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GLYCOENGINEERING IMMUNOGLOBULIN E

CLAIM OF PRIORITY
This application claims the benefit of U.S. Provisional Patent Application Serial
Nos. 62/808,449, filed on February 21, 2019, and 62/808,456, filed on February 21, 2019.

The entire contents of the foregoing are hereby incorporated by reference.

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
This invention was made with Government support under Grant Nos. AR068272
and AI139669 awarded by the National Institutes of Health (NIH). The Government has

certain rights in the invention.

TECHNICAL FIELD
This disclosure relates to glycoengineering immunoglobulin E (IgE), and methods
of utilizing glycoengineering for treating various diseases or disorders. Also provided

herein are methods for diagnosing allergies.

BACKGROUND

Allergic disease is a global health burden affecting almost one in three individuals
worldwide. Mechanistically, IgE antibodies bind to the surface of mast cells or basophils
that express the IgE high affinity receptor, FceRI°. Subsequent exposure to allergen
crosslinks cell-bound IgE, leading to cellular activation and release of allergic mediators
including histamine, prostaglandins, and leukotrienes®. This cascade culminates in the
canonical symptoms of allergic disease, the most severe of which is anaphylaxis. While
IgE that recognizes otherwise innocuous allergens is well established as the causative
agent of most allergic diseases'?, testing for allergic disease remains relatively
inaccurate*®, and curative therapies, including oral immunotherapy, are cumbersome, and
only partially effective®!’. Further, allergen-specific IgE is detected in many people who
do not express allergic symptoms'!. Thus, while IgE is absolutely necessary for triggering
the allergic cascade, it is not clear how IgE causes allergic disease in some circumstances

and not others.
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SUMMARY

Approximately one-third of the world’s population suffers from allergies?.
Allergen exposure crosslinks mast cell- and basophil-bound immunoglobulin E (IgE),
triggering the release of inflammatory mediators, including histamine®. Although IgE is
absolutely required for allergies, it is not understood why total and allergen-specific IgE
concentrations do not reproducibly correlate with allergic disease*®. It is well-established
that glycosylation of IgG dictates its effector function and has disease-specific patterns.
However, whether IgE glycans differ in disease states or impact biological activity 1s
completely unknown’. We therefore unbiasedly examined glycosylation patterns of total
IgE from peanut-allergic and non-atopic individuals. This revealed an increase in sialic
acid content on total IgE from peanut allergic individuals compared to non-atopic
subjects. Sialic acid removal from IgE attenuated effector cell degranulation and
anaphylaxis in multiple functional models of allergic disease. Therapeutic interventions,
including sialic acid removal from cell-bound IgE with a FceRI targeted-neuraminidase,
or administration of asialylated IgE, markedly reduced anaphylaxis. Together, these
results reveal a role for IgE glycosylation, and specifically sialylation, in regulating
allergy and anaphylaxis, and establish IgE sialylation as a biomarker and therapeutic
target for allergies.

Thus, provided herein are fusion polypeptides comprising: an Immunolobulin E
(IgE) or IgG antibody Fc domain region; and a sialidase or a functional portion thereof,
preferably wherein the sialidase or a functional portion thereof can hydrolyze alpha-(2-
>3)-, alpha-(2->6)-, alpha-(2->8)-glycosidic linkages of terminal sialic residues on IgE.
In some embodiments, the sialidase is NEU1, NEU2, NEU3, NEU4, or Vibrio cholerae
serotype O1 sialidase. In some embodiments, the sialidase is a human sialidase. In some
embodiments, the fusion polypeptide comprises an IgE CH2 region, an IgE CH3 region,
and/or an IgE CH4 region; or an IgG CH2 and CH3 region.

Also provided herein are polynucleotides encoding the fusion polypeptides
described herein, vectors comprising polynucleotides encoding the fusion polypeptides,
and cells comprising the vectors, and optionally expressing the fusion polypeptides

described herein.
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Further, provided herein are methods for treating a subject having an IgE-
mediated disorder. The methods include administering to the subject an effective amount
of a composition comprising a fusion protein described herein. In some embodiments,
the IgE-mediated disorder 1s an allergic disorder. In some embodiments, the allergic
disorder is an anaphylactic allergy. In some embodiments, the allergic disorder is asthma,
atopic dermatitis. allergic rhinitis, allergic conjunctivitis, eczema, or urticaria.

Additionally, provided herein are methods for preparing glycoengineered IgE,
e.g., a composition comprising glycoengineered IgE, the method comprising: providing a
composition comprising IgE, preferably human IgE, obtained from a plurality of subjects,
contacting the IgE with a sialidase under conditions and for a time sufficient to remove
sialylation, e.g., a desired amount of sialylation, from the IgE; thereby preparing
glycoengineered IgE. In some embodiments, the method further comprises formulating
the glycoengineered IgE for intravenous administration. In addition, provided herein are
compositions comprising the glycoengineered IgE prepared by a method described
herein, and a pharmaceutically acceptable carrier. In some embodiments, the
compositions are formulated for intravenous administration.

Also provided herein are methods for treating a subject having an IgE-mediated
disorder. The methods include administering to the subject an effective amount of a
composition comprising glycoengineered IgE as described herein.

Further, provided herein are fusion proteins, glycoengineered IgE, and
compositions comprising a fusion polypeptide and/or glycoengineered IgE as described
herein, optionally with a pharmaceutically acceptable carrier, and the use of these
compositions, fusion proteins, glycoengineered IgE and in treating a subject having an
IgE-mediated disorder.

In some embodiments, the IgE-mediated disorder is an allergic disorder, e.g., an
anaphylactic allergy. In some embodiments, the allergic disorder is asthma, atopic
dermatitis. allergic rhinitis, allergic conjunctivitis, eczema, or urticaria.

This disclosure relates to glycoengineering, and methods of utilizing
glycoengineering for treating various diseases or disorders (e.g., [gE-mediated disorders).

In another aspect, the disclosure relates to a fusion polypeptide having an

antibody heavy chain CH2 region; an antibody heavy chain CH3 region; and a catalytic
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domain of sialidase, wherein the catalytic domain of sialidase removes sialic acid from a
glycoprotein.

In some embodiments, the sialidase is NEU1, NEU2, NEU3, NEU4, or Vibrio
cholerae serotype Ol sialidase. In some embodiments, the sialidase is a human sialidase.

In some embodiments, the fusion polypeptide has an IgG CH2 region, and an IgG
CH3 region.

In some embodiments, the fusion polypeptide has an IgE CH2 region, an IgE CH3
region, and an IgE CH4 region.

In another aspect, the disclosure provides a polynucleotide encoding the fusion
polypeptide as described herein.

In another aspect, the disclosure also relates to a vector having a polynucleotide
sequence encoding the fusion polypeptide as described herein.

In one aspect, the disclosure relates to a cell having the vector as described herein,
and the vector optionally expresses the fusion polypeptide as described herein.

In one aspect, the disclosure relates to a heteromultimer that has a first fusion
polypeptide having an antibody heavy chain CH2 region, an antibody heavy chain CH3
region, and a catalytic domain of mannosidase, wherein the catalytic domain of
mannosidase removes mannose from a glycoprotein; and a second fusion polypeptide
having an antibody heavy chain CH2 region, an antibody heavy chain CH3 region, and a
catalytic domain of sialidase, wherein the catalytic domain of sialidase removes sialic
acid from a glycoprotein.

In some embodiments, the heteromultimer is a heterodimer, and the first fusion
polypeptide associates with the second fusion polypeptide, thereby forming the
heterodimer.

In some embodiments, the mannosidase 1s MAN1B1 or MAN2AL.

In some embodiments, the sialidase is NEU1, NEU2, NEU3, NEU4, or Vibrio
cholerae serotype O1 sialidase.

In some embodiments, the first fusion polypeptide and the second polypeptide
each has a human IgE CH2 region, a human IgE CH3 region, and a human IgE CH4

region.
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In some embodiments, the first fusion polypeptide and the second polypeptide
each has a human IgG CH2 region, and a human IgG CH3 region.

In another aspect, the disclosure also relates to methods of treating a subject
having an IgE-mediated disorder. The methods involve administering to the subject an
effective amount of a composition having the heteromultimer as described herein.

In some embodiments, the IgE-mediated disorder is an allergic disorder.

In some embodiments, the IgE-mediated disorder is an autoimmune disease.

In some embodiments, the IgE-mediated disorder is anaphylaxis.

In some embodiments, the allergic disorder is asthma. In some embodiments, the
allergic disorder is atopic dermatitis. In some embodiments, the allergic disorder is
allergic rhinitis, allergic conjunctivitis, eczema, or urticaria.

In one aspect, the disclosure relates to methods of treating a subject having an
IgE-mediated disorder. The methods involve administering to the subject an effective
amount of one or both of the following:

(a) a first polypeptide having a catalytic domain of mannosidase; and

(b) a second polypeptide having a catalytic domain of sialidase,
wherein the catalytic domain of the mannosidase removes mannose from a glycoprotein,
and the catalytic domain of sialidase removes sialic acid from a glycoprotein.

In some embodiments, the first polypeptide further has a human IgE CH2 region,
a human IgE CH3 region, and a human IgE CH4 region.

In some embodiments, the first polypeptide further has a human IgG CH2 region,
and a human IgG CH3 region.

In some embodiments, the second polypeptide further has a human Ig CH2
region, a human IgE CH3 region, and a human IgE CH4 region.

In some embodiments, the second polypeptide further has a human IgG CH2
region, and a human IgG CH3 region.

In some embodiments, the IgE-mediated disorder is an allergic disorder. In some
embodiments, the IgE-mediated disorder is an autoimmune disease. In some
embodiments, the IgE-mediated disorder is anaphylaxis.

In some embodiments, the allergic disorder is asthma, atopic dermatitis, allergic

rhinitis, allergic conjunctivitis, eczema, or urticaria.
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In one aspect, the disclosure provides a heteromultimer that has a first fusion
polypeptide having a collagen trimerizing domain and a catalytic domain of
mannosidase; a second fusion polypeptide having a collagen trimerizing domain and a
catalytic domain of sialidase; and a third fusion polypeptide having a collagen trimerizing
domain, wherein the first fusion polypeptide, the second fusion polypeptide, and the third
fusion polypeptide bind to each other, forming the heteromultimer.

In some embodiments, the third fusion polypeptide further has a catalytic domain
of sialidase. In some embodiments, the third fusion polypeptide further has a catalytic
domain of mannosidase.

In another aspect, the disclosure relates to a heteromultimer that has a tetramer
having four streptavidin polypeptides; and four polypeptides, wherein each of the four
polypeptides is linked with biotin, and one or more of the four polypeptides has a
catalytic domain of mannosidase or a catalytic domain of sialidase, wherein each of the
four polypeptides binds to the tetramer having the four streptavidin polypeptides.

In some embodiments, each of the four polypeptides has a catalytic domain of
mannosidase or a catalytic domain of sialidase. In some embodiments, each of the four
polypeptides has a catalytic domain of mannosidase. In some embodiments, each of the
four polypeptides has a catalytic domain of sialidase.

In some embodiments, two of the four polypeptides each has a catalytic domain of
mannosidase, and two of the four polypeptides each has a catalytic domain of sialidase.

In one aspect, the disclosure also relates to a heteromultimer that has an antibody
or antibody fragment thereof; a catalytic domain of mannosidase; and/or a catalytic
domain of sialidase, wherein the catalytic domain of mannosidase and the catalytic
domain of sialidase each is linked to the antibody or antibody fragment thereof.

In some embodiments, the heteromultimer has an antibody, and the antibody has
two antibody heavy chains, and two antibody light chains.

In some embodiments, the catalytic domain of mannosidase is linked to C-
terminus of the antibody heavy chain. In some embodiments, the catalytic domain of

mannosidase 1s linked to C-terminus of the antibody light chain.
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In some embodiments, the catalytic domain of sialidase is linked to C-terminus of
the antibody heavy chain. In some embodiments, the catalytic domain of sialidase is
linked to C-terminus of the antibody light chain.

As used herein, the term “multimer” refers to a protein having two or more
polypeptides or a polypeptide complex formed by two or more polypeptides. The
polypeptides can associate with each other, forming a quaternary structure.

As used herein, the term “heteromultimer” refers to a multimer having more than
one type of polypeptides.

As used herein, the term “homodimer” refers to a multimer having two identical
polypeptides.

As used herein, the term “heterodimer” refers to a multimer having two
polypeptides, and the two polypeptides are different.

As used herein, the term “luminal domain™ or “enzymatic luminal domain” refers
to the portion of a glycosylation enzyme that is located within the lumen of the Golgi
apparatus in its native state. The enzymatic luminal domain of a glycosyltransferase is
usually the soluble portion of the glycosylation enzyme.

As used herein, the term “soluble portion” or “soluble domain” refers to the
portion of glycosylation enzyme that is soluble. For trans-Golgi glycosylation enzymes,
the soluble portions are often the enzymatic luminal domains of the glycosylation
enzymes. For non-trans-Golgi glycosylation enzymes, the entire glycosylation enzymes
can be soluble. Thus, in some embodiments, the soluble portion can be the entire
glycosylation enzyme or part of the glycosylation enzyme.

As used herein, the term “catalytic domain” refers to a portion of a protein that
has a catalytic activity.

As used herein, the term “antibody-mediated disorder” refers to a disorder caused
by or characterized by an increased level or an increased activity of an antibody.

As used herein, the term “IgE-mediated disorder” refers to a disorder caused by or
characterized by an increased level or an increased activity of IgE.

As used herein, the term “linked” refers to being covalently or non-covalently
associated, e.g., by a chemical bond (e.g., a peptide bond, or a carbon—carbon bond), by

hydrophobic interaction, by Van der Waals interaction, and/or by electrostatic interaction.
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Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Methods and materials are described herein for use in the present
invention; other, suitable methods and materials known in the art can also be used. The
materials, methods, and examples are illustrative only and not intended to be limiting.
All publications, patent applications, patents, sequences, database entries, and other
references mentioned herein are incorporated by reference in their entirety. In case of
conflict, the present specification, including definitions, will control.

Other features and advantages of the invention will be apparent from the

following detailed description and figures, and from the claims.

DESCRIPTION OF DRAWINGS

FIGs. 1A-1. Glycan composition of IgE. A, A schematic of human IgE with N-
linked glycosylation sites identified. Sites occupied by complex, biantennary glycans are
noted by closed circles, oligomannose glycans by hatched circles, and unoccupied by X.
Complex biantennary and oligomannose glycan schematics are shown at black and
hatched circles, respectively; squares, GlcNAc; dark grey circles, mannose; triangle,
fucose; light grey circles, galactose; grey diamonds, sialic acid. B, Total IgE titers from
non-atopic (n =17) and peanut allergic (n =13) individuals; **P = 0.0085. C, Allergen-
specific IgE levels for Ara h 2 (peanut), Der p 1 (dust mite), Fel d 1 (cat), and Bet v 1
(birch pollen) from non-atopic (n =17) as compared to allergic (n =13) subjects; *P =
0.0192 . D, Allergen-specific IgE as a fraction (%) of total IgE across non-atopic (n=17)
and allergic (n =13) individuals; **P = 0.0086. E-I, Quantified glycan residues per IgE
molecule on total IgE from non-atopic and peanut allergic individuals by glycopepetide
mass spectrometry, showing total mannose (e, n = 15 for non-atopic and 14 for allergic
individuals, P = 0.8467), fucose (f, n = 10 for non-atopic and 11 for allergic individuals,
P =0.0720), biGlcNAc (g, n = 10 for non-atopic and 11 for allergic individuals, *P =
0.0491), terminal galactose (h, n= 14 for non-atopic and 19 for allergic individuals,
#x#%P <0.0001), and terminal sialic acid (1, n = 9 for non-atopic and 11 for allergic
individuals, ***P = 0.0009). Data plotted are mean + s.e.m., n.s., not significant and P

values were determined by unpaired two tailed t test.

8
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FIGs. 2A-B. Sialic acid and galactose distinguish allergic from non-atopic IgE.
A, Receiver operating characteristic curve (ROC) for total number of variable IgE glycan
moieties. ROC was performed for total IgE glycans isolated from allergic subjects as
compared to non-atopic controls. Sialic acid (non-atopic n =9, allergic = 11); Galactose
(non-atopic n = 14, allergic = 19); Fucose (non-atopic n = 14, allergic = 15); biGlcNac
(non-atopic n = 14, allergic = 19); Oligomannose (non-atopic n = 15, allergic = 14). B,
Glycopeptide mass spectrometry analysis of site-specific N-glycan structures on total IgE
from non-atopic (N) and allergic (A) individuals; Site 140 (non-atopic n=11, allergic
n=11), Site 168 (non-atopic n=13, allergic n=15), Site 218 (non-atopic n=11, allergic
n=17), Site 265 (non-atopic n=12, allergic n=19), Site 371 (non-atopic n=12, allergic
n=15), Site 394 (non-atopic n=12, allergic n=11). The specific glycan structures per
group are detailed in FIG. 7G. ****P < 0.0001, ***P = 0.0006. P values are determined
by two-way ANOVA followed by Tukey’s multiple comparison test.

FIGs. 3A-N. Sialic acid removal attenuates IgE. A, SNA lectin blot specific for
o2,6-s1alic acid and coomassie protein loading control of OV A-specific buffer-treated
SamIgE and NEU-treated “*mIgE. Images are representative of at least four independent
digests. B, Quantification of ear blue coloration and representative ear images following
OVA-induced PCA by PBS (n = 2), OV A-specific S*mIgE (n = 8), OV A-specific “*mIgE
(n = 12), OV A-specific *"mIgE (n = 4). Data are representative of three experiments.
*xEEP <0.0001; ns, P =0.9933 (one-way ANOV A with Tukey’s multiple comparison
test). C, Left, mean fluorescent intensity (MFI) and right, representative histograms of
anti-mIgE on dermal mast cells following sensitization by PBS (n = 5), OV A-specific
SUmIgE (n = 6), or OVA-specific “*mIgE (7 = 6) in mouse ears. ns, P = 0.9017 (one-way
ANOVA with Tukey’s multiple comparison test). D, Binding of OV A-specific S*mIgE
and “*mlIgE to OVA as determined by ELISA. n = 2 replicates and are representative of
three experiments. ns, P > 0.8040 for all concentrations tested (two-way ANOVA with
Sidak’s multiple comparisons test). E, F, Temperature change (E) and serum histamine
quantified at defined intervals (F) following DNP-induced PSA in mice intravenously
sensitized with PBS (n = 3), DNP-specific S*mIgE (# = 5), or DNP-specific *mIgE (n =
5). Data are representative of three experiments. ***P = 0.0005, ****P < 0.0001, ***P =

0.0007 (two-way ANOVA with Tukey’s multiple comparison test). G, Serum levels of

9
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DNP-specific S*mIgE (n = 4), or DNP-specific “*mIgE (n = 5) at defined intervals after
intraperitoneal systemic administration as determined by ELISA. Data are representative
of three experiments. ns, P > 0.7948 for all time points (two-way ANOVA with Sidak’s
multiple comparisons test). H, Temperature change following PFA elicited by oral
administration of TNP-OV A in mice sensitized with PBS (n = 2), TNP-specific S*mIgE
(n = 4), or TNP-specific **mlIgE (n = 4). Data are representative of three experiments.
**P =0.0057 and 0.0035, ****P <0.0001, ***P = 0.0005 (two-way ANOVA with
Tukey’s multiple comparison test). I, SNA lectin blot and coomassie loading control of
OV A-specific buffer-treated S*hIgE and NEU-treated “*hIgE. Images are representative
of at least four independent batches. J, OVA-induced B-hexosaminidase release by LAD2
mast cells sensitized with PBS, OV A-specific S®hIgE or OV A-specific *hIgE. n =3
replicates and are representative of six experiments. ****P < 0.0001; ns, P > 0.9999
(two-way ANOVA with Tukey’s multiple comparison test). K, B-hex degranulation after
OVA stimulation of peripheral blood mononuclear cell-derived human mast cells
sensitized with OV A-specific S*hIgE and **hIgE. Mean and s.e.m. are plotted. ****P <
0.0001; ns, P =0.9995 (two-way ANOVA with Sidak’s multiple comparison test). L,
Basophils expressing surface CD63 (left) and representative FACS plots following OVA
stimulation on CD123"HLADR" peripheral blood mononuclear cells sensitized with PBS
(n = 1), OVA-specific S*hIgE (n = 4) or OV A-specific “*hIgE (n = 4). Data are
representative of four experiments. ****P < 0.0001, **P = 0.0017; ns, P = 0.3829 (two-
way ANOV A with Tukey’s multiple comparison test). M, N, Binding kinetics of analytes
OV A-specific S®hIgE or OV A-specific A*hIgE to ligands hFceRlo (m) or OVA (n) loaded
on biosensors. Analytes kinetics were performed with 3-fold serial dilution of analytes
from 90 nM to 1 nM. Data are representative of three experiments. All data plotted are
mean +s.e.m.

FIGs. 4A-1. Asialylated IgE modulation of anaphylaxis. A, Immunoblots of
phosphorylated and total Syk and B-actin in LAD2 mast cells sensitized with PBS, OVA-
specific SiahIgE or OV A-specific AshIgE after OVA stimulation for the indicated times.
Images are representative of three independent experiments. B, OVA-induced Ca2+ flux
traces showing fluo-4 fluorescence over fluorescence at time = 0 (F/FO, left) and

quantified maximal Ca2+ changes after OV A stimulation as measured by the difference
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between maximum (Fmax) over FO (right) in Fluo-4 loaded LAD2 mast cells sensitized
with PBS, OV A-specific S*hIgE or OV A-specific A*hIgE. Data are representative of three
independent experiments. *P = 0.0346 (two-tailed paired t-test). C, OVA-elicited
degranulation in LAD2 mast cells sensitized with OV A-specific S*hIgE and treated with
SaFetuin or A*Fetuin. n = 3 replicates and are representative of three experiments. *P =
0.0248, ****P < 0.0001 (two-way ANOV A with Sidak’s multiple comparison test). D,
Quantification of ear blue coloration (left) and representative ear images (right) following
OV A-induced PCA of mice sensitized with PBS (n = 2), OV A-specific S*mIgE (20 ng, n
= 6), both OV A-specific S*mIgE (20 ng) + “*mIgE (200 ng) (n = 3), or both OVA-
specific S*mIgE (20 ng) + mIgE isotype control (200 ng) (n = 3). Data are representative
of three experiments. *P = 0.0478 and 0.0321; ns, P = 0.9733 (one-way ANOVA with
Tukey’s multiple comparison test). E, Temperature change following DNP-induced PSA
in mice receiving DNP-specific S*mIgE on day 0 and PBS (n = 6 for e), OV A-specific
SUmIgE (n =7 for e), or OVA-specific *mIgE (n = 7 for e) on day 1. E, **¥*P =0.0001,
*P =0.0211 and 0.0278. (two-way ANOV A with Tukey’s multiple comparison test). F,
Schematics of NEUT™. Neuraminidase was linked to IgE Fc Ce2-4 by a peptide linker. G,
OV A-induced B-hexosaminidase release by LAD2 mast cells sensitized with OV A-
specific S“hIgE and treated with PBS, NEU™, heat-inactivated NEUT® (H-I NEU™) or
IgE isotype control. n = 3 replicates and are representative of three experiments. ****pP <
0.0001 (two-way ANOVA with Tukey’s multiple comparison test). H, Peanut-induced -
hexosaminidase release by LAD2 mast cells sensitized with peanut allergic S*hIgE
treated with PBS, NEU™, or IgE isotype control. #n = 3 replicates and are representative
of three experiments. ****P < 0.0001 (two-way ANOV A with Tukey’s multiple
comparison test). I, Temperature change following OV A-induced PSA in mice receiving
OV A-specific S*mIgE on day 0 and PBS, NEU™, or IgE isotype control on day 1. n =4
per group and data are representative of three experiments. ***P = 0.0008 and 0.0003, *P
=0.0184 (two-way ANOVA with Tukey’s multiple comparison test). All data plotted are

mean £ s.e.m.

FIGs. SA-F. Functional aspects of allergen specific human IgE. A, Strategy for
enriching IgE from human sera. B, Degranulation of human LAD2 mast cells sensitized

with PBS, non-atopic or peanut allergic IgE stimulated by anti-human IgE and
11
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determined by B-hexosaminidase release. STATS C, Quantified MFI (left) and
representative histograms (right) of anti-hIgE on human LAD2 mast cells sensitized with
PBS, non-atopic, or allergic hIgE. STATS D, Binding of anti-hIgE from b to S%hIgE and
AShIgE as determined by ELISA shows no sialic acid dependent binding effects. n =2
replicates and are representative of three experiments. E, Specific glycans on IgE do not
differ significantly between male and female subjects (n = 9 males, n = 12 females). F,
Number of biGlcNAc residues differs significantly between 0-9 years old (n = 2) and
subjects of ages 10-19 (n = 2, *P = 0.0228), 20-29 (n = 6, *P = 0.0295) and 30-39 (n=7,
*P =0.0019) respectively. Sialic acid, galactose and fucose do not differ across age
groups. Data are presented as the mean = SEM; ns, not significant, *P<0.05, **P<0.01,

*#%%P<0.0001 as determined by unpaired t test.

FIGs. 6A-E. Complex glycans observed on native human IgE. A, Representative
MS/MS spectrum for N265 A2F glycopeptide showing B and Y ions from glycosidic
bond cleavage as well as B ions from peptide bond cleavage. The Y1 ion used for
quantification of glycopeptides is circled. B, Extracted ion chromatograms for IgE N265
sialylation variants from an allergic patient and non-allergic donor. C, Extracted ion
chromatograms for IgE N168 sialylation variants from an allergic patient and non-
allergic donor. D, Extracted ion chromatograms site specific N-glycosylation from
chymotryptic digest of the IgE myeloma sample used as a standard. E, Extracted ion
chromatograms site specific N-glycosylation from tryptic digest of the IgE myeloma

sample used as a standard.

FIGs. 7A-G. Site-specific characterization of total IgE from peanut allergic and
non-atopic individuals. A, Occupancy of N-linked glycosylation sites by glycans on non-
atopic and allergic IgE; Site 140 (non-atopic n = 15, allergic n = 13), Site 168 (non-atopic
n =16, allergic n = 14), Site 218 (non-atopic n = 15, allergic n = 15), Site 265 (non-atopic
n =12, allergic n = 15), Site 371 (non-atopic n = 15, allergic n = 15), Site 383 (non-atopic
n =16, allergic n = 15), Site 394 (non-atopic n = 13, allergic n = 16). B, Configuration of
oligomannose residues at site 394 does not differ between non-atopic (n = 23) and
allergic (n = 18) groups. C, Total number of fucose residues per site of IgE, non-atopic,
allergic; Site 140 (non-atopic n = 15, allergic n = 13), Site 168 (non-atopic n =15,
allergic n=17), Site 218 (non-atopic n = 15, allergic n = 19), Site 265 (non-atopic n =12,
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allergic n = 18), Site 371 (non-atopic n = 15, allergic n = 17). D, biGIcNAc residues by
site of IgE, non-atopic compared to allergic; Site 140 (non-atopic n = 15, allergic n = 13),
Site 168 (non-atopic n = 16, allergic n = 17), Site 218 (non-atopic n = 15, allergic n = 19),
Site 265 (non-atopic n = 16, allergic n = 20), Site 371 (non-atopic n = 16, allergic n = 17).
E, Total galactose residues from non-atopic and allergic subjects; Site 140 (non-atopic n
=15, allergic n = 14 STATS), Site 168 (non-atopic n = 15, allergic n = 17), Site 218
(non-atopic n = 15, allergic n = 19), Site 265 (non-atopic n = 12, allergic n =19, **P =
0.0014), Site 371 (non-atopic n = 15, allergic n = 17). F, Quantified sialic acid residues
by IgE glycosylation site, non-atopic compared to allergic subjects; Site 140 (non-atopic
n = 14, allergic n = 13), Site 168 (non-atopic n = 15, allergic n =13, *P = 0.0375), Site
218 (non-atopic n =15, allergic n = 17), Site 265 (non-atopic n = 12, allergic n = 19, *P
=0.0132), Site 371 (non-atopic n = 15, allergic n = 17). G, Representative structures for
complex N-glycans. Data plotted are mean £ s.e.m. P values are determined by two-way
ANOVA followed by Sidak’s multiple comparison test.

FIGs. 8A-C. IgE has a2,6-linked sialic acid. A, Protein gel stain and lectin blots
of IVIG, native human IgE purified from allergic patients, and fetuin. Lectin SNA was
used for a2,6- and MALI for a2,3-linked sialic acids detection. B, HPLC glycan traces of
undigested or allergic human IgE or fetuin digested with sialidase from Arthrobacter
ureafaciens for releasing a2,3-, a2,6-, a2,8- and a2,9-linked sialic acids or sialidase from
Streptococcus pneumoniae for releasing a2,3-linked sialic acids. C, HPLC glycan traces
of undigested or recombinant OV A-specific mIgE digested with sialidase from
Arthrobacter ureafaciens for releasing a2,3-, a2,6-, a2,8- and a2,9-linked sialic acids.

FIGs. 9A-B PCA and dermal mast cell loading of S*mIgE and **mIgE. A,
Quantitation of vascular leakage by Evan’s blue dye (left) and representative ear images
from 3 mice (right) after PCA with PBS, or S“mIgE and “*mlIgE specific for DNP. n = 6
and are representative of three experiments. Mean and s.e.m. are plotted. **P = 0.0047
(two-tailed unpaired #-test). B, Gating strategy for IgE loading on mouse skin ear mast
cells. Representative FACS plots used to identify mast cells in mouse ears and determine
IgE levels on mouse ear mast cells. SSC, side scatter.

FIGs. 10A-C. PSA reaction and serum levels of S*mIgE and #’mIgE after

systemic sensitization. OV A-elicited anaphylaxis as measured by temperature drop in
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mice sensitized with PBS, OV A-specific S“mIgE (n = 4 for a and 6 for b) or **mIgE (n =
5 for a and 6 for b) by intravenous (a) or intraperitoneal (b) injection. Data are
representative of 3 independent experiments. Mean and s.e.m. are plotted. For A, ****P
< 0.0001 (two-way ANOVA with Tukey’s multiple comparison test). For B, *P = 0.0270
and 0.0122, **P = 0.0012 and 0.0018, ****P < 0.0001 (two-way ANOVA with Tukey’s
multiple comparison test). C, Serum levels of DNP-specific S*mIgE and **mIgE in mice
at defined time after systemically administration as determined by ELISA. n = 4 for all
group.

FIGs. 11A-C. FACS analysis of LAD2 mast cell loading of S*hIgE and A*hIgE,
PBMC-derived mast cells, and primary basophils. A, MFI (left) and representative
histogram (right) of surface-bound hIgE on LAD2 mast cells following sensitization with
PBS, OVA-specific S#hIgE or OV A-specific “*hIgE. n = 3 replicates and are
representative of three experiments. ****P < 0.0001, *P = 0.0134 (one-way ANOVA
with Tukey’s multiple comparison test). B, Phenotypic staining by FACS of peripheral
blood mononuclear cell-derived human mast cells. C, Gating strategy for basophil
activation assay. Representative FACS plots used to determine basophil activation from
PBMC.

FIG. 12. | OV A-specific PSA of OV A- specific SiamIgE, or OV A-specific
AsmlgE isotype controls from Fig. 4E. Temperature change following OV A-induced
PSA in mice receiving DNP-specific SiamIgE on day 0 and PBS, OV A- specific
SiamlIgE, or OV A-specific AsmIgE on day 1. n = 4 for all groups. ****P < 0.0001 (two-
way ANOV A with Tukey’ s multiple comparison test). All data plotted are mean &
s.e.m and are representative of three experiments.

FIGs. 13A-G. Characterization of NEUT™. A, Protein gel stain (left) and
immunoblot for mIgE (right) of native and denatured NEU. B, Binding kinetics of
analyte NEUF to ligand hFceRIo on biosensor. Analytes kinetics were performed with
3-fold serial dilution of analyte from 24 to 0.3 nM. Data are representative of three
experiments. C, MFI of surface-bound NEU™ on LAD2 mast cells following overnight
sensitization by FACS analysis. n = 3 replicates and are representative of three
experiments. D-G, Sialidase activity of NEUT determined by digestion of mIgE or fetuin

overnight (D-F) and detection of protein loading by coomassie (D), terminal a2,6-sialic
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acid by SNA (E), and terminal galactose by ECL (F) or by the amount of substrate 2-O-
(p-Nitrophenyl)-a-D-N-acetylneuraminic acid digested by NEU" in a colorimetric assay
(G).

FIG. 14 lists the amino acid sequences of several exemplary glycosylation
enzymes.

FIGs. 15A-B lists the amino acid sequences of exemplary fragment crystallizable
region (Fc) of several human and mouse immunoglobulin E (IgE, FIG. 15A) and IgG
(FIG. 15B).

FIG. 16 lists the amino acid sequences of several exemplary glycosylation
enzyme-Fc fusion proteins.

FIG. 17 lists the amino acid sequences of exemplary dog glycosylation enzymes:
Canine NEU1 (SEQ ID NO: 45); Canine NEU2 (SEQ ID NO: 46); Canine NEU3 (SEQ
ID NO: 47).

FIG. 18 lists the amino acid sequences of exemplary cat glycosylation enzymes:
Feline NEU1 (SEQ ID NO: 48); Feline NEU2 (SEQ ID NO: 49); Feline NEU3 (SEQ ID
NO: 50); Feline NEU4 (SEQ ID NO: 51).

FIG. 19 lists the amino acid sequences of exemplary cow IgE and glycosylation
enzymes: Bovine IgE heavy chain constant region (SEQ ID NO: 52); Bovine Sialidase-1
(NEU1) -lysosomal (SEQ ID NO: 52); Bovine Sialidase-3 (NEU3) — Plasma membrane
(SEQ ID NO: 53);.

FIG. 20 lists the amino acid sequences of exemplary horse IgE and glycosylation
enzymes: Equine IgE heavy chain constant region (SEQ ID NO: 55); Equine
Neuraminidase (NEU1) - lysosomal (SEQ ID NO: 56); Equine Neuraminidase (NEU2) —
cytosolic (SEQ ID NO: 57); Equine Neuraminidase (NEU3) - membrane (SEQ ID NO:
58).

FIG. 21 lists an exemplary sequence encoding hNEU1 hlIgEFc (SEQ ID NO: 59).

FIG. 22 lists an exemplary sequence encoding hNEU2 hlIgEFc (codon optimized
for mammalian expression) (SEQ ID NO: 60).

FIG. 23 lists an exemplary sequence encoding hNEU3 hlIgEFc (SEQ ID NO:61).

FIG. 24 lists an exemplary sequence encoding hNEU4 hlIgEFc (SEQ ID NO: 62).

FIG. 25 lists an exemplary sequence encoding hNEU1 mlIgEFc (SEQ ID NO:63).
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FIG. 26 lists an exemplary sequence encoding hNEU2 mlIgEFc (Codon optimized
for mammalian expression) (SEQ ID NO:64).

FIG. 27 lists an exemplary sequence encoding hNEU3 mlIgEFc (SEQ ID NO:65).

FIG. 28 lists an exemplary sequence encoding hNEU4 mlIgEFc (SEQ ID NO:66).

DETAILED DESCRIPTION

IgE-mediated allergic diseases are multifactorial, with a broad range of clinical
presentations. While the presence of peanut-specific IgE associates with peanut allergy,
there is a high rate of false positive allergy test results**>*>. Many non-mutually
exclusive mechanisms for this discrepancy exist, including differences in IgE affinity or
epitope diversity for allergens, mast cell numbers, FceRI expression levels, Syk signaling,
allergen-specific IgG antibodies, anti-IgE antibodies, and regulatory T cells numbers*®37,
While IgE from primary allergic samples is severely limited because of its low serum
concentrations, recent studies have identified and sequenced B cells that produce peanut-
specific antibodies IgE**®. However, the role of post-translation modifications of the IgE
constant chains, including glycosylation, in regulating allergic disease has not been
considered. As demonstrated herein, sialic acid content on total IgE distinguishes peanut-
allergic and non-atopic IgE. Further, IgE-mediated allergic reactions are attenuated
through removal of sialic acid from IgE or administration of asialylated glycoproteins.
The sialic acid content and its role in regulating IgE in other atopies and non-atopic
conditions is not known>**!. Glycoengineering has been applied to tailor therapeutic IgGs
with desirable pro- and anti-inflammatory functions'®?’. The present studies revealed that
modulating IgE sialic acid content can attenuate anaphylaxis and affirms the application
of glycoengineering to allergic disease. Thus, the sialic acid content on IgE can be used
as a biomarker for allergic disease, and modulating the IgE sialylation axis presents a
powerful means to attenuate allergies and anaphylaxis.

The present disclosure shows engineered glycosylation enzymes can modulate
antibody effector function by engineering antibody glycans in vivo for various therapeutic
effects. As shown herein, sialic acid in IgE glycans are important for IgE functions; the
present disclosure further provides engineered glycosylation enzymes for modulating
IgE, e.g., by removing sialic acid (neuraminidase or sialidase) from IgE Fcs, and thus
inhibiting IgE pro-allergic function or activity.
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Thus, the present disclosure relates to methods and compositions comprising a
fusion peptide comprising a catalytic domain of a deglycosylation enzyme (e.g.,
neuraminidase or sialidase) fused to Fc (e.g., IgG Fc or IgE Fc). The methods and
compositions described herein can be used to modulate IgE effector function for various

therapeutic effects.

Glycans on IgE

The proteins and cells that make up the human body are decorated by sugars often
referred to as glycans (Varki, A. Glycobiology 3, 97-130 (1993)). Glycans can be linked
to many types of biological molecule to form glycoconjugates. The enzymatic process
that links sugars/saccharides to themselves and to other molecules is known as
glycosylation. Glycoproteins, proteoglycans, and glycolipids are the most abundant
glycoconjugates found in mammalian cells.

Glycans have an important role in the function of many proteins. Glycans are
saccharides (i.e., a plurality of monosaccharides linked glycosidically) that form the
carbohydrate portion of glycoconjugates (e.g., glycoproteins, glycopeptides,
peptidoglycans, glycolipids, glycosides and lipopolysaccharides). They can be added to
proteins in the endoplasmic reticulum, and further modified as proteins travel through the
Golgi apparatus. Precursor glycan structures can be attached to asparagine (N-linked),
serine or threonine (O-linked), phospholipids (GPI), tryptophan (C-linked), or by
phosphodiester bonds (phosphoglycosylation).

Immunoglobulin E (IgE) has two heavy chains (& chain) and two light chains,
with the & chain containing 4 Ig-like constant domains (Cel, Ce2, Ce3, Ced,; also referred
to as CH1, CH2, CH3, CH4). IgE antibodies are primary mediators of allergic disease,
and are heavily glycosylated with 7 N-linked glyclosylation sites distributed across its
four constant regions (Cel-Ce4). The distinct glycans on IgE play important and
divergent roles in allergic inflammation. Removal of the conserved oligomannose in the
constant domains (e.g., Cel, Ce2, Ce3, Ce4) prevents binding to the high affinity receptor
FceRI on FceRlI-expressing cells (e.g., mast cells and basophils), therefore can inhibit the

function or activity of IgE.
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Analysis of the glycosylation of human serum IgE indicated that oligomannose
structures are present on IgE. In fact, IgE is the most heavily glycosylated monomeric
immunoglobulin in mammals. There are six complex-type biantennary (N140, N168,
N218, N265, N371, N383) and one oligomannose-type (N394) conserved N-linked
glycosylation sites on the constant region of each heavy chain of IgE. The total glycan
weight on € heavy chains contributes to ~12% of the molecular weight of IgE.

The composition of the single N-linked glycan on IgG antibodies profoundly
influences its biological activity, and impacts the outcome of many diseases, including
Dengue hemorrhagic fever'?, Mycobacterium tuberculosis latency'®, Influenza
vaccination'*, Rheumatoid Arthritis”!*, and Granulomatosis with polyangiitis'®!’. For
example, IgG with afucosylated glycans gain affinity to the activating Fc receptor,
FcyRIIIA, 50-fold, making IgG markedly more cytotoxic in vivo'®. Conversely, terminal
sialylation of the IgG glycan converts IgG into anti-inflammatory mediators, and 1s
thought to be responsible for the immunomodulatory activity of high dose intravenous

1920 ToF is the most heavily glycosylated monomeric immunoglobulin

immunoglobulin
with seven asparagine (N)-linked glycosylation sites distributed across the heavy chains
of human IgE (hIgE)”!. However, whether particular IgE glycans are associated with
allergic disease, or impact IgE function, is completely unknown. IgE is the least abundant
antibody class in circulation, and, as such, analysis of hIgE glycosylation has been
restricted to samples from subjects with myelomas, hyper IgE syndromes, hyperimmune
syndromes pooled from multiple donors, or recombinant IgE*!2*. These studies revealed
a single N-linked oligomannose glycan at N394 on IgE, N383 is unoccupied, and the
remaining five sites are occupied by complex antennary glycans (Fig. 1a)*. Previously,
we and others demonstrated the oligomannose at N394 was required for appropriate IgE
folding and FceRI binding?*?® to initiate effector functions.

IgE Fc glycans can be removed by enzymatic treatment with mannosidase,
neuraminidase, Endo F, and/or PNGase F. The enzymatic treatment can inhibit binding of
IgE molecules or IgE-Fc fragments to FceRI. Mutagenesis of the conserved N394 site,
which corresponds to N297 on IgG Fc, also reduces the binding to FceRI.

A detailed description regarding glycans on IgE and the functions thereof can be

found, e.g., in Arnold, et al., "The glycosylation of human serum IgD and IgE and the
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accessibility of identified oligomannose structures for interaction with mannan-binding
lectin." The Journal of Immunology 173.11 (2004): 6831-6840; Shade, et al., "A single
glycan on IgE is indispensable for initiation of anaphylaxis." Journal of Experimental
Medicine 212.4 (2015): 457-467, Shade, et al., "Antibody glycosylation and
inflammation." Antibodies 2.3 (2013): 392-414; and Plomp, et al., "Site-specific N-
glycosylation analysis of human immunoglobulin E." Journal of proteome research 13.2

(2013): 536-546; each of which is incorporated herein by reference in its entirety.

Glycosylation enzymes

Glycosylation enzymes are responsible for the reaction in which a carbohydrate,
i.e. a glycosyl donor, is attached to a hydroxyl or other functional group of another
molecule (a glycosyl acceptor, e.g., proteins, lipids, and glycans). There are many
different kinds of glycosylation enzymes, e.g., a-2,6 sialyltransferase (STOGALT1), B-1,4-
galactosyltransferase 1 (B4GALT1), mannosyl-oligosaccharide 1,2-alpha-mannosidase
(MAN1B1), alpha-mannosidase 2 (MAN2A1), human sialidase-1 (NEU1), human
sialidase-2 (NEU2), human sialidase-3 (NEU3), human sialidase-4 (NEU4), Vibrio
cholerae serotype Ol sialidase, Elizabethkingia meningoseptica Endo F1, endo-beta-N-
acetylglucosaminidase (Endo S), etc. As shown herein, sialic acid removal attenuated IgE
effector functions. Thus, provided herein are fusion proteins in which soluble portions (or
the enzymatic luminal domains) or the catalytic domains of sialidases can be fused with
Fc (e.g., IgG Fc or IgE Fc), or other appropriate peptides to form multimers, and can be
used in any methods described herein.
Sialidase

Sialidases (also known as neuraminidases) hydrolyze alpha-(2->3)-, alpha-(2->6)-
, alpha-(2->8)-glycosidic linkages of terminal sialic residues in oligosaccharides,
glycoproteins, glycolipids, colominic acid and synthetic substrates. There are four types
of human sialidases. They are classified according to their major intracellular location as
intralysomal (NEU1), cytosolic (NEU2), plasma membrane (NEU3) and lysosomal or
mitochondrial membrane (NEU4) associated sialidases. These human isoforms are
distinct from each other in their enzymatic properties as well as their substrate specificity.

The sequences for NEU1 (SEQ ID NO: 1), NEU2 (SEQ ID NO: 2), NEU3 (SEQ ID NO:
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3) and NEU4 (SEQ ID NO: 4) are shown in FIG. 14. A detailed description of human
sialidases and their functions can be found, e.g., in Magesh, et al. “Homology modeling
of human sialidase enzymes NEU1, NEU3 and NEU4 based on the crystal structure of
NEU?2: hints for the design of selective NEU3 inhibitors.” Journal of Molecular Graphics
and Modelling 25.2 (2006): 196-207, which is incorporated by reference in its entirety.

Sialidases can also be found in bacteria, e.g., Vibrio cholerae. Vibrio cholerae is a
Gram-negative, comma-shaped bacterium. Some strains of V. cholerae can cause cholera.
Vibrio cholerae serotype O1 sialidase has been suggested to be a pathogenic factor in
microbial infections. It facilitates cholera toxin binding to host intestinal epithelial cells
by converting cell surface polysialogangliosides to GM1 monogangliosides. The
sequence for Vibrio cholerae serotype O1 sialidase is shown in FIG. 14 (SEQ ID NO: 5).
The function and the properties of Vibrio cholerae serotype O1 sialidase are known in the
art, and are described, e.g., in Jermyn, William S., and E. Fidelma Boyd.
"Characterization of a novel Vibrio pathogenicity island (VPI-2) encoding neuraminidase
(nanH) among toxigenic Vibrio cholerae isolates." Microbiology 148.11 (2002): 3681-
3693; and Xiao, Han, et al. "Precision glycocalyx editing as a strategy for cancer
immunotherapy." Proceedings of the National Academy of Sciences (2016): 2016080609;
each of which is incorporated herein by reference in its entirety.

Thus, exemplary neuraminidases useful in the methods and compositions
described herein include human NEU1, NEU2, NEU3, and NEU4; and Vibrio cholerae
serotype O1 sialidase. See, e.g., FIG. 14.

NEUI can include, e.g., human NEUI, e.g., the full length soluble NEU1 (SEQ
ID NO: 1) or an active portion thereof comprising the luminal domain of human NEU1
(amino acids: 48 — 415 of SEQ ID NO: 1) and/or the catalytic domain residues of human
NEUT1 (including catalytic amino acid residues: R78, R97, D103, D135, S156, E264,
R280, Q282, R342, Y370, and E394 of SEQ ID NO: 1).

NEU?2 can include, e.g., human NEU2, e.g., the full length, soluble NEU2 (SEQ
ID NO: 2) or an active portion thereof comprising the active site residues of human
NEU2 (amino acids: R21, D46, M85, E111, Y179, Y181, L.217, R237, R283, S288, and
Y377 of SEQ ID NO: 2).
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NEUS3 can include, e.g., human NEU3, e.g., the full length human NEU3 (SEQ ID
NO: 3) or an active portion thereof comprising the putative catalytic active sites of human
NEU3 (amino acids: R25, R45, D50, M87, N88, R108, Q115, A160, E225, R235,R340,
Y370, and E387 of SEQ ID NO: 3).

NEU4 can include, e.g., human NEU4, e.g., the full length NEU4 (SEQ ID NO:
4) or an active portion thereof comprising the catalytic active sites of human NEU4
(amino acids: R35, R55, D59, N88, V117, E234, R254, P256, R381, Y431, and E452 of
SEQ ID NO: 4).

Vibrio cholerae serotype Ol sialidase can include, e.g., the full length sialidase
(SEQ ID NO: 5) or an active portion thereof comprising the catalytic active sites of
sialidase (AA25-781, as the first 24A A correspond to the signal peptide).

The active portions retain the ability of the full-length proteins to hydrolyze
alpha-(2->3)-, alpha-(2->6)-, alpha-(2->8)-glycosidic linkages of terminal sialic residues
on IgE.

The enzymes, the soluble portions thereof (or the luminal domains), the catalytic
domains thereof, active sites, and catalytic amino acid residues of these glycosylation
enzymes are described, e.g., in Seyrantepe, Volkan, et al. "Neu4, a novel human
lysosomal lumen sialidase, confers normal phenotype to sialidosis and galactosialidosis
cells." Journal of Biological Chemistry 279.35 (2004): 37021-37029; Chavas, Leonard
MG, et al. "Crystal Structure of the Human Cytosolic Sialidase Neu2 - Evidence For The
Dynamic Nature Of Substrate Recognition." Journal of Biological Chemistry 280.1
(2005): 469-475;, MONTI, Eugenio, et al. "Identification and expression of NEU3, a
novel human sialidase associated to the plasma membrane." Biochemical Journal 349.1
(2000): 343-351; and Seyrantepe, Volkan, et al. "Molecular pathology of NEU1 gene in
sialidosis." Human mutation 22.5 (2003): 343-352; each of which is incorporated by
reference herein in its entirety.

In some embodiments, the sialidase used in the present methods is not receptor
destroying enzyme (RDE) (II). Yamazaki et al., J Biol Chem. 2019 Apr 26;294(17):6659-
6669. Epub 2019 Mar 4.
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Nucleic Acid Sequences and Amino Acid Sequences

This disclosure provides various nucleic acid sequences and amino acid
sequences.

In some embodiments, the nucleic acid sequence is at least 60%, 65%, 70%, 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to any of
the nucleic acid sequences disclosed herein. In some embodiments, the nucleic acid
sequence is identical to any of the sequences described in this disclosure.

In some embodiments, the amino acid sequence is at least 60%, 65%, 70%, 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to any of
the amino acid sequences disclosed herein. In some embodiments, the amino acid
sequence 1s 1dentical to any of the sequences described in this disclosure.

To determine the percent identity of two amino acid sequences, or of two nucleic
acid sequences, the sequences are aligned for optimal comparison purposes (e.g., gaps
can be introduced in one or both of a first and a second amino acid or nucleic acid
sequence for optimal alignment and non-homologous sequences can be disregarded for
comparison purposes). The length of a reference sequence aligned for comparison
purposes is at least 80% of the length of the reference sequence, and in some
embodiments is at least 90%, 95%, or 100%. The amino acid residues or nucleotides at
corresponding amino acid positions or nucleotide positions are then compared. When a
position in the first sequence is occupied by the same amino acid residue or nucleotide as
the corresponding position in the second sequence, then the molecules are identical at that
position (as used herein amino acid or nucleic acid “identity” is equivalent to amino acid
or nucleic acid “homology”). The percent identity between the two sequences is a
function of the number of identical positions shared by the sequences, taking into account
the number of gaps, and the length of each gap, which need to be introduced for optimal
alignment of the two sequences. For purposes of the present disclosure, the comparison
of sequences and determination of percent identity between two sequences can be
accomplished using a Blossum 62 scoring matrix with a gap penalty of 12, a gap extend

penalty of 4, and a frameshift gap penalty of 5.
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Neu-IgE Fc Fusion Proteins

Described herein are fusion proteins comprising the Fc region of IgE, preferably
human IgE, fused at the N or C terminus to a neuraminidase, referred to herein as Neu-
IgE Fc Fusion Proteins. Exemplary sequences of Neu-IgE Fc Fusion Proteins are shown
in Fig. 16. A schematic is shown in Fig, 4F.

The neuraminidases, e.g., full proteins or active portions thereof can be fused to
IgE, or a part thereof. The neuraminidases can be fused to IgG Fc. Fc fusions have a
number of advantageous: the soluble protein will have an extended serum half-life (e.g.,
more than 5 days, 10 days, 14 days, or 20 days), and also will form a dimer. In some
embodiments, these fusion polypeptides can form homodimers or heterodimers,
depending on the glycosylation target.

The IgE Fc can be the Fc region of any IgE known in the art. For example, the
IgE Fc can be a human IgE-Fc (e.g., comprising SEQ ID NO: 6), a mouse IgE-Fc (e.g.,
comprising SEQ ID NO: 7), a canine IgE Fc (e.g., comprising SEQ ID NO: 8), or a feline
IgE Fc (e.g., comprising SEQ ID NO: 9). See Fig. 15A. Preferably, the species of the
immunoglobulins is chosen to correspond with the species of the subject to whom the

fusion protein will be administered.

In some embodiments, the peptides comprise an IgE antibody epsilon chain Ce2,
Ce3, and/or Ce4 region, and an enzymatic luminal domains or a catalytic domain of
neuraminidase (e.g., NEU1, NEU2, NEU3, NEU4, Vibrio cholerae serotype O1
sialidase). In some embodiments, the peptide has the amino acid sequence that is set forth
im SEQID NOS: 1, 2, 3, 4, or 5, e,g., amino acids 48 — 415 of SEQ ID NO: 1, amino
acids 1 — 380 (full length) of SEQ ID NO:2, , amino acids 1 — 428 (full length) of SEQ ID
NO:3, amino acids 1 — 484 (full length) of SEQ ID NO:4, amino acids 25 — 781 of SEQ
ID NO: 5, or amino acids 557 — 747 of SEQ ID NO: 5.

Although fusion proteins comprising IgE Fc are exemplified herein, fusion
proteins comprising IgG Fc are also described herein. Thus, in some embodiments the
neuraminidase can be fused to IgG (e.g., IgGl, IgG2, IgG3, IgG4) or a part thereof. In
some embodiments, the neuraminidase can be fused to the Fc portion of an IgG (e.g.,
IgGl, IgG2, 1gG3, 1gG4). Fc fusions have a number of advantageous: the soluble protein
will have an extended serum half-life (e.g., more than 5 days, 10 days, 14 days, or 20
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days), and also will form a dimer. In some embodiments, these fusion polypeptides can
form homodimers or heterodimers, depending on the glycosylation target.

The IgG Fc can be the Fc region of any IgG known in the art. For example, the
IgG Fc can be a human IgGl-Fc (e.g., comprising SEQ ID NO: 10), a human IgG2-Fc
(e.g., comprising SEQ ID NO:11), a human I[gG3-Fc (e.g., comprising SEQ ID NO: 12),
a human IgG4-Fc (e.g., comprising SEQ ID NO: 13), a mouse IgG1-Fc (e.g., comprising
SEQ ID NO: 14), a mouse [gG2a-Fc (e.g., comprising SEQ ID NO: 15), a mouse IgG2b-
Fc (e.g., comprising SEQ ID NO: 16), a mouse [gG3-Fc (e.g., comprising SEQ ID NO:
17), a canine IgG-A Fc (e.g., comprising SEQ ID NO: 18), or a feline IgGl1 Fc (e.g.,
comprising SEQ ID NO: 19). See, e.g., FIG. 15B. Preferably, the species of the
immunoglobulins is chosen to correspond with the species of the subject to whom the
fusion protein will be administered.

In some embodiments, these polypeptides can form a homodimer. The
homodimer can have two enzymatic luminal domains (or catalytic domains) of
mannosidase. In some other cases, the homodimer can have two enzymatic luminal
domains (or catalytic domains) of sialidase or neuraminidase. In some embodiments,
these polypeptides can form a heterodimer. In some embodiments, the heterodimer can
have one enzymatic luminal domain (or catalytic domain) of mannosidase and one
enzymatic luminal domain (or catalytic domain) of sialidase or neuraminidase.

In some embodiments, the peptides comprise an enzymatic luminal domain or a
catalytic domain of sialidase or neuraminidase (e.g., NEU1, NEU2, NEU3, NEU4, Vibrio
cholerae serotype Ol sialidase), and an IgE antibody heavy chain CH2 region, an IgE
antibody heavy chain CH3 region, and/or an IgE antibody heavy chain CH3 region..

FIG. 16 shows several examples of glycosylation enzyme - Fc fusion proteins,
including human NEU1 — human IgE Fc (hNEU1-hIgE Fc, SEQ ID NO: 20); IgE Fc -
NEU?2 fusion protein (SEQ ID NO: 21); hNEU2-hlg EFc (SEQ ID NO:22); hNEU3-hIgE
Fc (SEQ ID NO:23); hNEU4-hIgE Fc (SEQ ID NO:24) human Ig E Fc- Sialidase (Vibrio
cholerae serotype O1 sialidase) fusion protein (SEQ ID NO: 25); human NEU1 — mouse
IgE Fc (h(NEUI-mIgEFc, SEQ ID NO:26); human NEU2 — mouse IgE Fc (hNEU2-
mlgEFc, SEQ ID NO:27); hNEU3 — mlIgE Fc (SEQ ID NO:28); hNEU4 — mIgE Fc (SEQ
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ID NO:29), canine IgE - NEU2 fusion protein (SEQ ID NO: 30), and feline IgE Fc-
NEU2 fusion protein (SEQ ID NO: 31).

In some embodiments, the peptide can comprise IgE antibody heavy chain
constant regions (e.g., CH1, CH2, CH3 and/or CH4) and/or glycosylation enzymes
derived from non-human animals (e.g., dog, cat, cow, or horse; see FIGs. 17-20).
Exemplary sequences In some embodiments, canine IgE-NEU?2 has a sequence that is set
forth in SEQ ID NO: 30., feline IgE1-NEU2 can have a sequence that is set forth in SEQ
ID NO: 32.

In some embodiments, these peptides can additionally include signal sequences,
e.g., [IL2-signal sequence (e.g., MYRMQLLSCIALSLALVTNS, SEQ ID NO: 32), a
secretion signal (e.g., MPLLLLLPLLWAGALA, SEQ ID NO:33), or k-signal sequence
(e.g, METDTLLLWVLLLWVPGSTGDAAQPARRAVRSLVPSSDP, SEQ ID NO: 34).
These signal sequences usually present at the N-terminus of the peptides.

In some embodiments, the fusion proteins also include one or more flexible
linkers. The linkers can be used to attach the separate parts of the fusion protein together.
In some embodiments, the linker is a peptide linker. Peptide linkers can be from about 2-
100, 10-50, or 15-30 amino acids long. In some embodiments, peptide linkers may be at
least 2, 4, 5, 6, 10, 15, or at least 20 amino acids long and/or up to 20, 25, 35, 40, 60, 80,
90, or no more than 100 amino acids long. In some embodiments, the linker is a peptide
linker comprising one or more glycines and/or serines, e.g., a single or repeating GGGGS
(SEQ ID NO: 35), GGGS (SEQ ID NO: 36), GS, GGGGGG (SEQ ID NO: 37), GSGGS
(SEQ ID NO: 38), GGSG (SEQ ID NO: 39), GGSGG (SEQ ID NO: 40), GSGSG (SEQ
ID NO: 41), GSGGG (SEQ ID NO: 42), GGGSG (SEQ ID NO: 43), and/or GSSSG
(SEQ ID NO: 44) sequence(s). Other linkers are known in the art. Intact antibodies with
desired specificity can also be fused to glycosylation enzymes, enabling specific targeting
of the enzymes. Further, similar protein fusions can be generated using dog/cat/horse/cow
equivalent/homologous antibodies or glycosylation enzymes, enabling treatment of non-

human animals (e.g., pets and livestock).
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Glycoengineered Intravenous IgE (gIVIE)

Also provided herein are glycoengineered intravenous IgE (gIVIE) compositions.
Analogous to the intravenous immunoglobulin (IVIg) compositions presently in clinical
use, the compositions can comprise normal polyspecific obtained from large numbers of
healthy donors. The compositions can be polyclonal natural antibodies synthesized, in
response to immune stimuli (antigens and T cells), by plasma B cells. Methods for the
production of therapeutic IVIG compositions are known in the art (see, e.g., Afonso and
Jodo, Biomolecules. 2016 Mar; 6(1): 15 and references cited therein) and can be adapted
for production of IVIE, e.g., as shown in Fig. SA and described herein, or by other
methods, e.g., as described in Kleine-Tebbe et al., ] Immunol Methods. 1995 Feb
27,179(2):153-64. After obtaining the IgE, they are treated with sufficient neuraminidase
(e.g., NEUI1, NEU2, NEU3, NEU4, Vibrio cholerae serotype O1 sialidase) to remove
sialic acid from the IgE, to produce a gIVIE composition, e.g., that attenuates IgE

effector functions in vivo.

IgE-mediated disorders

IgE is known to mediate allergic responses and is produced by B cells in both
membrane-bound and secretory form. IgE binds to B-cells through its Fc region to a low
affinity IgE receptor, known as FceRII. Upon exposure to an allergen, B-cells bearing a
surface-bound IgE molecule specific for the allergen are activated and further develop
into IgE-secreting plasma cells. The secreted IgE molecules, which are specific for the
allergen, circulate through the bloodstream and become bound to the surface of mast cells
in tissue and basophils in bloodstream through the high affinity receptor, known as
FceRI. This binding by allergen-specific IgE, sensitizes the mast cells and basophils for
the allergen. Subsequent exposure to the allergen causes cross-linking of FceRI on
basophils and mast cells, leading to up-regulation of the granular molecule CD63 and the
release of a number of factors, such as histamine, platelet activating factors, eosinophil
and neutrophil chemotactic factors, and cytokines such as IL-3, IL-4, IL-5 and GM-CSF.

As used herein, the term “IgE-mediated response” refers to responses of IgE
receptor expressing cells (e.g., basophils and mast cells) induced directly or indirectly by

IgE. In some embodiments, the response can be observed (e.g., degranulation) and/or
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measured by up-regulation of the granular molecule CD63, or the release of one or more
of histamine, platelet activating factors, eosinophil and neutrophil chemotactic factors,
and cytokines such as IL-3, IL-4, IL-5 and GM-CSF. In some embodiments, IgE-
mediated responses include e.g., degranulation, up-regulation of the granular molecule
CD63, and/or the release of histamine from basophils. In some embodiments, IgE-
mediated responses can cause allergic reactions.

As used herein, the term “attenuating an IgE-mediated response” refers to the
extent, occurrence and/or frequency of an IgE-mediated response that is reduced by the
methods as described herein, e.g., by administering an agent as described herein as
compared to without administering the agent. The extent of reduction can be statistically
significant and in certain embodiments, by at least 15%, 20%, 25%, 30%, 35%, 40%,
50%, 60%, 70%, 80%, 90% or greater.

The IgE-mediated disorder is characterized by abnormal responses mediated by
IgE. In some embodiments, the abnormal responses mediated by IgE are due to
overproduction of IgE and/or hypersensitivity of basophils or mast cells to IgE. Thus,
IgE-mediated disorders include, e.g., (1) allergic disorders (e.g., asthma, atopic
dermatitis, allergic rhinitis, allergic conjunctivitis, eczema, urticaria, food allergy and
seasonal allergy, as well as anaphylactic shock); (2) autoimmune disorders (e.g., lupus,
rheumatoid arthritis, psoriasis); and (3) anaphylaxis, etc. A detailed description regarding
IgE-mediated disorder and IgE-mediated response can be found, e.g., in US 8828394 B2,
which is incorporated herein by reference in its entirety.

IgE that can specifically recognize an allergen has a unique long-lived interaction
with its high-affinity receptor FceRI so that basophils and mast cells, capable of
mediating inflammatory reactions, become "primed", ready to release chemicals like
histamine, leukotrienes, and certain interleukins. These chemicals cause many of the
symptoms associated with allergy, such as airway constriction in asthma, local
inflammation in eczema, increased mucus secretion in allergic rhinitis, and increased
vascular permeability, which allow other immune cells to gain access to tissues, but
which can lead to a potentially fatal drop in blood pressure as in anaphylaxis.

Anaphylaxis is a serious allergic reaction that is rapid in onset and may cause

death. It typically causes e.g., an itchy rash, throat or tongue swelling, shortness of
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breath, vomiting, lightheadedness, and low blood pressure. These symptoms typically
come on over minutes to hours. When anaphylaxis occurs, IgE binds to the antigen. The
antigen-bound IgE then activates FceRI receptors on mast cells and basophils. This leads
to the release of inflammatory mediators such as histamine. These mediators
subsequently increase the contraction of bronchial smooth muscles, trigger vasodilation,
increase the leakage of fluid from blood vessels, and cause heart muscle depression.

As histamine is central to the pathogenesis of allergic disorders, e.g., asthma and
atopic dermatitis, by attenuating IgE-mediated responses such as histamine release, the
present method is also effective in treating allergic disorders.

Thus in some embodiments, the fusion proteins described herein can be used to

target FceRI-expressing cells.

Methods of Treatment

The methods described herein include methods for treating IgE-mediated
disorders, e.g., allergies, e.g., anaphylactic allergies, and methods for attenuating IgE-
mediated responses. Generally, the methods include administering a therapeutically
effective amount of compositions comprising Neu-IgE Fc fusion proteins or gIVIE as
described herein, to a subject who is in need of, or who has been determined to be in need
of, such treatment. In some embodiments, the subject can be allergic to a food antigen,
e.g., eggs, milk, peanuts, soy, fish, shellfish, tree nuts, and/or wheat, or to an
environmental allergen, e.g., dust mite excretions, pollen, pet dander, or royal jelly, inter
alia. See, e.g., Valenta et al., Gastroenterology. 2015 May; 148(6): 1120-1131.e4.

As used in this context, to “treat” means to ameliorate at least one symptom of the
disorders or the diseases. Often, the treatment results in an improvement in the
symptoms. In some embodiments, the treatment can result in a reduction of histamine
release. In some embodiments, one or more of the clinical symptoms are ameliorated or
reduced, the duration being shortened, the frequency of the occurrence of the symptoms
1s reduced, or the clinical symptoms are prevented from manifesting.

As used herein, the terms “subject” and “patient” are used interchangeably
throughout the specification and describe an animal, human or non-human, e.g., a

mammal, to whom treatment according to the methods of the present invention is
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provided. Veterinary and non-veterinary applications are contemplated by the present
invention. Human patients can be adult humans or juvenile humans (e.g., humans below
the age of 18 years old). In addition to humans, patients include but are not limited to
mice, rats, hamsters, guinea-pigs, rabbits, ferrets, cats, dogs, and primates. Included are,
for example, non-human primates (e.g., monkey, chimpanzee, gorilla, and the like),
rodents (e.g., rats, mice, gerbils, hamsters, ferrets, rabbits), lagomorphs, swine (e.g., pig,
miniature pig), equine, canine, feline, bovine, and other domestic, farm, and zoo animals.
Thus, in some embodiments, the glycosylation enzymes, the antibodies, or the parts
thereof (e.g., Fc regions of the antibodies or the catalytic domain of the glycosylation
enzymes) as described herein can also derive from these non-human animals. The present
disclosure further provides the amino acid sequences of the glycosylation enzymes, and
the antibodies or the parts thereof that derive from some of these non-human animals. For
example, FIGs. 15A-B and 17 list exemplary amino acid sequences of dog IgE and IgG
heavy chain constant regions, dog NEU1, dog NEU2, and dog NEU3. FIGs. 15A-B and
18 list exemplary amino acid sequences of cat IgE and IgG heavy chain constant regions,
cat NEUI, cat NEU2, cat NEU3 and cat NEU4. FIG. 19 lists exemplary amino acid
sequences of cow IgE heavy chain constant region, cow NEU1, and cow NEU3. FIG. 20
lists exemplary amino acid sequences of horse IgE heavy chain constant region, horse
NEU1, horse NEU2, and horse NEUS3.

In some embodiments, the subject is a human (e.g., male human or female
human) with an age over 6 months old, 12 months old, 2 years old, 5 years old, 6 years
old, 10 years old, 12 years old, 16 years old, 18 years old, 25 years old, 30 years old, 40
years old, 50 years old, 60 years old, 70 years old, or 80 years old.

As used herein, the terms “therapeutically effective” and “effective amount™, used
interchangeably, applied to a dose or amount refers to a quantity of a composition,
compound or pharmaceutical formulation that is sufficient to result in a desired activity
upon administration to a subject in need thereof. Within the context of the present
disclosure, the term “therapeutically effective” refers to that the composition, compound
or pharmaceutical formulation, in a sufficient amount, can reduce or eliminate at least
one symptom or one condition of the disorders as described herein, delay or reduce risk

or frequency of symptoms, or delay or reduce risk of progression.
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Expression Systems

To use the fusion proteins or peptides as described herein, it may be desirable to
express them from a nucleic acid that encodes them. This can be performed in a variety
of ways. For example, the nucleic acid encoding the fusion proteins or peptides can be
cloned into an intermediate vector for transformation into prokaryotic or eukaryotic cells
for replication and/or expression. Intermediate vectors are typically prokaryote vectors,
e.g., plasmids, or shuttle vectors, or insect vectors, for storage or manipulation of the
nucleic acid encoding the fusion proteins or peptides for production. The nucleic acid
encoding the fusion proteins or peptides can also be cloned into an expression vector, for
administration to a plant cell, animal cell, preferably a mammalian cell or a human cell,
fungal cell, bacterial cell, or protozoan cell.

To obtain expression, a sequence encoding a fusion protein or peptide is typically
subcloned into an expression vector that contains a promoter to direct transcription.
Suitable bacterial and eukaryotic promoters are well known in the art and described, e.g.,
in Sambrook et al., Molecular Cloning, A Laboratory Manual (3d ed. 2001); Kriegler,
Gene Transfer and Expression: A Laboratory Manual (1990); and Current Protocols in
Molecular Biology (Ausubel et al., eds., 2010). Bacterial expression systems for
expressing the engineered protein are available in, e.g., E. coli, Bacillus sp., and
Salmonella (Palva et al., 1983, Gene 22:229-235). Kits for such expression systems are
commercially available. Eukaryotic expression systems for mammalian cells, yeast, and
insect cells are well known in the art and are also commercially available. In some
embodiments, the fusion proteins and peptides are expressed by transfection of HEK-
293T cells, Expi293 cells, or CHO cells with vectors comprising the polynucleotides
encoding fusion proteins and peptides as described in this disclosure.

The promoter used to direct expression of a nucleic acid depends on the particular
application. For example, a strong constitutive promoter is typically used for expression
and purification of fusion proteins. In contrast, when a vector encoding the fusion protein
or peptide is to be administered in vivo, either a constitutive or an inducible promoter can
be used, depending on the particular need. In some embodiments, the promoter for

administration of the vector encoding the fusion protein or peptide can be a weak
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promoter, such as HSV TK or a promoter having similar activity. The promoter can also
include elements that are responsive to transactivation, e.g., hypoxia response elements,
Gal4 response elements, lac repressor response element, and small molecule control
systems such as tetracycline-regulated systems and the RU-486 system (see, e.g., Gossen
& Bujard, 1992, Proc. Natl. Acad. Sci. USA, 89:5547; Oligino et al., 1998, Gene Ther.,
5:491-496; Wang et al., 1997, Gene Ther., 4:432-441; Neering et al., 1996, Blood,
88:1147-55; and Rendahl et al., 1998, Nat. Biotechnol., 16:757-761).

In addition to the promoter, the expression vector typically contains a
transcription unit or expression cassette that contains all the additional elements required
for the expression of the nucleic acid in host cells, either prokaryotic or eukaryotic. A
typical expression cassette thus contains a promoter operably linked, e.g., to the nucleic
acid sequence encoding the fusion protein or peptide, and any signals required, e.g., for
efficient polyadenylation of the transcript, transcriptional termination, ribosome binding
sites, or translation termination. Additional elements of the cassette may include, e.g.,
enhancers, and heterologous spliced intronic signals.

The particular expression vector used to transport the genetic information into the
cell is selected with regard to the intended use, e.g., expression in plants, animals,
bacteria, fungus, protozoa, etc. Standard bacterial expression vectors include plasmids
such as pBR322 based plasmids, pSKF, pET23D, and commercially available tag-fusion
expression systems such as GST and LacZ.

Expression vectors containing regulatory elements from eukaryotic viruses are
often used in eukaryotic expression vectors, e.g., SV40 vectors, papilloma virus vectors,
and vectors derived from Epstein-Barr virus. Other exemplary eukaryotic vectors include
pMSG pAV009/A+, pMTO10/A+, pMAMneo-5, baculovirus pDSVE, and any other
vector allowing expression of proteins under the direction of the SV40 early promoter,
SV40 late promoter, metallothionein promoter, murine mammary tumor virus promoter,
Rous sarcoma virus promoter, polyhedrin promoter, or other promoters shown effective
for expression in eukaryotic cells.

The vectors for expressing the fusion protein or peptide can include RNA Pol ITT

promoters to drive expression of the guide RNAs, e.g., the H1, U6 or 7SK promoters.
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These human promoters allow for expression of fusion protein or peptide in mammalian
cells following plasmid transfection.

Some expression systems have markers for selection of stably transfected cell
lines such as thymidine kinase, hygromycin B phosphotransferase, and dihydrofolate
reductase. High yield expression systems are also suitable, such as using a baculovirus
vector in insect cells, with the encoding sequence under the direction of the polyhedrin
promoter or other strong baculovirus promoters.

The elements that are typically included in expression vectors also include a
replicon that functions in E. coli, a gene encoding antibiotic resistance to permit selection
of bacteria that harbor recombinant plasmids, and unique restriction sites in nonessential
regions of the plasmid to allow insertion of recombinant sequences.

Standard transfection methods are used to produce bacterial, mammalian, yeast or
insect cell lines that express large quantities of protein, which are then purified using
standard techniques (see, e.g., Colley et al., 1989, J. Biol. Chem., 264:17619-22; Guide to
Protein Purification, in Methods in Enzymology, vol. 182 (Deutscher, ed., 1990)).
Transformation of eukaryotic and prokaryotic cells are performed according to standard
techniques (see, e.g., Morrison, 1977, J. Bacteriol. 132:349-351; Clark-Curtiss & Curtiss,
Methods in Enzymology 101:347-362 (Wu et al., eds, 1983).

Any of the known procedures for introducing foreign nucleotide sequences into
host cells may be used. These include the use of calcium phosphate transfection,
polybrene, protoplast fusion, electroporation, nucleofection, liposomes, microinjection,
naked DNA, plasmid vectors, viral vectors, both episomal and integrative, and any of the
other well-known methods for introducing cloned genomic DNA, cDNA, synthetic DNA
or other foreign genetic material into a host cell (see, e.g., Sambrook et al., supra). It is
only necessary that the particular genetic engineering procedure used be capable of
successfully introducing at least one gene into the host cell capable of expressing the
fusion protein or peptide.

The present disclosure also includes the vectors and cells comprising the vectors,
as well as kits comprising the proteins and nucleic acids described herein, e.g., for use in

various methods as described herein.
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Dosage

An “effective amount” is an amount sufficient to effect beneficial or desired
results. For example, a therapeutic amount 1s one that achieves the desired therapeutic
effect. This amount can be the same or different from a prophylactically effective
amount, which is an amount necessary to prevent onset of disease or disease symptoms.
An effective amount can be administered in one or more administrations, applications or
dosages. A therapeutically effective amount of polypeptides, multimers, or compositions
(i.e., an effective dosage) depends on the polypeptides, multimers, or compositions that
are selected. The compositions can be administered one from one or more times per day
to one or more times per week; including once every other day. The skilled artisan will
appreciate that certain factors may influence the dosage and timing required to effectively
treat a subject, including but not limited to the severity of the disease or disorder,
previous treatments, the general health and/or age of the subject, and other diseases
present. Moreover, treatment of a subject with a therapeutically effective amount of the
polypeptides, multimers, or compositions described herein can include a single treatment
or a series of treatments.

Dosage, toxicity and therapeutic efficacy of the polypeptides, multimers, or
compositions can be determined by standard pharmaceutical procedures in cell cultures
or experimental animals, e.g., for determining the LD50 (the dose lethal to 50% of the
population) and the EDS50 (the dose therapeutically effective in 50% of the population).
The dose ratio between toxic and therapeutic effects is the therapeutic index and it can be
expressed as the ratio LDS0/EDS0. Polypeptides, multimers, or compositions which
exhibit high therapeutic indices are preferred. While polypeptides, multimers, or
compositions that exhibit toxic side effects may be used, care should be taken to design a
delivery system that targets polypeptides, multimers, or compositions to the site of
affected tissue in order to minimize potential damage to uninfected cells and, thereby,
reduce side effects.

The data obtained from cell culture assays and animal studies can be used in
formulating a range of dosage for use in humans. The dosage of polypeptides, multimers,
or compositions lies preferably within a range of circulating concentrations that include

the ED50 with little or no toxicity. The dosage may vary within this range depending
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upon the dosage form employed and the route of administration utilized. For any
polypeptides, multimers, or compositions used in the methods as described in this
disclosure, the therapeutically effective dose can be estimated initially from cell culture
assays. A dose may be formulated in animal models to achieve a circulating plasma
concentration range that includes the IC50 (i.e., the concentration of the test polypeptide,
multimer, or composition which achieves a half-maximal inhibition of symptoms) as
determined in cell culture. Such information can be used to more accurately determine
useful doses in humans. Levels in plasma may be measured, for example, by high

performance liquid chromatography.

Pharmaceutical Compositions and Methods of Administration

The methods described herein include the use of pharmaceutical compositions
comprising fusion proteins as described in this disclosure as an active ingredient as well
as the compositions themselves.

Pharmaceutical compositions typically include a pharmaceutically acceptable
carrier. As used herein, the language “pharmaceutically acceptable carrier” includes
saline, solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic
and absorption delaying agents, and the like, compatible with pharmaceutical
administration.

Pharmaceutical compositions are typically formulated to be compatible with its
intended route of administration. Examples of routes of administration include
parenteral, e.g., intravenous, intradermal, subcutaneous, oral (e.g., inhalation),
transdermal (topical), transmucosal, and rectal administration.

Methods of formulating suitable pharmaceutical compositions are known in the
art, see, e.g., Remington: The Science and Practice of Pharmacy, 21st ed., 2005; and the
books in the series Drugs and the Pharmaceutical Sciences: a Series of Textbooks and
Monographs (Dekker, NY). For example, solutions or suspensions used for parenteral,
intradermal, or subcutaneous application can include the following components: a sterile
diluent such as water for injection, saline solution, fixed oils, polyethylene glycols,
glycerine, propylene glycol or other synthetic solvents; antibacterial agents such as

benzyl alcohol or methyl parabens; antioxidants such as ascorbic acid or sodium bisulfite;
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chelating agents such as ethylenediaminetetraacetic acid; buffers such as acetates, citrates
or phosphates and agents for the adjustment of tonicity such as sodium chloride or
dextrose. pH can be adjusted with acids or bases, such as hydrochloric acid or sodium
hydroxide. The parenteral preparation can be enclosed in ampoules, disposable syringes
or multiple dose vials made of glass or plastic.

Pharmaceutical compositions suitable for injectable use can include sterile
aqueous solutions (where water soluble) or dispersions and sterile powders for the
extemporaneous preparation of sterile injectable solutions or dispersion. For intravenous
administration, suitable carriers include physiological saline, bacteriostatic water,
Cremophor EL™ (BASF, Parsippany, NJ) or phosphate buffered saline (PBS). In all
cases, the composition must be sterile and should be fluid to the extent that easy
syringability exists. It should be stable under the conditions of manufacture and storage
and must be preserved against the contaminating action of microorganisms such as
bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid
polyetheylene glycol, and the like), and suitable mixtures thereof. The proper fluidity can
be maintained, for example, by the use of a coating such as lecithin, by the maintenance
of the required particle size in the case of dispersion and by the use of surfactants.
Prevention of the action of microorganisms can be achieved by various antibacterial and
antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic acid,
thimerosal, and the like. In many cases, it will be preferable to include isotonic agents,
for example, sugars, polyalcohols such as mannitol, sorbitol, sodium chloride in the
composition. Prolonged absorption of the injectable compositions can be brought about
by including in the composition an agent that delays absorption, for example, aluminum
monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporating polypeptides,
multimers, or compositions as described in this disclosure in the required amount in an
appropriate solvent with one or a combination of ingredients enumerated above, as
required, followed by filtered sterilization. Generally, dispersions are prepared by
incorporating the polypeptides, multimers, or compositions into a sterile vehicle, which

contains a basic dispersion medium and the required other ingredients from those
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enumerated above. In the case of sterile powders for the preparation of sterile injectable
solutions, the preferred methods of preparation are vacuum drying and freeze-drying,
which yield a powder of the active ingredient plus any additional desired ingredient from
a previously sterile-filtered solution thereof.

Oral compositions generally include an inert diluent or an edible carrier. For the
purpose of oral therapeutic administration, the active agents can be incorporated with
excipients and used in the form of tablets, troches, or capsules, e.g., gelatin capsules.

Oral compositions can also be prepared using a fluid carrier for use as a mouthwash.
Pharmaceutically compatible binding agents, and/or adjuvant materials can be included
as part of the composition. The tablets, pills, capsules, troches and the like can contain
any of the following ingredients, or agents of a similar nature: a binder such as
microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or
lactose, a disintegrating agent such as alginic acid, Primogel, or corn starch; a lubricant
such as magnesium stearate or Sterotes; a glidant such as colloidal silicon dioxide; a
sweetening agent such as sucrose or saccharin; or a flavoring agent such as peppermint,
methyl salicylate, or orange flavoring.

For administration by inhalation, the composition can be delivered in the form of
an aerosol spray from a pressured container or dispenser that contains a suitable
propellant, e.g., a gas such as carbon dioxide, or a nebulizer. Such methods include those
described in U.S. Patent No. 6,468,798.

In some embodiments, the polypeptides or multimers are prepared with carriers
that will protect the polypeptides or multimers against rapid elimination from the body,
such as a controlled release formulation, including implants and microencapsulated
delivery systems. Biodegradable, biocompatible polymers can be used, such as ethylene
vinyl acetate, polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic
acid. Such formulations can be prepared using standard techniques, or obtained
commercially, e.g., from Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal
suspensions (including liposomes targeted to selected cells with monoclonal antibodies to
cellular antigens) can also be used as pharmaceutically acceptable carriers. These can be
prepared according to methods known to those skilled in the art, for example, as

described in U.S. Patent No. 4,522,811.
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The pharmaceutical compositions can be included in a container, pack, or

dispenser together with instructions for administration.

Methods of Diagnosis

Included herein are methods for diagnosing allergy. The methods rely on
detection of a sialylation levels on IgE. The methods include obtaining a sample from a
subject, and evaluating the presence and/or level of sialylation on IgE, e.g., on total IgE,
or on allegen-specific IgE (i.e., IgE that binds specifically to a selected allergen) in the
sample, and comparing the presence and/or level with one or more references, e.g., a
control reference that represents a normal level of sialylation on IgE e.g., a level in an
unaffected (non-allergic) subject, and/or a disease reference that represents a level of the
proteins associated with allergy e.g., a level in a subject having an allergy, e.g., an
anaphylactic allergy. Suitable reference values can include those shown in Figures 11,
and 2B, showing total IgE titers and Ara h 2 titers.

As used herein the term “sample”, when referring to the material to be tested for
the presence of a biological marker using the method of the invention, includes whole
blood, plasma, or serum. The type of sample used may vary depending upon the clinical
situation in which the method is used. Various methods are well known within the art for
the identification and/or isolation and/or purification of IgE from a sample. In some
embodiments, the methods include isolating antigen-specific IgE, e.g., by purifying total
IgE, and then enriching antigen/allergen-specific IgE using antigen/allergen -coupled
beads.

The presence and/or level of sialylation on IgE can be evaluated using methods
known in the art, e.g., using standard electrophoretic and quantitative immunoassay
methods, including but not limited to, Western blot; enzyme linked immunosorbent assay
(ELISA); radio-immunoassay, immunohistochemistry (IHC); or mass spectrometry (Kim
(2010) Am J Clin Pathol 134:157-162; Yasun (2012) Anal Chem 84(14):6008-6015;
Brody (2010) Expert Rev Mol Diagn 10(8):1013-1022; Philips (2014) PLOS One
9(3):€90226; Pfaffe (2011) Clin Chem 57(5): 675-687).

In some embodiments, an ELISA method may be used, wherein the wells of a
mictrotiter plate are coated with an antibody against which the protein is to be tested. The

sample containing or suspected of containing the biological marker is then applied to the
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wells. After a sufficient amount of time, during which antibody-antigen complexes would
have formed, the plate is washed to remove any unbound moieties, and a detectably
labelled molecule is added. Again, after a sufficient period of incubation, the plate is
washed to remove any excess, unbound molecules, and the presence of the labeled
molecule is determined using methods known in the art. Variations of the ELISA method,
such as the competitive ELISA or competition assay, and sandwich ELISA, may also be
used, as these are well-known to those skilled in the art.

Mass spectrometry, and particularly matrix-assisted laser desorption/ionization
mass spectrometry (MALDI-MS) and surface-enhanced laser desorption/ionization mass
spectrometry (SELDI-MS), is useful for the detection of biomarkers of this invention.
(See U.S. Patent No. 5,118,937, 5,045,694; 5,719,060, 6,225,047)

In some embodiments, the presence and/or level of sialylation on IgE 1s
comparable to the presence and/or level of the protein(s) in the disease reference, and the
subject has or has had one or more symptoms associated with an allergic reaction, then
the subject can be diagnosed with an allergy, e.g., an anaphylactic allergy. In some
embodiments, the subject has no overt signs or symptoms of allergy or allergic reaction,
but the presence and/or level of sialylation on IgE is comparable to the presence and/or
level of the protein(s) in the disease reference, then the subject has an increased risk of
developing an allergy, e.g., an anaphylactic allergy. In some embodiments, once it has
been determined that a person has an allergy, e.g., an anaphylactic allergy, or has an
increased risk of developing an allergy, e.g., an anaphylactic allergy, then a treatment,
e.g., as known in the art or as described herein, can be administered.

Suitable reference values can be determined using methods known in the art, e.g.,
using standard clinical trial methodology and statistical analysis. The reference values
can have any relevant form. In some cases, the reference comprises a predetermined
value for a meaningful level of sialylation on IgE, e.g., a control reference level that
represents a normal level of sialylation on IgE, e.g., a level in an unaffected subject or a
subject who is not at risk of developing an allergy as described herein, and/or a disease
reference that represents a level of the proteins associated with conditions associated with
allergy or anaphylactic allergy, e.g., a level in a subject having an allergy (e.g., an

anaphylactic allergy).
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The predetermined level can be a single cut-off (threshold) value, such as a
median or mean, or a level that defines the boundaries of an upper or lower quartile,
tertile, or other segment of a clinical trial population that is determined to be statistically
different from the other segments. It can be a range of cut-off (or threshold) values, such
as a confidence interval. It can be established based upon comparative groups, such as
where association with risk of developing disease or presence of disease in one defined
group is a fold higher, or lower, (e.g., approximately 2-fold, 4-fold, 8-fold, 16-fold or
more) than the risk or presence of disease in another defined group. It can be a range, for
example, where a population of subjects (e.g., control subjects) is divided equally (or
unequally) into groups, such as a low-risk group, a medium-risk group and a high-risk
group, or into quartiles, the lowest quartile being subjects with the lowest risk and the
highest quartile being subjects with the highest risk, or into n-quantiles (i.e., n regularly
spaced intervals) the lowest of the n-quantiles being subjects with the lowest risk and the
highest of the n-quantiles being subjects with the highest risk.

In some embodiments, the predetermined level is a level or occurrence in the
same subject, e.g., at a different time point, e.g., an earlier time point.

Subjects associated with predetermined values are typically referred to as
reference subjects. For example, in some embodiments, a control reference subject does
not have a disorder described herein (e.g. an allergy, e.g., an anaphylactic allergy). In
some cases it may be desirable that the control subject is non-allergic, and in other cases
it may be desirable that a control subject has an allergy, e.g., to a different allergen, or a
non-anaphylactic allergy.

A disease reference subject is one who has (or has an increased risk of
developing) an allergy, e.g., an anaphylactic allergy. An increased risk is defined as a
risk above the risk of subjects in the general population.

Thus, in some cases the level of sialylation on IgE in a subject being less than or
equal to a reference level of sialylation on IgE is indicative of a clinical status (e.g,,
indicative of a disorder as described herein, e.g., an allergy, e.g., an anaphylactic allergy.
In other cases the level of sialylation on IgE in a subject being greater than or equal to the
reference level of sialylation on IgE is indicative of the absence of disease or normal risk

of the disease. In some embodiments, the amount by which the level in the subject is the
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less than the reference level is sufficient to distinguish a subject from a control subject,
and optionally is a statistically significantly less than the level in a control subject. In
cases where the level of sialylation on IgE in a subject being equal to the reference level
of sialylation on IgE the “being equal” refers to being approximately equal (e.g., not
statistically different).

The predetermined value can depend upon the particular population of subjects
(e.g., human subjects) selected. For example, an apparently healthy non-allergic
population may have a different ‘normal’ range of levels of sialylation on IgE than will a
population of subjects which have, are likely to have, or are at greater risk to have, an
allergy, e.g., an anaphylactic allergy. Accordingly, the predetermined values selected
may take into account the category (e.g., sex, age, health, risk, presence of other diseases)
in which a subject (e.g., human subject) falls. Appropriate ranges and categories can be
selected with no more than routine experimentation by those of ordinary skill in the art.

In characterizing likelihood, or risk, numerous predetermined values can be
established.

Upon diagnosis with an allergy, e.g., an anaphylactic allergy, the subject can be
administered or prescribed a treatment, e.g., avoidance of the allergen, immunotherapy
(e.g., oral, sublingual, or subcutaneous immunotherapy, e.g., Sublingual immunotherapy
(SLIT)), and/or a pharmacological treatment, e.g., a chronically administered treatment
(e.g., corticosteroids, antihistamines, Leukotriene receptor antagonists (LTRAs), Anti-
IgE antibody) or an acutely-administered treatment (e.g., epinephrine or a rapid-acting
bronchodilator). See, e.g., Min, Allergy Asthma Immunol Res. 2010 Apr; 2(2): 65-76.

In some embodiments, the methods rely on the observation that Human IgE has
seven N-linked glycosylation sites, 5 of which are occupied by complex biantennary
glycans. One site is occupied by an oligomannose glycan, and one site is unoccupied. On
complex biantennary glycans, sialic acid is attached to galactose. Thus provided herein is
an in vitro assay method to determine the pathogenicity of circulating 1gEs in allergic
humans. The method can include measuring the levels of terminal sialic acid sugar
residues or terminal galactose residues on sera IgEs, isolated from said humans, wherein
higher levels of sialylation (higher sialylation correlates with less terminal galactose, and

vice versa) predict susceptibility to a pathogenic reaction (e.g., anaphylaxis) in said
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allergic humans. In some embodiments, the in vitro assay is an ELISA in which total IgE
is captured, and sialylation levels are quantified by the ratio of the amount of 1gE-bound
labelled lectin, specific for terminal sialic acid or terminal galactose, normalized to the
amount of total anti-IgE detection antibody is bound. In some embodiments, the
measurement for the amount of 1gE-bound labelled lectin is by, but not limited to,
fluorescence or a colorimetric enzymatic reaction. Also provided is an in vitro assay
method to determine the pathogenicity to a specific allergen of circulating IgEs in
humans; the method can include measuring the levels of sialic acid sugar residues or
galactose residues on said IgEs, isolated from the sera of human patients and which bind
to a specific allergen, wherein higher levels of sialylation on allergen-bound IgEs predict
susceptibility to a pathogenic reaction (e.g. anaphylaxis) to said allergen. In some
embodiments, the in vitro assay is an ELISA in which allergen-specific IgE is captured,
and sialylation levels are quantified by the ratio of the amount of 1gE-bound labelled
lectin, specific for terminal sialic acid or terminal galactose, normalized to the amount of
total anti-lgE detection antibody is bound. In some embodiments, the measurement for
the amount of 1gE-bound labelled lectin is by, but not limited to, fluorescence or a
colorimetric enzymatic reaction.
EXAMPLES
The invention is further described in the following examples, which do not limit

the scope of the invention described in the claims.
Example 1. IgE Sialylation is a Determinant of Allergic Pathogenicity

Methods

The following materials and methods were used in this Example.
IgE Antibodies

All human samples were collected under IRB approved protocols. Serum samples
from MGH IRB approved and consented peanut allergic were collected prior to
treatment. Peanut allergy was confirmed by clinical history, allergen-specific IgE
screening, and double-blind placebo-controlled oral challenge (PNOIT2, NCT01750879,
Table 1). IRB-approved non-atopic adults were recruited (Research Blood Components,

Boston, MA) on the basis of self-identification as non-allergic donors. Non-atopy was
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confirmed by clinical history, and allergen-specific IgE screening (Table 1). Total IgE,
Ara h 2-specific IgE, Fel d 1-specific IgE, Der p 1-specific IgE, and Bet v 1-specific IgE

were determined by ImmunoCap Assay (Phalleon, Thermo Scientific) according to

manufacturer’s protocols. Primary IgE was enriched from serum samples by serially

depleting IgG by protein G agarose (GE Healthcare) followed by anti-IgE conjugated

NHS-beads (GE Healthcare). IgE purity was confirmed by protein electrophoresis and

coomassie gel staining. Recombinant OV A-specific IgE was generated as described?.

Briefly, cDNA sequences for generating OV A-specific heavy € and light k chain of

mouse and human IgE?* were cloned into pcDNA3.4 using restriction enzyme sites Xbal

and Agel. To generate recombinant OV A-specific mouse or human IgE, plasmids

containing OV A-specific heavy and light chain were transiently co-transfected at 1:1

ratio using Expi293 Expression System Kit (Life Technologies) according to the

manufacturer’s protocol. The cells expressing IgE were selected by addition of 400

ng/mL G418 in the culture media for two weeks and maintained before expanding to a

larger scale production. OV A-specific IgE was purified from cell culture supernatant by

OVA-coupled agarose beads?’.

Table 1. Patient Demographic Data

Sample # Diagnosis

Gender Age Other Atopies™

73
10
22
34
51
60
61
67
84
97
24
33
34
69
80
95
97
100
105
111

Allergic
Allergic
Allergic
Allergic
Allergic
Allergic
Allergic
Allergic
Allergic
Allergic
Allergic
Allergic
Allergic
Allergic
Allergic
Allergic
Allergic
Allergic
Allergic
Allergic

I
\8)

22
25
19
30
15
40
27
52
22
36
36
30
16
15
8

8

36
22
22
22

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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Sample # Diagnosis Gender Age Other Atopies*

106 Allergic F 32 Yes
149 Non-atopic M 27 No
349 Non-atopic F 35 No
241 Non-atopic M 29 No
528 Non-atopic M 38 No
53208 Non-atopic M 36 No
53209 Non-atopic M 37 No
53210 Non-atopic M 39 No
53211 Non-atopic F 31 No
53195 Non-atopic M 60 No
57543 Non-atopic M 69 No
57544 Non-atopic F 27 No
57546 Non-atopic M 22 No
57699 Non-atopic M 58 No
57713 Non-atopic M 32 No
57714 Non-atopic M 28

56986 Non-atopic M 29

56988 Non-atopic F 50

57527 Non-atopic F 29

*Includes reports of allergic asthma, allergic rhinitis, other food dermatitis.

ELISAs

Sandwich ELISA for quantifying mIgE and OV A-specific binding were
conducted as previously described?’. Briefly, 96-well Nunc plates were coated with goat
polyclonal anti-mouse IgE (Bethyl Laboratories) or OVA and blocked with BSA in PBS
(1% BSA for mIgE and 2% for OV A) prior to sample incubation. Samples were probed
with goat polyclonal anti-mouse IgE-HRP (2 ng/ml; Bethyl Laboratories) and the
reactions were detected by 3,3,5,5- tetramethylbenzidine (TMB; Thermo Fisher
Scientific) and stopped by 2 M sulfuric acid, and the absorbance was measured at 450
nm.
Glycopeptide Mass Spectrometry and Glycan Analysis

Site specific glycosylation was quantified for IgE isolated from non-allergic
donors and from peanut allergic donors using nano LC-MS/MS following enzymatic
digestion of the proteins as described previously, with minor modifications?>>* (Tables 2,
3).

The isolated polyclonal primary hIgE and myeloma hIgE (Sigma Aldrich AG30P)
was prepared for proteolysis by denaturing the protein in 6M guanidine HCI followed by
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reduction with dithiothreitol and alkylation with iodoacetamide followed by dialysis into
25mM ammonium bicarbonate pH 7.8. Proteolysis was done with either trypsin to
quantify N218, N371 and N394 or chymotrypsin to quantify N140, N168 and N265. For
the tryptic digest IgE was incubated with trypsin (Trypsin Gold Promega) at a 1:50
enzyme to substrate ratio overnight at 37C. For the chymotryptic digest IgE was
incubated with chymotrypsin (Sequencing Grade Promega) at a 1:100 enzyme to
substrate ratio for 4 hours at 25C. Both enzymes were quenched with formic acid added
to 2% w/w. The separation was performed on a Thermo EasySpray C18 nL.C column
0.75umx50cm using water and acetonitrile with 0.1% formic acid for mobile phase A and
mobile phase B respectively. A linear gradient from 1% to 35% mobile phase B was run
over 75 minutes. Mass spectra were recorded on a Thermo Q Exactive mass spectrometer
operated in positive mode using data independent acquisition (DIA) targeting the masses
shown. Glycopeptides were quantified based on the extracted ion area of the Y1 ion
(Figs. 6A-E). The relative abundance was calculated for all identified glycan species for
each site. Myeloma IgE (Sigma Aldrich AG30P) was run prior to paired sample sets to
monitor retention time shifts and ensure consistency in the analytical results across the
sample set. The percentage of glycan moieties at each site was calculated using the
relative abundance of each glycan. For example, if a particular site was determined to
have 60% monosialylated, fucosylated glycans (A1F), and 40% of disialylated,
fucosylated glycans (A2F), the number of sialic acids at one site would be 1.4
(0.6x1+0.4x2), and total 2.8 sialic acids per molecule accounting for two sites.
Mice

Five- to six-week-old female BALB/c mice were purchased from the Jackson
Laboratory and used in these studies. All mice were housed in specific pathogen-free
conditions according to the National Institutes of Health (NIH), and all animal
experiments were conducted under protocols approved by the MGH TACUC. For all
experiments, age- and sex-matched mice were randomized allocating to experimental
group, with 4-5 mice per group, and repeated at least three independent times.

Passive Cutaneous Anaphylaxis (PCA) was conducted as previously described?*.
In brief, monoclonal S*mIgE or **mIgE specifically for OVA or dinitrophenyl (DNP,

clone SPE-7; Sigma-Aldrich) was injected intradermally in the mice ears. For
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experiments where OVA-specific **mIgE was added to OV A-specific S*mIgE, a mIgE
isotype control (clone MEA-36, Biolegend) was included. The next day mice were
intravenously challenged with PBS containing 125 ug OVA (Sigma-Aldrich) or DNP-
Human Serum Albumin (DNP-HSA; Sigma-Aldrich) and 2% Evans blue dye in PBS. 45
min after challenge, the ears were excised and minced before incubation in N,N-
dimethyl-formamide (EMD Millipore) at 55°C for 3 h. The degree of blue dye in the ears
was quantitated by the absorbance at 595 nm.

Passive Systemic Anaphylaxis (PSA) was elicited as previously described with
minor modifications*>*. Briefly, mice were injected intravenously with monoclonal
mlgE specific for OVA or DNP (clone SPE-7; Sigma-Aldrich) in PBS and challenged the
next day intravenously with PBS containing 1 mg OVA (Sigma-Aldrich) or DNP-HSA
(Sigma-Aldrich). For examining the therapeutic potential of #*mIgE, mice that had been
injected intravenously with 10 ug DNP-specific mIgE (clone SPE-7; Sigma-Aldrich) the
first day were injected intravenously with PBS, 20 ug OVA-specific 5@
OV A-specific “*mIgE the next day and challenged with 1 mg DNP-HSA or OVA

mlgE or 20 pg

(Sigma-Aldrich) the third day. For testing the therapeutic potential of NEU™, mice
injected intravenously with 10 ng OV A-specific mIgE the first day were further injected
intravenously with PBS, 100 pg NEU™ or 100 pg mIgE isotype control (clone MEA-36,
Biolegend) the next day and challenged with 1 mg OV A (Sigma-Aldrich) the third day.
Core temperature was recorded at the baseline and every 10 min after the allergen
challenge by a rectal microprobe thermometer (Physitemp). Histamine in the blood was
quantified by histamine enzyme immunoassay kit (SPI-Bio) according to the
manufacturer’s protocol. Briefly, histamine in the blood was derivatized and incubated
with plate precoated with monoclonal anti-histamine antibodies and histamine-AchE
tracer at 4°C for 24 h. The plate was then washed and developed with Ellman’s reagent
and the absorbance measured at 405 nm.

Passive Food Anaphylaxis (PFA) was elicited by adapting PSA described above.
Briefly, mice injected intravenously with 20 pg monoclonal mIgE specific for TNP
(clone MEA-36; Biolegend) in PBS the first day were administered with 20 mg TNP-
OVA in PBS (Biosearch Technologies) by oral gavage the next day. Core temperature
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was recorded at the baseline and every 10 min after the challenge by a rectal microprobe
thermometer (Physitemp).

To determine in vivo half-lives of $?mIgE or “*mIgE, mice were injected
intraperitoneally with 30 g DNP-specific S*mIgE or “*mIgE and the blood collected at
the indicated times after injection into a Microtainer blood collection tube with clot
actiator/SST gel (BD Diagonistics). The level of mIgE was quantified by mIgE ELISA
described below.

Human LAD2 mast cell culture and degranulation

Human LAD2 mast cell line was a generous gift of Dr. Metcalfe (NIAID, NIH)
and was maintained as previously described®***. Briefly, LAD2 cells were cultured in
StemPro-34 SFM medium (Life Technologies) supplemented with 2 mM L-glutamine,
100 U/ml penicillin, 100 pg/ml streptomycin, and 100 ng/ml recombinant human stem
cell factor (PeproTech). The cells were hemi-depleted each week with fresh medium and
maintained at 2-5 x 10° cells/ml at 37°C and 5% CO2.

Degranulation assays were performed as previously described (Shade, 2015),
LAD?2 cells were sensitized overnight with 1 ng/mL OV A-specific hIgE at 1 pg/mL or 50
ng/mL peanut-allergic hIgE. The following day, the cells were pelleted by centrifugation,
resuspended in HEPES buffer, plated in 96-well plates, and stimulated with allergen
OVA or crude peanut extract at defined concentrations. Upon allergen challenge, mast
cell degranulation was determined by the amount of substrate p-nitrophenyl N-acetyl-3-
D-glucosamide digested by [3-hexosaminidase release from the mast cell granules at the
absorbance of 405 nm. To assess the effect of sialic acid removal on IgE-bound mast
cells, IgE-sensitized LAD2 cells were treated with NEU™, heat-inactivated NEUF®,
mlgE isotype control (clone MEA-36, Biolegend) for 20 min before allergen challenge.
To inactivate NEU™, the enzyme was heated at 95°C for 10 min. To determine whether
addition of a surrogate asialylated glycoprotein could recapitulate the phenotype of sialic
acid removal from IgE, LAD2 cells sensitized with OV A-specific S*hIgE were incubate
with sialylated fetuin (3*Fetuin) or asialylated fetuin (**Fetuin) at defined amount for 20

min before allergen challenge.
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Crude peanut extract preparation

Unsalted dry-roasted peanuts (Blanched Jumbo Runner cultivar; Planters) were
ground to a smooth paste, followed by washing with 20 volumes of cold acetone, filtered
using Whatman paper, and dried as previously described?. Protein was extracted by
agitating the peanut flour overnight with PBS containing protease inhibitor cocktail
without EDTA (Roche). The peanut protein extracts were collected as the supernatant
after centrifugation at 24,000 x g for 30 min.
IgE Glycosylation Engineering

To remove sialic acids on IgE, IgE was digested with Glyko Sialidase A
(Prozyme) at 37°C for 72 h according to the manufacturer’s instructions. To re-sialylate
ASmIgE by in vitro sialylation reaction, **mIgE was incubated with 5 mM Cytidine-5’-
monophospho-N-acetylneuraminic acid (CMP-Neu5Ac2; Nacalai USA) in the sialylation
buffer (150 mM NaCl, 20 mM HEPES, pH7.4) overnight at room temperature. Following
reactions, OV A-specific SPIgE or ’IgE were purified by OV A-coupled beads to remove
glycosylation modifying enzymes as described?*. All digestion or sialylation reactions
were verified by lectin blotting or HPLC.
Protein gel stain and lectin blotting

Equal amounts of SPIgE or “*IgE were resolved on 3-8% Tris-Acetate protein gels
(Life Technologies) in SDS-PAGE under nonreducing conditions. For protein stain, gels
were incubated in AcquaStain Protein Gel Stain (Bulldog Bio) for 1 h at room
temperature and destained in distilled water. For lectin blotting, the protocol was
conducted as described?. Briefly, after resolved proteins on the gel were transferred to
Immobilon-PSQ polyvinylidene difluoride membranes (Millipore Sigma), the membranes
were blocked with 0.2% BSA in TBS for 1 hour at room temp, washed in TBS, followed
by incubation with biotinylated Sambucus nigra lectin (SNA; 0.4 ng/ml; Vector
Laboratories) in TBS with 0.1 M Ca?" and 0.1 M Mg?* for 1 hour at room temp to
determine the level of terminal 02,6 sialic acids on N-linked glycans of proteins. The
membrane was then washed in TBS and incubated with alkaline phosphatase conjugated
goat anti-biotin (1:5000 dilution; Vector Laboratories) in TBS for 1 hour at room temp.
Sialylated proteins on membranes were visualized by incubation with 1-Step NBT/BCIP

plus Suppressor Substrate Solution.
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Basophil activation tests

Basophil activation was performed as previously described*’. Buffy coats of
human blood from healthy, de-identified, consenting donors were obtained from the
MGH Blood Transfusion Service. Peripheral blood mononuclear cells (PBMCs) were
separated from buffy coats by a density gradient centrifugation using Ficoll Paque Plus
(GE Healthcare) and resuspended in 0.5% BSA in RPMI 1640 Media (GE Healthcare).
PBMCs were incubated for 2 min with ice-cold lactic acid buffer (13.4 mM lactate, 140
mM NaCl, 5 mM KCI, pH 3.9) to remove endogenous human IgE on the cell surface
prior to neutralization by 12% Tris (pH 8). Cells were then washed and incubated 1 hour
at 37°C with 1 pg OVA-specific S*hIgE or **hIgE per 1 x 10° cells in basophil activation
buffer (0.5% BSA, 2 mM CaCl, and 2 mM MgCl, in RPMI 1640 Media). Sensitized cells
were washed and resuspended in basophil activation buffer supplemented with 10 ng/mL
human IL3 (Peprotech) prior to 30 min OV A activation. Activation was stopped by
addition of ice-cold 0.2 M EDTA in FACS buffer. Activated cells were washed and
resuspended in FACS buffer to proceed antibody staining for basophil activation markers.
Flow cytometry

Antibodies used for surface allergen staining are listed in Table A. For staining
for mouse cells, suspension cells were incubated with anti-mouse CD16/CD32 (clone
2.4G2, BD Biosciences) prior to antibody staining. Cells were incubated in FACS buffer
with desired staining antibodies for 20 minutes at 4°C. Cells were then washed in FACS
buffer before being acquired by an LSRII flow cytometer (BD Biosciences) or
CytoFLEX (Beckman Coulter). Data were analyzed using FlowJo software version 10.4
software (Tree Star). To quantify hIgE loading following sensitization, PBS or 1 pg/mL
OV A-specific S?hIgE or “*hIgE were incubated with 2.5 x 103 cells/mL LAD2 mast cells
overnight before wash with FACS buffer and stained with OVA-A647. To quantify
dermal mast cell IgE loading, single cell suspensions were generated from mouse ears as
described?*. Ears were intradermally injection of 40 ng OV A-specific S*mIgE or *mIgE.
The following day, ears were removed, separated into dorsal and ventral halves, and
minced before incubation in DMEM containing 2% FCS, 1% HEPES, 500 u/mL
collagenase type 4 (Worthington), 0.5 mg/mL hyaluronidase (Sigma) and Dnase I
(Roche) at 37°C for 1 hat 180 RPM. The digested sample was then subjected to
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disruption by Gentle MACS and filtered through a 70 um cell strainer followed by a 40
um cell strainer in FACS buffer (2 mM EDTA and 0.5% Bovine Serum Albumins (BSA)

in PBS).
Table A: Antibodies used for in various experiments
FACS assay Target Clone FIuoro;;hrome Vendor Dilution
Mouse CD45  30-F11 APC/ Biolegend 1:400
Cyanine7
Mouse/human PerCP/ . .
CD11b M1/70 Cyanine5.5 Biolegend 1:100
IgE loading on Mouse CD11¢c N418 FITC Biolegend 1:100
mouse skin mast Mouse Ly-
cells 6G/Ly-6C RB6-8C5 FITC Biolegend 1:100
(Gr-1)
Mouse CD117 . .
(c-Kit) 2B8 APC Biolegend 1:100
Mouse IgE RME-1 PE Biolegend 1:100
H”mf‘crlé)m” 104D2 PE Biolegend 1:400
IgE loading on 1-400 of 2
human LAD2 cells Ovalbumin AB47 Invitrogen mg./mL stock
Human IgE MHE-18 APC Biolegend 1:400
Human HLA- . i
Basophil activation DR L243 PE/Cy7 Biolegend 1:35
tests Human CD123 6H6 PE Biolegend 1:30
Human CD63 H5C6 FITC Biolegend 1:30
General Viability eFluor 450 eBioscience 1:500
ELISA assay Target Catalog # Conjugation Vendor Dilution
migE A90-115A No Bethyl 1:200
Mouse IgE ELISA migE A90-115P HRP Bethyl 1:30,000
higE A80-108A No Bethyl 1:200
Human IgE ELISA higE A80-108P HRP Bethyl 1:30,000
Immunoblotting Target Catalog # Sp_eC|e_s/ Vendor Dilution
conjugation
) . Cell Signaling .
Immunoblotting for Phospho-Syk 2701 Rabbit Technology 1:2000
Syk Total 2712 Rabbit Cell Signaling 1:2000
Technology
Secondary antibody Rabbit IgG W4011 HRP Promega 1:500
Immunobilotting for . sc-47778 Santa Cruz .
Actin Actin HRP HRP Biotechnology 1:50,000
Passive Anaphylaxis Species Clone Antl_ge_n Vendor
specificity
R dinitrophenyl . ) .
IgE Mouse SPE-7 (DNP) Sigma-Aldrich
) Trinitrophenyl .
IgE Mouse MEA-36 (TNP) Biolegend
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Biolayer interferometric assays for binding

Binding kinetics and affinity of protein interaction studies were performed by the
Octet K2 system (Molecular Devices) using Octet buffer (PBS with 0.025% Tween and
1% BSA). For measuring hFceRlIa interaction, ligand 0.25 pg/mL His-tagged hFceRla,
(Acro Biosystems) was loaded onto Anti-Penta-HIS (HIS1K) Biosensors (Molecular
Devices). For OVA interaction, ligand 100 pg/mL OV A was immobilized onto Amine
Reactive Second-Generation (AR2G) Biosensors in 10 mM sodium acetate, pH 5 using
EDC/Sulfo-NHS based chemistry. Association of analyte OV A-specific S®hIgE or #*hIgE
was performed in 3-fold serial dilution from 90 to 1 nM or NEUF in 3-fold serial
dilution from 24 to 0.3 nM in Octet buffer. Analyte dissociation was measured in Octet
buffer. Analysis of binding kinetic parameters were performed by Octet data analysis
software 10.0 using interaction of ligand-loaded biosensor with no analyte during
association phase as the reference sensor.
Immunoblotting for Syk Signaling

1.5 x 10°LAD2 cells were sensitized with PBS or 1 pg/mL OV A-specific S*hIgE
or *hIgE. Sensitized cells were washed and resuspended in HEPES buffer the next day
followed by OV A stimulation at 10 pg/mL OV A at 37°C for indicated times. Cells were
immediately centrifuged after OV A stimulation and the cell pellets lysed in ice-cold lysis
buffer for 30 min on ice (RIPA buffer (Boston BioProducts), 1x Halt Protease Inhibitor
Cocktail (Thermo Scientific), 1x Halt™ Phosphatase Inhibitor Cocktail (Thermo
Scientific) and 2.5 mM EDTA). After incubation on ice, lysed pellets were passed rapidly
through a 27G needle on ice and centrifuged at maximal speed at 4°C for 15 min to clear
the membrane and nuclei. The protein concentration was quantified using Pierce BCA
Protein Assay kit (Thermo Scientific) and 20 pg of protein lysate was loaded per well on
4-12% Bis-Tris protein gels (Life Technologies) in SDS-PAGE under denaturing and
reducing conditions. Briefly, after protein transferred to PVDF membranes described as
above, the membranes were blocked with 5% milk in TBS with 0.1% Tween (TBST) for
1 hour at room temp, washed in TBST, followed by incubation with 1:2000 Rabbit anti-
Phospho-Syk (Tyr352) Antibody (Cell Signaling Techology) in 5% BSA in TBST
overnight at 4°C. The membrane was then washed in TBST before incubating with anti-

rabbit-HRP for 1 hour at room temp and washed in TBST again followed by
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chemiluminescent detection using Immobilon Western Chemiluminescent HRP Substrate
(Millipore Sigma). To detect total Syk on the membrane, after chemiluminescent
detection using autoradiography film, the membrane was stripped by incubating in
stripping buffer (2% SDS and 0.1 M B-mecaptoethanol in Tris buffer) at S0°C for 30 min.
The stripped membranes were then blocked, washed as above and then incubated with
1:2000 Rabbit anti-Syk Antibody (Cell Signaling Techology) for 2 h in 5% BSA in TBST
at room temp before incubating with 1:30,000 anti-rabbit-HRP for 1 hour at room temp.
To probe for B-Actin, the stripped membranes were incubated with 1:150,000 anti-3-
Actin HRP (Santa Cruz Biotechnology) for 1 hour at room temp, washed and signal
determined by chemiluminescent detection.

Calcium flux

5 x 10° LAD2 cells were sensitized overnight with PBS or 500 ng/mL OV A-
specific S*hIgE or “*hIgE. Next day, sensitized cells were washed before loading with 2
uM Fluo-4-AM (Invitrogen) at 37°C in HEPES buffer for 20 minutes. After loading, the
cells were washed and resuspended in HEPES buffer. Fluorescence was filtered through
the 530/30 band pass filter and collected in FL-1/FITC. Baseline Ca** fluorescence levels
were recorded for 1 minute on the Accuri C6 (BD Biosciences) before the addition of
indicated allergen or buffer to each sample. At the end of allergen stimulation, cells were
added 2 uM Ca?* ionophore A23187 (Sigma) as a positive control.

Generation of NEUF*

The neuraminidase fusion protein was designed by fusing a kappa light chain
secretion signal sequence and the sialidase gene from Arthrobacter urefaciens (EC
3.2.1.18, gene AU104)*. Stop codon of the AU104 was omitted, instead, a short flexible
linker peptide (GGGGGG), mouse IgE Ce2, Ce3, Ce4, and His6-tag was inserted to the
C-terminus of the sialidase. The gene was codon optimized for human and synthesized by
GenScript. The protein of 288 kDa was then produced by WuXi biologics. Sialidase
activity of NEU™ was determined by the level of p-nitrophenol released from 250 M 2-
O-(p-Nitrophenyl)-a-D-N-acetylneuraminic acid (Sigma) in 100 mM sodium phosphate
(pH 5.5) for 10 min at 37°C. The reaction was terminated by adding 0.5 M sodium

carbonate and the absorbance quantified at 405 nm.
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Statistical analyses

All statistical analyses were performed using Prism 8 (GraphPad Software), and
results are shown as means with SEM. Un-paired and paired Student’s t test were used
for parametric comparisons of two unmatched and matched groups, respectively. For
comparisons of two sample groups of multiple non-parametric conditions, a two-way
ANOVA with Sidak’s multiple comparison test was used. For parametric comparison
between three or more groups, one-way or two-way ANOV A with Tukey’s multiple
comparison test was used. Accuracy of individual IgE glycan moieties capacity to
distinguish allergic IgE was analyzed by receiver operating characteristic (ROC) curves.
Area under each ROC curve (AUC) was calculated for each glycan moiety. AUC was
interpreted as follows, where a maximum AUC of 1 indicates the specific glycan moiety
is able to distinguish allergic IgE from non-allergic IgE. An AUC of 0.5 indicates the

differentiation capacity of a specific glycan moiety is poor.

Results

The present study examined whether allergic disease-specific glycosylation
patterns existed for IgE, and if so, whether those patterns influenced IgE biological
activity. Non-atopic adults reported no history of atopy, had low total IgE titers, and had
little IgE reactivity to peanut allergen (Ara h 2), birch tree pollen allergen (Bet v 1),
house dust mite allergen (Der p 1), or cat allergen (Fel d 1) (Fig. 1b, c, d; Table 1).
Peanut allergic adults reported multiple atopies, had approximately two-fold higher total
IgE titers, with IgE reactive to peanut allergen (Ara h 2) but not the other tested allergens,
and were clinically diagnosed with peanut allergy as confirmed by oral peanut challenge
(Fig. 1b, ¢, d; Table 1)°. We sensitized human LAD2 mast cells with similar amounts of
total IgE enriched from the sera of these cohorts (Fig. 5a) and activated the cells by anti-
IgE crosslinking, Intriguingly, less degranulation, as measured by B-hexosaminidase
release, was observed in mast cells sensitized with IgE isolated from sera of non-atopic
individuals compared peanut allergic patients (Fig. 5b), despite similar surface IgE
loading (Fig. Sc, d). This suggested possible intrinsic functional differences between non-

atopic and allergic IgE, independent of allergen specificity.
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Next, the N-glycan residues on total IgE enriched from non-atopic and allergic
serum was analyzed by mass spectrometry?>2*27. This revealed similar numbers of
mannose moieties between total non-atopic and allergic IgE (Fig. le). Fucose, N-acetyl
glucosamine (GlcNAc), galactose, and sialic acid can be attached to complex glycans
(Fig. 1a). While total fucose content was similar between non-atopic and allergic IgE
(Fig. 11), significantly increased levels of bisecting GIcNAc (biGlcNAc) and terminal
galactose were found on non-atopic IgE (Fig. 1g, h) whereas increased terminal
sialylation was detected on allergic IgE (Fig. 11).

To determine whether the differences in glycan residues on total IgE were
predictive of allergic disease, we assessed the variable glycan content on non-atopic and
allergic IgE using Receiver Operating Characteristics (ROC) curves (Fig. 2a). The area-
under these curves revealed that galactose and sialic acid content of IgE were strong
predictors of allergic disease, but not fucose, mannose, nor biGlcNAc. Of note,
differences in IgE sialylation were not sex- or age-dependent (Fig. Se, f). We next asked
where on the IgE molecule glycans differed between allergic and non-atopic individuals
(Figures 6A-E, 7G; Tables 2-3). Site-specific analysis showed that N140, N168, N265
and N394 of IgE were fully occupied by N-linked glycans, with N218 and N371 partially
occupied (75% and 30% respectively), and N383 completely unoccupied (Fig. 2b; Fig.
7a), consistent with previous results?’?>2* The glycans at N394 were exclusively of
oligomannose structure, with predominantly five mannose residues (Man-5) (Fig. 2b; Fig.
7b). N140, N168, N265, and N371 were occupied by complex, antennary structures.
Fucose and biGlcNAc content was similar at all sites between samples (Fig. 7c, d).
However, complex glycans terminating in galactose were enriched at N140 and N265 on
non-atopic IgE, while terminal sialic acid moieties, particularly disialylated glycans were
significantly enriched at N168 and N265 on allergic IgE (Fig. 2b; Fig. 7e-g). Together,
these results reveal the specific glycosylation patterns that distinguish allergic from non-
atopic total IgE.

Table 2: Targeted mass list for IgE glycosylation sites N140, N168 and N265
glycopeptides from the chymotryptic digest

Cs Start End

Mass [m/z] Polarity ; . (N)CE Comment
[z] [min] [min]

1197.84000 3 Positive 23.00 30.00 27 IgE N140 G2F

1295.22000 3 Positive 28.00 34.00 27 IgE N140 A1F
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CS . Start End

Mass [m/z] ] Polarity [min] [min] (N)CE Comment

” IgE N140
1265.54000 3 Positive 25.00 33.00 27 G2F+BglcNAC

” IgE N140
1362.91000 3 Positive 29.00 34.00 27 A1E+BGIcNAC
1391.91000 3 Positive 32.00 37.00 27 IgE N140 A2F

” IgE N140
1459.94000 3 Positive 32.00 37.00 27 A2F+BglcNAG
1416.94000 3 Positive 28.00 34.00 27 IgE N140 A1F+LAcNAC
1513.97000 3 Positive 32.00 37.00 27 IgE N140 A2F+LacNAc
1319.57000 3 Positive 23.00 30.00 27 IgE N140 G2F+LacNAc
922.70000 Positive 30.00 34.00 27 IgE N168 G2F

” IgE N168
990.40000 3 Positive 30.00 34.00 27 G2F+BGICNAC
1019.73000 3 Positive 36.00 40.00 27 IgE N168 A1F

” IgE N168
1087.42000 3 Positive 36.00 40.00 27 A1F+BGIcNAC

” IgE N168
1184.45000 3 Positive 42.00 50.00 27 A2E+BGIcNAC
1116.43000 3 Positive 42.00 50.00 27 IgE N168 A2F
1141.45000 3 Positive 36.00 40.00 27 IgE N168 A1F+LAcCNAC
1238.48000 3 Positive 42.00 50.00 27 IgE N168 A2F+LAcNAc

” IgE N168
1044.43000 3 Positive 30.00 34.00 27 G2F+LACNAC
501.80000 2 Positive 45.00 55.00 27 IgE N265 Agly
1337.20000 3 Positive 65.00 75.00 27 IgE N265 A3F
992.10000 3 Positive 35.00 55.00 27 IgE N265 G2F+GIcNAc
1118.50000 3 Positive 60.00 65.00 27 IgE N265 A2F
1186.20000 3 Positive 60.00 65.00 27 IgE N265 A2F+GIcNAc
1089.10000 3 Positive 52.00 58.00 27 IgE N265 A1F+GIcNAc
924.40000 3 Positive 35.00 55.00 27 IgE N265 G2F
1021.40000 3 Positive 52.00 58.00 27 IgE N265 A1F
1143.40000 3 Positive 52.00 58.00 27 IgE N265 A1F+LacNAc
1240.50000 3 Positive 60.00 65.00 27 IgE N265 A2F+LacNAc

Table 3: Targeted mass list for IgE glycosylation N218, N371 and N394
glycopeptides from the tryptic digest

Start End

Mass [m/z] C[:Z? Polarity 8T SRS (N)CE Comment
90540000 4  Posiive _27.00 3200 27 N218 ATF
88310000 4 Posive 2400 3000 27 N218 G2F+GIcNAC
123150000 3  Posive 23.00 3000 27 N218 G3F
519.60000 3 Posive 39.00 5500 27 Agly N218
1029.00000 4 Positve 4800 6300 27 N218 A2F+GIcNAC
114220000 4  Posive 3500 4500 27 N218 A3F
112315000 3  Positve 2400 3000 27 N218 G1F+GIcNAC
1069.10000 4  Posive 3000 3800 27 N218 A2F +LacNAC
956.20000 4  Posive 27.00 3300 27 N218 A1F+GIcNAG
99670000 4  Posive 27.00 3300 27 N218 A1F+LacNAC
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Mass [m/z] C[:Z? Polarity [Sr:]?r:; ['fnr;g] (N)CE Comment
1109.13000 3 Positve  24.00 _ 30.00 27 N218 G2F
97820000 4  Posiive 30.00 3800 27 N218 A2F
1002.80000 3  Positve 30.00  37.00 27 N371 G2F+GIcNAC
1099.80000 3  Positve 35.00  40.00 27 N371 A1F+GIcNAC
119710000 3  Positve 40.00  50.00 27 N371 A2F+GlcnAc
948.80000 3  Posiive 30.00 3800 27 N371 G1F+GIcNAC
1153.80000 3  Positve 35.00  40.00 27 N371 A1F+LacNAc
1032.80000 3  Positve 34.00  39.00 27 N371 A1F

- N371
1045.80000 3  Positve 35.00  41.00 27 G1F+GIeNACHNOUAG
1129.80000 3  Positve 40.00  50.00 27 N371 A2F
93510000 3  Posiive 30.00 3500 27 N371 G2F+GIcNAC
1056.80000 3  Positve 30.00 3500 27 N371 G3F
517.30000 2  Posive 30.00  38.00 27 N371 Agly
91210000 3  Posive 34.00 4000 27 N394 HM5
966.10000 3  Posiive 34.00 4000 27 N394 HM6
1020.10000 3  Positve 34.00  40.00 27 N394 HM7
107420000 3  Positve 34.00  40.00 27 N394 HMS
1128.20000 3  Positve 34.00  40.00 27 N394 HM9
1071.40000 3  Positve 38.00 4500 27 N394 A1F-LACNAC
1179.50000 3  Positve 38.00 4500 27 N394 3,6,1,1,0
1130.50000 3  Positve 38.00 4500 27 N394 3,6,0,1,0

These findings raised the possibility that sialic acid content modifies IgE effector
functions. Indeed, sialylation has been implicated in regulating most other antibody
classes, including IgG1 anti-inflammatory activity, IgA neuropathy and influenza
neutralization, and IgM-induced inhibitory signaling on B and T cells?®**2. However, the
role for sialylation in modulating IgE function has not been described. Sialic acid was
attached in 02,6 linkages on hIgE and mouse IgE (mIgE) as determined by neuraminidase
(NEU) digestion assays and lectin blotting (Fig. 8, Fig. 3a), consistent with previous
studies’?1%}. Thus, we treated mIgE with NEU or digestion buffer as a control to generate
mlgE of identical allergen-specificity differing only in sialic acid content (Fig. 3a). In a
model of passive cutaneous anaphylaxis (PCA), mice were sensitized with PBS, OVA-
specific sialylated-mIgE (S*mIgE), or OV A-specific asialylated-IgE (**mlIgE)
intradermally in the ears. The next day, the mice were challenged with allergen, OVA, in
Evan’s blue dye intravenously. Forty minutes after challenge, the amount of blue dye in
the ear was quantified as a surrogate of histamine-mediated vascular leakage. PBS-
injection elicited little blue dye accumulation in the ear injection site, while significant

blue coloration was observed in S*mIgE-sensitized ears (Fig. 3b; Fig. 9a). Strikingly,
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ASmIgE-sensitized ears exhibited markedly reduced blue coloration, indicative of
attenuated anaphylaxis (Fig. 3b; Fig. 9a). To confirm sialic acid removal was responsible
for reduced PCA reactivity, sialic acid was reattached to **mlIgE by in vitro sialylation
reaction (X mIgE)**. Res¥mIgF triggered a robust PCA reaction (Fig. 3b),
demonstrating that IgE sialylation impacts the magnitude of anaphylaxis. Flow cytometry
analysis of mast cells recovered from the mouse ears revealed no differences in IgE
loading following sensitization with S*mIgE or #*mIgE (Fig. 3¢; Fig. 9b) and S“mIgE or
ASmIgE bound allergen similarly as determined by ELISA (Fig. 3d). Thus, attenuated
local anaphylaxis by “*mIgE was independent of IgE loading on mast cells in vivo or
allergen recognition.

Next, we systemically sensitized mice with S#mIgE, AmIgE, or PBS and
challenged with allergen the following day in a model of passive systemic anaphylaxis
(PSA). S¥mIgE-sensitized mice elicited a robust anaphylactic response underscored by
3°C loss in temperature 20 minutes after allergen challenge (Fig. 3e; Fig. 10a, b).
However, minimal temperature loss was observed in **mIgE- or PBS-sensitized mice
(Fig. 3e; Fig. 10a, b). Consistently, a systemic increase in histamine was detected in
S IgE-sensitized animals following challenge, but not in **mIgE- or PBS-treated mice
(Fig. 3f). Asialylated glycoproteins have decreased serum half-life’*, and we therefore
compared the levels of S*mIgE and **mIgE in circulation following systemic
administration. However, sialic acid removal had little effect on IgE half-life (Fig. 3g,
Fig. 10c). To extend these findings to a model of passive food allergy, we sensitized mice
systemically with PBS, S*mIgE or #*mIgE, and challenged with allergen orally the
following day. S*mIgE sensitization, but not “**mIgE- or PBS-sensitization resulted in a
significant temperature loss following oral allergen challenge (Fig. 3h).

We next asked whether sialylation similarly regulated hIgE. We sensitized human
LAD2 mast cells with PBS, sialylated or asialylated human IgE (S*hIgE and “*hIgE,
respectively, Fig. 31). The cells were stimulated with allergen, and degranulation
quantified by B-hexosaminidase release assays. “*hIgE-sensitized cells had markedly
reduced degranulation following allergen challenge, compared to S®hIgE-sensitized cells

(Fig. 3j). hIgE loading on LAD2 mast cells after sensitization was examined by flow

cytometry and revealed comparable loading following S*hIgE or AShIgE sensitization
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(Fig. 11a). Similar findings were observed in human mast cells derived from primary
peripheral blood CD34" cell culture, where “*hIgE-sensitized cells had markedly reduced
allergen-specific degranulation compared to S®hIgE-sensitized cells (Fig. 3k; Fig. 11b).
In parallel, primary basophils were sensitized with PBS, S*hIgE and “*hIgE and
stimulated with allergen (Fig. 11c). #*hIgE-sensitized basophils elicited reduced
degranulation after allergen stimulation as measured by surface staining of the granule
marker, CD63, compared to basophils sensitized with S®hIgE (Fig. 31). Although mast
cell loading was similar between mouse and human S?IgE and A’IgE (Fig. 3¢, Fig. 11a),
we asked whether sialylation altered binding kinetics of hIgE to its receptor, FceRI. Bio-
layer interferometry (BLI) assays revealed no difference in #hIgE and “*hIgE
interactions with FceRI (Fig. 3m). Sialylation also did not alter IgE binding to the
allergen (Fig. 3n). Thus, removing sialic acid from IgE attenuates its effector functions in
vivo and in vitro, while binding to allergen, mast cells and FceRI remained intact.

Because sialylation does not alter IgE interactions to allergen and receptor, we
tested whether signaling downstream of FceRI was affected by IgE sialylation. LAD2
mast cells sensitized with S%hIgE or AShIgE were stimulated with allergen and cellular
lysates collected at defined intervals. Western blotting of mast cell lysates for Syk
revealed reduced phosphorylation at 5 and 30 minutes after stimulation (Fig. 4a).
Similarly, calcium flux was reduced in **hIgE-sensitized LAD2 mast cells following
allergen stimulation compared to S*hIgE-sensitizated cells (Fig. 4b). We then asked
whether a surrogate asialylated glycoprotein could recapitulate the phenotype of
attenuating IgE by removing sialic acid. LAD2 mast cells were sensitized with S*hIgE,
and supplemented with either sialylated fetuin (*Fetuin) or asialylated fetuin (**Fetuin;
Fig. 8b) during allergen stimulation. Quantifying the resulting degranulation revealed that
addition of sialylated fetuin had no effect, while asialylated fetuin inhibited allergen-
induced mast cell degranulation (Fig. 4c). Together, these results suggest that sialic acid
removal exposes an inhibitory glycan that dampens FceRI signaling.

The observation that an asialylated glycoprotein could inhibit mast cell
degranulation in vitro raised the possibly that “IgE could actively inhibit anaphylaxis in
vivo. We therefore sensitized mice intradermally in the ears with PBS, OV A-specific
Sia Sia

mlgE, a combination of OV A-specific >*mlgE and ten-fold more OV A-specific
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AsmIgE, or a combination of OV A-specific S*mIgE and ten-fold more TNP-specific

SumIgE isotype control. The next day mice were challenged with OV A and blue
coloration of the ears quantified. Extensive vascular leakage occurred in ears sensitized
with OV A-specific S“mIgE alone (Fig. 4d). However, co-sensitization of OVA-specific
SamIgE with either OV A-specific “*mIgE or TNP-specific S*mIgE both resulted in
significantly reduced vascular leakage (Fig. 4d). Next, mice were systemically sensitized
by DNP-specific S*mIgE on day 0, and PBS, OV A-specific S*mIgE, or OV A-specific
ASmIgE on day 1, and challenged with DNP-HSA on day 2. Intriguingly, mice that were
sensitized with DNP-specific $*mIgE on day 0 and PBS or OV A-specific S*mIgE on day
1 exhibited robust temperature loss after allergen challenge. However, DNP-specific
SamIgE-sensitized mice that received OV A-specific **mIgE on day 1 had significantly
attenuated temperature loss upon allergen challenge (Fig. 4e). Systemic challenge of
these treatment groups with OV A revealed that only mice sensitized with OV A-specific
SmIgE resulted in temperature drop, while all other groups were unaffected (Fig. 12).
These results suggest that #*mIgE attenuates anaphylaxis by occupying FceRI, but can
actively dampen systemic anaphylaxis.

As sialic acid removal attenuated IgE effector functions, we explored whether
targeting sialic acid on IgE-bearing cells is a viable strategy for attenuating allergic
inflammation. Thus, we genetically fused a neuraminidase to the N-terminus of IgE Fc
Ce2-4 domains (Neu ™, Fig. 4f; Fig. 13a) to direct sialic acid removal specifically to IgE-
bearing cells. This fusion protein retained binding to FceRI in BLI binding assays (Fig.
13b), could be loaded on mast cells (Fig. 13¢), and had neuraminidase activity (Fig. 13d-
g). LAD2 mast cells were sensitized with OV A-specific S*hIgE, and then incubated

Fce

briefly with increasing concentrations of Neu™®, heat-inactivated Neu™, or an IgE

isotype to control for FceRI occupancy, and stimulated with OVA. Remarkably,

F¢€ nor the isotype control attenuated

treatment with Neu™, but not heat-inactivated Neu
OVA-induced degranulation in a dose-dependent manner (Fig. 4g). To extend our
findings to allergic hIgE from peanut allergic patients, we sensitized LAD2 mast cells
with peanut allergic S*hIgE and treated with Neu™, or an IgE isotype control.

Fee

Consistently, allergen-induced degranulation was significantly attenuated by Neu

treatment of peanut allergic S*hIgE-sensitized cells compared to IgE isotype control

58



10

15

20

25

30

WO 2020/172072 PCT/US2020/018380

treatment (Fig. 4h). Unsensitized LAD2 mast cells treated with Neu™ did not
degranulate (no IgE + Neu ™, Fig. 4g, h), indicating Neu"™ treatment does not stimulate
mast cells. We next explored the therapeutic potential of modulating sialic acid content in
vivo. Mice were sensitized systemically with S*mIgE on day 0, received PBS, Neu™®, or
IgE isotype control treatment on day 1. The following day, the mice were challenged
systemically with allergen, and core body temperature measured as described above.
SamIgE-sensitized mice that received PBS or isotype control exhibited robust drops in
temperature (Fig. 4i). Remarkably, Neu™® treatment significantly attenuated allergen-
induced temperature drop, providing evidence of the therapeutic potential of targeting

sialic acid on IgE-bearing cells.

OTHER EMBODIMENTS
It 1s to be understood that while the invention has been described in conjunction
with the detailed description thereof, the foregoing description is intended to illustrate
and not limit the scope of the invention, which is defined by the scope of the appended
claims. Other aspects, advantages, and modifications are within the scope of the

following claims.
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WHAT IS CLAIMED IS:

1.

A fusion polypeptide comprising:

an Immunolobulin E (IgE) antibody Fc domain region; and

a sialidase or a functional portion thereof, preferably wherein the sialidase or a
functional portion thereof can hydrolyze alpha-(2->3)-, alpha-(2->6)-, alpha-(2->8)-

glycosidic linkages of terminal sialic residues on IgE.

The fusion polypeptide of claim 1, wherein the sialidase is NEU1, NEU2, NEU3,
NEU4, or Vibrio cholerae serotype Ol sialidase.

The fusion polypeptide of claim 1, wherein the sialidase is a human sialidase.

The fusion polypeptide of claim 1, wherein the fusion polypeptide comprises an IgE
CH2 region, an IgE CH3 region, and an IgE CH4 region.

A polynucleotide encoding the fusion polypeptide of any of claims 1-4.

A vector comprising a polynucleotide encoding the fusion polypeptide of any of

claims 1-4.

A cell comprising the vector of claim 6, and optionally expressing the fusion

polypeptide of any of claims 1-4.

A method of treating a subject having an IgE-mediated disorder, the method
comprising;
administering to the subject an effective amount of a composition comprising the

fusion protein of any of claims 1-4.

The method of claim 8, wherein the IgE-mediated disorder is an allergic disorder.

10. The method of claim 9, wherein the allergic disorder is an anaphylactic allergy.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

The method of claim 9, wherein the allergic disorder is asthma, atopic dermatitis.

allergic rhinitis, allergic conjunctivitis, eczema, or urticaria.

A method of preparing glycoengineered IgE, the method comprising:

providing a composition comprising IgE, preferably human IgE, obtained from a
plurality of subjects,

contacting the IgE with a sialidase under conditions and for a time sufficient to
remove sialylation from the IgE;

thereby preparing glycoengineered IgE.

The method of claim 12, wherein the method further comprises formulating the

glycoengineered IgE for intravenous administration.

A composition comprising the glycoengineered IgE prepared by the method of claim

12, and a pharmaceutically acceptable carrier.

A method of treating a subject having an IgE-mediated disorder, the method
comprising administering to the subject an effective amount of the composition of

any of claims 12-14.

The method of claim 15, wherein the IgE-mediated disorder is an allergic disorder.

The method of claim 16, wherein the allergic disorder is an anaphylactic allergy.

The method of claim 16, wherein the allergic disorder is asthma, atopic dermatitis.

allergic rhinitis, allergic conjunctivitis, eczema, or urticaria. for use in treating a

subject having an IgE-mediated disorder.

A composition comprising the fusion polypeptide of claims 1-4, and a

pharmaceutically acceptable carrier.
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20.

21.

22.

23.

24.

25.

26.

27.

The composition of claims 1-4, for use in treating a subject having an IgE-mediated

disorder.

The composition for the use of claim 20, wherein the IgE-mediated disorder is an

allergic disorder.

The composition for the use of claim 20, wherein the allergic disorder is an

anaphylactic allergy.

The composition for the use of claim 20, wherein the allergic disorder is asthma,

atopic dermatitis. allergic rhinitis, allergic conjunctivitis, eczema, or urticaria.

The composition of claims 12-14, for use in treating a subject having an IgE-mediated

disorder.

The composition for the use of claim 24, wherein the IgE-mediated disorder is an

allergic disorder.

The composition for the use of claim 24, wherein the allergic disorder is an

anaphylactic allergy.

The composition for the use of claim 24, wherein the allergic disorder is asthma,

atopic dermatitis. allergic rhinitis, allergic conjunctivitis, eczema, or urticaria.

65



WO 2020/172072 PCT/US2020/018380
1/76

Fab -

14

Foo 4

Complex

Oligo
mannose

FIG. 1A



WO 2020/172072

Allergen specific IgE levels (kL)

2/76

300 =
200 =
-
o
=3 -
Ly
o
©
© 100 =
0
80 m
A
S
40 =
20 =
Arah?2
{FPeanut)

FIG. 1B

(Dust mite)

FIG. 1C

(Cat)

Non-atopic
Aliergic

PCT/US2020/018380

Feld1  Betv1
{Birch pollen)



WO 2020/172072

Allergen specific fraction of fotal Igk (%)

o]
Lo

e

o s

s

BB AR S

Arah 2
(Peanut)

De
(Dust mite)

3/76

p‘?

FIG. 1D

Fel d 1
(Cat)

PCT/US2020/018380

(Birch pollen)



PCT/US2020/018380

WO 2020/172072

4/76

]
o
A
i ] i
i~ L o Lo
0y e o -
anoajow 36 J2d (4 sanpisal 8s0ony Jo #
0)]
Lol

§
(L] L] =¥ o ™ — (-]
= b = = = K han
sinoajoud 30) 12d (@) sonpissl asoULBW O #

FIG. 1F FIG. 1G

FIG. 1E



WO 2020/172072 PCT/US2020/018380

5/76
o 2 g ] o 15 e ir*:izg
. —
O -
L L
) -
& -
L] L
AS) 2
g 2- 3 12-
) iy
@ Q)
5 S
] 2 O e
Q g,
ks ®
.
@ L2
o) g
(@) 0
=) [=

FIG. 1H FIG. 11



WO 2020/172072 PCT/US2020/018380

True positive
2B

1 ~ Sialic acid 0.970

- Galactose 0.970
—& Fucose 0.691
—@— biGlcNAc 0.560
—8— Cligomannose 0.524
x‘ i I T ] 7 I ] 1
0 20 40 60 80 100
False positive

FIG. 2A




WO 2020/172072 PCT/US2020/018380
7/76

ge,
@
a
P o7, 0
] i L] R D
y § 8 & £
E*;
£
ge; =T
= B
= o -
® O = O % < o3
= 8 7 5 [
0 Yol © Heo
8 ¢ © g 5 PO
y C O ¢ - L L kﬁ}m
F o 1 27 O 8 O D=
= RS O & = ¥ o <,
N . IR TIRT
N\ o -
§ % o

z2lz
....................... oI

<L I3

o : < % E‘J
. o
T s <3
¢ <,
\:; i E

{ ! E { {
o o o - -
O 0o W =f 4

T SUBDAIS) 9%

FIG. 2B



PCT/US2020/018380

WO 2020/172072

8/76

aOVA-migE

P %
\““

Z
i

e
)
Yt F

LAALLLLALL,

%,
\\h\ka
%,
P

P s
53

FIG. 3A



WO 2020/172072 PCT/US2020/018380

c o o =
EAN 8) Qo -
1 i 1 i

i

Vascular leakage (ODs20 nm)




WO 2020/172072 PCT/US2020/018380

2.5; .
| 80- :
2.0; \

o
O

—
o

(&)

o o
-

Fold change in anti-migk MF|

10°
migE-FITC

10°

FIG. 3C

ODa4so nm

oo o0 o -
N oA O o O

0 1 2 3
Logio aOVA-mIgE (ng/mL)
FIG. 3D




WO 2020/172072

ATemp (°C)

migE (ng/ul)
¢

11/76

=6 PBS ~e~ S mighk - migl

ik
o
3 1

10 20 30 40 50
Time (min)

s SEgE,

ST

3
N

FIG.

$HZ a1

£2= 11,

3E

R

|2

bt Yo% ™
~y N PRSI 11

24

Histamine (uM)

ATemp ("C)

=6 PBS —#= SSmigE ~xe o
15+

PCT/US2020/018380

ek kX

=6 PBS —t ¥migh s

0 10 20 30 40 50 60

Time (min)

FIG. 3F

T

% NN@&MN§§

AN T
% &\\\\\\\\\\\\\\“\ ®

*;k*‘k

*kkik

0

10 20 30 40 50 60
Time {min)

FIG. 3H



WO 2020/172072 PCT/US2020/018380
12 /76

aOVA-hlIgE
kDa siah|gE AhigE




WO 2020/172072

wRkdk

13 /76

Sia%ﬁ

3
SN
RN

3N

ke de

wRRA

Y

__40-
X
§ 30-
§
§ 20 -
@)
_g
S 10-
@
i
d o-
10
40“ Fkdek

B-hex degranulation (%)

2 04
OVA (ug/ml.)

FIG. 3J

3 B
NRRE
N

PBS

igk

PCT/US2020/018380

*dekd

10

2 04 O
OVA (ug/mL)

FIG. 3K




WO 2020/172072 PCT/US2020/018380

14 /76
+ 10 pg/mL OVA
3™ iy 1 PBS o 6,56
M ssahggg

Y N < QN
A0 e
1 Shiage
N
8N R
o

CD123-PE

05 ShigE

10 2.5 0 Egéoémﬁ 10% 10

OVA (ug/mL —
(gt -FITC

FIG. 3L

*ehigE to hFceRla; K, =3.57 nM — **higE to hFceRla; K, = 4.35 nM

0.5- ; 0.5+
EOA- 0.44
< 0.3+ 0.3-
&
£ 02 0.2
& 0.1 0.14

0.0 : 0.0 ;

0 200 400 600 800 10001200 O 200 400 600 800 10001200

Time (s) Time (s)

FIG. 3M



WO 2020/172072

— SehigE to OVA; K, = 0.697 nM

o
~
o

o
——
o

PCT/US2020/018380
15/76

— "higE to OVA; K, = 0.701 nM

0.15

0.10

o
o
30

Binding (nm)

@
o)
o

0.056

0.00

0 200 400 600 800 10001200
Time (s)

FIG. 3N

0 200 400 600 800 10001200
Time (s)

min

pSyk

(Tyr352)

Syk

B-actin

DO i.d.
| sensitization

X PBS or

& aOVA-S2migE (20 ng)
¢ aOVA-S migE 20 ng) + o
& cOVA-S migk 20 ng) +°

oy e
O

D1: L. challenge

FIG. 4A



WO 2020/172072

+ 10 pg/mL OVA

PCT/US2020/018380

DO v,
| sensitization

>eaDNP-S=migk

S aDNP-S"migE

 treatment

+ PBS

& &
L8
\\:“ Rty

\\ ST ¢

RN \\\ \\x

2: i.v. challenge

DNP Measure
«©=0DNP-SemigE +“‘<3ng isotype ot “HSA  Temp

FIG. 4B



WO 2020/172072 PCT/US2020/018380
17 /76

-&= OVA-S2hlgE + SFetuin
&= AOVA-S2h|gE + AsFetuin

+ OVA

N
N
j

O - Y
o O
i i

¥
x.

*kkd

o
8)
I

i~
BN
i
*
¥
*
b3

Fold change in degranulation

O
N
l

o
(-
N
»

Log (Glycoprotein ug)

FIG. 4C



WO 2020/172072 PCT/US2020/018380
18 /76

Y
28]
}

o
T

©
T

Vacular Leakage (OD_,, nm)

FIG. 4D



WO 2020/172072 PCT/US2020/018380
19/76

+ DNP-HSA

ATemp ("C)

0 10 20 30 40 50 60
Time (min)
FIG. 4E



WO 2020/172072 PCT/US2020/018380
20/76

NEUFC£




PCT/US2020/018380

WO 2020/172072

21/76

Ht "Ol4

(quwBrl sdAjost 36w
10 %,N3AN) 6o

A AN ICAT

T W N N N2’ Ny b o'
. Hessiins -
| 20
HAEYR 70
KAAK %% e
N

I 1 ]
o «© ©
A o o)

uonejnueifsp ul abueyd pjo4

i
™
-

joesxa Jjnuead apnad +

1410 8dA10S| + F6jUeg DiBIB)E JNUBBY -4~
#:NAN + 36[Usg 016I0)E INUBSY -

5v 'Ol4

(qu/Br adAost 36w
10 »,N3AN) 6o
.O‘OOxavzae&\c&nc .
i 1 i } x\.. \\ f OQ

_E.HN\NN

~v'0
MM%%@ %&ﬁi
AN .m b (3
Wy 80

M@@

uonenuesBsp u abBueyd pjo4

VAO +

»4NAN + 36| ON %~

021N IFH + 36]Uas-YAQD ¥
10 8dA10S] + FB|UagYAQD -~

wa(VEAN + T0UesYAQD =6



WO 2020/172072 PCT/US2020/018380

22 /76
DO: iv. D1:iv. D2: i.v. challenge
| sensitization | treatment | 1111l

aOVA-S2mIgE  + PBS OVA Measure
~im GOVA-SPmIgE  + NEUF* Temp
&~ aOVA-SPmigE  + Isotype ctrl

ATemp (°C)

i | i i | i
O 10 20 30 40 50 60
Time (min)
FIG. 4]



WO 2020/172072 PCT/US2020/018380
23 /76

Serum sample

Pméﬁ G
@anti-lgi) beads

Total IgG ~ Flow
through

ami—ég beads

Total Igk Flow
through

FIG. 5A



WO 2020/172072

N
<

(3-hex degranulation (%)
{ad
3

Y
-

-
LB

S S S A A A

PCT/US2020/018380
24 /76
X PBS
& Non-atopic
A Allergic
R

a-hlge (ug/ml.)
FIG. 5B



WO 2020/172072 PCT/US2020/018380

25/76
1800 = ns
e [PRS
s T e POTRRTODIC
1900 = — Allergic
[
=
L
(&)
=
600 ==
g =t
7R )
QY 5% e hIgE-APC
&

FIG. 5C



WO 2020/172072 PCT/US2020/018380
26 /76

ELISA: anti-higE

& SehigE
15 - _._aﬂ'\ShlgE
E 40
(]
L)
iy
M
O
0.5 1
0.0

05 10 15 20 25 30
Log,, OVA-specific higk (ng/mL)

FIG. 5D



WO 2020/172072 PCT/US2020/018380
27 /76

Male @ Female

Sialicacigm

Galaclose
biGICNAG

Fucose

! |
5 10 15
Total # glycan residues per Igk molecule
FIG. 5E




PCT/US2020/018380

WO 2020/172072

28 /76

..

bememeeneeeeee )

Y

2

\\\\\\\\\\\M\\\ﬂ\\\\\\\\\\\\\\\\\\\

w 20-29 v 40-49 e 60-69

& 30-39 « 50-59

v ” P \.\. \.\. \.\. \.\. \.\. \.\. \.\. 7
%\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\@\\\\\

» 1019

Fucose biGIcNAc Galactose Sialic acid

- Lo -

anosiow 36 Jad
sanpisas ueoAB # ejo|

IgE by age ¢ 09
(years)

Glycan residues

FIG. 5F



PCT/US2020/018380

WO 2020/172072

29 /76

80T o00g a0gt

V9 'Ol

sacH ohri

2

DoLY Do

D8

5174

&L=F £=E i=Z

=% o=z L=Z %

7z

GBLG CELE  PRSB L0LT LBETEOBL 1984l IGEL0IGT m&m@@wi

MLIINILDdL

i
ﬁw

\\

¢

54

>>%“~Z_._.mua._.

T

-@’

7

s
i

@zmw&

:\\‘3 ¥ zﬁ; )Eﬁ

#

Ebzﬁm%

ALINIIDEL
?ﬁ

%

; 1=2
L£55°5004

=2z

vEact }=2

4=7
E59F 008

\\wnw ., ~ GETETO0Y

‘ bromw 50L m.\

e’ PALINILDEL

MIINIIDdL

VAE'S

HMILDdL

%

7

J
;

EIBE Nm_m e
mzﬁm&] 1807196 |

% wuN

| epsz oy

S

S o'

ﬁ\

N ¥ S

TR

w0

o ouy 0 oMy ovoux
b N Lt B L B ot B o B S

o
wy
aolEpURYY sABIOY

Wy
<t

Lol
[te]

€2
“w

f=Z
LBLFLT

e I e S Ly B e B e o
G O W@~ D

8

L=Z
E9B0 PO

$1] oo epniBos Rl T N 1M U S (o

SOEER
T BV AV STEE-REIE LY SERRLRSERLE KL

1wm...msu..m§...s$ Ew



PCT/US2020/018380

WO 2020/172072

30/76

i
Py SR

=

Yy TS
]

W ,. o

TLL4EM BUL BLE06

000 O0BE-Onoy IRT o R BNt it
o g oy g e SILD S ZOONTI-BR GNT 1 = YEs saeg

TS AR AN
28 g | + St d Z9CUZ-EY 60T =

S oo o

€I T

L e0L LIONd WM BLEDBL

s Doon 0sT-onon ret] oo CER BN 2551

zouwi gng IS 4+ SIMLY J ZO°GDTI-BEC00 1 =T/ Yeag oseg
£ITB T

g9 Did

funu) susgl
e ol ag ot

o8

L4

ooadl @e i9s0z
£9BL P S019
$5p2 LY

oidoje-uonN

098021 oS
9EETIE (YW

oibely

374

N PP TR T P NUUE NP DOU DA PRI P RUUE DR TN FUTY TUT Y R TS PR IR P DO B PN
L
! 1

%

)

=
]

5740 4H
i -
09'SOTL 9 ,mm%mW
81007 ¥

059 4

o1dole-uonN

oiBis|ly

s,f
T
09808 g
&BL896 i

oldole-uonN

SOURDUNGY aAlRIS

889 1M
e T

F¥GOTL 128
TEROFZ YW
207540

oibIely

o1do1e-UoN

<ﬁ.a

o,

09 GOZE 48
BOBSTL T
258/ 1Y

oibislly

Vol - OG0 i



PCT/US2020/018380

WO 2020/172072

31/76

J9 O

{uaens} ety

g 0é 09 05 or of 74
S PO Y VN Y S TP Y TP Y TPV U OPUY WOV TS U S VS Y SOV PO P ) _‘;:._..___:_:__:.__.__.__"_:_:___:__._
a1doje-Uuopn 56811 da
: LBYI0E W
GE'9E 1Y
SIIIETIAVS 96611 @8
e .,‘ e . BLP06TS VI
AT L #4895 Uy
CLiLmd wad g15 @.ﬁ 7
\aﬁm\\m.u\ v.:‘\‘a v
. e b6B6LL oE
Qmﬂaw@i UON 7119698 "V
58F ix
1S E6EL g
J “ @.M = m m,ﬂw 21881148 Wi
% 229y iy
: | ELLASM B GIB0EL A
Sy 0000 OST000 0st] 0o umwév?ﬁ E40% - .
V3E611 a8
zowipd 150 6+ 9IS 4 26 664108 6ns 2 e wees O1CIOJB-UON vaea0me YR
8E'5 LY
U_m\mmmm»ﬁm LEE61E dE
- OEROES Wi
GLBE UM
S¥ D000 00GT-DO0 058 Wﬁw wm\wgwwwwrw QNQO B-Uo mm.mmw :dg
Z9uE i 1R G 4 BV S 3 DEE61 08861 =20 HERY 359 H “w Z BZLE0L YN
€3LL T 952 e
L B0t LIONG YK GLBO06E Rk
sy (000000520000 058] 00 0epuB00L 206 Qum ‘mmmwdﬁ 1GE6LE
Zsuiing 18N &+ SWLd 3 25661105661 | =T/u Nead Bseg .

€386 TN

S0PECL ‘Y
Q0Ee iy

IR - GL0 M



WO 2020/172072 PCT/US2020/018380

Fu
=

w1301 F FIAS +p NSl
73 s

7on

P
o

R

Yoz
143
3

f 100

%

i
o2

5

ek miz= 1012
84,4

-
o s

7 1285 B4lBhrd 3. o

M. 32484
7
VI

Base
B

|
3

o

Z
als

GR85RI2Z
5

4
1

FIG. 6D

{Hw
Q| £
WP S 3
Tl 3
L g r
i S 6 &
&
; LR
O @ € o L
o oo @« r . ™ 3
@ 8 ol o o ~ | 3
L 3 e S w N o Ll - z <
o RN o eZa = Sl §
F 8 w S @
ST m Dy ooy PRI S *
8¢’>—“. R .. R
N TR : =
& m -i‘::..mq?&'g% b D
@88 8¥R R I B L 1Y
N S I A PRICR <R
o O b G RO
P FR R SIS £ 1 S E:, <8 ~
Ea o
F e
e
il h
o - &
& -
: .
]
=2
Y BIUEPRINGY SARIEY



PCT/US2020/018380

WO 2020/172072

33/76

fupr} oy
o6 oe o 0% 0% ov or 0z at 3
,________“______,_m_____“__"___,__‘______“_,__“____m
555141 s i Q0TI
SLE P ELIL 655
ey OE6LLL 48
mw.mmz 4 ECU05) YH
..mm_wm 1Y
$O0TLL OBOTLL i (6612 F
28'8L €% - \\\\ ummwnw 48 wm,mm
.w\mmz Se16080L (YW
8608 A
£9'9ETL BY 9EL1 o 2897, £6BEl: F
GLER 9T ZOBETL 0987 €4S
| sz Qmwhmz ]
A
15YETL bGEDL ; ZUETL F
WEé - ST TYOETL g8 T4 Y
ﬁ \g \\\ L] L= m
MNMZ N m 588615TC Wi z
‘ ” ‘ 65 6T (1d =
€O§Ly GTESF GC4LC FPELS GEGSY SDERG L .wm Big gmo“ vReEr[ 2
ey 8%3 WBL fVPL BRSD BEBS B CFER obnis S8 BOEZ BEEL WY 5
o
, EELIPICHE ﬂ\, g
W AIBY TZEN  MSMIINALD
7 6Gi1 - P s ’
LELE \M = LEE8LL :
5590500F Wi
SEGE 1M
ENCTO F
Pic §=13 Le'BSL1 o8
POI8EPE Y
§1°31¢ 4y
Bies "1 "B 36 B R06L 858EL1 [ pEasiL |
Spy lonotrensz-ooon ol o oepu@onny €8e 098 198241 48 88T
Zswind oy d + S 4 VR O8L-LEESL) =2 and eseg P50 9
PILES TN T84T i

VFGR - 00D LM



PCT/US2020/018380

WO 2020/172072

34/76

\
A
%
\
\
\
\
\
\
\
N
\
\
%
§
g
4

R

7 77

pSIdND00 9,

IgE glycosylation site

FIG. 7A

PEEN 18 suesiAb

2

0

O

LuewoBio jo 9

Man-9

Man-8

7

Man-

Man-6

Man-b

FIG. 7B



PCT/US2020/018380

WO 2020/172072

35/76

« « yEBEEX

o

T o,
z

o 0 o 10 o
[t o - (o] o2

anoaiow 36y 1ad
() Senpisal 800N} JO # |B10]

NDBS

lgk glycosylation site

FIG. 7C

N371

N218

N168

N371

cosylation site

N

N16S

N140

lgk gly
FIG. 7D



PCT/US2020/018380

WO 2020/172072

36/76

RE

W

=

senpisal () asopeed jo# v1o]

-

o

Eﬁ%gww

. N{QDWWWM

IgE glycosylation site

FIG. 7E

11

o«

senpisal (¢

IgE glycosylation sile

FIG. 7F



PCT/US2020/018380

WO 2020/172072

37/76

2344 Qmmmx&

paieiAsoiorieBouciy

paeihsoynerebio

paoRiA

IBISOUDRH

ARSI

» 7 e

pogRiAfeIsiiL




WO 2020/172072 PCT/US2020/018380
38/76

Coo 185-
massie 5 .

sialic a;:af:i 115

WALl "385
a2,3-
sialic acid 1'@5

FIG. 8A



WO 2020/172072 PCT/US2020/018380
39/76

FIG. 8B

Allergic higk Fetuin

A RAMAEEA N R

i

02-3,6, 8,8
N ELD

Flucrescence

I—. Retention Time {min)

N\ Agalactosylated

- Galactosylated
oQOVA-migE g8 Sialylated

A

Ubx

ad-3, 8,8 8
M EL-t

Fluorescence

L Reteﬂtihﬁ Time émm)

FIG. 8C



WO 2020/172072 PCT/US2020/018380
40/76

oaDNP-migE

*

e
183

&

e
-

I
o

Vascular leakage
(OD,,, nm)

o
o

\\\

ED n jection: PBS on both eam




WO 2020/172072

e
4
10

Viability Dye —

~eFluord50

CD45*CD11b  cells

105

o tued

‘o

Seotot Aty

oot B otoud

SRS LAATEARY " R AL eIl S SR A S e (o

-103 0 103 104

CD11b
-PerCP/Cy5.5

A 4

PCT/US2020/018380

41 /76
CD45" cells
1 250&({ R .
QOOK‘i
150K~; o~
: .
1ooK~E & O
é}r} 50Kf g gﬁ
ORI GO <
S 10%0 10 10t 107 e
CD45 .
~-APC/Cy7
CD45*CD11b
CD11cGr1cells
104§
P~ ]
> 3]
%-_)? 810
E
ag "’
O <C-10°7

FIG. 9B

e S - E T S I o WAL SR AL LM et

4
~103 0 103 10 105

CDMc/Gr1 —
-APC



WO 2020/172072 PCT/US2020/018380

42 /76
Mast cells (CD45*CD11br
CD1cGr1-¢c-Kit")
10”3
]
2 3]
5O
£9
w8 40%0 10° 10 10° =P 10°%0 100 1wt 10

c-Kit-PE migk-FITC ——

FIG. 9B, continued



WO 2020/172072 PCT/US2020/018380
43 /76

DO: v, D1:iv.
! sensitization { challenge
“emligE or #“mige OVA
or PBS
- PBS
-o- OVA-specific “*migE
-+ OVA-specific *?mIgE

0 10 20 30 40 50 60
Time (min)

FIG. 10A



WO 2020/172072 PCT/US2020/018380
44 /76

DO Lp. D1 Lv.
! sensitization ! challenge
“emligE or #*mIge OVA
or PBS
- PBS
-e- OVA-specific “mIgE
- OVA-specific **migE
1 -

0 10 20 30 40 50 60
Time (min)
FIG. 10B



WO 2020/172072 PCT/US2020/018380
45 /76

mIgE (ng/ul)

FIG. 10C



WO 2020/172072

3000

OVA-AG647 MFI

N
-
O
et

Y
o
=)
<

PCT/US2020/018380

46 /76

— PBS

e S
S N 3 QI
A nis § sl

- RN

M
MEryg
SN RN
¥ Y e
N

.

10" 107 10° 10* 10°
OVA-AB47Y

FIG. 11A



WO 2020/172072 PCT/US2020/018380

47 /76
t 2.0M- -
1 Cells 150
15M4
] L = 100-
1 - = _
1.0M+ a ]
10 O
500K : 50."
) :
% 01y 8 .
n 10> 10° 10t 10°
CDh45-FITC
100"]

Count
Count

Unstain control

N Stained with indicated antibodies
FIG. 11B




WO 2020/172072 PCT/US2020/018380

48 /76
Singlets CD123"*HLADR celis
A ; | 10°
800K - 10%
600K - 10° -
400|<—; 5&;;102
_ D
T 200K~ IAPTLE
Q - — 10
U3 1 - 03
Lim D T T I T L T T Q 10 AL *ﬁ B
0 200K 400K 600K == 40% 40" 10% 10° 10?
FSC-H » HLADR-PE/Cy7
10° ]
1043
103'2
B! 107
o .
g 10°
O 10 23 4 "5 6 7
—> 10°10° 10" 10° 10”10
CD63-FITC ‘

FIG. 11C



WO 2020/172072 PCT/US2020/018380

49 /76
DO v v L¥2: v, challenge
| sensitization | treatment 1 JLILLL
26¢0DNP->*migE (10 ug) +PBS QOVA  Measure
~©=-aDNP-2mIgE (10 ug) +aOVA-S"mIgE (20 ug) Temp
©-aDNP-""mIgE (10 ug) +aOVA-**mIgE (20 ug)

+ QVA

ARRE
L

0 10 20 30 40 50 60

Time (min}

FIG. 12



WO 2020/172072 PCT/US2020/018380

50/76
Coomassie IB: amigE
Denatured Denatured

NEUFCE NEU Fee NEU FSENEUFEE

FIG. 13A



WO 2020/172072 PCT/US2020/018380
51/76

__NEU™*to hFceRla;
K. =<1x10"2 M

D

0 200 400 600 800 10001200
Time (s)
FIG. 13B



WO 2020/172072 PCT/US2020/018380
52/76

12 -
10-
g -

PE-mIgE (x10° MFI)

N N N ,\@
O NEUFes (ug/mL)
FiG. 13C



WO 2020/172072 PCT/US2020/018380

53/76
Coomassie
migk Fetuin
£ <<‘2'5"' £ <:
S ,ga ,\g/ S g;» &

FIG. 13D
SNA

185w
115—
80—
65—

S0=

FIG. 13E



WO 2020/172072 PCT/US2020/018380

FIG. 13F

£ 127 o NEUF

= 0.8-
0.6+

0.4~

o
N
)

Enzymatic activity

Q
()

|
0.1 1 10 100
NEUFe (ng)

FIG. 13G



WO 2020/172072 PCT/US2020/018380
55/76

FIG. 14

SEQ ID NO: 1

hNEUl (Sialidase-1)
MTGERPSTALPDRRWGPRILGFWGGCRVWVFAATFLLLSLAASWSKAENDFGLVQPLVTMEQLLWVSG
ROIGSVDTFRIPLITATPRGTLLAFAEARKMSSSDEGARKFIALRRSMDQGSTWSPTAFIVNDGDVPDG
LNLGAVVSDVETGVVFLFYSLCAHKAGCOQVASTMLVWSKDDGVSWSTPRNLSLDIGTEVFAPGPGSGI
QKQREPRKGRLIVCGHGTLERDGVEFCLLSDDHGASWRYGSGVSGIPYGQPKQENDEFNPDECQPYELPD
GSVVINARNONNYHCHCRIVLRSYDACDTLRPRDVTFDPELVDPVVAAGAVVTSSGIVEFEFSNPAHPEF
RVNLTLRWSESNGTSWRKETVQLWPGPSGYSSLATLEGSMDGEEQAPQLYVLYEKGRNHYTESISVAK
ISVYGTL

SEQ ID NO: 2

hNEU2 (Sialidase-2)
MASLPVLQKESVEQSGAHAYRIPALILYLPGOOSLLAFAEQRASKKDEHAELIVLRRGDYDAPTHQVOQW
QAQEVVAQARLDGHRSMNPCPLYDAQTGTLEFLFFIATPGQVTEQQQOLOTRANVTRLCQVTSTDHGRTW
SSPRDLTDAAIGPAYREWSTFAVGPGHCLQLHDRARSLVVPAYAYRKLHPIQRPIPSAFCFLSHDHGR
TWARGHFVAQDTLECQVAEVETGEQRVVTLNARSHLRARVQAQSTNDGLDEFQESQLVKKLVEPPPQGC
QGSVISFPSPRSGPGSPAOWLLYTHPTHSWORADLGAYLNPRPPAPEAWSEPVLLAKGSCAY SDLOSM
GTGPDGSPLFGCLYEANDYEEIVFLMFTLKOQAFPAEYLPQ

SEQ ID NO: 3

hNEU3 (Sialidase-3)
MRPADLPPRPMEESPASSSAPTETEEPGSSAEVMEEVTITCSENSPLFRQEDDRGITYRIPALLYIPPT
HTFLAFAEKRSTRRDEDALHLVLRRGLRIGQLVQWGPLKPLMEATLPGHRTMNPCPVWEQKSGCVFLF
FICVRGHVTERQQIVSGRNAARLCFIYSQDAGCSWSEVRDLTEEVIGSELKHWAT FAVGPGHGIQLOS
GRLVIPAYTYYIPSWFFCEFQLPCKTRPHSIMIYSDDLGVTWHHGRLIRPMVIVECEVAEVTGRAGHPV
LYCSARTPNRCRAEALSTDHGEGFQRLALSRQLCEPPHGCQGSVVSFRPLEIPHRCQDSSSKDAPTIQ
QSSPGSSLRLEEEAGTPSESWLLYSHPTSRKQRVDLGIYLNQTPLEAACWSRPWILHCGPCGY SDLAA
LEEEGLFGCLFECGTKQECEQIAFRLFTHREILSHLQGDCTSPGRNPSQFKSN

SEQ ID NO: 4

hNEU4 (Sialidase-4)
MGVPRTPSRTVLFERERTGLTYRVPSLLPVPPGPTLLAFVEQRLSPDDSHAHRLVLRRGTLAGGSVRW
GALHVLGTAALAEHRSMNPCPVHDAGTGTVFLFFIAVLGHTPEAVQIATGRNAARLCCVASRDAGLSW
GSARDLTEEAIGGAVQDWATFAVGPGHGVQLPSGRLLVPAYTYRVDRRECFGKICRTSPHSFAFYSDD
HGRTWRCGGLVPNLRSGECQLAAVDGGQAGSFLYCNARSPLGSRVQALSTDEGTSFLPAERVASLPET
AWGCQGSIVGFPAPAPNRPRDDSWSVGPGSPLQPPLLGPGVHEPPEEAAVDPRGGQVPGGPFSRLQPR
GDGPRQPGPRPGVSGDVGSWTLALPMPFAAPPQSPTWLLY SHPVGRRARLHMGIRLSQSPLDPRSWTE
PWVIYEGPSGYSDLASIGPAPEGGLVFACLYESGARTSYDEISFCTEFSLREVLENVPASPKPPNLGDK
PRGCCWPS

SEQ ID NO: 5

Sialidase (Vibrio cholerae serotype Ol)
MRFEKNVKKTALMLAMFGMATSSNAALFDYNATGDTEFDSPAKQGWMQODNTNNGSGVLTNADGMPAWLV
QGIGGRAQWTYSLSTNQHAQASSFGWRMTTEMKVLSGGMITNYYANGTQRVLPIISLDSSGNLVVEFE
GOTGRTVLATGTAATEYHKFELVEFLPGSNPSASEFY FDGKLIRDNIQPTASKONMIVWGNGSSNTDGVA
AYRDIKFEIQGDVIFRGPDRIPSIVASSVTPGVVTAFAEKRVGGGDPGALSNTNDIITRTSRDGGITW
DTELNLTEQINVSDEFDFSDPRPIYDPSSNTVLVSYARWPTDAAQNGDRIKPWMPNGIFYSVYDVASG
NWQAPIDVTDOQVKERSFOQIAGWGGSELYRRNTSLNSQODWOSNAKIRIVDGAANQIQVADGSRKYVVT
LSIDESGGLVANLNGVSAPIILQSEHAKVHSFHDYELQY SALNHTTTLEVDGQQITTWAGEVSQENNI
QFGNADAQIDGRLHVOKIVLTOOGHNLVEFDAFYLAQOTPEVEKDLEKLGWTKIKTGNTMSLYGNASY
NPGPGHGITLTROONISGSONGRLIYPAIVLDRFFLNVMSIYSDDGGSNWOQTGSTLPIPFRWKSSSIL
ETLEPSEADMVELONGDLLLTARLDEFNQIVNGVNY SPROQFLSKDGGITWSLLEANNANVESNISTGT
VDASITRFEQSDGSHEFLLETNPQGNPAGTNGRONLGLWEFSFDEGVTWKGPIQLVNGASAYSDIYQLDS
ENAIVIVETDNSNMRILRMPITLLKQKLTLSQN
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FIG. 15A

SEQ ID NO: 6
Human IgE-Fc
CSRDETPPTVKILQSSCDGGGHFPPTIQLLCLVSGYTPGTINITWLEDGOQVMDVDLSTASTTQEGELA
STOSELTLSOQKHWLSDRTYTCQVTYQGHT FEDSTKKCADSNPRGVSAYLSRPSPFDLFIRKSPTITCL
VVDLAPSKGTVNLTWSRASGKPVNHSTRKEEKQRNGTLTVTSALPVGTRDWIEGETYQCRVTHPHLPR
AIMRSTTKTSGPRAAPEVYAFATPEWPGSRDKRTLACLIQNFMPEDI SVOWLHNEVQLPDARHSTTQP
RKTKGSGFFVESRLEVTRAEWEQKDEFICRAVHEAASPSQTVQRAVSVNPGK

hIgE-Fc (Amino Acids: 21-344)

SEQ ID NO: 7
Mouse IgE-Fc
VRPVNITEPTLELLHSSCDPNAFHSTIQLYCFIYGHILNDVSVSWLMDDREITDTLAQTVLIKEEGKL
ASTCSKLNITEQQWMSESTFTCKVTSQGVDYLAHTRRCPDHEPRGVITYLTITPPSPLDLYQNGAPKLTC
LVVDLESERNVNVTWNQEKKT SVSASQWYTKHHNNATTSITSILPVVAKDWIEGYGYQCIVDHPDEPK
PIVRSITKTPGOQRSAPEVYVFPPPEEESEDKRTLTCLIQNEFPEDISVOWLGDGKLISNSQHSTTTPL
KSNGSNQGFFIFSRLEVAKTLWTQRKQEFTCOVIHEALOQKPRKLEKTISTSLGNTSLRPS

mIgE-Fc (Amino Acids: 21-351)

SEQ ID NO: 8

Canine IgE-Fc
CALNFIPPTVKLFHSSCNPVGDTHTTIQLLCLTISGYVPGDMEVIWLVDGOQKATNIFPYTAPGTKEGNV
TSTHSELNITQGEWVSQKTYTCOQVTYQGFTFKDEARKCSESDPRGVTSYLSPPSPLDLYVHKAPKITC
LVVDLATMEGMNLTWYRESKEPVNPGPLNKKDHENGT ITVISTLPVNTNDWIEGETYYCRVTHPHLPK
DIVRSIAKAPGKRAPPDVYLFLPPEEEQGTKDRVILTCLIQNFEFPADISVOWLRNDSPIQTDQYTTTG
PHKVSGSRPAFFIFSRLEVSRVDWEQKNKEFTCOVVHEALSGSRILOKWVSKTPGK

SEQ ID NO: 9

Feline IgE-Fc
CTMNEIPPTVKLEHSSCNPLGDTGSTIQLLCLISGYVPGDMEVTWLVDGQKATNIFPYTAPGKQEGKV
TSTHSELNITQGEWVSQKTYTCOVTYQGFTEFEDHARKCTESDPRGVSTYLSPPSPLDLYVHKSPKITC
LVVDLANTDGMILTWSRENGESVHPDPMVKKTQYNGT ITVISTLPVDATDWVEGETYQCKVTHPDLPK
DIVRSIAKAPGRRFPPEVYVEFLPPEGEPKTKDKVTLTCLIQNFFPPDISVQWLHNDSPVRTEQQATTW
PHKATGPSPAFFVESRLEVSRADWEQRDVETCQVVHEALPGFRTLKKSVSKNPGK
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FIG. 15B

SEQ ID NO: 10

Human IgGl-Fc
PKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKENWYVDGVEV
HNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLP
PSRDELTKNQVSLTCLVKGEFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO: 11

Human IgG2-Fc¢
PPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTF
RVVSVLTVVHQDWLNGKEY KCKVSNKGLPAPIEKT ISKTKGQPREPQVYTLPPSREEMTKNQVSLTCL
VKGEFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSEFFLY SKLTVDKSRWQOGNVESCSVMHEALHNHY
TQOKSLSLSPGK

SEQ ID NO: 12

hIgG3-Fc
LKTPLGDTTHTCPRCPEPKSCDTPPPCPRCPEPKSCDTPPPCPRCPEPKSCDTPPPCPRCPAPELLGG
PSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVQEKWY VDGVEVHNAKTKPREEQYNSTERVVSV
LTVLHODWLNGKEYKCKVSNKALPAPTIEKTISKTKGOPREPOVYTLPPSREEMTKNOVSLTCLVKGEY
PSDIAVEWESSGOQPENNYNTTPPMLDSDGSEFLYSKLTVDKSRWQOGNTIFSCSVMHEALHNRETQKSL
SLSPGK

SEQ ID NO: 13

hIgG4-Fc
PEFLGGPSVELFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQENWYVDGVEVHNAKTKPREEQEFNST
YRVVSVLTVLHODWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTC
LVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSEFLY SRLTVDKSRWOQEGNVESCSVMHEALHNH
YTQKSL

SEQ ID NO: 14

Mouse IgGl-Fc
VPRDCGCKPCICTVPEVSSVEIFPPRKPKDVLTITLTPKVITCVVVDISKDDPEVQESWEVDDVEVHTAQ
TKPREEQINSTFRSVSELPIMHODWLNGKEFKCRVNSAAFPAPIEKT ISKTKGRPKAPQVYTIPPPKE
OMAKDKVSLTCMITNFFPEDITVEWQWNGOQPAENY KNTQPIMDTDGSY EVY SKLNVOKSNWEAGNTET
CSVLHEGLHNHHTEKSLSHSPGK

SEQ ID NO: 15

Mouse IgG2a-Fc
MPRGPTIKPCPPCKCPAPNLLGGPSVEFIFPPKIKDVLMISLSPIVICVVVDVSEDDPDVQISWEVNNV
EVHTAQTQTHREDYNSTLRVVSALPIQHQDWMSGKEFKCKVNNKDLPAPIERT ISKPKGSVRAPQVYV
LPPPEEEMTKKQVTLTCMVTDFMPEDIYVEWTNNGKTELNYKNTEPVLDSDGSYFMY SKLRVEKKNWV
ERNSYSCSVVHEGLHNHHTTKSEFSRTPGK
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FIG. 15B (Cont’d)

SEQ ID NO: 16

Mouse IgG2b-Fc¢
EPSGPISTINPCPPCKECHKCPAPNLEGGPSVEFIFPPNIKDVLMISLTPKVICVVVDVSEDDPDVRIS
WEVNNVEVHTAQTQTHREDYNSTIRVVSALPIQHQDWMSGKEFKCKVNNKDLPSPIERTISKIKGLVR
APQVYILPPPAEQLSRKDVSLTCLVVGENPGDISVEWTSNGHTEENYKDTAPVLDSDGSYFIYSKLDI
KTSKWEKTDSESCNVRHEGLKNYYLKKTISRSPGK

SEQ ID NO: 17

Mouse IgG3-Fc
EPRIPKPSTPPGSSCPPGNILGGPSVEFIFPPKPKDALMISLTPRKVTCVVVDVSEDDPDVHVSWEVDNK
EVHTAWTQPREAQYNSTEFRVVSALPIQHQDWMRGKEEFKCKVNNKALPAPTERT ISKPKGRAQTPOVYT
IPPPREQMSKKKVSLTCLVTNEFESEAI SVEWERNGELEQDYKNTPPILDSDGTYFLY SKLTVDTDSWL
QGEIFTCSVVHEALHNHHTQRKNLSRSPGK

SEQ ID NO: 18

Canine IgG-A (IgGl)-Fc
PPCPVPEPLGGPSVLIFPPKPKDILRITRTPEVTCVVLDLGREDPEVQISWEVDGKEVHTAKTQSREQ
QFNGTYRVVSVLPIEHQDWLTGKEFKCRVNHIDLPSPIERTISKARGRAHKPSVYVLPPSPKELSSSD
TVSITCLIKDEFYPPDIDVEWQSNGOQEPERKHRMT PPQLDEDGSY FLYSKLSVDKSRWOQQGDPFTCAV
MHETLONHYTDLSLSHSPGK

SEQ ID NO: 19

Feline IgGlFc
PKCPPPEMLGGPSIFIFPPKPKDTLSISRTPEVICLVVDLGPDDSDVQITWEVDNTOQVY TAKTSPREE
QFNSTYRVVSVLPILHODWLKGKEFRCKVNSKSLPSPIERT ISKAKGQPHEPQVYVLPPAQEELSRNK
VSVICLIKSFHPPDIAVEWEITGOPEPENNYRTTPPQLDSDGTYEVY SKLSVDRSHWQRGNTYTCSVS
HEALHSHHTQOKSLTQSPGK
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SEQ ID NO: 20
hNEU1l_hIgEFc

MYRMOQLLSCIALSLALVINSGSPAQWKLENDEFGLVQPLVIMEQLLWVSGRQIGSVDTFRIPLITATPR
GTLLAFAEARKMSSSDEGAKEFIALRRSMDQGSTWSPTAFIVNDGDVPDGLNLGAVVSDVETGVVELEY
SLCAHKAGCQVASTMLVWSKDDGVSWSTPRNLSLDIGTEVEFAPGPGSGIQKQREPRKGRLIVCGHGTL
ERDGVFCLLSDDHGASWRYGSGVSGIPYGOPKQENDENPDECQPYELPDGSVVINARNONNYHCHCRI
VLRSYDACDTLRPRDVTEDPELVDPVVAAGAVVITSSGIVEFESNPAHPEFRVNLTLRWSESNGT SWRKE
TVQLWPGPSGY SSLATLEGSMDGEEQAPQLYVLYEKGRNHYTESISVAKISVYGTLGGGGGGCSRDET
PPTVKILQOSSCDGGGHFPPTIQLLCLVSGYTPGTINITWLEDGOVMDVDLSTASTTOQEGELASTQOSEL
TLSQKHWLSDRTYTCOVTYQGHTFEDSTKKCADSNPRGVSAYLSRPSPEDLEIRKSPTITCLVVDLAP
SKGTVNLTWSRASGKPVNHSTRRKEEKQRNGTLTVT SALPVGTRDWIEGETYQCRVTHPHLPRALMRST
TKTSGPRAAPEVYAFATPEWPGSRDKRTLACLIQNEMPEDISVOWLHNEVOLPDARHSTTQPRKTKGS
GEFVESRLEVIRAEWEQKDEFICRAVHEAASPSQTVQRAVSVNPGKHHHHHH

IL2 Secretion signal 1-20

Human Sialidase-1 (NEU1l) (No signal peptide) 29-396
Flexible linker 397-402

Human IgE-Fc 403-726

Hisx6 727-733

SEQ ID NO: 21

hIgEFc-NEU2
MYRMQLLSCIALSLALVTNSCSRDFTPPTVKILQSSCDGGGHFPPTIQLLCLVSGYTPGT INITWLED
GQVMDVDLSTASTTQEGELASTQSELTLSQKHWLSDRTYTCQVTYQGHT FEDSTKKCADSNPRGVSAY
LSRPSPFDLFIRKSPTITCLVVDLAPSKGTVNLTWSRASGKPVNHSTRKEEKQRNGT LT VT SALPVGT
RDWIEGETYQCRVTHPHLPRALMRSTTKI SGPRAAPEVYAFAT PEWPGSRDKRTLACLIQNFMPEDIS
VQWLHNEVQLPDARHSTTQPRKTKGSGFFVESRLEVT RAEWEQKDEFICRAVHEAASPSQTVQRAVSV
NPGKMASLPVLQKESVFQSGAHAYRIPALLYLPGQQSLLAFAEQRASKKDEHAEL IVLRRGDY DAPTH
QVQWQAQEVVAQARLDGHRSMNPCPLY DAQTGTLFLFFIAI PGQVTEQQQLOTRANVTRLCQVT STDH
GRTIWSSPRDLTDAAIGPAYREWSTFAVGPGHCLQLHDRARSLVVPAYAYRKLHPIQRPIPSAFCFLSH
DHGRTWARGHFVAQDTLECQVAEVETGEQRVVTLNARSHLRARVQAQSTNDGLDFQESQLVKKLVEPP
PQGCQGSVISFPSPRSGPGSPAQWLLY THPTHSWQRADLGAYLNPRPPAPEAWSEPVLLAKGSCAYSD
LQSMGTGPDGSPLFGCLYEANDYEE IVFLMFTLKQAFPAEYLPQ

IL2-signal sequence (Amino Acids: 1-20
hIgE-Fc (Amino Acids: 21-344

NEUZ2 (Amino Acids: 355-724

CH2 (Amino Acids: 21-126

CH3 (2amino Acids: 128-234

)
)
)
)
)
CH4 (Amino Acids: 236-344)
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SEQ ID NO: 22

hNEU2-hIgEFc
MPLLLLLPLLWAGALAASLPVLQKESVFQSGAHAYRIPALLYLPGQQSLLAFAEQRASKKDEHAELIV
LRRGDYDAPTHQVOWQAQEVVAQARLDGHRSMNPCPLYDAQTGTLFLFFIATIPGQVTEQQQLQTRANY
TRLCQVTSTDHGRTWSSPRDLTDAAIGPAYREWST FAVGPGHCLQLHDRARSLVVPAYAYRKLHPIQR
PIPSAFCFLSHDHGRTWARGHFVAQDTLECQVAEVETGEQRVVTLNARSHLRARVQAQSTNDGLDFQE
SQLVKKLVEPPPQGCQGSVISFPSPRSGPGSPAQWLLY THPTHSWORADLGAY LNPRPPAPEAWSEPV
LLAKGSCAY SDLOSMGTGPDGSPLFGCLYEANDYEEIVFLMFTLKQAFPAEYLPQGGGGGGCSRDETP
PTVKILQSSCDGGGHFPPTIQLLCLVSGY TPGTINITWLEDGQVMDVDLSTASTTQEGELASTQSELT
LSQKHWLSDRTYTCQVTYQGHT FEDSTKKCADSNPRGVSAYLSRPSPFDLFIRKSPTITCLVVDLAPS
KGTVNLTWSRASGKPVNHSTRKEEKQRNGTLTVTSALPVGTRDWIEGETYQCRVTHPHLPRALMRSTT
KTSGPRAAPEVYAFATPEWPGSRDKRTLACLIQNFMPEDISVOWLHNEVQLEDARHSTTQPRKTKGSG
FFVFSRLEVTRAEWEQKDE FICRAVHEAASPSQTVQRAVSVNPGKHHHHHH

Secretion signal 1-16

Human Sialidase-2 (NEU2) 17-395
Flexible linker 396-401

Human IgE-Fc 402-725

Hisx6 726-731

SEQ ID NO:23

hNEU3-hIgEFc

MPLLLLLPLLWAGALAMRPADLPPRPMEESPASSSAPTETEEPGS SAEVMEEVTTCSFNSPLFRQEDD
RGITYRIPALLYIPPTHTFLAFAEKRSTRRDEDALHLVLRRGLRIGQLVQWGPLKPLMEATL.PGHRTM
NPCPVWEQKSGCVFLFFICVRGHVTERQQIVSGRNAARLCFIYSQDAGCSWSEVRDLTEEVIGSELKH
WAT FAVGPGHGIQLQSGRLVIPAYTYYIPSWEFCFQLPCKTRPHSLMIY SDDLGVTWHHGRLIRPMVT
VECEVAEVTGRAGHPVLYCSART PNRCRAEALSTDHGEGFORLALSRQLCEPPHGCQGSVVSFRPLET
PHRCQODSSSKDAPTIQQSSPGSSLRLEEEAGTPSESWLLY SHPTSRKQRVDLGIYLNQTPLEAACWSR
PWILHCGPCGYSDLAALEEEGLFGCLFECGTKQECEQIAFRLEFTHRE ILSHLQGDCTSPGRNPSQFKS
NGGGGGGCSRDFTPPTVKILQSSCDGGGHFPPTIQLLCLVSGY TPGT INITWLEDGQVMDVDLSTAST
TQEGELASTQSELTLSQKHWLSDRTYTCQVTYQGHT FEDSTKKCADSNPRGVSAY LSRPSPEFDLEIRK
SPTITCLVVDLAPSKGTVNLTWSRASGKPVNHSTRKEEKQRNGTLTVTSALPVGTRDWIEGETYQCRV
THPHLPRALMRSTTKT SGPRAAPEVYAFATPEWPGSRDKRTLACLIQNFMPEDISVQWLHNEVQLPDA
RHSTTQPRKTKGSGFFVFSRLEVTRAEWEQKDEFICRAVHEAASPSQTVQRAVSVNPGKHHHHHH

Secretion signal 1-16

Human Sialidase-3 (NEU3) 17-477
Flexible linker 478-483

Human IgE-Fc 484-807

Hisx6 808-813
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SEQ ID NO:24

hNEU4-hIgEFc
MPLLLLLPLLWAGALAMGVPRTPSRTVLFERERTGLTYRVPSLLPVPPGPTLLAFVEQRLSPDDSHAH
RLVLRRGTLAGGSVRWGALHVLGTAALAEHRSMNPCPVHDAGTGTVFLFFIAVLGHTPEAVQIATGRN
ARRLCCVASRDAGLSWGSARDLTEEAIGGAVQDWATFAVGPGHGVQLPSGRLLVPAYTYRVDRRECEG
KICRTSPHSFAFYSDDHGRTWRCGGLVPNLRSGECQLAAVDGGQAGS FLYCNARSPLGSRVQALSTDE
GTSFLPAERVASLPETAWGCQGSIVGFPAPAPNRPRDDSWSVGPGSPLOPPLLGPGVHEPPEEAAVDP
RGGQVPGGPFSRLQPRGDGPRQPGPRPGVSGDVGSWTLALPMPFAAPPQOSPTWLLY SHPVGRRARLHM
GIRLSQSPLDPRSWTEPWVIYEGPSGY SDLASIGPAPEGGLVFACLYESGARTSYDEISFCTFSLREV
LENVPASPKPPNLGDKPRGCCWPSGGGGGGCSRDFTPPTVKILQS SCDGGGHEPPTIQLLCLVSGYTP
GTINITWLEDGQVMDVDLSTASTTQEGELASTQSELTLSQKHWLSDRTYTCQVTYQGHT FEDSTKKCA
DSNPRGVSAYLSRPSPFDLFIRKSPTITCLVVDLAPSKGTVNLTWSRASGKPVNHSTRKEEKQRNGTL
TVTSALPVGTRDWIEGETYQCRVTHPHLPRALMRSTTKTSGPRAAPEVYAFAT PEWPGSRDKRTLACL
IQONFMPEDISVQWLHNEVQLFPDARHSTTQPRKTKGSGFFVESRLEVIRAEWEQKDEFICRAVHEAASP
SQTVQRAVSVNPGKHEHHHH

Secretion signal 1-16

Human Sialidase-4 (NEU4) 17-500
Flexible linker 501-506

Human IgE-Fc 507-830

Hisx6 831-836

SEQ ID NO: 25

hIgEFc-Vibrio Sialidase
MYRMOLLSCIALSLALVINSCSRDFTPPTVKILQSSCDGGGHFPPTIQLLCLVSGYTPGTINITWLED
GQVMDVDLSTASTTQEGELASTQSELTLSQKHWLSDRTYTCQVTYQGHT FEDSTKKCADSNPRGVSAY
LSRPSPFDLEFTIRKSPTITCLVVDLAPSKGTVNLTWSRASGKPVNHSTRKEEKQRNGTLTVT SALPVGT
RDWIEGETYQCRVIHPHLPRALMRSTTKT SGPRAAPEVYAFATPEWPGSRDKRTLACLIQNEMPEDIS
VOWLHNEVQLPDARHSTTQPRKTKGSGEEFVESRLEVIRAEWEQKDEFICRAVHEAASPSQTVQRAVSV
NPGKMREFKNVKKTALMLAMEFGMATS SNAALFDYNATGDTEFDSPAKQGWMQODNTNNGSGVLTNADGMP
AWLVOGIGGRAQWTYSLSTNQHAQASSFGWRMTTEMKVLSGGMITNY YANGTQRVLPIISLDSSGNLV
VEFEGQTGRTVLATGTAATEYHKFELVFLPGSNPSASFY FDGKLIRDNIQPTASKONMIVWGNGSSNT
DGVAAYRDIKFEIQGDVIFRGPDRIPSIVASSVIPGVVTAFAEKRVGGGDPGALSNTNDIITRTSRDG
GITWDTELNLTEQINVSDEFDFSDPRPIYDPSSNTVLVSYARWPTDAAQNGDRIKPWMPNGIEFYSVYD
VASGNWQAPIDVITDQVKERSFQIAGWGGSELYRRNTSLNSQQDWQSNAKIRIVDGAANQIQVADGSRK
YVVTLSIDESGGLVANLNGVSAPIILQSEHAKVHSFHDYELQYSATNHTTTLEVDGQQITTWAGEVSQ
ENNIQFGNADAQIDGRLHVOKIVLTQQGHNLVEFDAFYLAQQTPEVEKDLEKLGWTKIKTGNTMSLYG
NASVNPGPGHGITLTRQONISGSQNGRLIYPAIVLDRFFLNVMSIYSDDGGSNWQTGSTLP IPFRWKS
SSILETLEPSEADMVELONGDLLLTARLDENQIVNGVNY SPROQOFLSKDGGITWSLLEANNANVESNI
STGTVDASITRFEQSDGSHFLLETNPQGNPAGTNGRONLGLWESFDEGVTWKGPIQLVNGASAYSDIY
QLDSENAIVIVETDNSNMRILRMPITLLKQKLTLSQON

IL2-signal sequence (Amino Acids: 1-20)
hIgE-Fc (Amino Acids: 21-344)

Sialidase (Amino Acids: 345-1125)

CH2 (Amino Acids: 21-126)

CH3 (2&mino Acids: 128-234)

CH4 (2mino Acids: 236-344)
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SEQ ID NO:26

hNEUl mIgEFc
MYRMOLLSCIALSLALVINSGSPAQWKLENDFGLVQPLVIMEQLLWVSGRQIGSVDTFRIPLITATPR
GTLLAFAEARKMSSSDEGAKFIALRRSMDQGSTWSPTAFIVNDGDVPDGLNLGAVVSDVETGVVELEY
SLCAHKAGCQVASTMLVWSKDDGVSWSTPRNLSLDIGTEVEFAPGPGSGIQKQREPRKGRLIVCGHGTL
ERDGVEFCLLSDDHGASWRYGSGVSGIPYGQPKQENDENPDECQPYELPDGSVVINARNONNY HCHCRI
VLRSYDACDTLRPRDVTFDPELVDPVVAAGAVVTSSGIVFEFSNPAHPEFRVNLTLRWSFSNGT SWRKE
TVQLWPGPSGYSSLATLEGSMDGEEQAPQLYVLYEKGRNHYTESISVAKISVYGTLGGGGGGVRPVNI
TEPTLELLHSSCDPNAFHSTIQLYCFIYGHILNDVSVSWLMDDRE ITDTLAQTVLIKEEGKLASTCSK
LNITEQOQWMSESTEFTCRKVT SQGVDYLAHTRRCPDHEPRGVITYLIPPSPLDLYQNGAPKLTCLVVDLE
SEKNVNVIWNQEKKT SVSASQWYTKHHNNATTSITSILPVVAKDWIEGYGYQCIVDHPDEPKPIVRSI
TKIPGQRSAPEVYVEFPPPEEESEDKRTLTCLIQNFFPEDISVOWLGDGKLISNSQHSTTTPLKSNGSN
QGFFIFSRLEVAKTLWTQRKQFTCQVIHEALQKPRKLEKTISTSLGNTSLRPSHHEHHHH

Secretion signal 1-20

Linker 21-28

Human Sialidase-1 (NEUl) 29-396
Flexible linker 397-402

Mouse IgE-Fc 403-733

Hisx6 734-739

SEQ ID NO:27
hNEU2 mIgEFc
MPLLLLLPLILWAGALADMASLPVLOKESVFQSGAHAYRIPALLYLPGQQSLLAFAEQRASKKDEHAETL
IVLRRGDYDAPTHQVQWOAQEVVAQARLDGHRSMNPCPLYDAQTGTLFLFFIATPGOVTEQQQLQTRA
NVIRLCOVTSTDHGRTWSSPRDLTDAAIGPAYREWST FAVGPGHCLOLHDRARSLVVPAYAYRKLHPT
QRPIPSAFCFLSHDHGRTWARGHEVAQDTLECQVAEVETGEQRVVTLNARSHLRARVOAQSTNDGLDEFE
QESQLVKKLVEPPPQGCQGSVISFPSPRSGPGSPAQWLLYTHPTHSWQRADLGAYLNPRPPAPEAWSE
PVLLAKGSCAYSDLOSMGTGPDGSPLEGCLYEANDYEEIVELMETLKQAFPAEY LPOGGGGGGVRPVN
ITEPTLELLHSSCDPNAFHSTIQLYCFIYGHILNDVSVSWLMDDREITDTLAQTVLIKEEGKLASTCS
KINITEQOWMSESTEFTCKVTSQGVDYLAHTRRCPDHEPRGVITYLIPPSPLDLYQNGAPKLTCLVVDL
ESERNVNVTWNQEKKTSVSASQWYTKHHNNATTSITSILPVVAKDWIEGYGYQCIVDHPDFPKPIVRS
ITKTPGOQRSAPEVYVFPPPEEESEDKRTLTCLIQNEFFPEDISVOWLGDGKLISNSQHSTTTPLKSNGS
NOGEFFIFSRLEVAKTLWTQRKOQFTCOQVIHEALQKPRKLEKTISTSLGNT SLRPSHHHHHN
Secretion signal 1-17
Human Sialidase-2 (NEUZ2 )18-397
Flexible linker 398-403
Mouse IgE-Fc 404-734
Hisx6 735-740
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SEQ ID NO:28

hNEU3 mIgEFc
MPLLLLLPLLWAGALAMRPADLPPRPMEESPASSSAPTETEEPGSSAEVMEEVTTCSENSPLEFRQEDD
RGITYRIPALLYIPPTHTFLAFAEKRSTRRDEDALHLVLRRGLRIGQLVQWGPLKPLMEATLPGHRTM
NPCPVWEQKSGCVEFLEFICVRGHVTERQQIVSGRNAARLCFIYSQDAGCSWSEVRDLTEEVIGSELKH
WATFAVGPGHGIQLQOSGRLVIPAYTYYIPSWEFFCFQLPCKTRPHSIMIYSDDLGVTWHHGRLIRPMVT
VECEVAEVTGRAGHPVLYCSARTPNRCRAEALSTDHGEGFQRLALSRQLCEPPHGCQOGSVVSFRPLET
PHRCODSSSKDAPTIQQSSPGSSLRLEEEAGTPSESWLLY SHPTSRKQRVDLGIYLNQTPLEAACWSR
PWILHCGPCGYSDLAALEEEGLEFGCLFECGTKQECEQIAFRLFTHREILSHLQGDCTSPGRNPSQFKS
NGGGGGGVRPVNITEPTLELLHSSCDPNAFHSTIQLYCFIYGHILNDVSVSWLMDDREITDTLAQTVL
IKEEGKLASTCSKLNITEQQWMSESTFTCKVTSQGVDYLAHTRRCPDHEPRGVITYLIPPSPLDLYQON
GAPKLTCLVVDLESEKNVNVTWNQEKKTSVSASQWYTKHHNNATTSITSILPVVAKDWIEGYGYQCIV
DHPDFPKPIVRSITKTPGQRSAPEVYVEFPPPEEESEDKRTLTCLIQNFEFPEDISVOQWLGDGKLISNSQ
HSTTTPLKSNGSNQGFFIFSRLEVAKTLWTQRKQFTCQVIHEALQKPRKLEKTISTSLGNT SLRPSHH
HHHH

Secretion signal 1-16

Human Sialidase-3 (NEU3) 17-477
Flexible linker 478-483

Mouse IgE-Fc 484-814

Hisx6 815-820

SEQ ID NO:29

hNEU4 mIgEFc
MPLLLLLPLLWAGALAMGVPRTPSRIVLFERERTGLTYRVPSLLPVPPGPTLLAFVEQRLSPDDSHAH
RLVLRRGTLAGGSVRWGALHVLGTAALAEHRSMNPCPVHDAGTGTIVFLEFIAVLGHTPEAVQIATGRN
AARLCCVASRDAGLSWGSARDLTEEATGGAVODWATFAVGPGHGVQOLPSGRLLVPAYTYRVDRRECFEG
KICRTSPHSFAFYSDDHGRTWRCGGLVPNLRSGECQLAAVDGGQAGSFLYCNARSPLGSRVQALSTDE
GTSFLPAERVASLPETAWGCQGSIVGEFPAPAPNRPRDDSWSVGPGSPLOPPLLGPGVHEPPEEAAVDP
RGGQVPGGPEFSRLOQPRGDGPRQPGPRPGVSGDVGSWILALPMPFAAPPOSPTWLLY SHPVGRRARLHM
GIRLSQSPLDPRSWTEPWVIYEGPSGYSDLASIGPAPEGGLVFACLYESGARTSYDEISFCTESLREV
LENVPASPKPPNLGDKPRGCCWPSGGGGGGVRPVNITEPTLELLHSSCDPNAFHSTIQLYCEFIYGHTIL
NDVSVSWLMDDREITDTLAQTVLIKEEGKLASTCSKLNITEQQWMSESTETCKVT SQGVDY LAHTRRC
PDHEPRGVITYLIPPSPLDLYQNGAPKLTCLVVDLESEKNVNVIWNQEKKTSVSASQWY TKHHNNATT
SITSILPVVAKDWIEGYGYQCIVDHPDEFPKPIVRSITKTIPGQRSAPEVYVFPPPEEESEDKRTLTCLI
QNFFPEDISVQWLGDGKLISNSQHSTTTPLKSNGSNQGEFFIFSRLEVAKTLWTQRKQFTCQVIHEALQ
KPRKLEKTISTSLGNTSLRPSHHHHHH

Secretion signal 1-16

Human Sialidase-4 (NEU4) 17-500
Flexible linker 501-506

Mouse IgE-Fc 507-837

Hisx6 838-843
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SEQ ID NO: 30
Canine IgE Fc-NEU2
MYRMOLLSCIALSLALVINSCALNFIPPTVKLFHSSCNPVGDTHTTIQLLCLISGYVPGDMEVIWLVD
GOKATNIFPYTAPGTKEGNVT STHSELNITQGEWVSQKTYTCOVTYQGEFTEFKDEARKCSESDPRGVTS
YLSPPSPLDLYVHKAPKITCLVVDLATMEGMNLTWYRESKEPVNPGPLNKKDHENGTITVT STLEPVNT
NDWIEGETYYCRVTHPHLPKDIVRSIAKAPGKRAPPDVYLELPPEEEQGTKDRVILTCLIONEEFPADIT
SVOQWLRNDSPIQTDQYTTTGPHKVSGSRPAFFIFSRLEVSRVDWEQKNKETCQVVHEALSGSRILOKW
VSKTPGKMASCPVLOKRKEKVEQSGAHAYRIPALLYLPQOKTLLAFAEKRT SKKDEHAELIVLRRGSYDA
STHHVOQWHAQEVVAQAQLEGHRSMNPSPLYDEKTGTLFLFEFIATPGOQVSEHHOQLHTRVNVTRLCQVTS
TDHGRSWSPARDLTGPAIGAAHKEWAT FAVGPGHCLOLHNKAQSTLVVPAYAYRNLHSTLPRPSPFAFCFE
VSHDHGHTWERGNEVAQDTLECQVAEVGGAERRVVYLNARSPRRARVOAESTNEGLDEFTEAQVVKELV
EPPHGCQGSVISEFPNPHAGSGACDRWLLYTHPTDPQRRAHLGAYLHRRRPGREAWSEPVPLAAGGCAY
SDLOAMGAGPDGSPQFGCLYESGHYEEVVEFLMETLKOQAFPAREVS
IL2-signal sequence (Amino Acids: 1-20)
dogIgE Fc (Amino Acids: 21-347)
NEU2 (Amino Acids: 348-725)

SEQ ID NO: 31

Feline IgEl Fc-NEU2
MYRMOLLSCIALSLALVINSCTMNEFIPPTVKLEFHSSCNPLGDTGSTIQLLCLISGYVPGDMEVTWLVD
GOKATNIFPYTAPGRKQEGKVT STHSELNITQGEWVSQKTYTCQVTYQGFTFEDHARKCTESDPRGVST
YLSPPSPLDLYVHKSPKITCLVVDLANTDGMILTWSRENGESVHPDPMVKKTQYNGTITVTSTLPVDA
TDWVEGETYQCKVTHPDLPKDIVRSIAKAPGRRFPPEVYVELPPEGEPKTKDKVILTCLIQNFFPPDI
SVOWLHNDSPVRTEQQATTWPHKATGPSPAFTVESRLEVSRADWEQRDVETCOVVHEALPGEFRTLKKS
VSKNPGKMESCPILOQKERVEFQSGAHAYRIPALLYLPEQKTVLAFAEQRISKKDEHAELTIVLRRGSYDA
STHOQVOQWHAQEVVAQAQLEGHRSMNPSPLYDEKTGTLFLFFIATPGQVSEHHQLHTRVNVTRLCQVTS
PDHGRSWSPARDLTDPAIGTAHKEWAT FAVGPGHCLOLGNKTRSLLVPAYAYRNLHPHRRPSPFAFCE
VSHDHGHTWQRGNEFVAQDTVECQVAEVGGAEQRVVYLNARSPLRARVOAESTNEGLDFKEAQLVEELV
EPPHGCQGSIVSEPGPGAGADASDRWLLY THPTDPRORAHLGAYLSKPRPGPAAWSEPALLATGSCAY
SDLOSMGTGPDGSPQFGCLYESDDYEAVMEFLTEFTLKOQAFPAEFLSL

IL2-signal sequence (Amino Acids: 1-20)
catIgE Fc (Amino Acids: 21-347)
NEUZ2 (Amino Acids: 348-726)
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SEQ ID NO: 45

Canine NEU1l

>tr|F1POW6 | F1POW6 CANLF Uncharacterized protein OS=Canis lupus
familiaris GN=NEU1l PE=4 SV=2
MAGRPGAALPGRPGGPRVPGCWGGWRVRARAATFLLLWPLAGLGAGIKNDEFSLVQPLVTM
EQLLWVSGROQIGNVHTFRIPLITATPRGTLLAFAEARKMSTSDEGAKFIALRRSTDEGST
WSPTAFIVNDGETPDGLNLGAVVSDMETGVVELEFYSLCAHKAGCQVASTMLVWSKDDGVS
WSPPRNLSLDIGTEMFAPGPGSGIQKRHDPRKGRLIVCGHGTLERDGVECLLSDDHGASW
RYGSGVSGIPYGQPKRENDEFNPDECQPYELPDGSVVINARNONNYHCHCRIVLRSYDACD
TIRPRDVITFDPELVDPVVAAGAVATGSGLVFFSNPAHPEFRVNLTLRWSEFSNGTSWRKET
VOLWPGPSGYSSLAALEGSVGGKDOAPQLYVLYEKGRNQYTESISLAKVSVYGTL

SEQ ID NO: 46

Canine NEUZ2

>tr|[J9P7D3|J9P7D3 CANLF Uncharacterized protein OS=Canis lupus
familiaris GN=NEU2 PE=4 3sSv=1
MASCPVLOKEKVEFQSGAHAYRIPALLYLPOQOKTLLAFAEKRTSKKDEHAELIVLRRGSYD
ASTHHVOWHAQEVVAQAQLEGHRSMNPSPLYDEKTGTLELEFFIATPGOVSEHHQLHTRVN
VIRLCQVITSTDHGRSWSPARDLTGPAIGAAHKEWATFAVGPGHCLOLHNKAQSLVVPAYA
YRNLHSLPRPSPFAFCEVSHDHGHTWERGNEVAQDTLECQVAEVGGAERRVVYLNARSPR
RARVOAESTNEGLDEFTEAQVVKELVEPPHGCQGSVISFPNPHAGSGACDRWLLYTHPTDP
QRRAHTLGAYLHRRRPGREAWSEPVPLAAGGCAY SDLQAMGAGPDGSPQFGCLYESGHYEE
VVELMEFTLKQAFPAEEVS

SEQ ID NO: 47

Canine NEU3

>tr |F1PN90|F1PNSO CANLF Uncharacterized protein 0S=Canis lupus
familiaris GN=NEU3 PE=4 SV=2
MEEPESRGEVMEEVTSCSENSPLEQOEDKRGITYRIPALLYIPPTHT FLAFAEKRSTSRD
EDALHLVLRRGLRTGHSVQWEPLKPLMEAMLPGHRTMNPCPVWEQKSGCVYLEFFICVRGH
VTEROQVMSGRNAARLCEICSQDAGCSWSEVRDLTEEVIGAEVKRWATEFAVGPGHGIQLQ
SGRLIIPAYAYYIPYWFFCFRLPCKAKPHSLMIYSDDLGATWHHGRLIKPTATVECEVAE
VTGRAGDPVLYCSARTPNRCRAEAFSTINNGECFQRPALSNQLCEPPHGCQGSVVSFRPLE
ILHGYQDLNGKDSPTIQOSPLLDSSLWPEQEGGILSKSWLLYSHPTSKKRRVNLGIYTLNQ
TPLDAACWSRPWILHCGPCGY SDLAALEKEGLFGCLEFECGTKRECEQIAFRLETDREILS
HMHEDSTGPGKNSEPTES
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Fc
SEQ ID NO: 48
Feline NEUl
>tr |[M3X3Z27|M3X3Z27 FELCA Uncharacterized protein 0S=Felis catus
GN=NEU1l PE=4 SV=1
MMADRAGOVLLGRPGDPRMPGFWGGCRVOVLATIITFLLLLSLAESGARAKNDESLVQPLV
TMEQLLWVSGRQIGSVHTFRIPLITTTPQGTLLAFAEARKMSTSDEGAKFIALRRSLDQG
STWSPTAFIVDDGDTPDGLNLGAVVNDMETGVVFLEY SLCAHKAGCQVASTMLVWSKDDG
VSWSPPRNLSLDIGTEMEFAPGPGSGIQKQREPRKGRLIVCGHGTLERDGVFCLLSDDHGA
TWRYGSGVSGIPYGQPKRENDEFNPDECQPYELPDGSVVINARNONNY HCHCRIVLRSYDA
CDTIRPRDVTFDPELVDPVVAAGAVATSSGIVEFEFSNPAHPEFRVNLTLRWSESNGTSWRK
ETVQLWPGPSGYSSLAALEGNVGGKDQAPQLYVLYEKGRNQYTESISLAKVSVYGTL
SEQ ID NO: 49
Feline NEU2
>tr [M3WEWS |M3WEWS FELCA Uncharacterized protein OS=Felis catus
GN=NEUZ2 PE=4 3V=1
MESCPILQKERVEFQSGAHAYRIPALILYLPEQKTVLAFAEQRISKKDEHAELIVLRRGSYD
ASTHOVOWHAQEVVAQAQLEGHRSMNPSPLYDERTGTLFLEFFIATPGQVSEHHQLHTRVN
VTRLCQVTSPDHGRSWSPARDLTDPAIGTAHKEWATFAVGPGHCLQLGNKTRSLLVPAYA
YRNLHPHRRPSPFAFCEVSHDHGHTWQRGNEVAQDTVECQVAEVGGAEQRVVYLNARSPL
RARVOAESTNEGLDFKEAQLVEELVEPPHGCOGSIVSFPGPGAGADASDRWLLYTHPTDP
RORAHLGAYLSKPRPGPAAWSEPALLATGSCAY SDLOSMGTGPDGSPQFGCLYESDDYEA
VMFLTFTLKQAFPAEFLSL

SEQ ID NO: 50

Feline NEU3

>tr [M3WG19|M3WG19 FELCA Uncharacterized protein 0OS=Felis catus
GN=NEU3 PE=4 SvV=1
MEELGSREEVMEEVTSCSEFSSPLFOQOEDKRGITYRIPALLYIPPTHTFLAFAEKRSTSRD
EDALHLVLRRGLRTGHSVOQWGPLKPLMEATLPGHRTMNPCPVWEQKSGCVYLFEFICVRGH
VTERQQIMSGRNAARLCEICSRDTGCSWSEVRDLTEEVIGAEVKRWATFAVGPGHGIQLQ
SGRLVIPAYAYYIPYWFEFCFRLPCKAKPHSLMIYSDDLGATWHHGRLIQPMATVECEVAE
VTGRGGNPVLYCSARTPNRCRAEAFSDDRGECFQRLALSRELCEPPHGCQGSVVSFRPPE
TILRGCQDPNGKDASTIQOSPLLDRSLRLEQEAGTLSESWLLYSHPTCKKRRVNLGIYLNQ
TPLDAACWSHPWILHCGPCGY SDLAALEKEGLFGCLFECGTKRECEQIAFRLFTDREILS
HVHGDEFTSPDKNPEPIES

SEQ ID NO: 51

Feline NEU4

>tr [M3W397 |M3W387 FELCA Uncharacterized protein 0S=Felis catus
GN=NEU4 PE=4 8SV=1
TWXAARDLTEEAVGGAEQDWATFAVGPGHGIQLRSGRLLVPAYTYHVDRRECFGKICRTS
PHAFTEFYSDDHGRTWRHGGLVPNLRSGECQLAAVDRGOQAGHILYCNARSPLGSRVQALSA
DEGTSFLPGELVPALAETARGCQGSVLGFPAPLEFSRPRNGRWPVGAGSHSYSPHLCLGVQ
EPSEEGTGDTQGAQGPSGMEGCRDSPEEPGLGPGLSGIMAAWT SKVPGPPATLSQSPTWL
LYSHPVGRRARLHMGIYLSRSPLDPHSWTEPWVIYEGPSGY SDLASVGPTVKGALTFACL
FESGARVSYEEISFCMFSLGEVLONLPPGPKPPGLGDKPLERCRPS
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SEQ ID NO: 52

Bovine IgE heavy chain constant region

>AAB09546.2 IgE heavy chain constant region, partial [Bos taurus]
SIQAPSTIYPLRLCCTEEARVRLGCLVKDY LPGSVTVTWDTVPLDGSTLTFPSIQMASSSLYITTSQLT
ISGEQSKEFTCRVLHPETNSNLNKTISTECAKNFSDPSVKLEYSSCNPNGDTQTTITHLLCRISGYTPG
KIKVIWLVDGLOSEELYARSGPEIQEGNLTSTYSEVNITQGOWVSEKTYTCRVNY YGYNEFESHAHRCT
AESEPRGVSAYLSPPTPLELYVNKSPKITCLVVDLANEKNLSLTWSRANGKPVHAGPPEIKRQENGTV
TVISTLPVDVTDWVEGETYYCKVSHSDLPTDIQRSISKDVGKRLAPKAYVFLPDGKELENEEELTLTC
MIQKEFFPRDIFVRWLHNKELMRADQHTTTQPHRADNNTPAFFAYSRLAVPRANWKRGDEFTCQVIHEA
LPRTRTLEKSVEFINSGK

SEQ ID NO: 52
Bovine Sialidase-1 (NEUl) -lysosomal
>sp |A6BMK7 |[NEUR1 BOVIN Sialidase-1 OS=Bos taurus GN=NEUl PE=2 SV=2
MTEEGPGIVSLGKLRRERMLRLWGICRVQIFSAIFMLMSPAGVGAGAKDDFSLVHPLVTM
EQLLWVSGKQIGSVDTFRIPLITTTPRGTLLAFAEARKMSTSDKGAKFIALRRSMDQGST
WSPTAFIVDDGETPDGLNLGAVVSDTTTGVVFLFY SLCAHKAGCQVASTMLVWSKDDGV S
WSSPRNLSLDIGTEMFAPGPGSGIQKQREPRKGRLIVCGHGTLERDGVECLLSDDHGVSW
RYGGGVSGIPYGQPKRENDEFNPDECQPYELPDGSVVINARNONNYHCHCRITILRSYDACD
TLRPRDVTFDTELVDPVVAAGAVATSSGIVFEFSNPAHPEFRVNLTLRWSEFSNGTSWRKET
VOLWPGPSGYSSLTTLEGNVDGKDEAPQLYVLYEKGRNQYMESISLVKVSVYGTL

Signal Peptide aa 1-47

SEQ ID NO: 53

Bovine Sialidase-3 (NEU3) — Plasma membrane

>sp 097859 |NEUR3 BOVIN Sialidase-3 OS=Bos taurus GN=NEU3 PE=1 SV=1
MEEVTSCSFSSPLFOQQEDKRGVTYRIPALIYVPPAHTFLAFAEKRSSSKDEDALHLVLRR
GLRTGOQSVOWEPLKSIMKATLPGHRTMNPCPVWERKSGYVYLFFICVQGHVTERQQIMSG
RNPARLCFICSQDAGYSWSDVRDLTEEVIGPEVTHWATFAVGPGHGIQLQSGRLIIPAYA
YYTITPEWFFCFRLPYRARPHSIMIYSDDLGATWHHGRLIKPMVTVECEVAEVIGKAGHPVL
YCSARTPNRHRAEALSIDHGECFQKPVLSHOLCEPPHGCQGSVVSFCPLEIPGGCQDLAG
EDAPATIQQOSPLLCSSVRPEPEAGTLSESWLLYSHPTNKKRRVDLGIYLNQSPLEAACWSR
PWILHCGPCGYSDLAALENEGLEGCLFECGTKQECEQIAFRLFTDREILSHVQGDCSTPG
MNSEPSKK
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SEQ ID NO: 55

Equine IgE heavy chain constant region

>CAC44497.1 immunoglobulin epsilon heavy chain constant region,
allotype a, partial [Equus caballus]
VSKOQAPLILPLAACCKDTKTTNITLGCLVKGY FPEPVTVTWDAGSLNRSTMTFPAVEDQTSGLYTTIS
RVVASGKWAKQKEFTCNVVHSQETFNKT FNACIVTFTPPTVKLEFHSSCDPGGDSHTTIQLLCLISDYTP
GDIDIVWLIDGOKVDEQFPOHGLVKQEGKLASTHSELNITQGOWASENTYTCOVTYKDMIFKDOQARKC
TESDPRGVSVYLSPPSPLDLYVSKSPKITCLVVDLANVQGLSLNWSRESGEPLOKHTLATSEQFNKTFE
SVISTLPVDTTDWIEGETYKCTVSHPDLPREVVRSIAKAPGKRLSPEVYVEFLPPEEDQSSKDKVTLTC
LIQNEFFPADISVOQWLRNNVLIQTDQQATTRPOQKANGPNPAFEFVESRLEVSRAEWEQKNKEFACKVVHEA
LSQRTLOKEVSKDPGK

SEQ ID NO: 56

Equine Neuraminidase (NEUl) - lysosomal
>Lr|F6VeFT7|F6V6ET7 HORSE Neuraminidase 1 OS=Equus caballus GN=NEUL
PE=4 SvV=1
MMAERSGTVLRDRPGGPRTLGFWGGCRVOQVLAATFLLLLSLARFGTRAGNDEFDLVQPLVT
MEQLLWVSGKQIGSVDTFRIPLITVTPQGTLLAFAEARKMSSSDLGAKFIALRRSMDQGS
TWSPTAFIVDDGETPDGLNLGAVVSDRETGIVFLEYSLCAHKAGCQVASTMLVWSKDDGV
SWSSPRNLSLDIGTEVFAPGPGSGIQKQROPRKGRLIVCGHGTLERDGVFCLLSDDHGAS
WRYGNGIRGIPYGQPRKOKYDENPDECQPYELPDGSVVINARNONNYHCHCRIILRSYDAC
DTLRPRDVTEFDPELVDPVVAAGAVATNSGIVFFSNPAHPEFRVNLTLRWSEFSNGT SWRKE
TVQLWPGPSGY SSMAALEGSLGGEDQAPQLYVLYEKGLSQYTESTSLAKVSVYGTL

SEQ ID NO: 57

Equine Neuraminidase (NEU2) -cytosolic
>tr|F6zZ2S9|F6Z2259 HORSE Neuraminidase 2 OS=Equus caballus GN=NEU2
PE=4 sV=1
MASCPILQKERVEQSGAHAYRIPALLYLPOOKTLLAFAEKRRDKRDEHAELTALRKGSYD
VATHRVLWHAEEVVTQAQLEGHRSMNPSPLYDKKTGTLFLEFISIPGQVSERHQLHTRVN
VTRLCQVTSTDHGRSWSPARDVIDSIIGSAYKEWATFALGPGHCLQLHNESQSLVVPAYA
YRNLHPRHRPAPFAVCFISHDHGHTWQRGNEVAQDTLECQVAEVGSTKQRVVYLNARSPL
RARVOQAESNNDGLDFKEIQLVTKLAEPPQGCQGSIVSEFPNPTVQSDESDKWLLYTHPTDS
RORSNLGVYLNKWPLAPTAWSEPTLLAKGSCAY SDLOSMGAGPDGSPQFACLYESNNYEE
ITFLMFTLKQAFPAEFLPQ

SEQ ID NO: 58

Equine Neuraminidase (NEU3) - membrane
>tr|F7ADI2 | F7ADI2 HORSE Neuraminidase 3 OS=Equus caballus GN=NEU3
PE=4 SvV=1
MEEVTSCSFNSPLFOQQEDKRGVTYRIPALLYVPPTHTFLAFAEKRSTCRDEDALHLVLRR
GVRTEHSVOQWGPLKPLMEATLPGHRTMNPCPVWEQKSGCVYLFFICVRDHVTERQQIVSG
RNAARLCFICSQDAGCSWSELRDLTEEVIGPEMKRWATEFAVGPGHGIQLQSGRLVIPAYA
YYIPYLFFCFRLPCKARPHSIMIYSDDLGATWHHGRLIKPMVTVECEVAEVTERTGYPVL
YCSARTPNRCRAEALSTDHGECFQRPALSQOLCEPPHGCQGSVVSFQPLEIPHGYQDPSG
QODAPTIQONPLLDSSLRLEQEAGTLSQSWLLYSHPTSKKRRVNLGIYLNQTPLEATCWSR
PWILHCGPCGYSDLAALEKEGLEFACLFECGIKRECEQIAFRLFTVQEIVSHVQGDCTSPG
RISEPIQN
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Sequence encoding hNEUl hIgEFc (SEQ ID NO: 59)
atgtacaggatgcaactcctgtcttgecattgcactaagtecttgecacttgtcacgaattecgggateccece
agcacagtggaagcttGAGAACGACTTCGGTCTGGTGCAGCCGCTGGTGACCATGGAGCAACTGCTGT
GGGTGAGCGGGAGACAGATCCGCTCAGTGGACACCTTCCGCATCCCGCTCATCACAGCCACTCCGCGG
GGCACTCTTCTCGCCTTTGCTGAGGCGAGGAAAATGTCCTCATCCGATGAGGGGGCCAAGTTCATCGC
CCTIGCGGAGGTCCATGGACCAGGGCAGCACATGGTCTCCTACAGCGTTCATTGTCAATGATGGGGATG
TCCCCGATGGGCTGAACCTTGGGGCAGTAGTGAGCGATGTTGAGACAGGAGTAGTATTTCTTTTCTAC
TCCCTTTGTGCTCACAAGGCCGGCTGCCAGGTGGCCTCTACCATGTTGGTATGGAGCAAGGATGATGG
TGITTCCTGGAGCACACCCCGGAATCTCTCCCTGGATATTGGCACTGARGTGTTTGCCCCTGGACCGG
GCTCTGGTATTCAGARAACAGCGGGAGCCACGGAAGGGCCGCCTCATCGTGTGTGGCCATGGGACGCTG
GAGCGGGACGGAGTCTTCTGTICTCCTCAGCGATGATCATGGTGCCTCCTGGCGCTACGGAAGTGGGGET
CAGCGGCATCCCCTACGGTCAGCCCAAGCAGGARAATGATTTCAATCCTGATGAATGCCAGCCCTATG
AGCTCCCAGATGGCTCAGTCGTCATCAATGCCCGAAACCAGAACAACTACCACTGCCACTGCCGAATT
GTCCTCCGCAGCTATGATGCCTGTGATACACTAAGGCCCCGTGATGTGACCTTCGACCCTGAGCTCGT
GGACCCTGTGGTAGCTGCAGGAGCTGTAGTCACCAGCTCCGGCATTGTCTTCTTCTCCAACCCAGCALC
ATCCAGAGTTCCGAGTGAACCTGACCCTGCGATGGAGCTTCAGCAATGGTACCTCATGGCGGAAAGAG
ACAGTCCAGCTATGGCCAGGCCCCAGTGGCTATTCATCCCTGGCAACCCTGGAGGGCAGCATGGATGG
AGAGGAGCAGGCCCCCCAGCTCTACGTCCTGTATGAGAAAGGCCGGAACCACTACACAGAGAGCATCT
CCGTGGCCAAAATCAGTGTCTATGGGACACTCGGAGGAGGAGGAGGAGGATGCTCCAGGGACTTCACC
CCGCCCACCGTGAAGATCTTACAGTCGTCCTGCGACGGCGGCGEGGCACTTCCCCCCGACCATCCAGCT
CCTGTGCCTCGTCTCTGGGTACACCCCAGGGACTATCAACATCACCTGGCTGGAGGACGGGCAGGTCA
TGGACGTGGACTTGTCCACCGCCTCTACCACGCAGGAGGGTGAGCTGGCCTCCACACAARGCGAGCTC
ACCCTCAGCCAGAAGCACTGGCTGTCAGACCGCACCTACACCTGCCAGGTCACCTATCAAGGTCACAC
CTTTGAGGACAGCACCAAGAAGTGTGCAGATTCCAACCCGAGAGGGGTGAGCGCCTACCTAAGCCGGC
CCAGCCCGTTCGACCTGTTCATCCGCAAGTCGCCCACGATCACCTGTCTGGTGGTGGACCTGGCACCC
AGCAAGGGGACCGTGAACCTGACCTGGTCCCGGGCCAGTGGGAAGCCTGTGAACCACTCCACCAGARR
GGAGGAGAAGCAGCGCAATGGCACGTTAACCGTCACGTCCGCCCTGCCGGTGGGCACCCGAGACTGGA
TCGAGGGGGAGACCTACCAGTGCAGGGTGACCCACCCCCACCTGCCCAGGGCCCTCATGCGGTCCACG
ACCAAGACCAGCGGCCCGCGTGCTGCCCCGGAAGTCTATGCGTTTGCGACGCCGGAGTGGCCGGGGAG
CCGGGACAAGCGCACCCTCGCCTGCCTGATCCAGAACTTCATGCCTGAGGACATCTCGGTGCAGTGGC
TGCACAACGAGGTGCAGCTCCCGGACGCCCGGCACAGCACGACGCAGCCCCGCAAGACCRAAGGGCTCC
GGCTTCTTCGTCTTCAGCCGCCTGGAGGTGACCAGGGCCGAATGGGAGCAGARRGATGAGTTCATCTG
CCGTGCAGTCCATGAGGCAGCGAGCCCCTCACAGACCGTCCAGCGAGCGGTGETCTGTAAATCCCGGTA
ARACACCATCACCATCACCATTGA

Secretion signal 1-60

Human Sialidase-1 (NEU1l) (No signal peptide) 85-1188
Flexible linker 1189-1206

Human IgE-Fc 1207-2178

Hisx6 21785-2199
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Sequence encoding hNEU2 hIgEFc (codon optimized) (SEQ ID NO: 60)
atgcctctgctgcectgectgetgecactgetgtgggetggegetetggetGCTTCTCTGCCAGTGCTGCA
GAAGGAGTCCGTGTTTCAGAGCGGAGCTCACGCTTACAGGATCCCCGCCCTGCTGTATCTGCCTGGAC
AGCAGTCCCTGCTGGCCTTCGCTGAGCAGAGGGCCAGCAAGAAGGACGAGCACGCTGAGCTGATCGTG
CTGAGGAGGGGCGACTACGATGCTCCTACCCATCAGGTGCAGTGGCAGGCTCAGGAGGTGGTGGCTCA
GGCTAGGCTGGACGGACACCGGAGCATGAACCCATGCCCTCTGTATGATGCCCAGACCGGCACACTGT
TTCTGTTCTTTATCGCTATCCCAGGCCAGGTGACCGAGCAGCAGCAGCTGCAGACARAGAGCCAATGTG
ACCCGCCTGTGCCAGGTGACCTCTACAGACCATGGAAGAACCTGGTCCAGCCCAAGGGACCTGACAGA
TGCTGCTATCGGCCCTGCCTACAGAGAGTGGAGCACCTTTGCTGTGGGACCAGGACACTGCCTGCAGC
TGCATGATAGAGCCCGCTCTCTGGTGGTGCCAGCCTACGCTTATAGAAAGCTGCACCCAATCCAGAGG
CCAATCCCATCCGCCTTCTGCTTTCTGTCTCACGACCATGGAAGGACCTGGGCTAGGGGACATTTCGT
GGCTCAGGATACACTGGAGTGTCAGGTGGCTGAGGTGGAGACCGGAGAGCAGAGGGTGGTGACACTGA
ACGCTCGGTCTCACCTGAGGGCTAGGGTGCAGGCTCAGTCCACCAATGACGGCCTGGATTTTCAGGAG
AGCCAGCTGGTGAAGAAGCTGGTGGAGCCACCTCCACAGGGATGT CAGGGATCCGTGATCAGCTTCCC
TTCTCCACGCTCCGGACCAGGATCTCCAGCTCAGTGGCTGCTGTACACACACCCAACCCATTCCTGGC
AGAGAGCCGACCTGGGAGCTTATCTGAACCCCCGCCCCCCTGCTCCTGAGGCTTGGTCCGAGCCCGTG
CTGCTGGCTAAGGGATCTTGCGCTTACTCCGACCTGCAGAGCATGGGARCCGGACCAGATGGAAGCCC
ACTGTTTGGCTGTCTGTACGAGGCTAATGATTATGAGGAGATCGTGTTCCTGATGTTTACACTGAAGC
AGGCCTTCCCAGCTGAGTATCTGCCACAGGGAGGAGGAGGAGGAGGATGCTCTAGGGACTTTACACCA
CCCACCGTGAAGATCCTGCAGTCTTCCTGCGATGGCGGCGGCCACTTCCCTCCAACCATCCAGCTGCT
GTGCCTGGTGTCCGGCTACACACCCGGCACCATCAACATCACCTGGCTGGAGGACGGCCAGGTCATGG
ACGTGGATCTGAGCACAGCCTCTACCACACAGGAGGGCGAGCTGGCTTCCACACAGAGCGAGCTGACC
CTGTCCCAGRAAGCACTGGCTGAGCGATCGGACCTACACATGCCAGGTGACATATCAGGGCCATACCTT
CGAGGACAGCACAAAGAAGTGTGCCGATTCTAACCCTAGGGGCGTGTCCGCTTATCTGTCTCGGCCCT
CCCCTTTCGACCTGTTTATCAGAAAGAGCCCAACCATCACATGTCTGGTGGTGGATCTGGCCCCCTCT
ARAGGGCACAGTGAATCTGACCTGGAGCCGCGCTTCTGGCAAGCCCGTGAACCATTCCACCAGGARGGA
GGAGAAGCAGCGGAATGGCACCCTGACAGTGACCAGCGCCCTGCCTGTGGGCACAAGGGACTGGATCG
AGGGCGAGACCTACCAGTGCCGGGTGACACACCCTCATCTGCCAAGAGCTCTGATGCGCTCTACCACA
ARAGACCTCCGGCCCTAGAGCCGCTCCAGAGGTGTATGCCTTTGCTACCCCCGAGTGGCCTGGCTCCAG
AGATAAGCGCACACTGGCCTGTCTGATCCAGAACTTCATGCCTGAGGACATCTCTGTGCAGTGGCTGC
ACRATGAGGTGCAGCTGCCTGATGCTAGACATTCCACCACACAGCCACGCAAGACCAAGGGCAGCGGC
TTCTTCGTGTTCTCCAGGCTGGAGGTGACAAGGGCTGAGTGGGAGCAGAAGGACGAGTTTATCTGCAG
AGCTGTGCACGAGGCCGCTAGCCCTTCTCAGACCGTGCAGCGCGCCGTGAGCGTGAATCCAGGCAAGC
ACCATCACCATCACCATTGA

Secretion signal 1-48

Human Sialidase-2 (NEU2) (Codon optimized for mammalian expression)
49-1185

Flexible linker 1186-1203

Human IgE-Fc 1204-2175

Hisx6 2176-2193
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Sequence encoding hNEU3 hIgEFc (SEQ ID NO:61)
atgcctctgctgectgcectgcectgecactgectgtgggetggegetctggectATGAGACCTGCGGACCTGCC
CCCGCGCCCCATGGAAGAATCCCCGGCGTCCAGCTCTGCCCCGACAGAGACGGAGGAGCCGGGGTCCA
GTGCAGAGGTCATGGAAGAAGCTGACAACATGCTCCTTCAACAGCCCTCTGTTCCGGCAGGARGATGAC
AGAGGGATTACCTACCGGATCCCAGCCCTGCTCTACATACCCCCCACCCACACCTTCCTGGCCTTTGC
AGAGAAGCGTTCTACGAGGAGAGATGAGGATGCTCTCCACCTGGTGCTGAGGCGAGGGTTGAGGATTG
GGCAGTTGGTACAGTGGGGGCCCCTGAAGCCACTGATGGAAGCCACACTACCGGGGCATCGGACCATG
AACCCCTGTCCTGTATGGGAGCAGAAGAGTGGTTGTGTGTTCCTGTTCTTCATCTGTGTGCGGGGCCA
TGICACAGAGCGTCAACAGATTGTGTCAGGCAGGAATGCTGCCCGCCTTTGCTTCATCTACAGTCAGG
ATGCTGGATGTTCATGGAGTGAGGTGAGGGACTTGACTGAGGAGGTCATTGGCTCAGAGCTGAAGCAC
TGGGCCACATTTGCTGTGGGCCCAGGT CATGGCATCCAGCTGCAGTCAGGGAGACTGGTCATCCCTGC
GTATACCTACTACATCCCTTCCTGGTTCTTTTGCTTCCAGCTACCATGTAARACCAGGCCTCATTCTC
TGATGATCTACAGTGATGACCTAGGGGTCACATGGCACCATGGTAGACTCATTAGGCCCATGGTTACA
GTAGAATGTGAAGTGGCAGAGGTGACTGGGAGGGCTGGCCACCCTGTGCTATATTGCAGTGCCCGGAC
ACCAAACAGGTGCCGGGCAGAGGCGCT CAGCACTGACCATGGTGAAGGCTTTCAGAGACTGGCCCTGA
GTCGACAGCTCTGTGAGCCCCCACATGGTTGCCAAGGGAGTGTGGTAAGTTTCCGGCCCCTGGAGATC
CCACATAGGTGCCAGGACTCTAGCAGCARAAGATGCACCCACCATTCAGCAGAGCTCTCCAGGCAGTTC
ACTGAGGCTGGAGGAGGAAGCTGGAACACCGTCAGAATCATGGCTCTTGTACTCACACCCAACCAGTA
GGAAACAGAGGGTTGACCTAGGTATCTATCTCAACCAGACCCCCTTGGAGGCTGCCTGCTGGTCCCGC
CCCTGGATCTTGCACTGTGGGCCCTGTGGCTACTCTGATCTGGCTGCTCTGCGAGGAGGAGGGCTTGTT
TGGGTGTTTGTTTGAATGTGGGACCAAGCAAGAGTGTGAGCAGATTGCCTTCCGCCTGTTTACACACC
GGGAGATCCTGAGTCACCTGCAGGGGGACTGCACCAGCCCTGGTAGGARCCCARGCCAATTCAAAAGC
ARATGGAGGAGGAGGAGGAGGATGCTCTAGGGACTTTACACCACCCACCGTGAAGATCCTGCAGTCTTC
CTGCGATGGCGGCGGCCACTTCCCTCCAACCATCCAGCTGCTGTGCCTGGTGTCCGGCTACACACCCG
GCACCATCAACATCACCTGGCTGGAGGACGGCCAGGTCATGGACGTGGATCTGAGCACAGCCTCTACC
ACACAGGAGGGCGAGCTGGCTTCCACACAGAGCGAGCTGACCCTGTCCCAGAAGCACTGGCTGAGCGA
TCGGACCTACACATGCCAGGTGACATATCAGGGCCATACCTTCGAGGACAGCACAARGARAGTGTGCCG
ATTCTAACCCTAGGGGCGTGTCCGCTTATCTGTCTCGGCCCTCCCCTTTCGACCTGTTTATCAGAAAG
AGCCCAACCATCACATGTCTGGTGGTGGATCTGGCCCCCTCTAAGGGCACAGTGAATCTGACCTGGAG
CCGCGCTTCTGGCAAGCCCGTGAACCATTCCACCAGGAAGGAGGAGAAGCAGCGGAATGGCACCCTGA
CAGTGACCAGCGCCCTGCCTGTGGGCACAAGGGACTGGATCGAGGGCGAGACCTACCAGTGCCGGGTG
ACACACCCTCATCTGCCAAGAGCTCTGATGCGCTCTACCACAARGACCTCCGGCCCTAGAGCCGCTCC
AGAGGTGTATGCCTTTGCTACCCCCGAGTGGCCTGGCTCCAGAGATAAGCGCACACTGGCCTGTCTGA
TCCAGAACTTCATGCCTGAGGACATCTCTGTGCAGTGGCTGCACAATGAGGTGCAGCTGCCTGATGCT
AGACATTCCACCACACAGCCACGCAAGACCAAGGGCAGCGGCTTCTTCGTGTTCTCCAGGCTGGAGGT
GACAAGGGCTGAGTGGGAGCAGAAGGACGAGTTTATCTGCAGAGCTGTGCACGAGGCCGCTAGCCCTT
CTCAGACCGTGCAGCGCGCCCTGAGCGTGAATCCAGGCAAGCACCATCACCATCACCATTIGA

Secretion signal 1-48

Human Sialidase-3 (NEU3) 49-1431
Flexible linker 1432-1449

Human IgE-Fc 1450-2421

Hisx6 2422-2439
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Sequence encoding hNEU4 hIgEFc (SEQ ID NO: 62)
atgcctctgctgcectgcectgcectgecactgectgtgggetggegetctggectATGGGGGTCCCTCGTACCCC
TTCACGGACAGTGCTCTTCGAGCGGGAGAGGACGGGCCTGACCTACCGCGTGCCCTCGCTGCTCCCCG
TGCCCCCCGGGCCCACCCTGCTGGCCTTTGTGGAGCAGCGGCTCAGCCCTGACGACTCCCACGCCCAC
CGCCTGGTGCTGAGGAGGGGCACGCTGGCCGEEEGCTCCGTGCEGTGGGEETGCCCTGCACGTGCTGGG
GACAGCAGCCCTGGCGGAGCACCGGTCCATGAACCCCTGCCCTGTGCACGATGCTGGCACGGGCACCG
TCITCCTCTTCTTCATCGCGGTGCTGGGCCACACGCCTGAGGCCGTGCAGATCGCCACGGGAAGGARAC
GCCGCGCGCCTCTGCTGTGTGGCCAGCCGTGACGCCGGCCTCTCGTGGGGCAGCGCCCGGGACCTCAC
CGAGGAGGCCATCGGTGGTGCCGTGCAGGACTGGGCCACATTCGCTGTGGGTCCCGGCCACGGTGTGC
AGCTGCCCTCAGGCCGCCTGCTGGTACCCGCCTACACCTACCGCGTGGACCGCCGAGAGTGTTTTGGL
ARAGATCTGCCGGACCAGCCCTCACTCCTTCGCCTTCTACAGCGATGACCACGGCCGCACCTGGCGCTG
TGGAGGCCTCGTGCCCAACCTGCGCTCAGGCGAGTGCCAGCTGGCAGCGGTGGACGGTGGGCAGGCCG
GCAGCTTCCTCTACTGCAATGCCCGGAGCCCACTGGGCAGCCGTGTGCAGGCGCTCAGCACTGACGAG
GGCACCTCCTTCCTGCCCGCAGAGCGCGTGGCTTCCCTGCCCGAGACTGCCTGGGGCTGCCAGGGCAG
CATCGTGGGCTTCCCAGCCCCCGCCCCCAACAGGCCACGGGATGACAGTTGETCAGTGGGCCCCGGGA
GTCCCCTCCAGCCTCCACTCCTCGGTCCTGGAGTCCACGAACCCCCAGAGGAGGCTGCTGTAGACCCC
CGIGGAGGCCAGGTGCCTGGTGGGCCCTTCAGCCGTCTGCAGCCTCCGGGGGGATGGCCCCAGGCAGCC
TGGCCCCAGGCCTGGGGTCAGTGGGGATGTGGGGTCCTGGACCCTGGCACTCCCCATGCCCTTTGCTG
CCCCGCCCCAGAGCCCCACGTGGCTGCTGTACTCCCACCCAGTGGGGCGCAGGGCTCGGCTACACATG
GGTATCCGCCTGAGCCAGTCCCCGCTGGACCCGCGCAGCTGGACAGAGCCCTGGGTGATCTACGAGGG
CCCCAGCGGCTACTCCGACCTGGCGTCCATCGGGCCGGCCCCTGAGGGGGGCCTGGTTTITGCCTGCC
TGTACGAGAGCGGGGCCAGGACCTCCTATGATGAGATTTCCTTTTGTACATTCTCCCTGCGTGAGGTC
CTGGAGAACGTGCCCGCCAGCCCCAAACCGCCCAACCTTGGGGACAAGCCTCGGEGGETGCTGCTGGCC
CTCCGGAGGAGGAGGAGGAGGATGCTCTAGGGACTTTACACCACCCACCGTGARAGATCCTGCAGTCTT
CCTGCGATGGCGGCGGCCACTTCCCTCCAACCATCCAGCTGCTGTGCCTGGTGTCCGGCTACACACCC
GGCACCATCAACATCACCTGGCTGGAGGACGGCCAGGTCATGGACGTGGATCTGAGCACAGCCTCTAC
CACACAGGAGGGCGAGCTGGCTTCCACACAGAGCGAGCTGACCCTGTCCCAGARGCACTGGCTGAGCG
ATCGGACCTACACATGCCAGGTGACATATCAGGGCCATACCTTCGAGGACAGCACAAAGAAGTGTGCC
GATTCTAACCCTAGGGGCGTGTCCGCTTATCTGTCTCGGCCCTCCCCTTTCGACCTGTTTATCAGARAA
GAGCCCAACCATCACATGTCTIGGETGGTGGATCTGGCCCCCTCTAAGGGCACAGTGAATCTGACCTGGA
GCCGCGCTTCTGGCAAGCCCGTGAACCATTCCACCAGGAAGGAGGAGARGCAGCGGAATGGCACCCTG
ACAGTGACCAGCGCCCTGCCTGTGGGCACAAGGGACTGGATCGAGGGCGAGACCTACCAGTGCCGGGT
GACACACCCTCATCTGCCAAGAGCTCTGATGCGCTCTACCACAAAGACCTCCGGCCCTAGAGCCGCTC
CAGAGGTGTATGCCTTTGCTACCCCCGAGTGGCCTGGCTCCAGAGATARGCGCACACTGGCCTGICTG
ATCCAGAACTTCATGCCTGAGGACATCTCTGTGCAGTGGCTGCACAATGAGGTGCAGCTGCCTGATGC
TAGACATTCCACCACACAGCCACGCAAGACCAAGGGCAGCGGCTTCTTCGTGTTCTCCAGGCTGGAGG
TGACAAGGGCTGAGTGGGAGCAGAAGGACGAGTITATCTGCAGAGCTGTGCACGAGGCCGCTAGCCCT
TCTCAGACCGTGCAGCGCGCCGTGAGCGTGAATCCAGGCARAGCACCATCACCATCACCATTGA

Secretion signal 1-48

Human Sialidase-4 (NEU4) 49-1500
Flexible linker 1501-1518

Human IgE-Fc 1519-2490

Hisx6 2491-2508



WO 2020/172072 PCT/US2020/018380
73/76

FIG. 25

Sequence encoding hNEUl mIgEFc (SEQ ID NO:63)

atgtacaggatgcaactcctgtcttgcattgcactaagtcttgcacttgtcacgaattcgggatcccce
agcacagtggaagcttGAGAACGACTTCGGTCTGCTGCAGCCGCTGGTGACCATGGAGCAACTGCTGT
GGGTGAGCGGGAGACAGATCGGCTCAGTGGACACCTTCCGCATCCCGCTCATCACAGCCACTCCGCGG
GGCACTCITCTCGCCTTTGCTGAGGCGAGGAAAARTGTCCTCATCCGATGAGGGGGCCAAGTTCATCGC
CCTGCGGAGGTCCATGGACCAGGGCAGCACATGGTCTCCTACAGCGTTCATTGTCAATGATGGGGATG
TCCCCGATGGGCTGAACCTTGGGGCAGTAGTGAGCGATGTTGAGACAGGAGTAGTATTTCTTTTCTAC
TCCCTTTGTGCTCACAAGGCCGGCTGCCAGGTGGCCTCTACCATGTTGGTATGGAGCAAGGATGATGG
TGTTTCCTGGAGCACACCCCGGAATCTCTCCCTGGATATTGGCACTGAAGTGTTTGCCCCTGGACCGG
GCTCTGGTATTCAGARACAGCGGGAGCCACGGARGGGCCGCCTCATCGTGTGTGGCCATGGGACGCTG
GAGCGGGACGGAGTCTTCTGTCTCCTCAGCGATGATCATGGTGCCTCCTGGCGCTACGGRAGTGGGGT
CAGCGGCATCCCCTACGGTCAGCCCAAGCAGGARAATGATTTCAATCCTGATGAATGCCAGCCCTATG
AGCTCCCAGATGGCTCAGTCGTCATCAATGCCCGARACCAGAACAACTACCACTGCCACTGCCGAATT
GTCCTCCGCAGCTATGATGCCTGTGATACACTAAGGCCCCGTGATGTGACCTTCGACCCTGAGCTCGT
GGACCCTGTGGTAGCTGCAGGAGCTGTAGTCACCAGCTCCGGCATTGTCTTCTTCTCCARCCCAGCAC
ATCCAGAGTTCCGAGTGAACCTGACCCTGCGATGGAGCTTCAGCAATGGTACCTCATGGCGGAARGAG
ACAGTCCAGCTATGGCCAGGCCCCAGTGGCTATTCATCCCTGGCAACCCTGGAGGGCAGCATGGATGG
AGAGGAGCAGGCCCCCCAGCTCTACGTCCTGTATGAGARAGGCCGGAACCACTACACAGAGAGCATCT
CCGTGGCCAAAATCAGTGTCTATGGGACACTCGCGAGGAGGAGGAGGAGGCGTGAGACCAGTGAACATC
ACAGAGCCCACCCTGGAGCTGCTGCACTCTTCCTGCGATCCCAATGCCTTCCATAGCACAATCCAGCT
GTACTGTTTTATCTATGGCCACATCCTGAACGACGTGAGCGTGTCTTGGCTGATGGACGATCGCGAGA
TCACAGATACCCTGGCTCAGACCGTGCTGATCAAGGAGGAGGGCAAGCTGGCCAGCACATGCTCTAAG
CTGAATATCACCGAGCAGCAGTGGATGTCCGAGTCCACCTTCACCTGCAAGGTGACATCTCAGGGCGT
GGACTACCTGGCTCACACCAGACGCTGTCCTGATCATGAGCCAAGGGGCGTGATCACATACCTGATCC
CACCCTCTCCACTGGACCTGTATCAGAACGGCGCCCCCAAGCTGACCTGTCTGGTGGTGGATCTGGAG
TCCGAGAAGAACGTGAATGTGACATGGAATCAGGAGAAGAAGACCTCCGTGTCCGCCAGCCAGTGGTA
CACAAAGCACCATAACAATGCCACCACATCCATCACCAGCATCCTGCCAGTGGTGGCTARAGGACTGGA
TCGAGGGCTACGGCTATCAGTGCATCGTGGACCATCCCGATTTCCCTAAGCCAATCGTGAGGAGCATC
ACAAAGACCCCTGGACAGCGGTCTGCCCCAGAGGTGTACGTGTTCCCTCCACCCGAGGAGGAGTCTGA
GGATAAGCGGACACTGACCTGTCTGATCCAGAACTTCTTTCCTGAGGACATCAGCGTGCAGTGGCTGG
GCGATGGCAAGCTGATCTCTAATTCCCAGCACTCTACCACAACCCCACTGAAGTCTAACGGCTCCAAT
CAGGGCTTCTTTATCTTCTCCAGGCTGGAGGTGGCTAAGACACTGTGGACCCAGCGGAAGCAGTTTAC
ATGCCAGGTCATCCATGAGGCCCTGCAGAAGCCCAGAAAGCTGGAGRAAGACAATCAGCACCTCTCTGG
GCRACACCTCCCTGCGCCCTAGCCACCATCACCATCACCATTGA

Secretion signal 1-60

Linker 61-84

Human Sialidase-1 (NEUl) 85-1188
Flexible 1linker1189-1206

Mouse IgE-Fc 1207-2199

Hisx6 2200-2217
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FIG. 26

Sequence encoding hNEU2 mIgEFc (SEQ ID NO:64)
atgcctctgctgctgetgetgecactgetgtgggetggegetetggetgacATGGCTAGCCTGCCTGT
GCTGCAGAAGGAGAGCGTGTTCCAGTCTGGAGCTCACGCTTACAGGATCCCCGCCCTGCTGTATCTGC
CTGGCCAGCAGTCCCTGCTGGCTTTTGCCGAGCAGCGGGCTAGCAAGARGGATGAGCACGCTGAGCTG
ATCGTGCTGAGGAGGGGCGACTACGATGCTCCAACCCATCAGGTGCAGTGGCAGGCTCAGGAGGTGGT
GGCTCAGGCTAGACTGGACGGACACCGCTCCATGAACCCTTGCCCACTGTATGATGCTCAGACAGGCA
CCCTGTTCCTGTTCTTTATCGCTATCCCAGGACAGGTGACCGAGCAGCAGCAGCTGCAGACAAGGGCC
AATGTGACCCGGCTGTGCCAGGTGACAAGCACCGACCATGGCAGAACATGGTCCAGCCCTAGGGACCT
GACCGATGCTGCTATCGGCCCAGCTTACAGAGAGTGGTCCACCTTCGCCGTGGGACCAGGACACTGCC
TGCAGCTGCATGATAGGGCTCGGAGCCTGGTGGTGCCAGCTTACGCCTATAGGAAGCTGCACCCTATC
CAGCGGCCCATCCCTTCTGCCTTCTGCTTTCTGTCCCACGACCATGGCAGGACATGGGCTCGGGGCCA
TTTTGTGGCCCAGGATACCCTGGAGTGTCAGGTGGCTGAGGTGGAGACAGGCGAGCAGAGAGTGGETGA
CCCTGAACGCCCGCTCTCACCTGAGAGCTCGCGTGCAGGCCCAGTCCACCARTGACGGCCTGGATTTC
CAGGAGAGCCAGCTGGTGAAGARAGCTGGTGGAGCCACCTCCACAGGGATGTCAGGGATCCGTGATCAG
CTTTCCATCTCCACGCTCCGGACCAGGATCTCCTGCTCAGTGGCTGCTGTACACACACCCCACCCATT
CCTIGGCAGAGAGCTGACCTGGGAGCTTATCTGAACCCCCGCCCCCCTGCTCCTGAGGCTTIGGAGCGAG
CCIGTGCTGCTGGCTAAGGGCTCCTGCGCCTACAGCGACCTGCAGTCTATGGGCACAGGCCCAGATGG
CTCTCCCCTGTTCGGCTGTCTGTACGAGGCTAATGACTATGAGGAGATCGTGTTCCTGATGTTTACCC
TGAAGCAGGCTTTTCCAGCCGAGTATCTGCCACAGGGAGGAGGAGGAGGAGGCGTGAGACCAGTGAAC
ATCACAGAGCCCACCCTGGAGCTGCTGCACTCTTCCTGCGATCCCAATGCCTTCCATAGCACAATCCA
GCTIGTACTGTTTTATCTATGGCCACATCCTGAACGACGTGAGCGTGTCTTGGCTGATGGACGATCGCG
AGATCACAGATACCCTGGCTCAGACCGTGCTGATCAAGGAGGAGGGCAAGCTGGCCAGCACATGCTCT
AAGCTGAATATCACCGAGCAGCAGTGGATGTCCGAGTCCACCTTCACCTGCAAGGTGACAT CTCAGGG
CGIGGACTACCTGGCTCACACCAGACGCTGTCCTGATCATGAGCCARGGGGCGTGATCACATACCTGA
TCCCACCCTCTCCACTGGACCTGTATCAGAACGGCGCCCCCAAGCTGACCTGTCTGGTGGTGGATCTG
GAGTCCGAGAAGAACGTGAATGTGACATGGAAT CAGGAGAAGAAGACCTCCGTGTCCGCCAGCCAGTG
GTACACAAAGCACCATAACAATGCCACCACATCCATCACCAGCATCCTGCCAGTGGTGGCTAAGGACT
GGATCGAGGGCTACGGCTATCAGTGCATCGTGGACCATCCCGATTTCCCTAAGCCAATCGTGAGGAGC
ATCACAARRAGACCCCTGGACAGCGGTCTGCCCCAGAGGTGTACGTGTTCCCTCCACCCGAGGAGGAGTC
TGAGGATAAGCGGACACTGACCTGTCTGATCCAGAACTTCTTTCCTGAGGACATCAGCGTGCAGTGGC
TGGGCGATGGCAAGCTGATCTCTAATTCCCAGCACTCTACCACAACCCCACTGAAGTCTAACGGCTCC
AATCAGGGCTTCTITTATCTTCTCCAGGCTGGAGGTGGCTAAGACACTGTGGACCCAGCGGAAGCAGTT
TACATGCCAGGTCATCCATGAGGCCCTGCAGAAGCCCAGARAAGCTGGAGAAGACAATCAGCACCTCTC
TGGGCAACACCTCCCTGCGCCCTAGCCACCATCACCATCACCATTGA

Secretion signal 1-51

Human Sialidase-2 (NEU2) (Codon optimized for mammalian expression)
52 - 1191

Flexible linker 1192-1209

Mouse IgE-Fc 1210-2202

Hisx6 2203-2220



WO 2020/172072 PCT/US2020/018380
75/76

FIG. 27

Sequence encoding hNEU3 mIgEFc (SEQ ID NO:65)
atgcctctgctgcectgcectgetgeccactgetgtgggetggegetectggetATGAGACCTGCGGACCTGCC
CCCGCGCCCCATGGARGRAATCCCCGGCGTCCAGCTCTGCCCCGACAGAGACGGAGGAGCCGGGGTCCA
GTGCAGAGGTCATGGAAGAAGTGACAACATGCTCCTTCAACAGCCCTCTGTTCCGGCAGGAAGATGAC
AGAGGGATTACCTACCGGATCCCAGCCCTGCTCTACATACCCCCCACCCACACCTTCCTGGCCTTTGC
AGAGAAGCGTTCTACGAGGAGAGATGAGGATGCTCTCCACCTGGTGCTGAGGCGAGGGTTGAGGATTG
GGCAGTTGGTACAGTGGGGGCCCCTGAAGCCACTGATGGAAGCCACACTACCGGGGCATCGGACCATG
AACCCCTGTCCTGTATGGGAGCAGAAGAGTGGTTGTGTGTTCCTGTTCTTCATCTGTGTGCGGGGCCA
TGTCACAGAGCGTCAACAGATTGTGTCAGGCAGGAATGCTGCCCGCCTTTGCTTCATCTACAGTCAGG
ATGCTGGATGTTCATGGAGTGAGGTGAGGGACTTGACTGAGGAGGTCATTGGCTCAGAGCTGAAGCAC
TGGGCCACATTTGCTGTGGGCCCAGGTCATGGCATCCAGCTGCAGTCAGGGAGACTGGTCATCCCTGC
GTATACCTACTACATCCCTTCCTGGTTCTTTTGCTTCCAGCTACCATGTAARACCAGGCCTCATTCTC
TGATGATCTACAGTGATGACCTAGGGGTCACATGGCACCATGGTAGACTCATTAGGCCCATGGTTACA
GTAGAATGTGAAGTGGCAGAGGTGACTGGGAGGGCTGGCCACCCTGTGCTATATTGCAGTGCCCGGAC
ACCAAACAGGTGCCGGGCAGAGGCGCTCAGCACTGACCATGGTGAAGGCTTTCAGAGACTGGCCCTGA
GTCGACAGCTCTGTGAGCCCCCACATGGTTGCCAAGGGAGTGTGGTAAGTTTCCGGCCCCTGGAGATC
CCACATAGGTGCCAGGACTCTAGCAGCARAAGATGCACCCACCATTCAGCAGAGCTCTCCAGGCAGTTC
ACTGAGGCTGGAGGAGGAAGCTGGAACACCGTCAGAATCATGGCTCTTGTACTCACACCCAACCAGTA
GGAAACAGAGGGTTGACCTAGGTATCTATCTCAACCAGACCCCCTTGGAGGCTGCCTGCTGGETCCCGC
CCCTGGATCTTGCACTGTGGGCCCTGTGGCTACTCTGATCTGGCTGCTCTGGAGGAGGAGGGCTTGTT
TGGGTGTTITGTTTGAATGTGGGACCAAGCAAGAGTGTGAGCAGATTGCCTTCCGCCTGTTTACACACC
GGGAGATCCTGAGTCACCTGCAGGGGGACTGCACCAGCCCTGGTAGGAACCCAAGCCAATTCARARAGC
AATGGAGGAGGAGGAGGAGGAGTGAGACCAGTGAACATCACAGAGCCCACCCTGGAGCTGCTGCACTC
TTCCTGCGATCCCAATGCCTTCCATAGCACAATCCAGCTGTACTGTTTTATCTATGGCCACATCCTGA
ACGACGTGAGCGTGTCTTGGCTGATGGACGATCGCGAGATCACAGATACCCTGGCTCAGACCGTGCTG
ATCAAGGAGGAGGGCAAGCTGGCCAGCACATGCTCTAAGCTGAATATCACCGAGCAGCAGTGGATGTC
CGAGTCCACCTTCACCTGCAAGGTGACATCTCAGGGCGTGGACTACCTGGCTCACACCAGACGCTGTC
CTGATCATGAGCCAAGGGGCGTGATCACATACCTGATCCCACCCTCTCCACTGGACCTGTATCAGAAC
GGCGCCCCCAAGCTGACCTGTCTGGETGGETGGAT CTGGAGTCCGAGAAGAACCGTGAATGTGACATGGAA
TCAGGAGAAGAAGACCTCCGTGTCCGCCAGCCAGTGGTACACAAAGCACCATAACAATGCCACCACAT
CCATCACCAGCATCCTGCCAGTGGTGGCTAAGGACTGGATCGAGGGCTACGGCTATCAGTGCATCGTG
GACCATCCCGATTTCCCTAAGCCAATCGTGAGGAGCATCACAAAGACCCCTGGACAGCGGTCTGCCCC
AGAGGTGTACGTGTTCCCTCCACCCGAGGAGGAGTCTGAGGATAAGCGGACACTGACCTGTCTGATCC
AGAACTTCTTTCCTGAGGACATCAGCGTGCAGTGGCTGGGCGATGGCAAGCTGATCTCTAATTCCCAG
CACTCTACCACAACCCCACTGAAGTCTAACGGCTCCAATCAGGGCTTCTTTATCTTCTCCAGGCTGGA
GGTGGCTAAGACACTGTGGACCCAGCGGAAGCAGTTTACATGCCAGGTCATCCATGAGGCCCTGCAGA
AGCCCAGAARAGCTGGAGAAGACAATCAGCACCTCTCTGGGCAACACCTCCCTGCGCCCTAGCCACCAT
CACCATCACCATTGA

Secretion signal 1-48

Human Sialidase-3 (NEU3) 49-1431
Flexible linker 1432-1449

Mouse IgE-Fc 1450-2442

Hisx6 2443-2460
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FIG. 28

Sequence encoding hNEU4 mIgEFc (SEQ ID NO:66)
atgcctctgctgctgctgectgccactgectgtgggectggegectectggectATGGGGGTCCCTCGTACCCC
TTCACGGACAGTGCTCTTCGAGCGGGAGAGGACGGGCCTGACCTACCGCGTGCCCTCGCTGCTCCCCG
TGCCCCCCGGGCCCACCCTGCTGGCCTTTGTGGAGCAGCGGCTCAGCCCTGACGACTCCCACGCCCAC
CGCCTGGTGCTGAGGAGGGGCACGCTGGCCGGGGGCTCCGTGCGGTGGGGTGCCCTGCACGTGCTGGG
GACAGCAGCCCTGGCGGAGCACCGGTCCATGAACCCCTGCCCTGTGCACGATGCTGGCACGGGCACCG
TCTTCCTCTTCTTCATCGCGGTGCTGGGCCACACGCCTGAGGCCGTGCAGATCGCCACGGGAAGGAAC
GCCGCGCGCCTCTGCTGTGTGGCCAGCCGTGACGCCGGCCTCTCGTGGGGCAGCGCCCGGGACCTCAC
CGAGGAGGCCATCGGTGGTGCCGTGCAGGACTGGGCCACATTCGCTGTGGGTCCCGGCCACGGTGTGC
AGCTGCCCTCAGGCCGCCTGCTGGTACCCGCCTACACCTACCGCGTGGACCGCCGAGAGTGTTTTGGC
AAGATCTGCCGGACCAGCCCTCACTCCTTCGCCTTCTACAGCGATGACCACGGCCGCACCTGGCGCTG
TGGAGGCCTCGTGCCCARACCTGCGCTCAGGCGAGTGCCAGCTGGCAGCGGTGGACGGTGGGCAGGCCG
GCAGCTTCCTCTACTGCAATGCCCGGAGCCCACTGGGCAGCCGTGTGCAGGCGCTCAGCACTGACGAG
GGCACCTCCTTCCTGCCCGCAGAGCGCGTGGCTTCCCTGCCCGAGACTGCCTGGGGCTGCCAGGGCAG
CATCGTGGGCTTCCCAGCCCCCGCCCCCARACAGGCCACGGGATGACAGTTGGTCAGTGGGCCCCGGGA
GTCCCCTCCAGCCTCCACTCCTCGGTCCTGGAGTCCACGAACCCCCAGAGGAGGCTGCTGTAGACCCC
CGTGGAGGCCAGGTGCCTGGTGGGCCCTTCAGCCGTCTGCAGCCTCGGGGGGATGGCCCCAGGCAGCC
TGGCCCCAGGCCTGGGGTCAGTGGGGATGTGGGGTCCTGGACCCTGGCACTCCCCATGCCCTTTGCTG
CCCCGCCCCAGAGCCCCACGTGGCTGCTGTACTCCCACCCAGTGGGGCGCAGGGCTCGGCTACACATG
GGTATCCGCCTGAGCCAGTCCCCGCTGGACCCGCGCAGCTGGACAGAGCCCTGGGTGATCTACGAGGG
CCCCAGCGGCTACTCCGACCTGGCGTCCATCGGGCCGGCCCCTGAGGGGGGCCTGGTTTTTGCCTGCC
TGTACGAGAGCGGGGCCAGGACCTCCTATGATGAGATTTCCTTTTGTACATTCTCCCTGCGTGAGGTC
CTGGAGAACGTGCCCGCCAGCCCCAAACCGCCCAACCTTGGGGACAAGCCTCGGGGGTGCTGCTGGCC
CTCCGGAGGAGGAGGAGGAGGAGTGAGACCAGTGAACATCACAGAGCCCACCCTGGAGCTGCTGCACT
CTTCCTGCGATCCCAATGCCTTCCATAGCACAATCCAGCTGTACTGTTTTATCTATGGCCACATCCTG
AACGACGTGAGCGTGTCTTGGCTGATGGACGATCGCGAGATCACAGATACCCTGGCTCAGACCGTGCT
GATCAAGGAGGAGGGCAAGCTGGCCAGCACATGCTCTAAGCTGAATATCACCGAGCAGCAGTGGATGT
CCGAGTCCACCTTCACCTGCAAGGTGACATCTCAGGGCGTGGACTACCTGGCTCACACCAGACGCTGT
CCTGATCATGAGCCAAGGGGCGTGATCACATACCTGATCCCACCCTCTCCACTGGACCTGTATCAGAA
CGGCGCCCCCAAGCTGACCTGTCTGGTGGTGGATCTGGAGTCCGAGAAGAACGTGAATGTGACATGGA
ATCAGGAGAAGAAGACCTCCGTGTCCGCCAGCCAGTGGTACACARAGCACCATAACAATGCCACCACA
TCCATCACCAGCATCCTGCCAGTGGTGGCTAAGGACTGGATCGAGGGCTACGGCTATCAGTGCATCGT
GGACCATCCCGATTTCCCTAAGCCAATCGTGAGGAGCATCACAAAGACCCCTGGACAGCGGTCTGCCC
CAGAGGTGTACGTGTTCCCTCCACCCGAGGAGGAGTCTGAGGATAAGCGGACACTGACCTGTCTGATC
CAGAACTTCTTTCCTGAGGACATCAGCGTGCAGTGGCTGGGCGATGGCAAGCTGATCTCTAATTCCCA
GCACTCTACCACAACCCCACTGAAGTCTAACGGCTCCAATCAGGGCTTCTTTATCTTCTCCAGGCTGG
AGGTGGCTAAGACACTGTGGACCCAGCGGAAGCAGTTTACATGCCAGGTCATCCATGAGGCCCTGCAG
AAGCCCAGARAGCTGGAGAAGACAATCAGCACCTCTCTGGGCAARCACCTCCCTGCGCCCTAGCCACCA
TCACCATCACCATTGA

Secretion signal 1-48

Human Sialidase-4 (NEU4) 49-1500
Flexible linker 1501-1518

Mouse IgE-Fc 1519-2511

Hisx6 2512-2529
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