMR. The HINMR data
showed the appearance of new environments at ~2 ppm as a result of the methyl hydrogens in
the OCMH backbone, and at 6.5 and 7.5 ppm due to the appearance of the N-oxime bonding
environments. The ring environment from 3-4 ppm shifted slightly, which could be due to
interactions between NAG and the new OCMH side chain groups. C13 NMR was used to
identify the effected carbons in the reaction. The amide environment was indeed involved in the
reaction as the amide carbon (~175 ppm) shifts to 150 ppm, indicative of an N-oxime-bonded
carbon. Additionally, the carboxylic acid environment of unreacted OCMH appeared in the
product spectra at 180 ppm along with the methyl carbons in the backbone of OCMH at 25 ppm.
The NMR data supported the notion that the N-acetyl amide groups do confer aminooxy
reactivity.

[0055] In addition to the NMR data, changes in bonding environments of the
reactants were monitored throughout the course of the reaction. The experiment was conducted
with the aminooxy-reactive molecule OCMH in 10-fold excess and any changes in either GLU
or NAG were monitored using FTIR over a 24 hour reaction period. For all FTIR spectra, the

free OCMH 1in solution was subtracted resulting in the FTIR spectra showing only changes in
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NAG or GLU. When the reaction between GLU and OCMH was analyzed, the FTIR data
showed no change in the bonding environment over the entire 24 hr period (Figure 6A). When
the reaction of NAG + OCMH was analyzed (Figure 6B), the amide bonding environments at
1650 and 1550 cm™ decreased throughout the course of the reaction. In addition to the
disappearance of the amide bonding environments, two new bonding environments appeared; the
carboxylic acid environment due to the addition of OCMH to NAG at 1700 cm™ and the N-
oxime environment at 1250 cm™. Thus, mass spectroscopy, NMR, and FTIR data demonstrated
that a reaction is occurring between the amide carbon of NAG and the aminooxy of OCMH.

[0056] An additional control was conducted to further evaluate aminooxy
reactivity to free amides. In this study, polyacrylic acid (only carboxylic acid side chains) and
poly-N-vinyl formamide (only N-formyl side chains) were probed for aminooxy reactivity.
Polyacrylic acid exhibited no reactivity as expected (Figure 9A) while poly-N-vinyl formamide
reacted with OCMH. A time course analysis using FTIR showed a decrease in amide peak at
1650 cm™ and an increase in N-oxime bond peak as the appearance of a shoulder at 1600 cm™
(Figure 9B).

[0057] N-oxime chemistry was further probed by grafting an aminooxy reactive
peptide to hyaluronic acid (HA). The peptides LABL and PLP were synthesized with a terminal
aminooxy group to confer reactivity. The peptide molecular weights were confirmed by mass
spectroscopy (Figure 10A and Figure 10B) with a purity >90% as determined by HPLC. In the
first study, Ao-LABL was mixed with HA in acetate buffered saline. For reference, the number
of reactive sites per mole of HA was calculated by dividing the mean molecular weight of HA by
the monomer unit molecular weight (Table 1).

TABLE 1

Mean HA | Monomer unit
MW (Da) MW (Da)
31,000 417 74.3%
*Indicates the number of amide sites. For reference, there are an equal
number of carboxylic acid sites.

# amide sites per Mole of HA

[0058] After the designated reaction time, the product was extensively dialyzed to
remove any unreacted free peptide. The conjugate product and the dialysate were lyophilized
and the reaction efficiency was determined by reversed-phase HPLC. The masé of unreacted
peptide in the dialysate was compared to the mass of peptide conjugated to the HA. Grafted Ao-
LABL was hydrolyzed from the conjugate prior to analysis using buffer at pH 2 (Table 2). A

reaction efficiency of 64% was achieved at 8 hours reaction time. By extending the reaction time
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from 8 hours to 16 hours and maintaining the buffer at 20 mM acetate, a reaction efficiency of
~95% was achieved (Table 2).

TABLE 2
Sample Area Under Curve Total Area of Peaks
Ao-LABL Peptide 8799141 8799141
HA conjugate (8 5633361
hr)*

- 74823
Dialysis Solution (8 3141462 87
hr)**

HA conjugate (16 8421520
;l)r:; sis Solutio 8421520
ialysi n
(16 hr)** Not detected
Reaction Efficiency 96% at 16 hrs
*Peptide was first hydrolyzed from HA at pH 2
5 **Unreacted peptide in dialysate

[0059] In addition to analyzing the peptide concentration hydrolyzed from the

HA, the change in size of the conjugate product was also analyzed by GPC and compared to

different molecular weights of HA (Figure 7). The conjugate product showed an increase in

10 relative molecular weight as indicated by the shift to a smaller retention volume. The peak width

remained relatively constant suggesting that the polydispersity of HA did not substantially

change after conjugation. Thus, the peptide graft density may have been similar on each HA
chain.

[0060] Next, the simultaneous conjugation of two aminooxy-peptides was

15  investigated. Equal moles of 4o-LABL and A4o-PLP were added to HA and the reaction was

carried out for 16 hours. After extensive purification by dialysis and lyophilization of the

product, the peptides were cleaved from HA and analyzed by HPLC to determine the mole

percent of each peptide on the HA backbone. Both peptides were grafted to HA at nearly an

equimolar ratio (Table 3).

20 TABLE 3
. Concentration o
Peptide (nmol) mol %
Ao-LABL 650 54
Ao-PLP 550 46

[0061] The stability of the N-oxime bond between the peptide and HA polymer

was also investigated by challenging the conjugate with different pH buffer conditions. Previous |
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studies involving oxime bonds resulting from the reaction of aminooxy groups with aldehydes or
ketones have shown that the oxime bond is labile to both acid and based catalyzed hydrolysis.
The rate of hydrolysis was pH dependent at high and low pH; however, the rate becomes
independent of pH between pH 5-8. The stability of the synthesized HA-peptide conjugates was
evaluated across a pH range of 2 — 7.5 by putting the dissolved conjugate into three different pH
buffer conditions and measuring the peptide released into solution. The released peptide
hydrolyzed from the HA backbone was quantified by HPLC over the course of 300 minutes.
Conjugates at pH 5.5 and 7.5 reached an apparent equilibrium by 240 minutes with a total of
10% of peptide hydrolyzed from the conjugate. At pH 2, 100% of the peptide was hydrolyzed
after only 60 minutes (Figure 8).
EXAMPLE 2

[0062] Materials and Methods

[0063] Materials. Hyaluronic acid (HA), with an average molecular weight of
31 kD was purchased from Lifecore. Analytical grade acetonitrile and synthesis grade trifluoro
acetic acid (TFA) were purchased from Fisher Scientific. Research grade sodium acetate, acetic
acid, and D,0O were purchased from Sigma. Water was provided by a Labconco Water PRO PS
ultrapure water purification unit. Poly (DL-lactic-co-glycolic acid) (50:50) (PLGA; inherent
viscosity of 1.05 dL/g, Mw ~101 kDa) was purchased from LACTEL Absorbable Polymers
International (Pelham, AL, USA). Pluronic® F68 (Mw ~8.4 kD) and Pluronic® F108 (Mw ~14.6
kD) were obtained from BASF Corporation. Acetone, diethyl ether and 1X Tris/EDTA buffer
solution (pH 8) were obtained from Fisher Scientific. D-mannitol, Dess-Martin periodianine,
tert-butyl carbazate (TBC), trinitrobenzenesulfonic acid (TNBS), dichloromethane anhydrous
(DCM) and Triton X-100 were purchased from Sigma-Aldrich.

[0064] Peptide Synthesis. @ Aminooxy peptides were synthesized using 9-
fluorenylmethyloxycarbonyl-protected amino acid chemistry on polyethylene glycol-polystyrene
resins. The peptides synthesized were aminooxy-LABL (aminooxy-ITDGEATDSG, Ao-LABL),
a ligand of ICAM-1 and aminooxy-PLP (aminooxy—HSLGKWLGHPDKF, Ao-PLP), an antigen
derived from proteolipid protein amino acids 139-151 (PLP)37.151). Peptides were deprotected,
cleaved from resin, and isolated by precipitation in ether. Purification was completed using
preparatory High Performance Liquid Chromatography (HPLC) followed by lyophilization.
Peptide identity was verified and purity/content was assessed using Mass Spectroscopy and
analytical HPLC. BPI, which is a fusion of PLP and LABL, was synthesized and purified as
previously reported (HSLGKWLGHPDKF-AcGAcGAc-ITDGEATDSG).
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[0065] Reaction of Aminooxy Peptides to Polymers. HA was dissolved in 20
mM Acetate buffer (pH 5.5 + 0.1 pH units) and aminooxy reactive peptide(s) added. When both
LABL and PLP peptides were used, each was weighed separately, and then added
simultaneously. After addition of the peptide(s), the reaction solution pH was adjusted back to
pH 5.5 + 0.1 pH units. Reaction solutions were stirred at 500 RPM using magnetic stir bars for ~
16 hr. After the reaction, the soluble antigen array (SAgA) product was purified by extensive
dialysis to remove any unreacted peptide, and then lyophilized.

[0066] Gel Permeation Chromatography. The relative molecular weight of the
HA and of the SAgAs was estimated using a Viscotek GPC max VE 2001 GPC solvent/sample
module, VE 3580 refractive index detector, and 270 Dual Detector with right angle light
scattering. A tandem column setup of two Viscogel GMPWxI columns (Viscotek) was used at a
flow rate of 1 mL/min with isocratic elution in water for 30 min.

[0067] High Performance Liquid Chromatography. Quantification of free
peptide post reaction was accomplished by gradient reversed phase HPLC (SHIMADZU) using a
Vydac HPLC protein and peptide C18 column. HPLC system was composed of an SCL-20A
SHIMADZU system controller, LC-10AT VP SHIMADZU liquid chromatograph, SIL-10A XL
SHIMADZU auto-injector set at 75 uL. injection volume, DGU-14A SHIMADZU degasser,
sample cooler, and SPD-10A SHIMADZU UV-vis detector (220 nm). A personal computer
equipped with SHIMADZU class VP software controlled the HPLC-UV system. Gradient
elution was conducted at constant flow of 1 mL/min, from 100% A to 35% A (corresponding to
0% B to 65% B) over 50 min, followed by an isocratic elution at 75% B for 3 min. Mobile phase
compositions were (A) acetonitrile-water (5:95) with 0.1% TFA and (B) acetonitrile-water
(90:10, v/v) with 0.1% TFA. At the completion of each analysis, the cartridge was equilibrated at
initial conditions at 1 mL/min flow rate for 5 min with A.

[0068] Results

[0069] Characterization of polymeric Soluble Antigen Arrays. Gel
permeation chromatography (GPC) and HPLC were employed to observe any change in
retention time resulting from the presence of peptides grafted to the HA. When analyzed by
GPC, the product showed a decrease in retention time suggesting an increase in molecular
weight relative to the HA (Figure 7). To quantify the amount of peptide grafted to the polymer,
the product retentate and dialysate (containing unreacted peptide) were analyzed by HPLC after
extensive dialysis. The product retentate was incubated at room temperature in pH 2 mobile
phase buffer. At this pH, the N-oxime bond is rapidly hydrolyzed, thus allowing quantification

of the peptide released from the product. Typical chromatograms showed the presence of the
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Ao-LABL peptide, the Ao-PLP peptide, or both (Figure 11A). The dialysate showed no peaks.
Any unreacted peptide was below the limit of detection of the HPLC (Figure 11B). A 1:1 ratio
of the peptides was achieved. Any difference in peak intensities was primarily due to the
different absorption coefficients of these peptides. Data for all the SAgA types suggested highly
efficient grafting (Table 4).

TABLE 4
Sample LABL Conc (nMol) | PLP Conc (nMol) Final Ratio
SAgALABL-pr 325 275 1.2:1
SAgALABL 462 - n/a
SAgApr - 286 n/a
EXAMPLE 3

[0070] Materials

[0071] All materials were purchased from Sigma—Aldrich (St. Louis, MO, USA)
unless otherwise stated. 1H,H-perfluoro-N-octyl acrylate was purchased from ExFluor Research
Corporation (Round Rock, TX, USA). Vazo-52 was purchased from DuPont (Wilmington, DE,
USA). Prior to nanoparticle synthesis (1,5-N-vinylformamido) ethyl ether was prepared as
previously described. Impurities were precipitated out of N-vinyl formamide (NVF) using
absolute ethanol and vacuum filtered prior to use. All other reagents were used as received.

[0072] Nanoparticle Synthesis. Nanoparticles were synthesized using a free
radical polymerization technique. First, 10mL of 1H,H-perfluoro-n-octyl acrylate, 3.5mL of
NVF, 7 mL of (1,5-N-vinylformamido) ethyl ether, and 0.005 g of (E)-2,20-(diazene-1,2-
diyl)bis(2,4-dimethylpentanenitrile) (Vazo-52) were added to absolute ethanol containing 0.018
g'mL'1 polyvinylpyrrolidone (PVP, Mw ~ 360 kDa). The reagent mixture was sparged for 10
min with argon to remove dissolved oxygen, then heated in a silicone oil bath to 50 °C and
stirred at ~900 rpm. The reaction was carried out under an argon atmosphere for 24 h. The
product was then dialyzed against deionized water using a 1 kDa MWCO regenerated cellulose
ester dialysis tube for 24 h. The dialysate was changed five times to ensure complete solvent
exchange. Particle suspensions were then centrifuged twice at 15,000 rpm for 45 min. The pellet
was collected each time and resuspended in deionized water.

[0073] Characterization of Nanoparticles. The size and zeta potential of the
nanoparticles were determined using dynamic light scattering (DLS; ZetaPals, Brookhaven
Instruments). All measurements were taken five times. Measurements are reported as the mean +
standard uncertainty. Environmental scanning electron microscopy (ESEM) experiments were

performed using an FEI Quantafield emission ESEM. All calculations were done using Image
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Pro software. Samples were prepared by decanting a small volume of nanoparticles suspended in
deionized water onto a polished silicon wafer and allowing the water to evaporate under a fume
hood. Samples were sputter coated with 5 nm of gold prior to imaging. All samples were
analyzed using an acceleration voltage of 10 keV under high vacuum.

[0074] Time-of-Flight Secondary Ion Mass Spectrometry (TOF-SIMS). TOF-
SIMS was used to analyze the surface chemistry of the nanoparticles (Ion-TOF IV). Samples
were prepared by decanting a small volume of nanoparticles suspended in deionized water onto a
polished silicon wafer and allowing the water to evaporate under a fumehood. TOF-SIMS
experiments were performed on an Ion-TOF IV instrument equipped with both Bi (Bi',, where n
= 1-7) and SF's ptimary ion beam cluster sources. The analysis source was a pulsed, 25 keV
bismuth cluster ion source (Bi‘3), which bombarded the surface at an incident angle of 45° to the
surface normal. The target current was maintained at ~0.3 pA (x 10%) pulsed current with a
raster size of 200pm x 200um for all experiments. Both positive and negative secondary ions
were extracted from the sample into a reflectron-type time of flight mass spectrometer. The
secondary ions were then detected by a microchannel plate detector with a postacceleration
energy of 10 kV. A low energy electron flood gun was utilized for charge neutralization in the
analysis mode. Each spectrum was averaged over a 60 s time period, with a cycle time of 100 ps.
These conditions resulted in accumulated Bi'; ion doses that were well below 10" ions-em™.

[0075]) Fourier Tramsform Infrared (FTIR) Reflection Spectroscopy. Fourier
transform infrared (FTIR) spectroscopy was used to qualitatively determine the identity of
functional groups present within the nanoparticles (Smiths [luminate FTIR Microscope). All
experiments were done on a diamond attenuated total reflectance objective microscope
accessory. Reported spectra are the average of 128 scans.

[0076] Solid-State '°F-NMR Spectroscopy. The solid-state NMR (ssNMR) spectra

- were obtained on a 3-channel Tecmag spectrometer operating at 284.0 MHz for ®F and 301.9

MHz for 'H using an 'H/"F probe. The sample was packed in a 4mm zirconia rotor with Torlon
endcaps and Vespel drivetips and spun at 10,000 kHz. The NMR spectrum was obtained using
H-F cross polarization and a sweep width of 100 kHz. A total of 1024 scans were obtained with
a dwell time of 10 ps. The chemical shift reference was set at -121.1ppm using Teflon.
Interference from the Teflon endcaps was not subtracted because it was negligible under these
conditions.

[0077] Results and Discussion

[0078] Particles were synthesized using a single step, free radical polymerization

method and then precipitated in water. In this method, NVF, (1,5-N-vinylformamido) ethyl ether,
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and 1H,H-perfluoro-n-octyl acrylate were added to a solution of PVP in ethanol (Figure 12).
Vazo-52 was added as an initiator, and the solution was sparged with argon. The reaction was
carried out at 50 °C for 24 h. Particles were prepared without PVP under the same conditions to
serve as a control group. These particles were larger than the particles prepared in the presence
of PVP and were not used in further analysis. The product was then dialyzed against deionized
water to induce particle precipitation, and then centrifuged and resuspended twice in water
(Figure 12).

[0079] The nanoparticles had a size distribution with maxima at 250 and 700nm
according to DLS. After adding Tween-20 (final concentration: 5.0 x 10* g'mL™") and sonicating
for 4 h, the distribution maxima shifted to 250 and 575nm (Figure 13). ESEM imaging suggested
that the particles were substantially smaller than 500nm (Figure 13). An analysis of the ESEM
image (Figure 13A, top image) using Image-Pro software revealed a mean particle size of
47.0nm + 3.6nm (95% confidence level). This disparity between the ESEM and the DLS data
could be partially due to swelling of the particles in aqueous medium, but is most likely due to
flocculation occurring in water, which would increase the particle size observed by DLS. This
flocculation effect would also explain the bimodality of the DLS results. DLS measurements
taken of the product in ethanol after polymerization were indistinguishable from the background,
suggesting that the product was soluble. After precipitation in water and solvent exchange,
particles demonstrated excellent colloidal stability, and showed only minor settling when left
undisturbed at room temperature for more than 5 months. This settling was easily reversed by
lightly shaking the vial for several seconds.

[0080] FTIR spectroscopy was used to determine the functional groups present in
the particles (Figure 14). The spectra for the nanoparticles showed bands corresponding to both
amide I (1670-1650 cm™) and amide III (1315—12500m'1) peaks. The spectra also showed a
second peak in the carbonyl region (1690—1760cm™), as well as peaks in the ester region (1080—
1300cm™), which were due to the presence of the fluorinated ester group. These peaks were
present in the spectra from particles prepared both with and without PVP surfactant, indicating
that they originated from the particles themselves and were not solely an artifact from the g-
lactam groups present in residual PVP. TOF-SIMS experiments suggested the presence of
fluorinated groups on the surface of the particles (Figure 15A), indicating they would be a
suitable agent for cellular imaging applications. SIMS has a sampling depth of ~I nm in
polymeric materials, suggesting that some of the fluorinated side chains were present on the
surface of the particles. Spectra also indicated the presence of nitrogen-containing groups, which

could be from the NVF side chain, the (1,5-N-vinylformamido) ethyl ether crosslinker, or
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residual PVP surfactant. Regardless of their source, the nitrogen-containing groups provided the
particles with a hydrophilic surface character, which may contribute to their aqueous stability.

[0081] The presence of fluorinated groups on the surface of the particles could
help explain the disparity between the particle sizes measured with DLS and the sizes suggested
from the ESEM experiments. The fluorinated groups are extremely hydrophobic, and it is
probable that their presence on the particles’ surface would induce flocculation due to
hydrophobic interactions. This phenomenon would be in competition with the repulsive effects
of the hydrophilic groups on the particles’ surface. DLS experiments showed changes in
measured particle size as particle concéntration was varied, which suggests that flocculation was
occurring (Figure 13). Additionally, sonication ahd the addition of Tween-20 (final
concentration: 5.0 x 107" g'mL™) were shown to decrease the effect of flocculation.

[0082] Solid-state 19F-NMR (ssNMR) was used to help further elucidate the
structure of the particles and validate their use as MRI contrast agents (Figure 15B). The
locations of the peaks were consistent with the presence of two different fluorine-containing sites
within the fluorinated group. The peak at -82.1ppm originates from CF; fluorine and the one at -
122.8 from CF; fluorine, which is overlapped with spinhing sidebands. This is consistent with
the structure of the 1H,H-perfluoro-n-octyl acrylate monomer. The spectrum suggests that in
vivo studies will require selective excitation due to the different fluorine chemical shifts present
in the particles.

EXAMPLE 4

[0083] Materials

[0084] All materials were purchased from Sigma-Aldrich unless otherwise stated.
1H,H-perfluoro-n-octyl acrylate was purchased from ExFluor Research Corporation (Round
Rock, TX). (E)-2,2’-(diazine-1,2-diyl)bis(2,4-dimethylpentanenitrile) (Vazo-52) was purchased
from DuPont (Wilmington, DE). Dialysis membranes were purchased from Spectrum Labs
(Rancho Dominquez, CA). Prior to nanoparticle synthesis, (1,5-N-vinylformamido) ethyl ether
was synthesized as previously described. (Shi, L. J. 2007; Shi, L. J. 2008) Impurities were
precipitated out of N-vinyl formamide using absolute ethanol and vacuum filtered prior to use.
All other reagents were used as received.

[0085] Methods

[0086] Fluorinated-Fluorescent Nanoparticlé Synthesis. Nanoparticles (NPs)
were synthesized using a free radical polymerization method similar to one described previously.
First, 20 pL of 1H,H-perfluoro-n-octyl acrylate, 20 uL of (1,5-N-vinylformamido) ethyl ether

and 20 pL of N-vinyl formamide were dissolved in absolute ethanol containing 0.015 g/mL
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polyvinylpyrrolidone (PVP) as a surfactant (MW approximately 360 kDa). Next, 0.0055 mg of
fluorescein-QO-acrylate and 0.0076 mg of Vazo-52 initiator were added to the solution under
stirring. The reagent mixture was then sparged with nitrogen for 10 minutes to remove dissolved
oxygen, then was heated in a silicone oil bath to 60°C and stirred. The reaction was carried out
isothermally under a nitrogen atmosphere for 24 hours. The reaction vessel was protected from
ambient light to minimize photobleaching of the fluorescent monomer. The product was then
dialyzed against deionized water using a 500 Da MWCO regenerated cellulose ester dialysis tube
for 24 hours. The dialysate was changed at least 5 times to ensure complete solvent exchange
and the removal of unreacted fluorescein-O-acrylate monomer. The resultant nanoparticle
suspension was then purified by centrifugation for 1 hour at 18,000 rpm. Each centrifugation
cycle was repeated at least 3 times. Particles were then flash-frozen in liquid nitrogen and
lyophilized.

[0087] Aminooxylated LABL Peptide Synthesis. Aminooxy peptides were
synthesized using 9-fluorenylmethyloxycarbonyl-protected amino acid chemistry on
polyethylene glycol-polystyrene resins. The peptides synthesized where aminooxy LABL
(aminooxy-ITDGEATDSG), an ICAM-1 antagonist. Peptides were deprotected, cleaved from
resin, and isolated by precipitation in ether.

[0088] Purification was completed using preparatory High Performance Liquid
Chromatography (HPLC), followed by Ilyophilization. Peptide identity was verified and
purity/content was assessed using analytical HPLC and mass spectroscopy.

[0089] Conjugation of Aminooxylated LABL Peptide to Fluorinated-Fluorescent
NPs. For the conjugation step, 5.9 mg of nanoparticles were re-suspended in 5.9 mL of 20 mM
acetate buffer, to a final concentration of 1 mg/mL. Particles were then sonicated for 10 minutes
to disperse the suspension. A volume of 3 mlL (approximately 3 mg of nanoparticles) was
transferred to a separate reaction flask, to which 21.43 mg of aminooxy-LABL (aminooxy-
ITDGEATDSG) was added and dissolved by stirring. The pH of both the nanoparticle (NP)
solution and LABL-conjugated NP solution (LABL-NPs) was measured and adjusted to pH 5.5.
Reaction flasks were stirred at 500 RPM for 16 hours. Reaction time was based on previously
conducted studies. After the reaction, the solution was extensively dialyzed against deionized
H20 MWCO 3500 Da) to remove unreacted peptide, followed by lyophilization of the dialyzed
product.

(0090} Up-regulation of ICAM-1 by Tumor Necrosis Factor-o. (TNF- ¢). HUVEC
cells (4.5 x 105 cells in 80 | of serum free F12K medium) were stimulated using 1,000 U/ml of

TNF-a for 24 hrs. Cells at the same concentration were not activated and used as a control.
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HUVEC cells, with or without ICAM-1 upregulation, were incubated with 5% BSA in PBS for
10 min at 4 C and then anti-ICAM-1-FITC (0.05 mg/ml) was added to cells and incubated at 4°C
for 45 min. Free antibodies were removed by rinsing three times with PBS after centrifugation
(4,000 RPM, 3 min). The fluorescence intensity of the cells was analyzed by flow cytometry.
Data analysis was performed using Cell Quest software (BD).

[0091] Binding and Uptake of LABL-NPs by HUVEC Cells. The binding and
uptake of LABL-NPs was studied by using fluorescence spectroscopy. TNF-o stimulated
HUVEC cells (5 x 105 cells/ml) were added in a 96 well-plate (100 1/well) and incubated with
LABL-NPs or NPs (3.7 mg/ml, 30 1) at 37 C for 5, 15, 30 and 60 min and washed with PBS. The
fluorescence intensity of cells was measured using a fluorescence plate reader (Speétramax MS5;
ex., 450 nm; em., 500 nm).

[0092] Statistical Analysis. Statistical evaluation of data was performed using an
analysis of variance (single-factor ANOVA). Tukey’s test was used as a post hoc analysis to
assess the significance of differences. A value of p < 0.05 was accepted as significant.

[0093] Results

[0094] Preparation of fluorinated-fluorescent nanoparticles. In this example,
fluorinated-fluorescent nanoparticles were synthesized and evaluated as a potential multimodal
in vitro imaging probe for optical fluorescence and SIMS imaging (Figure 16). Fluorine was
selected as a SIMS imaging medium because of its biological rarity and high ion yield in SIMS.
Fluorinated-fluorescent nanoparticles were prepared using a free radical polymerization method,
similar to what has been described previously. (Bailey, M. M. 2010) Nanoparticles were
conjugated with aninoxy-LABL peptide using an N-oxime formation strategy. Dynamic light
scattering showed a mean particle diameter of 440 nm =+ 4.3 nm for the unconjugated NPs and

354 nm + 10 nm for the LABL-NPs (Table 5).

TABLE 5
Diameter (nm) Polydispersity Zeta Potential (mV)
NP 440 £ 4.3 0.21+£0.019 -5.08 £ 0.86
LABL-NP 354+ 10 0.167 £ 0.083 -10.03 £3.27

[0095] The polydispersities for the particle samples were 0.21 + 0.019 for the
unconjugated NPs and 0.167 + 0.083 for the LABL-NPs, and the measured zeta potentials were -
5.08 mV + 0.86 mV and -10.03 mV + 3.27 mV for the unconjugated NPs and the LABL-NPs,
respectively. The observed decrease in NP size after conjugation with the LABL peptide could

be due to increased colloidal stability arising after conjugation due to the increased surface
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charge magnitude, which results from the presence of anionic amino acid residues in the LABL
peptide. Fluorinated groups on the NPs surface would be extremely hydrophobic, which might
cause agglomeration, and hence an increased observed particle size for the unconjugated NPs.
Presumably these hydrophobic interactions are mitigated by the presence of the LABL peptide,
which decreases the tendency of the NPs to agglomerate and hence the observed particle size.

[0096] Binding and uptake of nanoparticles in cells. Proinflammatory cytokines
such as TNF-a have previously been shown to upregulate the expression of ICAM-1. HUVEC
cells were incubated with 1,000 U/ml of TNF-a for 24 hrs to induce overexpression of ICAM-1.
HUVEC cells, with or without ICAM-1 upregulation, were incubated with anti-ICAM-1-FITC,
which resulted in an increase in ICAM-1 expression compared to HUVEC cells incubated in
medium without TNF-a. The result confirmed the overexpression of ICAM-1 and validated the
use of this cell line for this study.

[0097] Nanoparticles conjugated with LABL peptide were rapidly taken up by
HUVEC cells, as determined by fluorescence measurements after incubation for several time
points (Figure 17). The normalized fluorescence intensity of the LABL-NPs was approximately
30 times greater after any incubation time (5 min to 60 min) than the normalized fluorescence
intensity of the non-conjugated NPs, most likely due to binding to ICAM-1, which was
facilitated by the LABL peptide. The enhanced binding of nanoparticles to ICAM-1 mediated
through LABL and similar peptides has been described by others.

EXAMPLE 5

[0098] Methods

[0100] 4.5 uMol of N-acetyl glucosamine was added to 1 mL 20 mM acetate
buffer pH 5.5. Once dissolved, 4.5 uMol 4o-PLP peptide was added. The solution was mixed
for 16 hours at room temperature. After reaction, the solution was lyophilized and product was

stored at -20 C. The reaction is shown below:
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[0101] Results
[0102] Mass spec results show product peaks at ~1821 and ~1798 (with and

without sodium as illustrated in Figures 18A-18B) for reaction of NAG and Ao-peptide. The

proposed product structures are as follows:
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EXAMPLE 6
[0103] Methods
10 [0104] 4.5 pMol of N-acetyl glucosamine was added to 1 mL 20 mM acetate
buffer pH 5.5. Once dissolved, 4.5 pMol Ao-IBR peptide was added. The solution was mixed
for 16 hours at room temperature. After reaction, the solution was lyophilized and product was
stored at -20 C. The reaction is shown below:
o o o o o ﬁ ﬁ Ho.
g-——H—CH—Q—N—CH—E—E—CH—!———“—TH-g———n—(IZH-C*n—(l:H—C\OH + o o
~o N—CH-C—-N-—CH-C—N Hy OR CH, T
5 ! L .
I
-
15 t!n-c2

[0105] Results
[0106] Mass spec results show product peaks at ~1042 and ~1018 (with and

without sodium as illustrated in Figures 19A-19B) for reaction of NAG and Ao-IBR. The

20  proposed product structures are as follows:
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Molecular Weight: 1019.02

[0107] Therefore, the present invention is well adapted to attain the ends and
advantages mentioned as well as those that are inherent therein. The particular embodiments
disclosed above are illustrative only, as the present invention may be modified and practiced in
different but equivalent manners apparent to those skilled in the art having the benefit of the
teachings herein. Furthermore, no limitations are intended to the details of construction or design
herein shown, other than as described in the claims below. It is therefore evident that the
particular illustrative embodiments disclosed above may be altered or modified and all such
variations are considered within the scope and spirit of the present invention. While
compositions and methods are described in terms of “comprising,” “containing,” or “including”
various components or steps, the compositions and methods can also “consist essentially of” or
“consist of” the various components and steps. All numbers and ranges disclosed above may
vary by some amount. Whenever a numerical range with a lower limit and an upper limit is
disclosed, any number and any included range falling within the range is specifically disclosed.
In particular, every range of values (of the form, “from about a to about b,” or, equivalently,
“from approximately a to b,” or, equivalently, “from approximately a-b”) disclosed herein is to
be understood to set forth every number and range encompassed within the broader range of
values. Also, the terms in the claims have their plain, ordinary meaning unless otherwise
explicitly and clearly defined by the patentee. Moreover, the indefinite articles “a” or “an,” as
used in the claims, are defined herein to mean one or more than one of the element that it
introduces. If there is any conflict in the usages of a word or term in this specification and one or

more patent or other documents that may be incorporated herein by reference, the definitions that

are consistent with this specification should be adopted.
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CLAIMS

What is claimed is:
1. A method comprising:

providing a first compound comprising at least one reactive amide group;

providing a second compound comprising at least one reactive aminooxy group; and

reacting the first compound comprising at least one reactive amide group with the second
compound comprising at least one reactive aminooxy group to form a conjugate comprising at
least one N-oxime bond.
2. The method of claim 1 wherein:

the first compound comprises two or more reactive amide groups;

the second compound comprises two or more reactive aminooxy groups; and

wherein the first compound and second compond are reacted to form a crosslinked
conjugate comprising two or more N-oxime bonds.
3. The method of claim 1 wherein:

the first compound further comprises at least one reactive aminooxy group;

the second compound further at least one reactive amide group; and

wherein the first compound and second compond are reacted to form a crosslinked
conjugate comprising two or more N-oxime bonds.
4. The method of claim 1 wherein reacting the first combound with the second compound
occurs at a pH of from about 4 to about 8.
5. The method of claim 1 wherein reacting the first compound with the second compound
occurs at a temperature of from about 20°C to 30 °C.
6. The method of claim 1 wherein the first compound comprises at least one compound
selected from the group consisting of: a polymer comprising a reactive amide group, a monomer
comprising a reactive amide group, a protein comprising a reactive amide group, a peptide
comprising a reactive amide group, a polysaccharide comprising a reactive amide group, a
saccharide comprising a reactive amide group, a nucleic acid comprising a reactive amide group
and a small molecule comprising a reactive amide group.
7. The method of claim 1 wherein the second compound comprises at least one compound
selected from the group consisting of: a polymer comprising a reactive aminooxy group, a
monomer comprising a reactive aminooxy group, a protein comprising a reactive aminooxy

group, a peptide comprising a reactive aminooxy group, a polysaccharide comprising a reactive
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aminooxy group, a saccharide comprising a reactive amide group, a nucleic acid comprising a
reactive aminooxy group and a small molecule comprising a reactive aminooxy group.

8. A composition comprising a conjugate represented by the following Formula (I):

/

Formula (I)

wherein R' is derived from a compound comprising at least one reactive amide group, R" is
derived from a compound comprising at least one reactive aminooxy group, and X is H, C;H+2)
or other atoms.

9. The composition of claim 7 further comprising at least one additional N-oxime bond so
as to form a crosslinked composition.

10.  The composition of claim 7 wherein R' comprises at least one compound selected from
the group consisting of a polymer, a protein, a peptide, a polysaccharide, a saccharide, a nucleic
acid and a small molecule.

11.  The composition of claim 7 wherein R" comprises at least one compound selected from
the group consisting of a polymer, a protein, a peptide, a polysaccharide, a saccharide, a nucleic
acid and a small molecule.

12.  The composition of claim 7 further comprising a pharmaceutically acceptable carrier.
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