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CARRIER-PROTEIN POLYSACCHARIDE CONJUGATION METHODS
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No. 63/067,752, filed

August 19, 2020, the disclosure of which is hereby incorporated by reference in its entirety.
DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONICALLY

[0002] The sequence listing associated with this application is provided in text format in lieu of a
paper copy, and is hereby incorporated by reference into the specification. The name of the text
file containing the sequence listing is STRO 012 01WO_SeqList ST25.txt. The text file is 69.6
kb, was created on August 11, 2021, and is being submitted electronically via EFS-Web.

TECHNICAL FIELD

[0003] The present disclosure relates generally to novel methods of effecting click chemistry

reactions.
SUMMARY

[0004] In some aspects are methods of preparing a heteroaryl-containing compound, the methods
comprising contacting an azide compound with an alkyne compound in the presence of
lauryldimethylamine oxide (LDAO), water, and DMSO to form the heteroaryl-containing

compound,

wherein the LDAO is at a concentration of up to 2% v/v;

wherein the azide compound is a compound of formula (I)

RL(':?,®$N

-,
wherein the alkyne compound is a compound of formula (II) or (III)

_ Rl — RS

0 T

R (M)or R® (1),

wherein
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R!, R? and R’ are independently selected from the group consisting of substituted or
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heterocyclyl,  -(CH2)--C(O)R', ~ (CH2)a-C(O)OR'  -(CH2):-C(O)N(R'?)2,  -(CH2)a-
C(O)NHCH(R '), -(CH2)a-N(R'?)2; wherein a is integer from zero to 10; wherein each R'? is
independently hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, and substituted or unsubstituted
heterocyclyl; or

R! is a first polypeptide comprising at least one non-natural amino acid residue (nnAAr)

_wh—%

o Zz
Rgﬂ\)
of formula (IV) "N-ge vy

wherein Z is absent or a S-membered or 6-membered aryl or heteroaryl ring; W' is selected
from the group consisting of C1-Cioalkylene, —NH—, —O— and —S—; n is zero or 1; R¥is H
or an amino acid residue of the first polypeptide, and R’ is 3FH or an amine acid residue of the first
polypeptide; and

R? and R? are independently —L'—X;

wherein

X! is a polysaccharide or a second polypeptide;

L'is optional, and when present is a linker selected from the group consisting of substituted
or unsubstituted alkylene, substituted or unsubstituted alkenylene, -O-, -O-(substituted or
unsubstituted alkylene)-, -( substituted or unsubstituted alkylene)-O-, -O-(substituted or
unsubstituted alkylene)-C(0)-Y'-, -C(O)-(substituted or unsubstituted alkylene)-NH-Y?-, -C(O)-
(substituted or unsubstituted alkylene)-C(O)-, -C(O)-(substituted or unsubstituted alkylene)-NH-
C(0O)-(CH2-CHz2-O)n-(substituted or unsubstituted alkylene)-NH-, -C(O)-( substituted or
unsubstituted alkylene)-NH-, -C(O)-( substituted or unsubstituted alkylene)-NH-C(O)-(CH2-CHz-
O)n-(substituted or unsubstituted alkylene)-C(O)-, -C(O)-(substituted or unsubstituted alkylene)-
C(O)-NH-(substituted or unsubstituted alkylene)-, -C(O)-, -C(O)-(substituted or unsubstituted
alkylene)-, -(substituted or unsubstituted alkylene)-C(O)-,



WO 2022/040266 PCT/US2021/046432

-C(ONRM)-, -C(O)N(R )-(substituted or unsubstituted alkylene)-, -(substituted or
unsubstituted alkylene)-C(O)N(R '), -(substituted or unsubstituted alkylene)-C(O)NR:!-
(substituted or unsubstituted alkylene)-,-OC(O)N(RM)-,  -OC(O)N(RM)-(substituted  or
unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-OC(O)N(RM)-, -N(R*DHC(O)-,
-NRMC(0)-(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-
NRMC(0)-, -S-, -S-(substituted or unsubstituted alkylene)-, -S(O)k-, -S(O)x(alkylene or
substituted alkylene)-, -C(S)-, -C(S)-(substituted or unsubstituted alkylene)-, -CSN(RL!)-,
-CSN(R™)-(substituted or unsubstituted alkylene)-, -N(R*)C(O)O-, -(substituted or unsubstituted
alkylene)-O—N=CR!- -(substituted or unsubstituted alkylene)-S(O)x-(substituted or
unsubstituted alkylene)-S-, -(substituted or unsubstituted alkylene)-S-S-, -S(O)N(RM)-,
NERICONRL-, -NRUC(SNRY)-, -NRESO)NR)-, -NRM)-N=, -C(RL)=N-,
CRM)=N-NRY)-, -C(RL)=N-N=, -C(R")2-N=N-, and -C(RL)-N(R)-N(RM)-: wherein the
bond on the left side of L', as drawn, is bound to the 8-membered ring of the compound of formula
(I) or the compound of formula (III) and the bond on the right side of the L', as drawn, is bound
to X';

Y'is a bond, -NH-, -O-, -S-, -NH(Y'?)-, -O(Y'?®)-, or —S(Y'?)-;

Y2 is a bond, -C(=0)-, -S(=0)2-, -C(=0)Y?%-, -S(=0)2Y%;

Y'? and Y* are each independently Y> or Y’NH-

Y? is substituted or unsubstituted Ci-10alkyl or «(CH2CH20)1-10—; and

n is an integer from 1 to 30;

kis 1,2, or3;

each R is independently hydrogen or substituted or unsubstituted alkyl; and
R* R° R® and R’ are each independently hydrogen, halo, or substituted or unsubstituted alkyl.

[0005] In some aspects are a heteroaryl-containing bioconjugate comprising a polypeptide and

antigen of any one of Formulae XIII, XIV, XV, or XVI:
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the first polypeptide comprises at least one nnAAr comprising an azido moiety, of Formula

(W"—Ns
/
o z

RO

@y TR @),

wherein Z is absent or a S-membered or 6-membered aryl or heteroaryl ring; W' is selected
from the group consisting of C1-Cioalkylene, —NH—, —O— and —S—; n is zero or 1; R%is H
or an amino acid residue of the first polypeptide, and R’ is GH or an amino acid residue of the first
polypeptide, wherein at least one of R® and R” is an amino acid residue of the first polypeptide;

wherein the azido moiety of the nnAAr is conjugated to an alkyne by contacting the nnAAr
and the alkyne in the presence of LDAO,

the alkyne is formula II’-A, 1II’-B, III’-A, or III’-B:
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RG
R7
(IIP-A),

or R (IIT’-B), wherein

X2 is an antigen comprising a polysaccharide or second polypeptide,

L’ is optional, and when present is a linker selected from the group consisting of
substituted or unsubstituted alkylene, substituted or unsubstituted alkenylene, -O-, -O-
(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-O-, -O-
(substituted or unsubstituted alkylene)-C(O)-Y'-, -C(O)-(substituted or unsubstituted
alkylene)-NH-Y2-, -C(O)-(substituted or unsubstituted alkylene)-C(O)-, -C(O)-
(substituted or unsubstituted alkylene)-NH-C(O)-(CH2-CHz-O)n-(substituted  or
unsubstituted alkylene)-NH-, -C(O)-( substituted or unsubstituted alkylene)-NH-, -C(O)~(
substituted or unsubstituted alkylene)-NH-C(O)-(CH2-CHz2-O)n-(substituted  or
unsubstituted alkylene)-C(O)-, -C(O)-(substituted or unsubstituted alkylene)-C(O)-NH-
(substituted or unsubstituted alkylene)-, -C(O)-, -C(O)-(substituted or unsubstituted
alkylene)-, -(substituted or unsubstituted alkylene)-C(O)-,
-C(O)NRM)-, -C(O)N(R ™")-(substituted or unsubstituted alkylene)-, -(substituted or
unsubstituted alkylene)-C(O)N(R I), -(substituted or unsubstituted alkylene)-C(O)NRL-
(substituted or unsubstituted alkylene)-,-OC(O)N(R)-, -OC(O)N(RM)-(substituted or
unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-OC(O)N(RM)-, -
NR")C(0)-,

-NRMC(O)-(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted
alkylene)-NR*'C(0O)-, -S-, -S-(substituted or unsubstituted alkylene)-, -S(O)-,

S(O)x(alkylene or substituted alkylene)-, -C(S)-, -C(S)-(substituted or unsubstituted
alkylene)-, -CSN(RM)-,
-CSN(RM)-(substituted or unsubstituted alkylene)-, -N(RM)C(0O)O-, -(substituted or
unsubstituted alkylene)-O—N=CRU!-| -(substituted or unsubstituted alkylene)-S(O)x-
(substituted or unsubstituted alkylene)-S-, -(substituted or unsubstituted alkylene)-S-S-, -

5
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S(O)N(RM)-,

-NRMHC(O)NREYD-,  -NRIHC(S)NRH)-,  -NRMHS(OUN(RY)-,  -N(RI)-N=, -
C(R*H)=N-,

-C(RFH=N-NR™)-, -CR*)=N-N=, -C(R')-N=N-, and -C(RM)p-NR)-NR)-;
wherein the bond on the left side of L', as drawn, is bound to the 8-membered ring of the
compound of formula (II) or the compound of formula (IIT) and the bond on the right side
of the L, as drawn, is bound to X';

Y'is a bond, -NH-, -O-, -S-, -NH(Y'?)-, -O(Y'?)-, or —S(Y'?)-;

Y2 is a bond, -C(=0)-, -S(=0)2-, -C(=0)Y*-, -S(=0)2Y?;

Y' and Y* are each independently Y> or Y’NH-

Y? is substituted or unsubstituted Ci-10alkyl or «(CH2CH20)1-10—; and

n is an integer from 1 to 30;

kis 1,2, or 3;

each R™ is independently hydrogen or substituted or unsubstituted alkyl; and

R* R’ R and R are each independently hydrogen, halo, or substituted or unsubstituted
alkyl; wherein the conjugate has a molecular weight of at least 1.3 times greater than the

conjugate molecular weight when LDAO is not used.

[0006] The details of the disclosure are set forth in the accompanying description below. Although
methods and materials similar or equivalent to those described herein can be used in the practice
or testing of the present disclosure, illustrative methods and materials are now described. Other
features, objects, and advantages of the disclosure will be apparent from the description and from
the claims. In the specification and the appended claims, the singular forms also include the plural
unless the context clearly dictates otherwise. Unless defined otherwise, 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 disclosure belongs. All patents and publications cited in this specification are

incorporated herein by reference in their entireties.

[0007] Each embodiment described herein may be taken alone or in combination with any one or
more other embodiments. Additional embodiments, features, and advantages of the invention will

be apparent from the following detailed description and through practice of the invention.
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BACKGROUND

[0008] The Huisgen cycloaddition is a 1,3-dipolar cycloaddition between an azide and an alkyne
that gives a 1,2,3-triazole product (1, 3-Dipolar Cycloaddition Chemistry; Ed: Padwa, A.; Wiley:
New York, 1984; Vol. I, pp. 1-176).

b
KE B
— —
ReO &y b// N oor \|/>N
\N,N/ R /N\N /N\N
R® R®

azide alkyne possible 1,2,3-triazole products

[0009] The 1,3-dipolar cycloaddition reaction (one type of “click” chemistry) can proceed
thermally, or can be catalyzed by a metal such as copper (U.S. Patent No. 7,375,234), resulting in
both increased rate of reaction and increased selectivity for one regioisomer of the triazole product.
The 1,3-dipolar cycloaddition of azides and alkynes, along with other click reactions, has found
use in the synthesis of small-molecule pharmaceuticals, polymers, and conjugates (including

bioconjugates).

[0010] Bioconjugation, the chemical modification or linking of one or more biomolecule (such as
DNA, RNA, proteins, or carbohydrates) to a substrate (e.g., a drug) or probe (e.g., a dye or
fluorophore), is used widely in biomedical research. Such bioconjugates are produced for use in

both basic research and in the development of therapeutics.

[0011] The 1,3-dipolar azide-alkyne cycloaddition fits these criteria for bioconjugation, however,
as mentioned previously, copper catalysts must often be employed in order to increase the rate of
reaction. Copper catalysis is not ideal for use in biological systems, or for producing molecules
(e.g., drugs) that will be used in biological systems, due to the toxicity of the metal. An alternative
to metal-catalyzed click reactions is to use strained cyclic alkynes, which react more readily with
azides than with acyclic terminal alkynes. Metal-free click reactions are particularly well-suited
to bioconjugation because, ideally, neither the reactants nor products are toxic, they can be
conducted in aqueous solutions (e.g., in cells or in live organisms), and they can be used to
specifically label one component while leaving others untouched. General examples of metal-free
click reactions used in biomedical applications can be found, for instance, in Kim, ez al., Chemical

Science, 2019, 10, 7835-7851.
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[0012] Click reaction between azides and cyclic alkynes are still far slower than their metal-
catalyzed counterparts, sometimes taking days for modest conversion of starting materials. There
is still a need, therefore, for metal-free techniques that allow for rapid, highly selective, and high-
yielding synthesis of bioconjugates. Described herein is a method for preparing heteroaryl-

containing compounds using an accelerated click reaction.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1A shows the kinetics of a reaction between azidocoumarin and a DBCO linker under
various reaction conditions. FIG. 1B shows reaction kinetics for a series of conjugation reactions
between CRM-pAMF6-mutant and polysaccharide serotype 9N in various solutions. FIG. 1C
shows the absorbance of azidocoumarin in both 20% DMSO and 0.1% LDAO. FIG. 1D shows

the change in absorbance of reaction components when LDAOQO is used versus when it is not.

[0014] FIG. 2A shows the antibody titers amongst all groups upon completion of treatment with
conjugates made with and without LDAO. FIGS. 2B, 2C, and 2D show the antibody titers within

each group post-dose 1, post-dose 2, and post-dose 3, respectively.

[0015] FIGS. 3A-3D show SEC-MALS plots and accompanying gels for conjugates of CRM-
pAMF6 mutant and polysaccharide serotypes 3, 5, 18C, and 19A.

[0016] FIGS. 4A-4D show the saccharide monomer molecular structure and plots of conjugate

molecular weight over the course of conjugation reactions for polysaccharides 3, 5, 18C, and 19A.

[0017] FIG. 5 shows a graphical representation of an immunization and bleeding regimen for

conjugates produced using LDAO.

[0018] FIG. 6A shows a graphical workflow of the free PS analysis, as well as a comparison of
the free polysaccharide content of a CRM-pAMF6-19A conjugate with and without LDAO as a
function of both temperature and incubation duration. FIG. 6B shows the percent conjugation for

each of the polysaccharide 3, 5, 18C, and 19A conjugates with and without the use of LDAO.
DETAILED DESCRIPTION

[0019] As discussed herein, the present disclosure provides methods of preparing heteroaryl-

containing compounds by reacting azide compounds of Formula (I) with an alkyne compound of

8
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Formula (II) or (IIT) in the presence of lauryldimethylamine oxide (LDAQ). The presence of
LDAO modifies the reaction kinetics, such that the reaction is accelerated. For some heteroaryl-
containing compounds formed by the reaction between an azide compound of Formula (I) and an
alkyne compound of Formula (II) or (IIT), the reaction may take days to run to completion. For
some heteroaryl-containing compounds, when prepared by the methods of the present disclosure,

the reaction time is reduced to from days to hours.

[0020] The methods of the present disclosure are scaleable and produce heteroaryl-containing
compounds at good yields. The methods are suitable for both small-molecule reactants and larger

molecules (e.g., biomolecules).

[0021] The articles “a” and “an” as used in this disclosure may refer to one or more than one (i.e.,
to at least one) of the grammatical object of the article. By way of example, “an element” means

one element or more than one element.

[0022] As used in this disclosure, “and/or” may mean either “and” or “or” unless indicated

otherwise.
Method of preparing a heteroaryl-containing compound

[0023] The present disclosure provides a method of preparing a heteroaryl-containing
compound, the method comprising contacting an azide compound with an alkyne compound in
the presence of lauryldimethylamine oxide (LDAQO), water, and DMSO to form the heteroary]l-
containing compound,

wherein the LDAO is at a concentration of up to 2% v/v;

wherein the azide compound is a compound of formula (I)

®

RLO_\=N

N"TT (D,

wherein the alkyne compound is a compound of formula (I) or (IIT)

— RN = R

0 T

R (I)or R® (1),

wherein
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R!, R? and R? are independently selected from the group consisting of substituted or
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heterocyclyl, -(CH2)a-C(O)R", -(CH2)a-C(O)OR', -(CH2)a-C(O)N(R'?)2, -(CHz)a-
C(O)NHCH(R %), -(CH2)a-N(R'#)2; wherein a is integer from zero to 10; wherein each R'?is
independently hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, and substituted or unsubstituted
heterocyclyl; or

R!is a first polypeptide comprising at least one nnAAr of formula (IV)

W=+

o Zz
RQV
AN-Re (V1

wherein Z is absent or a 5S-membered or 6-membered aryl or heteroaryl ring; W' is
selected from the group consisting of C1-Cio alkylene, —NH—, —O— and —S—; n is zero or
1; R%is H or an amine acid residue of the first polypeptide, and R”is OH or an amino aeid
residue of the first polypeptide; and

R? and R? are independently —L'—X;

wherein

X! is a polysaccharide or a second polypeptide;

L'is optional, and when present is a linker selected from the group consisting of
substituted or unsubstituted alkylene, substituted or unsubstituted alkenylene, -O-, -O-
(substituted or unsubstituted alkylene)-, -( substituted or unsubstituted alkylene)-O-, -O-
(substituted or unsubstituted alkylene)-C(0)-Y'-, -C(O)-(substituted or unsubstituted alkylene)-
NH-Y?2-, -C(O)-(substituted or unsubstituted alkylene)-C(O)-, -C(O)-(substituted or
unsubstituted alkylene)-NH-C(O)-(CH2-CH2-O)u-(substituted or unsubstituted alkylene)-NH-, -
C(0O)-( substituted or unsubstituted alkylene)-NH-, -C(O)-( substituted or unsubstituted
alkylene)-NH-C(O)-(CHz-CHz-O)n~(substituted or unsubstituted alkylene)-C(O)-, -C(O)-
(substituted or unsubstituted alkylene)-C(O)-NH-(substituted or unsubstituted alkylene)-, -C(O)-
, -C(0)-(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-C(O)-, -

10
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C(O)NR)-, -C(O)N(R 1)~(substituted or unsubstituted alkylene)-, -(substituted or
unsubstituted alkylene)-C(O)N(R ™), -(substituted or unsubstituted alkylene)-C(O)NR!-
(substituted or unsubstituted alkylene)-,-OC(O)N(R)-,
-OC(O)N(RM)-(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-
OC(O)N(RM)-, -N(RM)C(0)-, -NRMC(0)-(substituted or unsubstituted alkylene)-, -(substituted
or unsubstituted alkylene)-NREC(O)-, -S-, -S-(substituted or unsubstituted alkylene)-, -S(O)k-,
-S(O)x(alkylene or substituted alkylene)-, -C(S)-, -C(S)-(substituted or unsubstituted alkylene)-,
-CSN(RM)-, -CSN(R™)-(substituted or unsubstituted alkylene)-, -N(R)C(0)O-, -(substituted or
unsubstituted alkylene)-O—N=CR"- -(substituted or unsubstituted alkylene)-S(O)x-(substituted
or unsubstituted alkylene)-S-, -(substituted or unsubstituted alkylene)-S-S-, -S(O)N(R™)-,
NREC(OINRL)-, NREYC(SNREY-, -NREDS(O)NRE)-, -NRE)-N=, -C(RL)=N-,
C(RM)=N-NRM)-, -C(R)=N-N=, -C(RX)-N=N-, and -C(R“)2-N(RM)-N(RM)-; wherein the
bond on the left side of L', as drawn, is bound to the 8-membered ring of the compound of
formula (II) or the compound of formula (IIT) and the bond on the right side of the L', as drawn,
is bound to X*;

Y'is a bond, -NH-, -O-, -S-, -NH(Y'?)-, -O(Y'?®)-, or —S(Y'?)-;

Y2 is a bond, -C(=0)-, -S(=0)2-, -C(=0)Y?*-, or -S(=0)2Y?**,

Y'? and Y* are each independently Y> or Y’NH-

Y? is substituted or unsubstituted Ci-10alkyl or «(CH2CH20)1-10—; and

n is an integer from 1 to 30;

kis 1,2, or3;

each R is independently hydrogen or substituted or unsubstituted alkyl; and

R* R° R® and R’ are each independently hydrogen, halo, or substituted or unsubstituted
alkyl.

[0024] “Alkyl”, as used herein, refers to an unbranched or branched non-cyclic carbon chain (or
carbon), which may be fully saturated, mono- or polyunsaturated and can include di- and
multivalent radicals. The number of carbon atoms can be undesignated or designated (i.e., Ci-Ce
means one to six carbons). Examples of alkyl radicals include methyl, ethyl, propyl, isopropyl, n-
butyl, sec-butyl, tert-butyl, pentyl, 2-pentyl, isopentyl, neopentyl, hexyl, 2-hexyl, 3-hexyl, and 3-
methyl pentyl. When an alkyl residue having a specific number of carbons is named, all geometric
isomers having that number of carbons may be encompassed. Thus, for example, "butyl" can

include n-butyl, sec-butyl, isobutyl and t-butyl, and "propyl" can include n-propyl and isopropyl.
11
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In some embodiments, alkyl as used herein has 1 to 50 carbon atoms ((C1-Cso)alkyl), 1 to 20
carbon atoms ((C1-Cao)alkyl), 1 to 12 carbon atoms ((Ci1-Ciz2)alkyl), 1 to 10 carbon atoms ((Ci-
Cio)alkyl), 1 to 8 carbon atoms ((C1-Cs)alkyl), 1 to 6 carbon atoms ((C1-Cs)alkyl), or 1 to 4 carbon
atoms ((C1-Cs)alkyl). In other embodiments, alkyl as used herein has 2 to 6 carbon atoms ((C:-
Co)alkyl). An alkyl group can be unsubstituted or substituted.

[0025] “Alkenyl,” as used herein, includes an unbranched or branched hydrocarbon chain
containing carbon atoms. The "alkenyl" group contains at least one double bond. The double bond
of an alkenyl group can be unconjugated or conjugated to another unsaturated group. Examples of
alkenyl groups include, but are not limited to, ethylenyl, vinyl, allyl, butenvl, pentenyl, hexenyl,
butadienyl, pentadienyl, hexadienyl, 2-ethylhexenyl, 2-propyl-2-butenyl, 4-(2-methyl-3-butene)-
pentenyl and the like. An alkenyl group can be unsubstituted or substituted. Alkenyl, as defined
herein, may also be branched or straight. In some embodiments, alkenyl as used herein has 2 to
50 carbon atoms ((Cz-Cso)alkenyl), 2 to 20 carbon atoms ((C2-Czo)alkenyl), 2 to 12 carbon atoms
((C2-C12)alkenyl), 2 to 10 carbon atoms ((C2-Cio)alkenyl), 2 to 8 carbon atoms ((C2-Cs)alkenyl),
2 to 6 carbon atoms ((Ca2-Ce)alkenyl), or 2 to 4 carbon atoms ((Cz-Cs)alkenyl). In other
embodiments, alkenyl as used herein has 2 to 6 carbon atoms ((C2-Ce)alkenyl). An alkenyl group

can be unsubstituted or substituted.

[0026] “Alkylene,” as used herein, refers to a divalent radical derived from a branched or
unbranched alkyl, as exemplified, but not limited, by -CH2CH2CH2CHz-. In some embodiments,
alkylene as used herein has 1 to 50 carbon atoms ((Ci-Cso)alkylene), 1 to 20 carbon atoms ((Ci-
Cao)alkylene), 1 to 12 carbon atoms ((Ci-Ciz)alkylene), 1 to 10 carbon atoms ((C1-Cio)alkylene),
1 to 8 carbon atoms ((C1-Cs)alkylene), 1 to 6 carbon atoms ((C1-Cs)alkylene), or 1 to 4 carbon
atoms ((Ci-Cas)alkylene). In other embodiments, alkylene as used herein has 2 to 6 carbon atoms

((C2-Co)alkylene).

[0027] “Alkynyl,” as used herein, refers to an unbranched or branched unsaturated hydrocarbon
chain containing at least one triple bond. The triple bond of an alkynyl group can be unconjugated
or conjugated to another unsaturated group. Examples of alkynyl groups include, but are not
limited to, ethynyl, propynyl, butynyl, pentynyl, hexynyl, methylpropynyl, 4-methyl-1-butynyl, 4-
propyl-2-pentynyl, 4-butyl-2-hexynyl and the like. Alkynyl, as defined herein, may also be
branched or straight. In some embodiments, alkynyl as used herein has 2 to 50 carbon atoms ((Cz-

Cso)alkynyl), 2 to 20 carbon atoms ((C2-Cao)alkynyl), 2 to 12 carbon atoms ((C2-Ci2)alkynyl), 2
12
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to 10 carbon atoms ((Cz2-Cio)alkynyl), 2 to 8 carbon atoms ((Cz2-Cs)alkynyl), 2 to 6 carbon atoms
((C2-Ce)alkynyl), or 2 to 4 carbon atoms ((C2-Ca)alkynyl). In other embodiments, alkynyl as used
herein has 2 to 6 carbon atoms ((C2-Cs)alkynyl). An alkynyl group can be unsubstituted or
substituted.

[0028] “Alkoxy,” as used herein, refers to a straight or branched saturated hydrocarbon containing
aterminal "O" in the chain, i.e., -O(alkyl). Examples of alkoxy groups include, without limitation,
methoxy, ethoxy, propoxy, butoxy, t-butoxy, or pentoxy groups. In some embodiments, alkoxy as
used herein has 1 to 50 carbon atoms (-O((Ci-Cso)alkyl)), 1 to 20 carbon atoms (-O((Ci-
Cao)alkyl)), 1 to 12 carbon atoms (-O((Ci-Ci2)alkyl)), 1 to 10 carbon atoms (-O((Ci-Co)alkyl)), 1
to 8 carbon atoms (-O((Ci1-Cs)alkyl)), 1 to 6 carbon atoms (-O((C1-Ce)alkyl)), or 1 to 4 carbon
atoms (-O((C1-Cs)alkyl)). In other embodiments, alkoxy as used herein has 2 to 6 carbon atoms (-
O((C2-Ce)alkyl)).

[0029] “Cycloalkyl,” as used herein, refers to a monocyclic or polycyclic saturated hydrocarbon.
In some embodiments, cycloalkyl has 3 to 50 carbon atoms ((C3-Cso)cycloalkyl), 3 to 20 carbon
atoms ((Cs-Cao)cycloalkyl), 3 to 12 carbon atoms ((C3-Ci2)cycloalkyl), 3 to 10 carbon atoms ((Cs-
Cro)cycloalkyl), 3 to 8 carbon atoms ((C3-Cs)cycloalkyl), 3 to 6 carbon atoms ((C3-Cs)cycloalkyl),
or 3 to 5 carbon atoms ((Cs-Cs)cycloalkyl). Cycloalkyl includes monocyclic and polycyclic
groups, such as fused bicycles, bridged rings, and spirocycles. Examples of cycloalkyl groups
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, octahydropentalenyl, octahydro-1H-
indene, decahydronaphthalene, cubane, bicyclo[3.1.0]hexane, and bicyclo[1.1.1]pentane. A
cycloalkyl group can be unsubstituted or substituted.

[0030] “Aryl,” as used herein, refers to cyclic, aromatic hydrocarbon groups that have 1 to 3
aromatic rings, including monocyclic or bicyclic groups such as phenyl, biphenyl or naphthyl. In
some embodiments, aryl groups have 5 to 20 ring atoms. Where containing two aromatic rings
(bicyclic, etc.), the aromatic rings of the aryl group may be joined at a single point (e.g., biphenyl),
or fused (e.g., naphthyl). The aryl group may be optionally substituted by one or more substituents,
e.g., 1 to 5 substituents, at any point of attachment. The substituents can themselves be optionally
substituted. Furthermore when containing two fused rings the aryl groups herein defined may have
an unsaturated or partially saturated ring fused with a fully saturated ring. Exemplar ring systems

of these aryl groups include, but are not limited to, phenyl, biphenyl, naphthyl, anthracenyl,
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phenalenyl, phenanthrenyl, indanyl, indenyl, tetrahydronaphthalenyl, tetrahydrobenzoannulenyl,
and the like.

[0031] “Heteroaryl,” as used herein, refers to a monovalent monocyclic or polycyclic aromatic
radical of 5 to 18 ring atoms or a polycyclic aromatic radical, containing one or more ring
heteroatoms selected from N, O, or S, the remaining ring atoms being C. Heteroaryl as herein
defined also means a bicyclic heteroaromatic group wherein the heteroatom is selected from N,
O, or S. The aromatic radical is optionally substituted independently with one or more substituents
described herein. The substituents can themselves be optionally substituted. Examples include,
but are not limited to, benzothiophene, furyl, thienyl, pyrrolyl, pyridyl, pyrazinyl, pyrazolyl,
pyridazinyl, pyrimidinyl, imidazolyl, isoxazolyl, oxazolyl, oxadiazolyl, pyrazinyl, indolyl,
thiophen-2-yl, quinolyl, benzopyranyl, isothiazolyl, thiazolyl, imidazolyl, triazolyl, triazinyl,
indazolyl, pyrrolo[2,3-c]pyridinyl, benzoimidazolyl, benzothiazolyl, indolyl, indolinyl,
indolinonyl,  dihydrobenzothiophenvl,  dihydrobenzofuranyl, = benzofuran, = chromanyl,
thiochromanyl, tetrahydroquinolinyl, dihydrobenzothiazinyl, dihydrobenzoxanyl, quinolinyl,
isoquinolinyl, 1,6-naphthyridinyl, and derivatives thereof. Furthermore, when containing two
fused rings the heteroaryl groups herein defined may have an unsaturated or partially saturated

ring fused with a fully saturated ring.

[0032] “Heterocyclyl,” as used herein, refers to a saturated or partially unsaturated monocyclic or
polycyclic ring containing carbon and at least one heteroatom selected from the group consisting
of O, N, and S. Each ring S atom, where present, may independently be a sulfur oxide, such as -
S(0)-, or -S(O)-. Heterocyclyl includes heterocycloalkyl, heteroaryl, and non-aromatic
unsaturated heterocyclic groups such as heterocycloalkenyl. The heterocyclyl group may
comprise 3,4, 5,6,7,8,9,10, 11, 12, or more ring atoms (e.g., be a 3-membered, 4-membered,
5-membered, 6-membered, 7-membered, 8-membered, 9-membered, 10-membered, 11-
membered, or 12-membered heterocyclyl), and may include groups comprising 1 to 5 ring
heteroatoms, 1 to 4 heteroatoms, 1 to 3 ring heteroatoms, 1 or 2 ring heteroatoms, or 1 ring
heteroatom, wherein each heteroatom is independently selected from the group consisting of N,
O, and S. In some embodiments, heterocyclyl is connected through an annular carbon atom,
wherein the point of attachment of the heterocyclyl to another group is a ring carbon atom of the

heterocyclyl.
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[0033] It should also be noted that any carbon as well as heteroatom with unsatisfied valences in
the text, schemes, examples and Tables herein is assumed to have the sufficient number of

hydrogen atom(s) to satisfy the valences.

[0034] As used herein, references to hydrogen may also refer to a deuterium substitution if
desired. The term "deuterium" as used herein means a stable isotope of hydrogen having odd

numbers of protons and neutrons.
[0035] The term "halo" or "halogen" refers to fluorine, chlorine, bromine, or iodine.

[0036] In some embodiments, the present disclosure provides a method of preparing a
heteroaryl-containing compound, the method comprising contacting an azide compound with an
alkyne compound in the presence of lauryldimethylamine oxide (LDAQO), water, and DMSO to

form the heteroaryl-containing compound,

wherein the LDAOQ is at a concentration of up to 2% v/v;

wherein the azide compound is a compound of formula (I)

®
RLCIZIJ, NEN

@,

wherein the alkyne compound is a compound of formula (II)

U

N\
R (1)

wherein

R! R?, and R? are independently selected from the group consisting of substituted or
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heterocyclyl, -(CH2)a-C(O)R", -(CH2)a-C(O)OR™, -(CH2)a-C(O)N(R')2, -(CH2)a-
C(O)NHCH(R'3), -(CH2)a-N(R'#)2; wherein a is integer from zero to 10; wherein each R'? is
independently hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, and substituted or unsubstituted

heterocyclyl.
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[0037] In some embodiments, the present disclosure provides a method of preparing a
heteroaryl-containing compound, the method comprising contacting an azide compound with an
alkyne compound in the presence of lauryldimethylamine oxide (LDAQO), water, and DMSO to

form the heteroaryl-containing compound,

wherein the LDAO is at a concentration of up to 2% v/v;

wherein the azide compound is a compound of formula (I)

©)

RLO_\=N

N-

@,

wherein the alkyne compound is a compound of formula (III)

R7 —_ R5
RS R*

R® (1),

wherein

R!, R?, and R? are independently selected from the group consisting of substituted or
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heterocyclyl, -(CH2)a-C(O)R', -(CH2)a-C(O)OR™, -(CH2)a-C(O)N(R'?),, -(CH2)a-
C(O)NHCH(R '), -(CH2)a-N(R'?)2; wherein a is integer from zero to 10; wherein each R'? is
independently hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, and substituted or unsubstituted

heterocyclyl.

[0038] In some embodiments, the present disclosure provides a method of preparing a
heteroaryl-containing compound, the method comprising contacting an azide compound with an
alkyne compound in the presence of lauryldimethylamine oxide (LDAO), water, and DMSO to

form the heteroaryl-containing compound,

wherein the LDAO is at a concentration of up to 2% v/v;

wherein the azide compound is a compound of formula (I)
10 ®5N
SN,
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wherein the alkyne compound is a compound of formula (IT)

e e

N\
RE ()

wherein

R! is a first polypeptide comprising at least one nnAAr of formula (IV)

) _wh,—%

Rgﬂ\H
"re (V)

wherein Z is absent or a 5S-membered or 6-membered aryl or heteroaryl ring; W' is selected
from the group consisting of C1-Cioalkylene, —NH—, —O— and —S—; nis zero or 1; R*is H
or an amino actd residue of the first polypeptide, and R’ is OH ot an amino acid residue of the first
polypeptide; and

R? and R? are independently —L'—X!;

wherein

X! is a polysaccharide or a second polypeptide;

L'is optional, and when present is a linker selected from the group consisting of substituted
or unsubstituted alkylene, substituted or unsubstituted alkenylene, -O-, -O-(substituted or
unsubstituted alkylene)-, -( substituted or unsubstituted alkylene)-O-, -O-(substituted or
unsubstituted alkylene)-C(0)-Y!-, -C(O)-(substituted or unsubstituted alkylene)-NH-Y?-, -C(O)-
(substituted or unsubstituted alkylene)-C(O)-, -C(O)-(substituted or unsubstituted alkylene)-NH-
C(O)-(CH2-CHz2-O)n-(substituted or unsubstituted alkylene)-NH-, -C(O)-( substituted or
unsubstituted alkylene)-NH-, -C(O)-( substituted or unsubstituted alkylene)-NH-C(O)-(CH2-CHz-
O)n-(substituted or unsubstituted alkylene)-C(O)-, -C(O)-(substituted or unsubstituted alkylene)-
C(O)-NH-(substituted or unsubstituted alkylene)-, -C(O)-, -C(O)-(substituted or unsubstituted
alkylene)-, -(substituted or unsubstituted alkylene)-C(O)-, -C(O)N(RM)-, -C(O)N(R &)-
(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-C(O)N(R ™), -
(substituted or unsubstituted alkylene)-C(O)NRM-(substituted or unsubstituted alkylene)-,-
OC(O)N(RM)-,  -OC(O)N(RM)-(substituted or unsubstituted alkylene)-, -(substituted or
unsubstituted alkylene)-OC(O)N(RM)-, -NRM)C(0)-,
-NRMC(O)-(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-
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NRMC(O)-, -S-, -S-(substituted or unsubstituted alkylene)-, -S(O)-, -S(O)x(alkylene or
substituted alkylene)-, -C(S)-, -C(S)-(substituted or unsubstituted alkylene)-, -CSN(RL!)-,
-CSN(RM)-(substituted or unsubstituted alkylene)-, -N(R*)C(O)O-, -(substituted or unsubstituted
alkylene)-O—N=CR!-, -(substituted or unsubstituted alkylene)-S(O)x-(substituted or
unsubstituted alkylene)-S-, -(substituted or unsubstituted alkylene)-S-S-, -S(O)N(RM)-,
NRUCONRLY-, -NREYCSNRL)-,  -NRE)S(O)NRE)-, -NRU)-N=, -C(RL)=N-,
-C(RM)=N-N(R!)-, -C(RL)=N-N=, -C(R")-N=N-, and -C(R-)-N(R-')-N(RL!)-; wherein the
bond on the left side of L', as drawn, is bound to the 8-membered ring of the compound of formula
(II) or the compound of formula (IIT) and the bond on the right side of the L!, as drawn, is bound
to X

Y'!is a bond, -NH-, -O-, -S-, -NH(Y'?)-, -O(Y'?)-, or —S(Y'?)-;

Y2 is a bond, -C(=0)-, -S(=0)»-, -C(=0)Y*-, or -S(=0)Y*:

Y'? and Y* are each independently Y> or Y’NH-

Y? is substituted or unsubstituted Ci-10alkyl or «(CH2CH20)1-10—; and

n is an integer from 1 to 30;

kis 1,2, or3;

each R is independently hydrogen or substituted or unsubstituted alkyl; and

R* R’ R® and R are each independently hydrogen, halo, or substituted or unsubstituted
alkyl.

[0039] A “non-natural amino acid” (nnAA) refers to an amino acid that is not one of the 20
common amino acids or pyrolysine or selenocysteine; other terms that are used synonymously
with the term “non-natural amino acid” are "non-naturally encoded amino acid,” “unnatural amino
acid,” “non-naturally occurring amino acid,” and variously hyphenated and non-hyphenated
versions thereof. Non-natural amino acids with bio-orthogonal reactive chemical side chains are
able to be used as a chemical “handle” to conjugate various payloads to discrete sites in a protein.
A “non-natural amino acid residue” (nnAAr) refers to an nnAA incorporated in a peptide. For
example, an nnAAr of formula (IV) described herein. In some embodiments, the one or more
nnAA comprise a click chemistry reactive group. Herein, a “click chemistry reactive group” refers
to a moiety, such as an azide or an alkyne, capable of undergoing a click chemistry reaction with
a second click chemistry reactive group. In some embodiments, one click chemistry reactive group
reacts with a second click chemistry reactive group to form a substituted triazole. Examples of this

type of click reaction can be found, for instance, in International PCT Publication No. WO
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2018/126229. General examples of metal-free click reactions used in biomedical applications can
be found, for instance, in Kim, et al., Chemical Science, 2019, 10, 7835-7851. Examples of nnAAs
comprising click chemistry reactive groups include (4-azidophenyl)propanoic acid (pAF), 2-
amino-4-azidobutanoic acid, 2-azido-3-phenylpropionic acid, 2-amino-3-azidopropanoic acid, 2-
amino-3-(4-(azidomethyl)phenyl)propanoic acid (pAMF), 2-amino-3-(5-(azidomethyl)pyridin-2-
yl)propanoic acid, 2-amino-3-(4-(azidomethyl)pyridin-2-yl)propanoic acid, 2-amino-3-(6-

(azidomethyl)pyridin-3-yl)propanoic acid, and 2-amino-5-azidopentanoic acid.

[0040] In some embodiments, a polypeptide is a carrier protein. As used herein, “carrier protein”
refers to a non-toxic or detoxified polypeptide containing a T-cell activating epitope which is able
to be attached to an antigen (e.g., a polysaccharide) to enhance the humoral response to the
conjugated antigen in a subject. The term includes any of the bacterial proteins used as epitope
carriers in FDA-approved vaccines. In some embodiments, the carrier protein is Corynebacterium
diphtheriae toxin, Clostridium tetani tetanospasmin, Haemophilus influenzae protein D (PD,
HiD), outer membrane protein complex of serogroup B meningococcus (OMPC), CRM 197, CRM-
pAMF6 mutant, Streptococcus pyogenes Adhesion and Division (SpyAD) polypeptide, arginine
deiminase (ADI), Protein D. or malaria ookinete specific surface protein Pfs25. In certain
embodiments, the carrier protein is BB, derived from the G protein of Streptococcus strain G148.
In some embodiments, the carrier protein is ferritin. A “native carrier protein” has only naturally
occurring amino acids. An “enhanced carrier protein” has at least one non-natural amino acid
replacing a naturally occurring amino acid in the carrier protein. The terms “carrier protein” and

“carrier polypeptide” are used interchangeably herein.

[0041] In some embodiments, the polypeptide is CRM197 (SEQ ID NO:1). In certain
embodiments, the polypeptide is CRM-pAMF6 mutant (SEQ ID NO:2). In certain embodiments,
the polypeptide is SpyAD (SEQ ID NO: 10). In certain embodiments, the polypeptide is Protein
D (SEQ ID NO:11).

[0042] The term “antigen” refers to any molecule or a linear molecular fragment that is able to be
recognized by the highly variable antigen receptors (B-cell receptors, T-cell receptors, or both) of
the adaptive immune system. Non-limiting examples of antigens include polysaccharides or
glycans (e.g., bacterial capsular polysaccharides), polynucleotides, polyamino acids, lipids, and

small molecules (e.g., haptens, drugs of abuse)
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[0043] In some embodiments, a polypeptide is a polypeptide antigen.

[0044] In some embodiments, the polypeptide antigen is an Invasion Plasmid Antigen B (IpaB)
polypeptide antigen. In some embodiments, the IpaB polypeptide antigen comprises an amino
sequence substantially homologous to a wild type IpaB antigen sequence from a Shigella
bacterium, such as S. dysenteriae (UniProt ID: Q03945), S. flexneri (UniProt ID: P18011), S.
boydii (UniProt ID: Q8KXT4), or S. sonnei (UniProt ID: Q3YTQ?2). In some embodiments, the
IpaB polypeptide antigen comprises an amino acid sequence that is at least 75%, at least 80%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 99%, or 100% identical to the wild
type IpaB polypeptide antigen sequence from a Shigella bacterium. Examples of suitable
polypeptide antigens from a Shigella bacterium may be found in International Publication No.

WO 2020/205584, the contents of which are incorporated herein in their entirety.

[0045] The full sequence of the wild type IpaB polypeptide antigen from S. flexneri, a 62,160 Da
protein containing 580 amino acid residues, is provided in SEQ ID NO:3. Accordingly, in some
embodiments, the IpaB polypeptide antigen is at least 75%, at least 80%, at least 90%, at least
95%, at least 96%, at least 97%, at least 99%, or 100% identical to SEQ ID NO:3.

[0046] In some embodiments, one or more nnAAs are incorporated into the IpaB polypeptide
antigen sequence. In some embodiments, between 2 and 10 nnAAs are incorporated into the IpaB
polypeptide antigen sequence. In some embodiments, at least 2, at least 3, at least 4, at least 5, at
least 6, at least 7, at least, 8, at least 9, or at least 10 nnAAs are incorporated into the IpaB
polypeptide antigen sequence. In some embodiments, the sites at which the nnAA is incorporated
are selected from K241, K262, K269, K283, K289, K299, C309, K312, $329, $333, D347, E360,
K368, E372, K376, D380, K384, E387, D392, K394, K395, K397, K424, K429, K436, K440,
K448, K451, K470, and K482 of SEQ ID NO: 1. In some embodiments, the sites at which the
nnAA is incorporated are selected from K289, K299, K368, K395, K436, and K470. Specification
of an nnAA incorporated at a particular site refers to the replacement of the indicated amino acid
at the indicated position of an nnAA. For example, incorporation of an nnAA at position K289

means that the lysine residue present at position 289 is replaced by a nnAA.

[0047] In some embodiments, the IpaB polypeptide antigen comprises an nnAA
incorporated each of positions K289, K368, and K395 of SEQ ID NO: 3. For example, in some

embodiments, the IpaB polypeptide antigen comprises the amino acid sequence of SEQ ID NO:
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4. In some embodiments, the IpaB polypeptide antigen comprises an nnAA incorporated each of
positions K299, K395, and K436 of SEQ ID NO: 3. For example, in some embodiments, the IpaB
polypeptide antigen comprises the amino acid sequence of SEQ ID NO: 5.

[0048] In some embodiments, the IpaB polypeptide antigen comprises an nnAA
incorporated each of positions K299, K368, and K395 of SEQ ID NO: 3. For example, in some
embodiments, the IpaB polypeptide antigen comprises the amino acid sequence of SEQ ID NO:
6. In some embodiments, the IpaB polypeptide antigen comprises an nnAA incorporated each of
positions K289, K368, K395, and K436 of SEQ ID NO: 3. For example, in some embodiments,
the IpaB polypeptide antigen comprises the amino acid sequence of SEQ ID NO: 7.

[0049] In some embodiments, the IpaB polypeptide antigen comprises an nnAA incorporated each
of positions K299, K395, K436, and K470 of SEQ ID NO: 3. For example, in some embodiments,
the IpaB polypeptide antigen comprises the amino acid sequence of SEQ ID NO: 8. In some
embodiments, the IpaB polypeptide antigen comprises an nnAA incorporated each of positions
K299, K368, K395, and K436 of SEQ ID NO: 3. For example, in some embodiments, the IpaB
polypeptide antigen comprises the amino acid sequence of SEQ ID NO: 9.

[0050] In some embodiments, the polypeptide antigen is a Group A Streptococcus (GAS) antigen.
In some embodiments, a GAS polypeptide antigen is a full-length GAS antigen. In some
embodiments, a GAS polypeptide antigen is a peptide fragment of a full-length GAS antigen. In
some embodiments, a GAS polypeptide antigen is C5a peptidase, streptolysin O (SLO), Sib35, or
Stb1. Examples of suitable GAS antigens may be found in International Application No.
PCT/US2021/018402, the contents of which are incorporated herein in their entirety.

[0051] In some embodiments, the polypeptide antigen is a SpyAD polypeptide. In some
embodiments, a SpyAD polypeptide is a full-length SpyAD antigen. In some embodiments, a
SpyAD polypeptide is a peptide fragment of a full-length SpyAD antigen. In some embodiments,
the SpyAD polypeptide is at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 99%, or 100% identical to SEQ ID NO:12.

[0052] In some embodiments, one or more nnAAs are incorporated into the SpyAD sequence. In
some embodiments, between 2 and 10 nnAAs are incorporated into the SpyAD sequence. In some
embodiments, at least 2, at least 3, or at least 4 nnAAs are incorporated into the SpyAD sequence.

In some embodiments, the sites at which the nnAA is incorporated are selected from K64, K287,
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K386, and K657. In some embodiments, the sites at which the nnAA is incorporated are K64,
K287, K386, and K657. In some embodiments, the SpyAD sequence is at least 75%, at least 80%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 99%, or 100% identical to SEQ ID
NO:13.

[0053] The term “T-cell activating epitope” refers to a structural unit of molecular structure which

is capable of inducing T-cell immunity.

[0054] The term “polysaccharide” as used herein, is used in its ordinary sense, including, without
limitation, saccharides comprising a plurality of repeating units, including, but not limited to
polysaccharides having 50 or more repeat units, and oligosaccharides having 50 or less repeating
units. Typically, polysaccharides have from about 50, 55, 60, 65, 70, 75, 80, 85, 90, or 95 repeating
units to about 2,000 or more repeating units, and optionally from about 100, 150, 200, 250, 300,
350, 400, 500, 600, 700, 800, 900 or 1000 repeating units to about, 1100, 1200, 1300, 1400, 1500,
1600, 1700, 1800, or 1900 repeating units. Oligosaccharides typically have from about 6, 7, 8, 9,

or 10 repeating units to about 15, 20, 25, 30, or 35 to about 40 or 45 repeating units.

[0055] The term “polypeptide” is intended to include any structure comprised of one or more
amino acids, and thus includes dipeptides, oligopeptides, polypeptides, polypeptide fragments,
antibodies, and proteins. The amino acids forming all or a part of a polypeptide may be any of the
twenty conventional, naturally occurring amino acids, i.e., alanine (A), cysteine (C), aspartic acid
(D), glutamic acid (E), phenylalanine (F), glycine (G), histidine (H), isoleucine (I), lysine (K),
leucine (L), methionine (M), asparagine (N), proline (P), glutamine (Q), arginine (R), serine (S),
threonine (T), valine (V), tryptophan (W), and tyrosine (Y), as well as non-conventional amino
acids such as isomers and modifications of the conventional amino acids, e.g., D-amino acids,
non-protein amino acids, post-translationally modified amino acids, enzymatically modified
amino acids, B-amino acids, constructs or structures designed to mimic amino acids (e.g., o.,0-
disubstituted amino acids, N-alkyl amino acids, lactic acid, B-alanine, naphthylalanine, 3-
pyridylalanine, 4-hydroxyproline, O-phosphoserine, N-acetylserine, N-formylmethionine, 3-
methylhistidine, 5-hydroxylysine, and nor-leucine), and other non-conventional amino acids, as
described, for example, in U.S. Pat. No. 5,679,782 to Rosenberg et al. The polypeptides described
herein may include one or more nnAAs bearing a functional group that enables conjugation to a

secondary antigen, e.g., a polysaccharide. Polypeptides can be (a) naturally occurring, (b)
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produced by chemical synthesis, (c¢) produced by recombinant DNA technology, (d) produced by
biochemical or enzymatic fragmentation of larger molecules, (e) produced by methods resulting
from a combination of methods (a) through (d) listed above, or (f) produced by any other means

for producing peptides, such as cell-free protein synthesis, described infra.

[0056] In some embodiments, the present disclosure provides a method of preparing a
heteroaryl-containing compound, the method comprising contacting an azide compound with an
alkyne compound in the presence of lauryldimethylamine oxide (LDAO), water, and DMSO to

form the heteroaryl-containing compound,

wherein the LDAOQ is at a concentration of up to 2% v/v;
wherein the azide compound is a compound of formula (I)

®
RL?I, NEN

@,
wherein the alkyne compound is a compound of formula (III)

R7 —_ R5
R® R4

R® (1,
wherein

R' is a first polypeptide comprising at least one nnAAr of formula (IV)

] _wh—+

o)
RQM\H
HN. ;
R® vy
wherein Z is absent or a 5S-membered or 6-membered aryl or heteroaryl ring; W' is selected
from the group consisting of Ci-Cioalkylene, —NH—, —O— and —S—; n is zero or 1; R%is H

or an amino acid residue of the first polypeptide, and R’ is GH or an amino acid residue of the first
polypeptide; and

R? and R? are independently —L!—X!;

wherein

X! 1is a polysaccharide or a second polypeptide;

L'is optional, and when present is a linker selected from the group consisting of substituted

or unsubstituted alkylene, substituted or unsubstituted alkenylene, -O-, -O-(substituted or
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unsubstituted alkylene)-, -( substituted or unsubstituted alkylene)-O-, -O-(substituted or
unsubstituted alkylene)-C(0)-Y!-, -C(O)-(substituted or unsubstituted alkylene)-NH-Y?-, -C(O)-
(substituted or unsubstituted alkylene)-C(O)-, -C(O)-(substituted or unsubstituted alkylene)-NH-
C(0)-(CH2-CHz-O)n-(substituted or unsubstituted alkylene)-NH-, -C(O)-( substituted or
unsubstituted alkylene)-NH-, -C(O)-( substituted or unsubstituted alkylene)-NH-C(O)-(CH2-CHa-
O)n-(substituted or unsubstituted alkylene)-C(O)-, -C(O)-(substituted or unsubstituted alkylene)-
C(O)-NH-(substituted or unsubstituted alkylene)-, -C(O)-, -C(O)-(substituted or unsubstituted
alkylene)-, -(substituted or unsubstituted alkylene)-C(O)-, -C(O)N(R™)-, -C(ONR -
(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-C(O)N(R 1), -
(substituted or unsubstituted alkylene)-C(O)NRM-(substituted or unsubstituted alkylene)-,-
OC(O)N(RM)-,  -OC(O)N(RM)-(substituted or unsubstituted alkylene)-, -(substituted or
unsubstituted alkylene)-OC(O)N(RM)-, -NRMHC(0)-,
-NRMC(0)-(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-
NRMC(0)-, -S-, -S-(substituted or unsubstituted alkylene)-, -S(O)k-, -S(O)x(alkylene or
substituted alkylene)-, -C(S)-, -C(S)-(substituted or unsubstituted alkylene)-, -CSN(RL!)-,
-CSN(R™)-(substituted or unsubstituted alkylene)-, -N(R*)C(O)O-, -(substituted or unsubstituted
alkylene)-O—N=CR!-, -(substituted or unsubstituted alkylene)-S(O)x-(substituted or
unsubstituted alkylene)-S-, -(substituted or unsubstituted alkylene)-S-S-, -S(O)N(RM)-,
-NRFHC(ONRM)-, -NRMHC(SNRM)-,  -NRMHS(ORNRE-, -NRH)-N=, -C(R*)=N-,
-C(REH=N-N(RM)-, -C(R*)=N-N=, -C(R*")2-N=N-, and -C(R")2-N(R™)-N(R™)-; wherein the
bond on the left side of L', as drawn, is bound to the 8-membered ring of the compound of formula
(IT) or the compound of formula (IIT) and the bond on the right side of the L', as drawn, is bound
to X';

Y'is a bond, -NH-, -O-, -S-, -NH(Y'?)-, -O(Y'?)-, or —S(Y'?)-;

Y?is a bond, -C(=0)-, -S(=0)2-, -C(=0)Y*-, or -S(=0)2Y*,

Y'* and Y* are each independently Y> or Y’NH-

Y? is substituted or unsubstituted Ci-10alkyl or «(CH2CH20)1-10—; and

n is an integer from 1 to 30;

kis 1,2, or 3;

each R is independently hydrogen or substituted or unsubstituted alkyl; and

R* R° R® and R’ are each independently hydrogen, halo, or substituted or unsubstituted
alkyl.
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Azide Reactant

®
R1 @ EN
SN-NETIn some

[0057] In some embodiments is an azide compound of Formula (I):
embodiments, R! is selected from the group consisting of substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted heterocyclyl, -(CHz)a-

C(O)R'3, -(CH2)a-C(O)OR', -(CH2)a-C(O)N(R'?)2, -(CH2)a-C(O)NHCH(R '?)2, -(CH2)a-N(R'¥)2.

[0058] In some embodiments, a is integer from zero to 10. In some embodiments, a is 0. In some
embodiments, a is 1. In some embodiments, a is 2. In some embodiments, a is 3. In some
embodiments, a is 4. In some embodiments, a is 5. In some embodiments, a is 6. In some
embodiments, a is 7. In some embodiments, a is 8. In some embodiments, a is 9. In some
embodiments, a is 10. In some embodiments, each R'? is independently hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted aryl, substituted or

unsubstituted heteroaryl, and substituted or unsubstituted heterocyclyl.

[0059] In some embodiments, R! is heterocyclyl. In certain embodiments, R! is coumarinyl. In
certain embodiments, the azide compound is
109

0.0
®_
O Lo
R\N’NEN

[0060] In some embodiments, the azide compound is a compound of Formula (I): ,

W+

o Z
R

HN.
and R!is a first polypeptide comprising at least one nnAAr of Formula (IV): R®

[0061] In some embodiments, Z is absent or a 5S-membered or 6-membered aryl or heteroaryl ring.
In certain embodiments, Z is a 5S-membered aryl or heteroaryl ring. In certain embodiments, Z is

a S-membered aryl ring. In certain embodiments, Z is a S-membered heteroaryl ring. In some
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embodiments, Z is a 6-membered aryl ring. In certain embodiments, Z is a 6-membered heteroaryl

ring.

In some embodiments, W' is selected from the group consisting of C1-C1o alkylene, —NH—, —

O— and —S—. In some embodiments, W' is —CHa-.

[0062] In some embodiments nis zero or 1. In certain embodiments nis 0. In certain embodiments,

nis 1.

[0063] In some embodiments, R®is H or an amino acid residue of the first polypeptide, and R’is
OH or an amino acid residue of the first polypeptide. In certain embodiments, R* is H and R’ is
OH. In some embodiments, R®is H and R’ is an amino acid residue of the first polypeptide. In
certain embodiments, R® an amino acid residue of the first polypeptide and R’ is OH. In certain
embodiments, R*is H or an amino acid residue of the first polypeptide and R”is OH or an amino

acid residue of the first polypeptide.

[0064] In some embodiments of the azide compound of Formula (I), R! is a first polypeptide
comprising at least one non-natural amino acid residue of Formula (IV), wherein Z is phenyl, and
n is zero. In certain embodiments of the azide compound of Formula (I), R is a first polypeptide
comprising at least one non-natural amino acid residue of Formula (IV), wherein Z is phenyl, and
nis 1. In certain embodiments of the azide compound of Formula (I), R! is a first polypeptide
comprising at least one non-natural amino acid residue of Formula (IV), wherein Z is phenyl, n is
1, and W is C1-Cio alkylene. In certain embodiments of the azide compound of Formula (I), R is
a first polypeptide comprising at least one non-natural amino acid residue of Formula (IV),
wherein Z is pyridinyl, and n is 1. In certain embodiments of the azide compound of Formula (I),
R!is a first polypeptide comprising at least one non-natural amino acid residue of Formula (IV),
wherein Z is pyridinyl, n is 1, and W is Ci-Cioalkylene. In certain embodiments of the azide
compound of Formula (I), R is a first polypeptide comprising at least one non-natural amino acid
residue of Formula (IV), wherein Z is phenyl, and n is 1. In some embodiments of the azide
compound of Formula (I), R is a first polypeptide comprising at least one non-natural amino acid
residue of Formula (IV), wherein Z is absent, n is 1, and W is Ci-Cialkylene. In some
embodiments of the azide compound of Formula (I), R! is a first polypeptide comprising at least

one nnAAr of Formula (IV), wherein Z is absent, n is 1, and W is Cz alkylene.
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[0065] In certain embodiments, a polypeptide comprises at least 1 nnAA residue. In another
embodiment, the at least 1 non-natural amino acids is selected from the group consisting of 2-
amino-3-(4-azidophenyl)propanoic acid (pAF), 2-amino-3-(4-(azidomethyl)phenyl)propanoic
acid  (pAMF), 2-amino-3-(5-(azidomethyl)pyridin-2-yl)propanoic  acid, 2-amino-3-(4-
(azidomethyl)pyridin-2-yl)propanoic acid, 2-amino-3-(6-(azidomethyl)pyridin-3-yl)propanoic
acid, 2-amino-5-azidopentanoic acid, or 2-amino-3-(4-(azidomethyl)phenyl)propanoic acid, and

any combination thereof.

[0066] In some embodiments, the nnAAr of Formula (IV) is:

Q 0 o)

Rg 9 N 9
N / Lo NT / N ,

R8 , N RS , ‘N* RS ;
. O 0
N\\Nt 9 Q -N¢N+
e ) w R N R?
N NH
y NS NH _NH
R® , N R® , R®
(0]
\MRQ
N NH
+ v
NN R® ,

, or

[0067] In some embodiments, R! is a polypeptide comprising at least one nnAArs of Formula
(IV). In some embodiments, R! is a polypeptide comprising at least 2 nnAArs of Formula (IV). In
some embodiments, R! is a polypeptide comprising at least 3 nnAArs of Formula (IV). In some
embodiments, R! is a polypeptide comprising at least 4 nnAArs of Formula (IV). In some
embodiments, R! is a polypeptide comprising at least 5 nnAArs of Formula (IV). In some
embodiments, R! is a polypeptide comprising at least 6 nnAArs of Formula (IV). In certain
embodiments, R!is a polypeptide comprising one nnAArs of Formula (IV). In some embodiments,
R!is a polypeptide comprising at least 7 nnAArs of Formula (IV). In some embodiments, R is a
polypeptide comprising at least 8 nnAArs of Formula (IV). In some embodiments, R! is a
polypeptide comprising at least 9 nnAArs of Formula (IV). In some embodiments, R' is a

polypeptide comprising at least 10 nnAArs of Formula (IV). In some embodiments, R! is a
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polypeptide comprising at least 11 nnAArs of Formula (IV). In some embodiments, R! is a

polypeptide comprising at least 12 nnA Ars of Formula (IV).

[0068] In certain embodiments, R!is a polypeptide comprising 1-2 nnAArs of Formula (IV). In
certain embodiments, R! is a polypeptide comprising 2-4 nnAArs of Formula (IV). In certain
embodiments, R! is a polypeptide comprising 4-6 nnAArs of Formula (IV). In certain
embodiments, R! is a polypeptide comprising 6-8 nnAArs of Formula (IV). In certain
embodiments, R! is a polypeptide comprising 6-8 nnAArs of Formula (IV). In certain
embodiments, R' is a polypeptide comprising 8-10 nnAArs of Formula (IV). In certain
embodiments, R! is a polypeptide comprising 10-12 nnAArs of Formula (IV). In certain
embodiments, R!is a polypeptide comprising 6 nnAArs of Formula (IV). In certain embodiments,
R!is a polypeptide comprising 1-6 nnAArs of Formula (IV). In certain embodiments, R! is a
polypeptide comprising 2-6 nnA Ars of Formula (IV). In certain embodiments, R!is a polypeptide
comprising 3-6 nnAArs of Formula (IV). In certain embodiments, R'is a polypeptide comprising
4-6 nnAArs of Formula (IV). In certain embodiments, R'is a polypeptide comprising 5-6 nnAArs
of Formula (IV). In certain embodiments, Rlis a polypeptide comprising 6-7 nnAArs of Formula
(IV). In certain embodiments, R'is a polypeptide comprising 6-8 nnAArs of Formula (IV). In
certain embodiments, R! is a polypeptide comprising 6-9 nnAArs of Formula (IV). In certain
embodiments, R! is a polypeptide comprising 6-10 nnAArs of Formula (IV). In certain
embodiments, R! is a polypeptide comprising 6-11 nnAArs of Formula (IV). In certain
embodiments, R! is a polypeptide comprising 6-12 nnAArs of Formula (IV). In certain
embodiments, R! is a polypeptide comprising 6-8 nnAArs of Formula (IV). In certain
embodiments, R! is a polypeptide comprising 5-7 nnAArs of Formula (IV). In certain
embodiments, R! is a polypeptide comprising 1-10 nnAArs of Formula (IV). In certain
embodiments, R' is a polypeptide comprising 5-10 nnAArs of Formula (IV). In certain

embodiments, R'is a polypeptide comprising greater than 10 nnAArs of Formula (IV).

[0069] In some embodiments, R! is a polypeptide comprising more than one nnAAr, wherein all
the incorporated nnAArs are the same nnAAr structure. In certain embodiments, R' is a
polypeptide comprising more than one nnAAr, wherein more than one type of nnAAr is

incorporated.

[0070] In some embodiments, the nnAAr of Formula (IV) replaces any one of the 20 naturally

occurring amino acids in the polypeptide comprising at least one non-natural amino acid. In some
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embodiments, the nnAAR replaces a lysine residue in the polypeptide comprising at least one non-
natural amino acid. In some embodiments, each of the nnAAr present in a polypeptide replaces a
lysine residue of the polypeptide. In some embodiments, the nnAAr replaces a phenylalanine
residue. In some embodiments, each of the nnAAr present in a polypeptide replaces a

phenylalanine residue of the polypeptide.

[0071] In some embodiments, R!is a polypeptide comprising at least one non-natural amino
acid residue (nnAAr) and having a molecular weight between 1 and 1000 kDa. In certain
embodiments, R'is a polypeptide comprising at least one nnAAr and having a molecular weight
between 1 and 500 kDa. In some embodiments, R!is a polypeptide comprising at least one nnAAr
and having a molecular weight between 1 and 250 kDa. In some embodiments, R!is a polypeptide
comprising at least one nnAAr and having a molecular weight between 1 and 100 kDa. In some
embodiments, R!is a polypeptide comprising at least one nnAAR and having a molecular weight
between 1 and 50 kDa. In some embodiments, R'is a polypeptide comprising at least one n nnAAR
and having a molecular weight between 50 and 100 kDa. In some embodiments, R! is a
polypeptide comprising at least one nnAAR and having a molecular weight between 50 and 60
kDa. In some embodiments, R'is a polypeptide comprising at least one nnAAR and having a

molecular weight of at least 500 kDa.

[0072] In certain embodiments, R! is a polypeptide with at least 80% sequence identity to SEQ
ID NO:1. In certain embodiments, R is a polypeptide with at least 85% sequence identity to SEQ
ID NO:1. In certain embodiments, R! is a polypeptide with at least 90% sequence identity to SEQ
ID NO:1. In certain embodiments, R! is a polypeptide with at least 95% sequence identity to SEQ
ID NO:1. In some embodiments, R! is a polypeptide, wherein the polypeptide is a polypeptide of
SEQ ID NO:1, wherein at least one lysine residue is replaced by a nnAAr of Formula I'V.

[0073] In some embodiments, R! is a polypeptide, wherein the polypeptide is a polypeptide of
SEQ ID NO:2.

[0074] In some embodiments, R! is a polypeptide with at least 80% sequence identity to SEQ ID
NO:3. In certain embodiments, R! is a polypeptide with at least 85% sequence identity to SEQ ID
NO:3. In certain embodiments, R! is a polypeptide with at least 90% sequence identity to SEQ ID
NO:3. In certain embodiments, R! is a polypeptide with at least 95% sequence identity to SEQ ID
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NO:3. In some embodiments, R! is a polypeptide, wherein the polypeptide is a polypeptide of SEQ

ID NO:3, wherein at least one lysine residue is replaced by a nnAAr of Formula IV.

[0075] In some embodiments, R! is a polypeptide, wherein the polypeptide is a polypeptide of
SEQ ID NO:4. In some embodiments, R! is a polypeptide, wherein the polypeptide is a
polypeptide of SEQ ID NO:5. In some embodiments, R! is a polypeptide, wherein the polypeptide
is a polypeptide of SEQ ID NO:6. In some embodiments, R! is a polypeptide, wherein the
polypeptide is a polypeptide of SEQ ID NO:7. In some embodiments, R! is a polypeptide, wherein
the polypeptide is a polypeptide of SEQ ID NO:8. In some embodiments, R is a polypeptide,
wherein the polypeptide is a polypeptide of SEQ ID NO:9.

[0076] In some embodiments, R! is a polypeptide, wherein the polypeptide is a polypeptide of
SEQ ID NO:12. In certain embodiments, R is a polypeptide with at least 80% sequence identity
to SEQ ID NO:12. In certain embodiments, R is a polypeptide with at least 85% sequence identity
to SEQ ID NO:12. In certain embodiments, R! is a polypeptide with at least 90% sequence identity
to SEQ ID NO:12. In certain embodiments, R! is a polypeptide with at least 95% sequence identity
to SEQ ID NO:12. In some embodiments, R! is a polypeptide, wherein the polypeptide is a
polypeptide of SEQ ID NO:12, wherein at least one lysine residue is replaced by a nnAAr of

Formula IV.

[0077] In some embodiments, R! is a polypeptide, wherein the polypeptide is a polypeptide of
SEQ ID NO:13. In certain embodiments, R is a polypeptide with at least 80% sequence identity
to SEQ ID NO:13. In certain embodiments, R is a polypeptide with at least 85% sequence identity
to SEQ ID NO:13. In certain embodiments, R! is a polypeptide with at least 90% sequence identity
to SEQ ID NO:13. In certain embodiments, R is a polypeptide with at least 95% sequence identity
to SEQ ID NO:13. In some embodiments, R! is a polypeptide, wherein the polypeptide is a
polypeptide of SEQ ID NO:13, wherein at least one lysine residue is replaced by a nnAAr of

Formula IV.

[0078] The term “sequence identity” or “percent identity” in the context of two or more nucleic
acids or polypeptide sequences, refers to two or more sequences that are the same or have a
specified percentage of amino acid residues or nucleotides that are the same, when compared and
aligned for maximum correspondence over a comparison window, as measured using a sequence

comparison algorithm (e.g., BLASTP for amino acid sequences). As used herein, the percent
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identity is determined over the full-length sequence, such as the reference sequence set forth in
SEQ ID NO:1. The method for calculating the sequence identity as provided herein is the BLASTP
program having its defaults set at a wordlength (W) of 3, an expectation (E) of 10, and the
BLOSUMG62 scoring matrix (see, e.g., Henikoff & Henikoff, 1989, Proc Natl Acad Sci USA
89:10915). See eg., the BLAST alignment tool available on the WWW at
blast.ncbi.nlm.nih.gov/Blast.cgi.

[0079] In some embodiments, R! is a polypeptide, wherein the polypeptide comprises at least one
residue sequence, selected from the group consisting of residue sequences 271-290, 321-340, 331-

350, 351-370, 411-430, and 431-450 of SEQ ID NO:1, that does not contain the at least 1 nnAArs.

[0080] In some embodiments, R is a polypeptide of SEQ ID NO:1, wherein at least one nnAAr
replaces an amino acid residue selected from the group consisting of K11, K25, K34, K38, K40,
K83, K104, K105, K126, K158, K173, K213, K215, K217, K222, K228, K230, K237, K243,
K245, K265, K300, K386, K457, K475, K499, K517, K523, K527, K535, F13, F54, F124, F128,
F141,F168, F251, F390, F531, F532, D212, D296, D353, D392, D466, D468, D508, D520, N297,
N360, N400, N482, N487, N503, N525, E241, E249, E250, E257, E260, E293, E363, Q253,
Q288, R378, R408, R456, R461, R463, R473, R494, $199, S201, $232, $234, S$240, S262, S375,
S382, S398, S452, S476, S495, S496, S497, S502, S506, T254, T266, T268, T270, T294, T387,
T401, T409, T470, and T518.

[0081] In some embodiments, R' is a polypeptide of SEQ ID NO:1, wherein at least one nnAAr
replaces an amino acid selected from: a) a first group consisting of K25, K34, K38, K40, K213,
K215, K228, K245, K265, K386, K523, and K527; b) a second group consisting of K25, K34,
K38 and K40; ¢) a third group consisting of K213 and K215; d) a fourth group consisting of K11,
K25, K34, K38, K40, K83, K104, K105, K126, K158, K173, K213, K215, K222, K228, K237,
K243, K245, K265, K386, K475, K499, K523, K527, F13, F54, F124, F128, F141, F168, F251,
F390, F531, and F532; and e) a fifth group consisting of K25, K215, K228, K265, K386, and
K523.

[0082] Insome embodiments, R'is a polypeptide of SEQ ID NO:1, wherein 2-4 nnAAr replace
amino acid residues selected from the group consisting of K228, K245, K265, K386, K523, and
K527.
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Alkyne Reactant

[0083] In some embodiments is an alkyne compound. In certain embodiments, the alkyne

compound is a compound of Formula (I1): R? . In certain embodiments, the alkyne

R7 I R5
R® R4

compound is a compound of Formula (III): R® . In some embodiments, R? or R> are
selected from the group consisting of substituted or unsubstituted alkyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heterocyclyl, -(CH2)a-C(O)R'2 -(CHz)a-
C(0O)OR™, -(CH2)a-C(O)N(R'¥)2, -(CH2)a-C(O)NHCH(R')2, -(CHz2)a-N(R')z.

[0084] In some embodiments, a is integer from zero to 10. In some embodiments, a is 0. In some
embodiments, a is 1. In some embodiments, a is 2. In some embodiments, a is 3. In some
embodiments, a is 4. In some embodiments, a is 5. In some embodiments, a is 6. In some
embodiments, a is 7. In some embodiments, a is 8. In some embodiments, a is 9. In some
embodiments, a is 10. In some embodiments, each R'? is independently hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted aryl, substituted or

unsubstituted heteroaryl, and substituted or unsubstituted heterocyclyl.

[0085] In some embodiments, R? is —L'—X'. In some embodiments, R? is —L'—X". In some
embodiments, X' is a polysaccharide or a second polypeptide. In some embodiments, X' is a

polysaccharide. In some embodiments, X' is a polypeptide.

[0086] In some embodiments, L! is optional. In certain embodiments, L! is present. In certain
embodiments, L! is not present. In some embodiments, L! is present and is a linker selected from
the group consisting of substituted or unsubstituted alkylene, substituted or unsubstituted
alkenylene,

-0-, -O-(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-O-, -O-
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(substituted or unsubstituted alkylene)-C(O)-Y!-, -C(O)-(substituted or unsubstituted alkylene)-
NH-Y?-, -C(O)-(substituted or unsubstituted alkylene)-C(O)-, -C(O)-(substituted or unsubstituted
alkylene)-NH-C(O)-(CH2-CH2-O)n-(substituted or unsubstituted alkylene)-NH-, -C(O)-(
substituted or unsubstituted alkylene)-NH-, -C(O)-( substituted or unsubstituted alkylene)-NH-
C(O)-(CH2-CHz2-O)n-(substituted or wunsubstituted alkylene)-C(O)-, -C(O)-(substituted or
unsubstituted alkylene)-C(O)-NH-(substituted or unsubstituted alkylene)-, -C(O)-, -C(O)-
(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-C(O)-, -
C(O)NR™)-, -C(O)N(R™)-(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted
alkylene)-C(O)N(RM), -(substituted or unsubstituted alkylene)-C(O)NRM!-(substituted or
unsubstituted alkylene)-,-OC(O)N(RM)-, -OC(O)N(RM)-(substituted or unsubstituted alkylene)-,
-(substituted or unsubstituted alkylene)-OC(O)N(RM)-, -N(RE)C(O)-, -NREIC(O)-(substituted or
unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-NR“'C(O)-, -S-, -S-(substituted
or unsubstituted alkylene)-, -S(O)k-, -S(O)k(alkylene or substituted alkylene)-, -C(S)-, -C(S)-
(substituted or unsubstituted alkylene)-, -CSN(R™!)-, -CSN(RM)-(substituted or unsubstituted
alkylene)-, -N(RX)C(0)O-, -(substituted or unsubstituted alkylene)-O—N=CR"!- -(substituted or
unsubstituted alkylene)-S(O)k-(substituted or unsubstituted alkylene)-S-, -(substituted or
unsubstituted alkylene)-S-S-, -S(O)N(RM)-,
-NRMCONRM-, -NRMHC(SNRM)-, -NRMS(ORNRM)-, -NRM)-N=, -C(R")=N-,
-C(RM)=N-NRM)-, -CRM)=N-N=, -C(R*)2-N=N-, and -C(R"")2-N(R"")-N(R™')-; wherein the
bond on the left side of L', as drawn, is bound to the 8-membered ring of the compound of formula
(IT) or the compound of formula (IIT) and the bond on the right side of the L', as drawn, is bound
to X%

[0087] In some embodiments, Y! is a bond, -NH-, -O-, -S-, -NH(Y'?)-, -O(Y'?)-, or —S(Y'#)-. In
certain embodiments, Y' is a bond. In certain embodiments, Y' is -NH-. In certain embodiments,
Y!is -O-. In certain embodiments, Y' is -S-. In certain embodiments, Y!is -NH(Y'¥)-. In certain

embodiments, Y' is -O(Y'?)-. In certain embodiments, Y is —S(Y'?)-.

[0088] In some embodiments, Y?is a bond, -C(=0)-, -S(=0):2-, -C(=0)Y?*-, -S(=0)2Y?. In certain
embodiments, Y2 is a bond. In certain embodiments, Y2 is -C(=0)-. In certain embodiments, Y2 is

-S(=0)2-. In certain embodiments, Y? is -C(=0)Y?*-. In certain embodiments, Y? is -S(=0)2Y**.
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[0089] In some embodiments, Y'?is Y? or Y’NH-. In certain embodiments, Y'?is Y*. In some
embodiments, Y'?is Y’NH-. In some embodiments, Y??is Y> or Y’NH-. In certain embodiments,

Y??is Y*. In some embodiments, Y?*is Y’NH-.

[0090] In some embodiments, Y? is substituted or unsubstituted C1i-oalkyl or (CH2CH20)1-10—.
In certain embodiments, Y? is substituted Ci-10alkyl or «(CH2CH20)1-10—. In certain embodiments,
Y? is unsubstituted Ci-10alkyl or (CH2CH20)1-10~. In certain embodiments, Y? is substituted Ci-
1oalkyl. In certain embodiments, Y? is substituted -(CH2CH20)1-10-. In certain embodiments, Y?
is unsubstituted Ci-10alkyl. In certain embodiments, Y? is unsubstituted (CH2CH20)1-10—.

[0091] In some embodiments, n is an integer from 1 to 30. In certain embodiments, n is an integer
from 1-5. In certain embodiments, n is an integer from 1-10. In certain embodiments, n is an
integer from 10-15. In certain embodiments, n is an integer from 10-20. In certain embodiments,
n is an integer from 20-25. In certain embodiments, n is an integer from 25-30. In some
embodiments, n is 1. In certain embodiments, n is 2. In certain embodiments, n is 3. In certain

embodiments, n is 4. In certain embodiments, n is 5.

[0092] In some embodiments, k is 1, 2, or 3. In certain embodiments, k is 1. In certain

embodiments, k is 2. In certain embodiments, k is 3.

[0093] In some embodiments, each RM is independently hydrogen or substituted or unsubstituted
alkyl. In some embodiments, R*, R5 R® and R’ are each independently hydrogen, halo, or

substituted or unsubstituted alkyl.

[0094] In some embodiments, an alkyne compound is a compound of formula (IT), wherein R?is
—L'—X! wherein L' is -C(O)-(substituted or unsubstituted alkylene)-NH-C(O)-(CH2-CH2-O)a-
(substituted or unsubstituted alkylene)-NH-; wherein nis 1-10. In certain embodiments, an alkyne
compound is a compound of formula (I), wherein R? is —L'—X! wherein L! is -C(O)-
(substituted or unsubstituted alkylene)-NH-C(O)-(CH2-CH2-O)n-(substituted or unsubstituted
alkylene)-NH-; wherein n is 4.

[0095] In some embodiments, an alkyne compound is a compound of formula (V), (VI), (VII),
(VIL), (IX), (X), (XI), or (XID)
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[0096] In some embodiments, X' is a polypeptide or polysaccharide. In certain embodiments, X'
is a polypeptide. In certain embodiments, X' is a polysaccharide. In some embodiments, X' is a
capsular polysaccharide from a bacterium selected from the group consisting of Streptococcus
pneumoniae, Neisseria meningitidis, Haemophilus influenzae, Streptococcus pyogenes,
Streptococcus agalactiae, and Porphyromonas gingivalis. In certain embodiments, X! is a
capsular polysaccharide from a bacterium selected from the group consisting of Streptococcus

pneumoniae.

[0097] In some embodiments, X' is a capsular polysaccharide of a S. pneumoniae serotype
selected from the group consisting of 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F and 23F, 2,
6C, 8, 9N, 10A, 12F, 15A, 15B, 15C, 16F, 17F, 20, 20A, 20B, 22F, 23A, 23B, 24F, 24B, 31, 33F,
34, 35B, 35F and 38.

[0098] In some embodiments, X' is an O-antigen Shigella polysaccharide. The O-antigen Shigella
polysaccharide domain of lipopolysaccharide (LPS) is both an essential virulence factor and a

protective antigen of Shigella. In some embodiments, the O-antigen Shigella polysaccharide is
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selected from serotypes la, 1b, 2a, 2b, 3b, 4a, 4b, 5a, 5b, 6, 7a, 7b, or combinations thereof. In
some embodiments, an alkyne compound is a compound of Formula (VIII), wherein X! is a
capsular polysaccharide from a bacterium selected from the group consisting of Strepfococcus
pneumoniae, Neisseria meningitidis, Haemophilus influenzae, Streptococcus pyogenes,
Streptococcus agalactiae, Porphyromonas gingivalis, Shigella flexneri, Shigella sonnei, and
Shigella dysenteriae. In certain embodiments, X' is a capsular polysaccharide from a bacterium
selected from the group consisting of Strepfococcus pneumoniae. In some embodiments, an alkyne
compound is a compound of Formula (VIII), wherein X' is a capsular polysaccharide from a
bacterium selected from the group consisting of Shigella flexneri, Shigella dysenteriae, and

Shigella sonnei.

Reaction Conditions

[0099] This disclosure provides reaction conditions for any of the methods of preparing
heteroaryl-containing compounds as described herein. In some embodiments is an amount of
lauryldimethylamine oxide (LDAO) suitable for catalyzing the reaction producing a heteroaryl-

containing compound.

[0100] In some embodiments of a method of preparing a heteroaryl-containing compound, the
lauryldimethylamine oxide (LDAO) is at a concentration of up to 2% v/v. In some embodiments,
the LDAO is at a concentration of less than 0.1%. In some embodiments, the LDAO is at a
concentration of about 0.01% to 0.02%. In certain embodiments, the LDAO is at a concentration
of about 0.01% to 0.03%. In certain embodiments, the LDAOQ is at a concentration of about 0.01%
to 0.04%. In certain embodiments, the LDAO is at a concentration of about 0.01% to 0.05%. In
certain embodiments, the LDAQ is at a concentration of about 0.02% to 0.03%. In certain
embodiments, the LDAO is at a concentration of about 0.03% to 0.04%. In certain embodiments,
the LDAO is at a concentration of about 0.04% to 0.5%. In certain embodiments, the LDAO is at
a concentration of about 0.05% to 0.06%. In certain embodiments, the LDAO is at a concentration
of about 0.06% to 0.07%. In certain embodiments, the LDAO is at a concentration of about 0.07%
to 0.08%. In certain embodiments, the LDAO is at a concentration of about 0.08% to 0.09%. In
certain embodiments, the LDAO is at a concentration of about 0.09% to 0.1%. In certain
embodiments, the LDAO is at a concentration of about 0.01% to 0.1%. In certain embodiments,
the LDAO is at a concentration of about 0.1% v/v. In certain embodiments, the LDAO is at a
concentration of about 0.01% to 2% v/v. In certain embodiments, the LDAO is at a concentration
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of between about 0.5% and 2% v/v. In certain embodiments, the LDAO is at a concentration of
between about 0.1% and about 1% v/v. In certain embodiments, the LDAO is at a concentration
of between about 1% and 2% v/v. In certain embodiments, the LDAO is at a concentration of
between about 0.1% and about 0.2% v/v. In certain embodiments, the LDAOQO is at a concentration
of between about 0.2% and about 0.4% v/v. In certain embodiments, the LDAO is at a
concentration of between about 0.4% and about 0.6% v/v. In certain embodiments, the LDAO is
at a concentration of between about 0.6% and about 0.8% v/v. In certain embodiments, the LDAO
is at a concentration of between about 0.8% and about 1% v/v. In certain embodiments, the LDAO
is at a concentration of between about 1% and about 1.2% v/v. In certain embodiments, the LDAO
is at a concentration of between about 1.2% and about 1.4% v/v. In certain embodiments, the
LDAO is at a concentration of between about 1.4% and about 1.6% v/v. In certain embodiments,
the LDAO is at a concentration of between about 1.6% and about 1.8% v/v. In certain
embodiments, the LDAO is at a concentration of between about 1.8% and 2% v/v. In some

embodiments, the LDAO is at a concentration of 2% v/v.

[0101] In some embodiments of a method of preparing a heteroaryl-containing compound, the
method is performed in 10% to 20% v/v DMSO. In certain embodiments, the method is performed
in 10% to 20% v/v DMSO. In certain embodiments, the method is performed in about 10% to 12%
v/v DMSO. In certain embodiments, the method is performed in about 12% to 14% v/v DMSO.
In certain embodiments, the method is performed in about 14% to 16% v/v DMSO. In certain
embodiments, the method is performed in about 16% to 18% v/v DMSQO. In certain embodiments,
the method is performed in about 18% to 20% v/v DMSO. In certain embodiments, the method is
performed in about 20% to 22% v/v DMSO. In certain embodiments, the method is performed in
about 22% to 24% v/v DMSO. In certain embodiments, the method is performed in about 24% to
26% v/v DMSO. In certain embodiments, the method is performed in about 26% to 28% v/v
DMSO. In certain embodiments, the method is performed in about 28% to 30% v/v DMSQO. In
certain embodiments, the method is performed in 15% v/v DMSO.

[0102] In some embodiments of a method of preparing a heteroaryl-containing compound, the
alkyne compound is at a concentration of 0.5 mg/ml to 2 mg/ml. In certain embodiments, the
alkyne compound is at a concentration of 0.5 mg/ml to 1 mg/ml. In certain embodiments, the
alkyne compound is at a concentration of 1 mg/ml to 2 mg/ml. In certain embodiments, the alkyne

compound is at a concentration of 1 mg/ml to 1.5 mg/ml. In certain embodiments, the alkyne
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compound is at a concentration of 1.5 mg/ml to 2 mg/ml. In certain embodiments, the alkyne

compound is at a concentration of 2 mg/ml.

[0103] In some embodiments of a method of preparing a heteroaryl-containing compound, a first
polypeptide comprising at least one non-natural amino acid (nnAA) is at a concentration of 0.5
mg/ml to 2 mg/ml. In certain embodiments, the first polypeptide comprising at least one non-
natural amino acid is at a concentration of 0.5 mg/ml to 1 mg/ml. In certain embodiments, the first
polypeptide comprising at least one non-natural amino acid is at a concentration of 1 mg/ml to 2
mg/ml. In certain embodiments, the first polypeptide comprising at least one non-natural amino
acid is at a concentration of 1 mg/ml to 1.5 mg/ml. In certain embodiments, the first polypeptide
comprising at least one non-natural amino acid is at a concentration of 1.5 mg/ml to 2 mg/ml. In
certain embodiments, the first polypeptide comprising at least one non-natural amino acid is at a

concentration of 2 mg/ml.

[0104] In some embodiments, a method of preparing a heteroaryl-containing compound is
performed at a temperature from 0 °C to 100 °C. In certain embodiments, a method of preparing
a heteroaryl-containing compound is performed at a temperature from 0 °C to 50 °C. In some
embodiments, a method of preparing a heteroaryl-containing compound is performed at a
temperature from 0 °C to room temperature. In certain embodiments, a method of preparing a
heteroaryl-containing compound is performed at room temperature. In some embodiments, a
method of preparing a heteroaryl-containing compound is performed at a temperature from 22 °C

to 25 °C.

[0105] In some embodiments, a method of preparing a heteroaryl-containing compound is
performed for less than one hour. In certain embodiments, a method of preparing a heteroaryl-
containing compound is performed for 1 to 24 hours. In certain embodiments, a method of
preparing a heteroaryl-containing compound is performed for 2-4 hours. In certain embodiments,

a method of preparing a heteroaryl-containing compound is performed for 2-4 hours.
Exemplary Heteroaryl-containing Compounds

[0106] The present disclosure provides for heteroaryl-containing compounds of formulae XVII,

XVIII, XIX, or XX:
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R3
R3
RS R*
7 5
R4R5 _ Y R R6R7 _ y R
1/N\'\]’ 1/N\ 17 1/
R (XVID), R XV, R

[0107] In some embodiments, the heteroaryl-containing compound is a compound of formula

(XXI-A), (XXI-B), (XXI-C), or (XXI-D):

R3 R?
R3 N
R6 R* O
R4 _ R7 R® - RS Q —
RS N R N N

N\ ‘y N\ ‘y

sot L L
0”0 (XXI-A), 0”0 (XXI-B), 0”0

(XXI-D).

[0108] In some embodiments, the heteroaryl-containing compound is a compound of formula

(XXII-A) or (XXI-B):
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(XXII-A) or

(XXI-B).

Conjugates

[0109] The present disclosure provides for heteroaryl-containing bioconjugates prepared using
any of the methods disclosed herein. As used herein, a heteroaryl-containing bioconjugate refers
to a heteroaryl-containing compound wherein R! is a polypeptide. Thus, in some embodiments,
the present disclosure provides for a heteroaryl-containing bioconjugate, wherein R! is a first
polypeptide comprising at least one nnAAr of Formula (IV). In some embodiments is a heteroaryl-
containing compound comprising 1 nnAAr. In certain embodiments is a heteroaryl-containing
compound comprising 2 nnAArs. In certain embodiments is a heteroaryl-containing compound
comprising 3 nnAArs. In certain embodiments is a heteroaryl-containing compound comprising 4
nnAArs. In certain embodiments is a heteroaryl-containing compound comprising 5 nnAArs. In
certain embodiments is a heteroaryl-containing compound comprising 6 nnAArs. In certain

embodiments is a heteroaryl-containing compound comprising greater than 6 nnAArs.

[0110] In some embodiments, the present disclosure provides a heteroaryl-containing
bioconjugate comprising a first polypeptide and antigen of any one of Formulae XIII, XIV, XV,
or XVI:
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2
5 LZ’X
X,—L
R® R4
7 5
R* I~ R R6 _ R
1 R/N\ N Rl N N
/(\N) N /(\N‘)n’” ~N
o 4 o Z
Rg R9
HN~ge (XTIT), HN~Re (XIV),
O
RQ
(XV), or HN~Re (XVI), wherein

the first polypeptide comprises at least one nnAAr comprising an azido moiety, of Formula

(W"—Ns
/
o z

RO

) TURe ),

wherein Z is absent or a S-membered or 6-membered aryl or heteroaryl ring; W' is selected
from the group consisting of C1-Cioalkylene, —NH—, —O— and —S—; n is zero or 1; R%is H
or an amino acid residue of the first polypeptide, and R’ is GH or an amino acid residue of the first
polypeptide wherein at least one of R® and R’ is an amino acid residue of the first polypeptide;

the azido moiety of the nnAAr is conjugated to an alkyne by contacting the nnAAr and the
alkyne in the presence of LDAO,

the alkyne is formula II’-A, 1II’-B, III’-A, or III’-B:

(Ir-B),
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X2
2
X2 [

R6 R4
R4 R’ RO RS

R® (IIr'-A), or R’ (II’-B),
wherein

X2 is an antigen comprising a polysaccharide or second polypeptide,

L? is optional, and when present is a linker selected from the group consisting of
substituted or unsubstituted alkylene, substituted or unsubstituted alkenylene, -O-, -O-
(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-O-, -O-
(substituted or unsubstituted alkylene)-C(0)-Y!-, -C(O)-(substituted or unsubstituted alkylene)-
NH-Y?-, -C(O)-(substituted or unsubstituted alkylene)-C(O)-, -C(O)-(substituted or
unsubstituted alkylene)-NH-C(O)-(CH2-CH2-O)n-(substituted or unsubstituted alkylene)-NH-, -
C(0O)-( substituted or unsubstituted alkylene)-NH-, -C(O)-( substituted or unsubstituted
alkylene)-NH-C(O)-(CH2-CHz-O)n-(substituted or unsubstituted alkylene)-C(O)-, -C(O)-
(substituted or unsubstituted alkylene)-C(O)-NH-(substituted or unsubstituted alkylene)-, -C(O)-
, -C(O)-(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-C(O)-, -
C(O)NR™)-, -C(O)N(R “)~(substituted or unsubstituted alkylene)-, -(substituted or
unsubstituted alkylene)-C(O)N(R ™), -(substituted or unsubstituted alkylene)-C(O)NR"!-
(substituted or unsubstituted alkylene)-.-OC(O)N(RM)-, -OC(O)N(RM)-(substituted or
unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-OC(O)N(RM)-, -N(R)C(O)-, -
NRMC(0)-(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-
NRMC(0)-, -S-, -S-(substituted or unsubstituted alkylene)-, -S(O)x-, -S(O)«(alkylene or
substituted alkylene)-, -C(S)-, -C(S)-(substituted or unsubstituted alkylene)-, -CSN(R™)-, -
CSN(RM)-(substituted or unsubstituted alkylene)-, -N(RLH)C(O)O-, -(substituted or
unsubstituted alkylene)-O—N=CR"!-, -(substituted or unsubstituted alkylene)-S(O)x-(substituted
or unsubstituted alkylene)-S-, -(substituted or unsubstituted alkylene)-S-S-, -S(O)N(R™)-,
-NR"HC(O)NRM)-, -NRC(SNR™)-, -NR)S(O)RNRM)-, -N(RM)-N=, -C(R*)=N-,
-C(R*H=N-N(R")-, -C(R*")=N-N=, -C(R*")2-N=N-, and -C(R"*")2-N(R"")-N(R"")-; wherein the
bond on the left side of L, as drawn, is bound to the 8-membered ring of the compound of
formula (IT) or the compound of formula (IIT) and the bond on the right side of the L!, as drawn,
is bound to X*;

Y'is a bond, -NH-, -O-, -S-, -NH(Y'?)-, -O(Y'?)-, or —S(Y'?)-;
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Y2 is a bond, -C(=0)-, -S(=0)2-, -C(=0)Y?-, -S(=0)2Y%;
Y'4 and Y* are each independently Y? or Y*NH-

PCT/US2021/046432

Y? is substituted or unsubstituted Ci-10alkyl or «(CH2CH20)1-10—; and

n is an integer from 1 to 30;

kis 1,2, or3;

each R™ is independently hydrogen or substituted or unsubstituted alkyl; and

R* R’ R and R are each independently hydrogen, halo, or substituted or unsubstituted

alkyl;

wherein the antibody titer upon challenge is greater for the conjugate compared to antibody

titer upon challenge of a conjugate of the same formula where conjugation of the first polypeptide

and the antigen is performed in the absence of LDAQO, when tested under equivalent challenge

conditions.

[0111] In some embodiments, the present disclosure provides a heteroaryl-containing

bioconjugate comprising a first polypeptide and antigen of any one of Formulae XIIT, XIV, XV,

or XVI:
X2
R6
R7
R* 7=
RS N N
1\ — N~
(W N
/
0 Z
RQ
HN‘RS

(XIII)

>

LZ"XZ

(XVI), wherein

(XIV),
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the first polypeptide comprises at least one nnAAr comprising an azido moiety, of Formula

L (Wha—N;s

HN.

(r): R® @),

wherein Z is absent or a 5S-membered or 6-membered aryl or heteroaryl ring; W' is selected
from the group consisting of C1-Cioalkylene, —NH—, —O— and —S—; n is zero or 1; R*is H
or an amino acid residue of the first polypeptide, and B’ is GH or an amino acid residue of the first
polypeptide, wherein at least one of R* and R’ is an amino acid residue of the first polypeptide;

the azido moiety of the nnAAr is conjugated to an alkyne by contacting the nnAAr and the
alkyne in the presence of LDAO,

the alkyne is formula II’-A, II’-B, III’-A, or III’-B:

2
X

()
Q = @-A),

L2
[ 2__R2
N XK

(ar-B),
~X?
2
x2LZ [
RG R4
R7 R5
R¢ 5 — R® 7 =
R (II’-A), or R (II-B),

wherein

X2 is an antigen comprising a polysaccharide or second polypeptide,

L?is optional, and when present is a linker selected from the group consisting of
substituted or unsubstituted alkylene, substituted or unsubstituted alkenylene, -O-, -O-
(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-O-, -O-
(substituted or unsubstituted alkylene)-C(0)-Y!-, -C(O)-(substituted or unsubstituted alkylene)-
NH-Y?2-, -C(O)-(substituted or unsubstituted alkylene)-C(O)-, -C(O)-(substituted or
unsubstituted alkylene)-NH-C(O)-(CH2-CH2-O)n-(substituted or unsubstituted alkylene)-NH-, -
C(0O)-( substituted or unsubstituted alkylene)-NH-, -C(O)-( substituted or unsubstituted
alkylene)-NH-C(O)-(CH2-CHz-O)n-(substituted or unsubstituted alkylene)-C(O)-, -C(O)-
(substituted or unsubstituted alkylene)-C(O)-NH-(substituted or unsubstituted alkylene)-, -C(O)-
, -C(O)-(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-C(O)-, -
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C(O)NR)-, -C(O)N(R 1)~(substituted or unsubstituted alkylene)-, -(substituted or
unsubstituted alkylene)-C(O)N(R ™), -(substituted or unsubstituted alkylene)-C(O)NR!-
(substituted or unsubstituted alkylene)-,-OC(O)N(RM)-, -OC(O)N(RM)-(substituted or
unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-OC(O)N(RM)-, -N(RMH)C(O)-, -
NRM'C(0)-(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-
NRMC(0)-, -S-, -S-(substituted or unsubstituted alkylene)-, -S(O)k-, -S(O)x(alkylene or
substituted alkylene)-, -C(S)-, -C(S)-(substituted or unsubstituted alkylene)-, -CSN(RM)-, -
CSN(R™)-(substituted or unsubstituted alkylene)-, -N(R-1)C(O)O-, -(substituted or
unsubstituted alkylene)-O—N=CR"- -(substituted or unsubstituted alkylene)-S(O)x-(substituted
or unsubstituted alkylene)-S-, -(substituted or unsubstituted alkylene)-S-S-, -S(O)N(R™)-,
NREC(OINRL)-, NREYC(SNREY-, -NREDS(O)NRE)-, -NRE)-N=, -C(RL)=N-,
C(RM)=N-NRM)-, -C(R)=N-N=, -C(RX)-N=N-, and -C(R“)2-N(RM)-N(RM)-; wherein the
bond on the left side of L', as drawn, is bound to the 8-membered ring of the compound of
formula (II) or the compound of formula (IIT) and the bond on the right side of the L', as drawn,
is bound to X*;

Y'is a bond, -NH-, -O-, -S-, -NH(Y'?)-, -O(Y'?®)-, or —S(Y'?)-;

Y2 is a bond, -C(=0)-, -S(=0)2-, -C(=0)Y?%-, -S(=0)2Y%;

Y'? and Y* are each independently Y> or Y’NH-

Y? is substituted or unsubstituted Ci-10alkyl or «(CH2CH20)1-10—; and

n is an integer from 1 to 30;

kis 1,2, or3;

each R is independently hydrogen or substituted or unsubstituted alkyl; and

R* R’ R and R are each independently hydrogen, halo, or substituted or unsubstituted
alkyl;

wherein the conjugate has a molecular weight of at least 1.3 times greater than the

conjugate molecular weight when LDAO is not used.

[0112] In some embodiments, heterocycle-containing conjugate is a conjugate of formulae (XXII-

A) or (XXII-B):
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R9

—R8
W",—zZ HN-R

(XXII-A) or

(XXII-B).

[0113] In some embodiments, the conjugate has a molecular weight of at least 1.3 times greater
than the conjugate molecular weight when LDAOQO is not used. In some embodiments, the conjugate
has a molecular weight of at least 1.4 times greater than the conjugate molecular weight when
LDAO is not used. In some embodiments, the conjugate has a molecular weight of at least 1.5
times greater than the conjugate molecular weight when LDAO is not used. In some embodiments,
the conjugate has a molecular weight of at least 1.6 times greater than the conjugate molecular
weight when LDAO is not used. In some embodiments, the conjugate has a molecular weight of
at least 1.7 times greater than the conjugate molecular weight when LDAO is not used. In some
embodiments, the conjugate has a molecular weight of at least 1.8 times greater than the conjugate
molecular weight when LDAO is not used. In some embodiments, the conjugate has a molecular
weight of at least 1.9 times greater than the conjugate molecular weight when LDAO is not used.
In some embodiments, the conjugate has a molecular weight of at least 2.0 times greater than the
conjugate molecular weight when LDAO is not used. In some embodiments, the conjugate has a
molecular weight of at least 2.1 times greater than the conjugate molecular weight when LDAO
is not used. In some embodiments, the conjugate has a molecular weight of at least 2.2 times
greater than the conjugate molecular weight when LDAO is not used. In some embodiments, the
conjugate has a molecular weight of at least 2.3 times greater than the conjugate molecular weight
when LDAO is not used. In some embodiments, the conjugate has a molecular weight of at least

2.4 times greater than the conjugate molecular weight when LDAO is not used. In some
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embodiments, the conjugate has a molecular weight of at least 2.5 times greater than the conjugate

molecular weight when LDAO is not used.

[0114] In some embodiments, the conjugate comprises a first polypeptide and one or more PS3,
wherein the first polypeptide is CRM-pAMF6 mutant, and wherein the conjugate has a molecular
weight of at least 1.6 times greater the conjugate molecular weight when LDAO is not used. In
some embodiments, the conjugate comprises a first polypeptide and one or more PS5, wherein the
first polypeptide is CRM-pAMF6 mutant, and wherein the conjugate has a molecular weight of at
least 2.2 times greater than the conjugate molecular weight when LDAO is not used. In some
embodiments, the conjugate comprises a first polypeptide and one or more PS18, wherein the first
polypeptide is CRM-pAMF6 mutant, and wherein the conjugate has a molecular weight of at least
2.2 times greater than the conjugate molecular weight when LDAO is not used. In some
embodiments, the conjugate comprises a first polypeptide and one or more PS19A, wherein the
first polypeptide is CRM-pAMF6 mutant, and wherein the conjugate has a molecular weight of at

least 1.5 times greater than the conjugate molecular weight when LDAO is not used.

[0115] In some embodiments is a conjugate comprising a first polypeptide and antigen, wherein
the first polypeptide is selected from the group consisting of SEQ ID NO:1 and SEQ ID NO:2. In
certain embodiments, the first polypeptide is a polypeptide of SEQ ID NO:1. In certain
embodiments, the first polypeptide is a polypeptide with at least 80% sequence identity to SEQ
ID NO:1. In certain embodiments, the first polypeptide is a polypeptide with at least 85% sequence
identity to SEQ ID NO:1. In certain embodiments, the first polypeptide is a polypeptide with at
least 90% sequence identity to SEQ ID NO:1. In certain embodiments, the first polypeptide is a
polypeptide with at least 95% sequence identity to SEQ ID NO:1. In some embodiments is a
conjugate comprising a first polypeptide and antigen, wherein the first polypeptide is a polypeptide
of SEQ ID NO:2. In certain embodiments, the first polypeptide is a polypeptide with at least 80%
sequence identity to SEQ ID NO:2. In certain embodiments, the first polypeptide is a polypeptide
with at least 85% sequence identity to SEQ ID NO:2. In certain embodiments, the first polypeptide
is a polypeptide with at least 90% sequence identity to SEQ ID NO:2. In certain embodiments, the
first polypeptide is a polypeptide with at least 95% sequence identity to SEQ ID NO:2.

[0116] In some embodiments is a conjugate comprising a first polypeptide and antigen, wherein
the first polypeptide is selected from the group consisting of SEQ ID NO:1 and SEQ ID NO:2,

and the antigen is a polysaccharide. In certain embodiments, the first polypeptide is a polypeptide
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of SEQ ID NO:1, and the antigen is a polysaccharide. In certain embodiments, the first polypeptide
is a polypeptide with at least 80% sequence identity to SEQ ID NO:1, and the antigen is a
polysaccharide. In certain embodiments, the first polypeptide is a polypeptide with at least 85%
sequence identity to SEQ ID NO:1, and the antigen is a polysaccharide. In certain embodiments,
the first polypeptide is a polypeptide with at least 90% sequence identity to SEQ ID NO:1, and
the antigen is a polysaccharide. In certain embodiments, the first polypeptide is a polypeptide with
at least 95% sequence identity to SEQ ID NO:1, and the antigen is a polysaccharide. In some
embodiments is a conjugate comprising a first polypeptide and antigen, wherein the first
polypeptide is a polypeptide of SEQ ID NO:2, and the antigen is a polysaccharide. In certain
embodiments, the first polypeptide is a polypeptide with at least 80% sequence identity to SEQ
ID NO:2, and the antigen is a polysaccharide. In certain embodiments, the first polypeptide is a
polypeptide with at least 85% sequence identity to SEQ ID NO:2, and the antigen is a
polysaccharide. In certain embodiments, the first polypeptide is a polypeptide with at least 90%
sequence identity to SEQ ID NO:2, and the antigen is a polysaccharide. In certain embodiments,
the first polypeptide is a polypeptide with at least 95% sequence identity to SEQ ID NO:2, and

the antigen is a polysaccharide.

[0117] In some embodiments is a conjugate comprising a first polypeptide and antigen, wherein
the first polypeptide is a polypeptide of SEQ ID NO:3. In certain embodiments, the first
polypeptide is a polypeptide with at least 80% sequence identity to SEQ ID NO:3. In certain
embodiments, the first polypeptide is a polypeptide with at least 85% sequence identity to SEQ
ID NO:3. In certain embodiments, the first polypeptide is a polypeptide with at least 90% sequence
identity to SEQ ID NO:3. In certain embodiments, the first polypeptide is a polypeptide with at
least 95% sequence identity to SEQ ID NO:3.

[0118] In some embodiments is a conjugate comprising a first polypeptide and antigen, wherein
the first polypeptide is a polypeptide of SEQ ID NO:3, and the antigen is a polysaccharide. In
certain embodiments, the first polypeptide is a polypeptide with at least 80% sequence identity to
SEQ ID NO:3, and the antigen is a polysaccharide. In certain embodiments, the first polypeptide
is a polypeptide with at least 85% sequence identity to SEQ ID NO:3, and the antigen is a
polysaccharide. In certain embodiments, the first polypeptide is a polypeptide with at least 90%
sequence identity to SEQ ID NO:3, and the antigen is a polysaccharide. In certain embodiments,
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the first polypeptide is a polypeptide with at least 95% sequence identity to SEQ ID NO:3, and

the antigen is a polysaccharide.

[0119] In some embodiments is a conjugate comprising a first polypeptide and antigen, wherein
the first polypeptide is a polypeptide of SEQ ID NO:10. In certain embodiments, the first
polypeptide is a polypeptide with at least 80% sequence identity to SEQ ID NO:10. In certain
embodiments, the first polypeptide is a polypeptide with at least 85% sequence identity to SEQ
ID NO:10. In certain embodiments, the first polypeptide is a polypeptide with at least 90%
sequence identity to SEQ ID NO:10. In certain embodiments, the first polypeptide is a polypeptide
with at least 95% sequence identity to SEQ ID NO:10.

[0120] In some embodiments is a conjugate comprising a first polypeptide and antigen, wherein
the first polypeptide is a polypeptide of SEQ ID NO:10, and the antigen is a polysaccharide. In
certain embodiments, the first polypeptide is a polypeptide with at least 80% sequence identity to
SEQ ID NO:10, and the antigen is a polysaccharide. In certain embodiments, the first polypeptide
is a polypeptide with at least 85% sequence identity to SEQ ID NO:10, and the antigen is a
polysaccharide. In certain embodiments, the first polypeptide is a polypeptide with at least 90%
sequence identity to SEQ ID NO:10, and the antigen is a polysaccharide. In certain embodiments,
the first polypeptide is a polypeptide with at least 95% sequence identity to SEQ ID NO:10, and

the antigen is a polysaccharide.

[0121] In some embodiments is a conjugate comprising a first polypeptide and antigen, wherein
the first polypeptide is a polypeptide of SEQ ID NO:11. In certain embodiments, the first
polypeptide is a polypeptide with at least 80% sequence identity to SEQ ID NO:11. In certain
embodiments, the first polypeptide is a polypeptide with at least 85% sequence identity to SEQ
ID NO:11. In certain embodiments, the first polypeptide is a polypeptide with at least 90%
sequence identity to SEQ ID NO:11. In certain embodiments, the first polypeptide is a polypeptide
with at least 95% sequence identity to SEQ ID NO:11.

[0122] In some embodiments is a conjugate comprising a first polypeptide and antigen, wherein
the first polypeptide is a polypeptide of SEQ ID NO:11, and the antigen is a polysaccharide. In
certain embodiments, the first polypeptide is a polypeptide with at least 80% sequence identity to
SEQ ID NO:11, and the antigen is a polysaccharide. In certain embodiments, the first polypeptide
is a polypeptide with at least 85% sequence identity to SEQ ID NO:11, and the antigen is a
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polysaccharide. In certain embodiments, the first polypeptide is a polypeptide with at least 90%
sequence identity to SEQ ID NO:11, and the antigen is a polysaccharide. In certain embodiments,
the first polypeptide is a polypeptide with at least 95% sequence identity to SEQ ID NO:11, and

the antigen is a polysaccharide.

[0123] In some embodiments is a conjugate comprising a first polypeptide and antigen, wherein
the first polypeptide is a polypeptide of SEQ ID NO:13, and the antigen is a polysaccharide. In
certain embodiments, the first polypeptide is a polypeptide with at least 80% sequence identity to
SEQ ID NO:13, and the antigen is a polysaccharide. In certain embodiments, the first polypeptide
is a polypeptide with at least 85% sequence identity to SEQ ID NO:13, and the antigen is a
polysaccharide. In certain embodiments, the first polypeptide is a polypeptide with at least 90%
sequence identity to SEQ ID NO:13, and the antigen is a polysaccharide. In certain embodiments,
the first polypeptide is a polypeptide with at least 95% sequence identity to SEQ ID NO:13, and

the antigen is a polysaccharide.

[0124] In some embodiments is a conjugate comprising a first polypeptide and antigen, wherein
the first polypeptide comprises at least one nnAAr of Formula (IV). In certain embodiments, the
first polypeptide comprises one nnAAr of Formula (IV). In certain embodiments, the first
polypeptide comprises 1-2 nnAAr of Formula (IV). In certain embodiments, R! is a polypeptide
comprising 2-4 nnAAr of Formula (IV). In certain embodiments, the first polypeptide comprises
4-6 nnAAr of Formula (IV). In certain embodiments, the first polypeptide comprises 6-8 nnAAr
of Formula (IV). In certain embodiments, the first polypeptide comprises 6 nnAAr of Formula
(IV). In certain embodiments, the first polypeptide comprises 1-10 nnAAr of Formula (IV). In
certain embodiments, the first polypeptide comprises 5-10 nnAAr of Formula (IV). In certain
embodiments, the first polypeptide comprises greater than 10 nnAAr of Formula (IV).

[0125] In some embodiments is a conjugate comprising a first polypeptide and antigen, wherein
the nnAAr of Formula (IV) replaces a lysine residue in the polypeptide comprising at least one
non-natural amino acid. In some embodiments, R!is a polypeptide comprising at least one nnAAr
having a molecular weight between 1 and 1000 kDa. In certain embodiments, R'is a polypeptide
comprising at least one nnAAr having a molecular weight between 1 and 500 kDa. In some
embodiments, R! is a polypeptide comprising at least one nnAAr having a molecular weight
between 1 and 250 kDa. In some embodiments, R'is a polypeptide comprising at least one nnAAr

having a molecular weight between 1 and 100 kDa. In some embodiments, R!is a polypeptide
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comprising at least one nnAAr having a molecular weight between 1 and 50 kDa. In some
embodiments, R! is a polypeptide comprising at least one nnAAr having a molecular weight
between 50 and 100 kDa. In some embodiments, R'is a polypeptide comprising at least one nnAAr
having a molecular weight between 50 and 60 kDa. In some embodiments, R!is a polypeptide

comprising at least one nnAAr having a molecular weight of at least 500 kDa.

[0126] In some embodiments is a conjugate comprising a first polypeptide and antigen, wherein
the azido moiety of the nnAAr is conjugated to the alkyne of formula II” or III” in the presence of
LDAO. In some embodiments is a conjugate comprising a first polypeptide and antigen, wherein
the azido moiety of the nnAAr is conjugated to the alkyne of formula II” in the presence of LDAO.
In some embodiments is a conjugate comprising a first polypeptide and antigen, wherein the azido

moiety of the nnAAr is conjugated to the alkyne of formula III” in the presence of LDAO.

[0127] In some embodiments is a conjugate comprising a first polypeptide and antigen, wherein
the antigen is a compound of the formula —~A-L?-X? and X* is a polysaccharide or second
polypeptide. In certain embodiments is a conjugate comprising a first polypeptide and antigen,
wherein the antigen is a compound of the formula ~A-L2-X?, and X? is a polysaccharide. In some
embodiments is a conjugate comprising a first polypeptide and antigen, wherein the antigen is a

compound of the formula —A-L2-X2, and X? is a second polypeptide.

[0128] In some embodiments, an antigen is a polysaccharide. In certain embodiments, the
polysaccharide or antigen is a Streptococcus pneumoniae capsular polysaccharide serotype
selected from 1, 2, 3, 4, 5, 6A, 6B, 7F, 7A, 7B, 7C, 8, 9A, 9L, 9N, 9V, 10F, 10A, 10B, 10C, 11F,
11A, 11B, 11C, 11D, 12F, 12A, 12B, 13, 14, 15F, 15A, 15B, 15C, 16F, 16A, 17F, 17A, 18F, 18A,
18B, 18C, 19F, 19A, 19B, 19C, 20, 21, 22F, 22A, 23F, 23A, 23B, 24F, 24A, 24B, 25F, 25A, 27,
28F, 28A, 29, 31, 32F, 32A, 33F, 33A, 33B, 33C, 33D, 34, 35F, 35A, 35B, 35C, 36, 37, 38, 39,
40, 41F, 41A, 42, 43, 44, 45, 46, 47F, 47A, and 48 (Henrichsen J Clin Microbiol 1995; 33:2759—
2762). A subset of these serotypes are commonly responsible for bacterial infection, which include
serotypes 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9V, ON, 10A, 11A, 12F, 13, 14, 15B, 16, 17F, 18C, 19A,
19F, 20, 22F, 23F, 24F, 31, and 33F. Serotypes 6C, 7C, 15A, 15C, 16F, 23A, 23B, 31, 34, 35B,
35F, 37 and 38 have also become of clinical concern, as have serotypes 20A, 20B and 24B. In
another embodiment, the antigen is a Streptococcus pneumoniae capsular polysaccharide selected
from serotypes 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9V, ON, 10A, 11A, 12F, 13, 14, 15B, 16, 17F, 18C,

19A, 19F, 20, 22F, 23F, 24F, 31, and 33F. In a another embodiment, the antigen is a Streptococcus
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pneumoniae capsular polysaccharide selected from serotypes 6C, 7C, 15A, 15C, 16F, 23A, 23B,
31, 34, 35B, 35F, 37 and 38. The embodiments described herein can also additionally comprise
one or more of Streptococcus pneumoniae capsular polysaccharide selected from serotypes 20A,
20B and 24B.

[0129] In some embodiments, the antigen is a Streptococcus pneumoniae capsular
polysaccharide selected from serotypes 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9V, ON, 10A, 11A, 12F, 14,
15B, 17F, 18C, 19A, 19F, 20B, 22F, 23F, and 33F. In some embodiments, the antigen is a
Streptococcus pneumoniae capsular polysaccharide selected from serotypes 1, 2, 3, 4, 5, 6A, 6B,
7C, 7F, 8,9V, 9N, 10A, 11A, 12F, 14, 15A, 15B, 16F, 17F, 18C, 19A, 19F, 20B, 22F, 23A, 23B,
23F, 31, 33F, and 35B.

[0130] Polysaccharides of Streptococcus pneumoniae can be abbreviated with “PS.” For

example, Streptococcus pneumoniae polysaccharide serotype 1 can be abbreviated as “PS1.”

[0131] In some embodiments, the conjugate has a molecular weight of at least 400 kDa. In
certain embodiments, the conjugate can have a molecular weight of at least 600kDa, at least

800kDa, at least 900kDa, or at least 1 MDa e.g. between 1-5MDa.

[0132] In some embodiments, the polysaccharide is a Group A Streptococcus (GAS)
polysaccharide, such as the group A carbohydrate (GAC). The GAC is composed of a
polyrhamnose backbone with an immunodominant GlcNAc side chain and is present on the
surface of strains of all GAS serotypes irrespective of M type and has been examined as a GAS
vaccine candidate. Therefore, in some embodiments, the conjugate polysaccharide is a variant of
the GAC that lacks the immunodominant GlcNAc side chain (See e.g., International PCT
Publication No. WO 2013/020090). In some embodiments, the conjugate polysaccharide is a GAC
comprising a polyrhamanose core. In some embodiments, the conjugate polysaccharide has an
average molecular weight of about 3kDa to about 10kDa, about SkDa to about 10kDa, about 9kDa
to about 10kDa, about 9kDa to about 10kDa, about 3kDa to about 9kDa, about 3kDa to about
7kDa, about 3kDa to about 5kDa, about SkDa to about 9kDa, or about 5kDa to about 7kDa. In
some embodiments, the conjugate polysaccharide has an average molecular weight of about 3kDa,
4kDa, SkDa, 6kDa, 7kDa, 8kDa, 9kDa, or about 10kDa. In some embodiments, the conjugate
polysaccharide is a tetramer, a pentamer, a hexamer, a septamer, an octamer, a nonomer, or a

decamer polysaccharide.
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[0133] In some embodiments, the polysaccharide is an O-antigen Shigella polysaccharide.
In certain embodiments, the O-antigen Shigella polysaccharide is selected from serotypes 1a, 1b,
2a, 2b, 3b, 4a, 4b, S5a, 5b, 6, 7a, 7b, or combinations thereof. In certain embodiments, the O-antigen
Shigella polysaccharide is from Shigella flexneri. In certain embodiments, the O-antigen Shigella
polysaccharide is from Shigella sonnei. In certain embodiments, the O-antigen Shigella

polysaccharide is from Shigella dysenteriae.

[0134] In some embodiments, the antibody titer upon challenge is greater for the conjugate
compared to antibody titer upon challenge of a conjugate of the same formula where conjugation
of the first polypeptide and the antigen is performed in the absence of LDAO, when tested under
equivalent challenge conditions. In certain embodiments, the antibody titer upon challenge is
between 10% to 50% greater. In certain embodiments, the antibody titer upon challenge is between
50% to 100% greater. In certain embodiments, the antibody titer upon challenge is between 100%
to 200% greater. In certain embodiments, the antibody titer upon challenge is between 400% to
500% greater. In certain embodiments, the antibody titer upon challenge is more than 500%

greater.

[0135] Table 1 shows nine exemplary polypeptides of this disclosure. X = site of nnAA

incorporation.

Table 1: Exemplary Polypeptides

SEQ | Name/Description Amino acid sequence
ID

1 CRM197 GADDVVDSSKSFVMENFSSYHGTKPGY VD SIQKGIQKPKSGTQGNY
DDDWKEFYSTDNKYDAAGY SVDNENPLSGKAGGVVKVTYPGLTK
VLALKVDNAETIKKELGLSLTEPLMEQVGTEEFIKRFGDGASRVVLS
LPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGQDAMYEYMA
QACAGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKM
SESPNKTVSEEKAKQYLEEFHQTALEHPELSELKTVTGTNPVFAGAN
YAAWAVNVAQVIDSETADNLEKTTAALSILPGIGSVMGIADGAVHH
NTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNFVESIINLFQVVH
NSYNRPAYSPGHKTQPFLHDGYAVSWNTVEDSIIRTGFQGESGHDIK
ITAENTPLPIAGVLLPTIPGKLD VNKSKTHISVNGRKIRMRCRAIDGD
VTFCRPKSPVYVGNGVHANLHVAFHRSSSEKIHSNEISSDSIGVLGYQ
KTVDHTKVNSKLSLFFEIKS
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CRM-pAMF6 mutant

X = pAMF

MGADDVVDSSKSFVMENFSSYHGTKPGY VDSIQXGIQKPKSGTQGN
YDDDWKEFYSTDNKYDAAGYSVDNENPLSGKAGGVVKVTYPGLT
KVLALKVDNAETIKKELGLSLTEPLMEQVGTEEFIKRFGDGASRVVL
SLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGQDAMYEYM
AQACAGNRVRNSVGSSLSCINLDWDVIRDXTK TKIESLKEHGPIKNK
MSESPNKTVSEEK AXQYLEEFHQTALEHPELSELXTVTGTNPVFAGA
NYAAWAVNVAQVIDSETADNLEKTTAALSILPGIGSVMGIADGAVH
HNTEEIVAQSIALSSLMVAQAIPLVGEL VDIGFAAYNFVESIINLFQVV
HNSYNRPAYSPGHXTQPFLHDGYAVSWNTVEDSIIRTGFQGESGHDI
KITAENTPLPIAGVLLPTIPGKLDVNK SK THISVNGRKIRMRCRAIDG
DVTFCRPKSPVY VGNGVHANLHVAFHRSSSEKIHSNEISSDSIGVLGY
QKTVDHTKVNSXLSLFFEIKS

WT IpaB

MHNVNTTTTGLSLAKILASTELGDNTIQAGNDAANKLFSLTIADLTA
NKNINTTNAHSTSNILIPELKAPKSLNASSQLTLLIGNLIQILGEKSLTA
LTNKITAWKSQQQARQQKNLEFSDKINTLLSETEGLTRDYEKQINKL
KNADSKIKDLENKINQIQTRLSELDPDSPEKKKLSREEIQLTIKKDAA
VKDRTLIEQKTLSIHSKLTDKSMQLEKEIDSFSAFSNTASAEQLSTQQ
KSLTGLASVTQLMATFIQL VGKNNEESLKNDLALFQSLQESRKTEME
RKSDEYAAEVRKAEELNRVMGCVGKILGALLTIVSVVAAAFSGGAS
LALADVGLALMVTDAIVQAATGNSFMEQALNPIMKA VIEPLIKLLSD
AFTKMLEGLGVDSKKAKMIGSILGAIAGALVLVAAVVLVATVGKQ
AAAKLAENIGKIIGK TLTDLIPKFLKNFSSQLDDLITNAVARLNKFLG
AAGDEVISKQIISTHLNQAVLLGESVNSATQAGGSVASA VFQNSAST
NLADLTLSKYQVEQLSKYISEAIEKFGQLQEVIADLLASMSNSQANR
TDVAKAILQQTTA

IpaB Mutant 1

K289/K368/K395

MHNVNTTTTGLSLAKILASTELGDNTIQAGNDAANKLFSLTIADLTA
NKNINTTNAHSTSNILIPELKAPKSLNASSQLTLLIGNLIQILGEKSLTA
LTNKITAWKSQQQARQQKNLEFSDKINTLLSETEGLTRDYEKQINKL
KNADSKIKDLENKINQIQTRLSELDPDSPEKKKLSREEIQLTIKKDAA
VKDRTLIEQK TLSIHSKLTDKSMQLEKEIDSFSAFSNTASAEQLSTQQ
KSLTGLASVTQLMATFIQL VGKNNEESLKNDLALFQSLQESRKTEME
RXSDEYAAEVRKAEELNRVMGCVGKILGALLTIVSVVAAAFSGGAS
LALADVGLALMVTDAIVQAATGNSFMEQALNPIMXA VIEPLIKLLSD
AFTKMLEGLGVDSKXAKMIGSILGAIAGALVLVAAVVLVATVGKQ
AAAKLAENIGKIIGK TLTDLIPKFLKNFSSQLDDLITNAVARLNKFLG
AAGDEVISKQIISTHLNQAVLLGESVNSATQAGGSVASA VFQNSAST
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NLADLTLSKYQVEQLSKYISEAIEKFGQLQEVIADLLASMSNSQANR
TDVAKAILQQTTA

IpaB Mutant 2

K299/K395/K436

MHNVNTTTTGLSLAKILASTELGDNTIQAGNDAANKLFSLTIADLTA
NKNINTTNAHSTSNILIPELKAPKSLNASSQLTLLIGNLIQILGEKSLTA
LTNKITAWKSQQQARQQKNLEFSDKINTLLSETEGLTRDYEKQINKL
KNADSKIKDLENKINQIQTRLSELDPDSPEKKKLSREEIQLTIKKDAA
VKDRTLIEQKTLSIHSKL TDKSMQLEKEIDSFSAFSNTASAEQLSTQQ
KSLTGLASVTQLMATFIQL VGKNNEESLKNDLALFQSLQESRKTEME
RKSDEYAAEVRXAEELNRVMGCVGKILGALLTIVSVVAAAFSGGAS
LALADVGLALMVTDAIVQAATGNSFMEQALNPIMKA VIEPLIKLLSD
AFTKMLEGLGVDSKXAKMIGSILGAIAGALVLVAAVVLVATVGKQ
AAAKLAENIGXIIGKTLTDLIPKFLKNFSSQLDDLITNAVARLNKFLG
AAGDEVISKQIISTHLNQAVLLGESVNSATQAGGSVASA VFQNSAST
NLADLTLSKYQVEQLSKYISEAIEKFGQLQEVIADLLASMSNSQANR
TDVAKAILQQTTA

IpaB Mutant 3

K299/K368/K395

MHNVNTTTTGLSLAKILASTELGDNTIQAGNDAANKLFSLTIADLTA
NKNINTTNAHSTSNILIPELKAPKSLNASSQLTLLIGNLIQILGEKSLTA
LTNKITAWKSQQQARQQKNLEFSDKINTLLSETEGLTRDYEKQINKL
KNADSKIKDLENKINQIQTRLSELDPDSPEKKKLSREEIQLTIKKDAA
VKDRTLIEQKTLSIHSKLTDKSMQLEKEIDSFSAFSNTASAEQLSTQQ
KSLTGLASVTQLMATFIQL VGKNNEESLKNDLALFQSLQESRKTEME
RKSDEYAAEVRXAEELNRVMGCVGKILGALLTIVSVVAAAFSGGAS
LALADVGLALMVTDAIVQAATGNSFMEQALNPIMXA VIEPLIKLLSD
AFTKMLEGLGVDSKXAKMIGSILGATAGALVLVAAVVLVATVGKQ
AAAKLAENIGKIIGK TLTDLIPKFLKNFSSQLDDLITNAVARLNKFLG
AAGDEVISKQIISTHLNQAVLLGESVNSATQAGGSVASA VFQNSAST
NLADLTLSKYQVEQLSKYISEAIEKFGQLQEVIADLLASMSNSQANR
TDVAKAILQQTTA

IpaB Mutant 4

K289/K368/K395/K43
6

MHNVNTTTTGLSLAKILASTELGDNTIQAGNDAANKLFSLTIADLTA
NKNINTTNAHSTSNILIPELKAPKSLNASSQLTLLIGNLIQILGEKSLTA
LTNKITAWKSQQQARQQKNLEFSDKINTLLSETEGLTRDYEKQINKL
KNADSKIKDLENKINQIQTRLSELDPDSPEKKKLSREEIQLTIKKDAA
VKDRTLIEQK TLSIHSKLTDKSMQLEKEIDSFSAFSNTASAEQLSTQQ
KSLTGLASVTQLMATFIQL VGKNNEESLKNDLALFQSLQESRKTEME
RXSDEYAAEVRKAEELNRVMGCVGKILGALLTIVSVVAAAFSGGAS
LALADVGLALMVTDAIVQAATGNSFMEQALNPIMXA VIEPLIKLLSD
AFTKMLEGLGVDSKXAKMIGSILGAIAGALVLVAAVVLVATVGKQ
AAAKLAENIGXIIGK TLTDLIPKFLKNFSSQLDDLITNAVARLNKFLG
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AAGDEVISKQIISTHLNQAVLLGESVNSATQAGGSVASA VFQNSAST
NLADLTLSKYQVEQLSKYISEAIEKFGQLQEVIADLLASMSNSQANR
TDVAKAILQQTTA

IpaB Mutant 5

K299/K395/K436/K47
0

MHNVNTTTTGLSLAKILASTELGDNTIQAGNDAANKLFSLTIADLTA
NKNINTTNAHSTSNILIPELKAPK SLNASSQLTLLIGNLIQILGEKSLTA
LTNKITAWKSQQQARQQKNLEFSDKINTLLSETEGLTRDYEKQINKL
KNADSKIKDLENKINQIQTRLSELDPDSPEKKKLSREEIQLTIKKDAA
VKDRTLIEQKTLSIHSKL TDKSMQLEKEIDSFSAFSNTASAEQLSTQQ
KSLTGLASVTQLMATFIQL VGKNNEESLKNDLALFQSLQESRKTEME
RKSDEYAAEVRXAEELNRVMGCVGKILGALLTIVSVVAAAFSGGAS
LALADVGLALMVTDAIVQAATGNSFMEQALNPIMKA VIEPLIKLLSD
AFTKMLEGLGVDSKXAKMIGSILGAIAGALVLVAAVVLVATVGKQ
AAAKLAENIGXIIGK TLTDLIPKFLKNFSSQLDDLITNAVARLNXFLG
AAGDEVISKQIISTHLNQAVLLGESVNSATQAGGSVASAVFQNSAST
NLADLTLSKYQVEQLSKYISEAIEKFGQLQEVIADLLASMSNSQANR
TDVAKAILQQTTA

IpaB Mutant 6

K299/K368/K395/K43
6

MHNVNTTTTGLSLAKILASTELGDNTIQAGNDAANKLFSLTIADLTA
NKNINTTNAHSTSNILIPELKAPKSLNASSQLTLLIGNLIQILGEKSLTA
LTNKITAWKSQQQARQQKNLEFSDKINTLLSETEGLTRDYEKQINKL
KNADSKIKDLENKINQIQTRLSELDPDSPEKKKLSREEIQLTIKKDAA
VKDRTLIEQKTLSIHSKLTDKSMQLEKEIDSFSAFSNTASAEQLSTQQ
KSLTGLASVTQLMATFIQL VGKNNEESLKNDLALFQSLQESRKTEME
RKSDEYAAEVRXAEELNRVMGCVGKILGALLTIVSVVAAAFSGGAS
LALADVGLALMVTDAIVQAATGNSFMEQALNPIMXA VIEPLIKLLSD
AFTKMLEGLGVDSKXAKMIGSILGAIAGALVLVAAVVLVATVGKQ
AAAKLAENIGXIIGK TLTDLIPKFLKNFSSQLDDLITNAVARLNKFLG
AAGDEVISKQIISTHLNQAVLLGESVNSATQAGGSVASA VFQNSAST
NLADLTLSKYQVEQLSKYISEAIEKFGQLQEVIADLLASMSNSQANR
TDVAKAILQQTTA

10

SpyAD-WT

MHHHHHHGSGENLYFOGQVKADDRASGETKASNTHDDSLPKPETIQ
EAKATIDAVEKTLSQQKAELTELATALTKTTAEINHLKEQQDNEQK
ALTSAQEIYTNTLASSEETLLAQGAEHQRELTATETELHNAQADQHS
KETALSEQKASISAETTRAQDL VEQVKTSEQNIAKLNAMISNPDAITK
AAQTANDNTKALSSELEK AKADLENQKAKVKKQLTEELAAQKAAL
AEKEAFELSRLKSSAPSTQDSIVGNNTMKAPQGYPLEELKKLEASGYI
GSASYNNYYKEHADQIIAKASPGNQLNQYQDIPADRNRFVDPDNLT
PEVQNELAQFAAHMINSVRRQLGLPPVTVTAGSQEFARLLSTSYKKT
HGNTRPSFVYGQPGVSGHYGVGPHDK TIIEDSAGASGLIRNDDNMY
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ENIGAFNDVHTVNGIKRGIYDSIKYMLFTDHLHGNTY GHAINFLRVD
KHNPNAPVYLGFSTSNVGSLNEHFVMFPESNIANHQRFNK TPIKAVG
STKDYAQRVGTVSDTIAAIKGK VSSLENRLSATHQEADIMAAQAKVS
QLQGKLASTLKQSDSLNLQVRQLNDTKGSLRTELLAAKAKQAQLEA
TRDQSLAKLASLKAALHQTEALAEQAAARVTALVAKKAHLQYLRD
FKLNPNRLQVIRERIDNTKQDLAKTTSSLLNAQEALAALQAKQSSLE
ATIATTEHQLTLLKTLANEKEYRHLDEDIATVPDLQVAPPLTGVKPL
SYSKIDTTPLVQEMVKETKQLLEASARLAAENTSLVAEALVGQTSE
MVASNAIVSKITSSITQPSSKTSYGSGSSTTSNLISDVDESTQR

11

Protein D

GCSSHSSNMANTQMKSDKITAHRGASGYLPEHTLESKALAFAQQAD
YLEQDLAMTKDGRLVVIHDHFLDGLTDVAKKFPHRHRKDGRYY VI
DFTLKEIQSLEMTENFETKDGKQAQVYPNRFPLWKSHFRIHTFEDEIE
FIQGLEKSTGKK VGIYPEIKAPWFHHQNGKDIAAETLKVLKKYGYD
KKTDMVYLQTFDFNELKRIK TELLPQMGMDLKLVQLIAYTDWKET
QEKDPKGYWVNYNYDWMFKP

12

SPYAD [33-849
FRAGMENT] WT W/O
LEADER

QVKADDRASGETKASNTHDDSLPKPETIQEAKATIDAVEKTLSQQK
AELTELATALTKTTAEINHLKEQQDNEQKALTSAQEIYTNTLASSEET
LLAQGAEHQRELTATETELHNAQADQHSKETALSEQKASISAETTRA
QDLVEQVKTSEQNIAKLNAMISNPDAITKAAQTANDNTKALSSELEK
AKADLENQKAKVKKQLTEELAAQKAALAEKEAELSRLKSSAPSTQD
SIVGNNTMKAPQGYPLEELKKLEASGYIGSASYNNYYKEHADQIIAK
ASPGNQLNQYQDIPADRNRFVDPDNLTPEVQNELAQFAAHMINSVR
RQLGLPPVTVTAGSQEFARLLSTSYKKTHGNTRPSFVYGQPGVSGHY
GVGPHDK TIIEDSAGA SGLIRNDDNMYENIGAFNDVHTVNGIKRGIY
DSIKYMLFTDHLHGNTYGHAINFLRVDKHNPNAPVYLGFSTSNVGS
LNEHFVMFPESNIANHQRFNKTPIKAVGSTKDYAQRVGTVSDTIAAI
KGKVSSLENRLSATHQEADIMAAQAKVSQLQGKLASTLKQSDSLNL
QVRQLNDTKGSLRTELLAAKAKQAQLEATRDQSLAKLASLKAALH
QTEALAEQAAARVTALVAKKAHLQYLRDFKLNPNRLQVIRERIDNT
KQDLAKTTSSLLNAQEALAALQAKQSSLEATIATTEHQLTLLKTLAN
EKEYRHLDEDIATVPDLQVAPPLTGVKPLSYSKIDTTPLVQEMVKET
KQLLEASARLAAENTSLVAEALVGQTSEMVASNAIVSKITSSITQPSS
KTSYGSGSSTTSNLISDVDESTQR

13

SPYAD [33-849
FRAGMENT] NNAA
(E.G.,, PAMF) W/O

LEADER, WITH G

GQVKADDRASGETKASNTHDDSLPKPETIQEAXATIDAVEKTLSQQ
KAELTELATALTKTTAEINHLKEQQDNEQKALTSAQEIYTNTLASSE
ETLLAQGAEHQRELTATETELHNAQADQHSKETALSEQKASISAETT
RAQDLVEQVKTSEQNIAKLNAMISNPDAITKAAQTANDNTKALSSEL
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OVERHANG FROM | EKAKADLENQKAKVKKQLTEELAAQKAALAEKEAELSRLKSSAPST
CLEAVAGE QDSIVGNNTMKAPQGYPLEELKXLEASGYIGSASYNNYYKEHADQII
AKASPGNQLNQYQDIPADRNRFVDPDNLTPEVQNELAQFAAHMINS
VRRQLGLPPVTVTAGSQEFARLLSTSYKXTHGNTRPSFVYGQPGVSG
HYGVGPHDKTIIEDSAGASGLIRNDDNMYENIGAFNDVHTVNGIKRG
IYDSIKYMLFTDHLHGNTY GHAINFLRVDKHNPNAPVYLGFSTSNVG
SLNEHFVMFPESNIANHQRFNK TPIKAVGSTKDYAQRVGTVSDTIAA
IKGKVSSLENRLSAIHQEADIMAAQAK VSQLQGKLASTLKQSDSLNL
QVRQLNDTKGSLRTELLAAKAKQAQLEATRDQSLAKLASLKAALH
QTEALAEQAAARVTALVAKXAHLQYLRDFKLNPNRLQVIRERIDNT
KQDLAKTTSSLLNAQEALAALQAKQSSLEATIATTEHQLTLLKTLAN
EKEYRHLDEDIATVPDLQVAPPLTGVKPLSYSKIDTTPLVQEMVKET
KQLLEASARLAAENTSLVAEALVGQTSEMVASNAIVSKITSSITQPSS
KTSYGSGSSTTSNLISDVDESTQR

EXEMPLARY EMBODIMENTS

Embodiment I-1. A method of preparing a heteroaryl-containing compound, the method
comprising contacting an azide compound with an alkyne compound in the presence of
lauryldimethylamine oxide (LDAQO), water, and DMSO to form the heteroaryl-containing
compound,

wherein the LDAO is at a concentration of up to 2% v/v;

wherein the azide compound is a compound of formula (I)

®
R‘]\e’ N’;N
N @,

wherein the alkyne compound is a compound of formula (IT) or (III)

_ RT —_  R®

0 T

N
R (I)or R® (1D,

wherein

R!, R?, and R? are independently selected from the group consisting of substituted or
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or

unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
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heterocyclyl,  -(CH2)--C(O)R'?,  (CH2)a-C(O)OR'®  -(CH2)-C(O)N(R'?),  -(CH2)a-
C(O)NHCH(R'¥)2, -(CH2)a-N(R'¥)2; wherein a is integer from zero to 10; wherein each R'? is
independently hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, and substituted or unsubstituted
heterocyclyl; or

R! is a first polypeptide comprising at least one non-natural amino acid residue (nnAAr)

Wh,—%
(@] Z/

A

~

of formula (IV) N-e (VY

wherein Z is absent or a 5S-membered or 6-membered aryl or heteroaryl ring; W' is selected
from the group consisting of C1-Cioalkylene, —NH—, —O— and —S—; n is zero or 1; R*is H
or an amino acid residue of the first polypeptide, and R is 3 or an amino acid residus of the first
polypeptide; and

R? and R? are independently —L!'—X!;

wherein

X' is a polysaccharide or a second polypeptide;

L'isoptional, and when present is a linker selected from the group consisting of substituted

>

or unsubstituted alkylene, substituted or unsubstituted alkenylene, -O-, -O-(substituted or
unsubstituted alkylene)-, -( substituted or unsubstituted alkylene)-O-, -O-(substituted or
unsubstituted alkylene)-C(0)-Y!-, -C(O)-(substituted or unsubstituted alkylene)-NH-Y?2-, -C(O)-
(substituted or unsubstituted alkylene)-C(O)-, -C(O)-(substituted or unsubstituted alkylene)-NH-
C(0)-(CH2-CH2-O)n-(substituted or unsubstituted alkylene)-NH-, -C(O)-( substituted or
unsubstituted alkylene)-NH-, -C(O)-( substituted or unsubstituted alkylene)-NH-C(O)-(CH2-CHz-
O)n-(substituted or unsubstituted alkylene)-C(O)-, -C(O)-(substituted or unsubstituted alkylene)-
C(O)-NH-(substituted or unsubstituted alkylene)-, -C(O)-, -C(O)-(substituted or unsubstituted
alkylene)-, -(substituted or unsubstituted alkylene)-C(O)-,
-C(O)NR™)-, -C(O)N(R “Y)-(substituted or unsubstituted alkylene)-, -(substituted or
unsubstituted alkylene)-C(O)N(R 1), -(substituted or unsubstituted alkylene)-C(O)NRL!-
(substituted or unsubstituted alkylene)--OC(O)N(RM)-,  -OC(O)N(R™)-(substituted or
unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-OC(O)N(R)-, -N(RFHYC(O)-,
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-NRMC(0)-(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-
NRMC(0)-, -S-, -S-(substituted or unsubstituted alkylene)-, -S(O)-, -S(O)x(alkylene or
substituted alkylene)-, -C(S)-, -C(S)-(substituted or unsubstituted alkylene)-, -CSN(RM)-,
-CSN(RM)-(substituted or unsubstituted alkylene)-, -N(RF)C(O)O-, -(substituted or unsubstituted
alkylene)-O—N=CR™'-, -(substituted or unsubstituted alkylene)-S(O)x-(substituted or
unsubstituted alkylene)-S-, -(substituted or unsubstituted alkylene)-S-S-, -S(OXN(RM)-,
-NRHC(OINRM)-, -NRMHC(SNRM)-, -NRMHS(ORNREY-, -N(R)-N=, -C(RM)=N-,
-C(R*H=N-NR")-, -CR*")=N-N=, -C(R*)2-N=N-, and -C(R"")2-N(R"")-N(R™)-; wherein the
bond on the left side of L, as drawn, is bound to the 8-membered ring of the compound of formula
(IT) or the compound of formula (IIT) and the bond on the right side of the L', as drawn, is bound
to X';

Y'is a bond, -NH-, -O-, -S-, -NH(Y'%)-, -O(Y'®)-, or —S(Y'%)-;

Y? is a bond, -C(=0)-, -S(=0)2-, -C(=0)Y**-, -S(=0)2Y**;

Y'? and Y* are each independently Y or Y’NH-

Y? is substituted or unsubstituted Ci-10alkyl or «(CH2CH20)1-10—; and

n is an integer from 1 to 30;

kis 1,2, or3;

each RM is independently hydrogen or substituted or unsubstituted alkyl; and

R* R’ R and R are each independently hydrogen, halo, or substituted or unsubstituted
alkyl.

Embodiment I-2. The method of embodiment I-1, wherein R! is a polypeptide comprising at least

one non-natural amino acid residue (nnAAr).

Embodiment I-3. The method of any one of embodiments I-1 to I-2, wherein R! is a polypeptide
comprising at least one non-natural amino acid residue (nnAAr) having a molecular weight of at

least 15 kDa.
Embodiment I-4. The method of any one of embodiments I-2 to I-3, wherein the polypeptide

comprising at least one non-natural amino acid residue (nnAAr) comprises 4-6 non-natural amino

acids of formula (IV).
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Embodiment I-5. The method of any one of embodiments I-2 to I-4, wherein the non-natural
amino acid residue of formula (IV), replaces a lysine residue in the polypeptide comprising at least

one non-natural amino acid.

Embodiment I-6. The method of any one of embodiments I-1 to I-4, wherein the polypeptide
has at least 80% sequence identity, at least 85% sequence identity, at least 90% sequence
identity, or at least 95% sequence identity to SEQ ID NO:1 or SEQ ID NO:2.

Embodiment I-7. The method of embodiment I-6, wherein the polypeptide comprises at least
one residue sequence selected from the group consisting of residue sequences 271-290, 321-340,
331-350, 351-370, 411-430, and 431-450 of SEQ ID NO:1 that does not contain the at least 2
nnAArs.

Embodiment I-8. The method of embodiment I-6, wherein at least one nnAAr replaces an amino
acid residue in SEQ ID NO:1 selected from the group consisting of K11, K25, K34, K38, K40,
K83, K104, K105, K126, K158, K173, K213, K215, K217, K222, K228, K230, K237, K243,
K245, K265, K300, K386, K457, K475, K499, K517, K523, K527, K535, F13, F54, F124,
F128,F141, F168, F251, F390, F531, F532, D212, D296, D353, D392, D466, D468, D508,
D520, N297, N360, N400, N482, N487, N503, N525, E241, E249, E250, E257, E260, E293,
E363, Q253, Q288, R378, R408, R456, R461, R463, R473, R494, S199, S201, S232, S234,
S240, S262, S375, S382, S398, S452, S476, S495, S496, S497, S502, S506, T254, T266, T268,
T270, T294, T387, T401, T409, T470, and T518.

Embodiment I-9. The method of embodiment I-6, wherein at least one nnAAr replaces an amino
acid residue in SEQ ID NO:1 selected from:

a) a first group consisting of K25, K34, K38, K40, K213, K215, K228, K245, K265, K386,
K523, and K527,

b) a second group consisting of K25, K34, K38 and K40;

¢) a third group consisting of K213 and K215;

d) a fourth group consisting of K11, K25, K34, K38, K40, K83, K104, K105, K126, K158,
K173, K213, K215, K222, K228, K237, K243, K245, K265, K386, K475, K499, K523, K527,
F13, F54, F124, F128, F141, F168, F251, F390, F531, and F532; and

e) a fifth group consisting of K25, K215, K228, K265, K386, and K523.
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Embodiment I-10. The method of embodiment I-6, wherein 2-4 nnAArs replace amino acid
residues in SEQ ID NO:1 selected from the group consisting of K228, K245, K265, K386,
K523, and K527.

Embodiment I-11. The method of any one of embodiments I-1 to I-3, wherein R! is SEQ ID
NO:2.

Embodiment I-i2. The method of any one of embodiments I-1 to I-3, wherein & is aryi.
Embodiment I-13. The method of any one of embodiments I-1 to I-3, wherein # is hetercaryi.
Embodiment I-14. The method of any one of embodiments I-1 to I-3, wherein " is -CH:-.
Embodiment I-15. The method of any one of embodiments I-1 to I-3, wherein # is z&ro.

Embodiment I-16. The method of any one of embodiments I-1 to I-3, wherein the nnAAr of

formula (IV) is selected from the group consisting of

O
R9
_N‘\NJ' /©/\1¢L
N v
RB
(0]
MRQ
_ ,,N"N /NH
N RS
(0]
® v
,N"N % /NH
N* R®
N o)
N3
“N = | R®
N NH
R8
(0]
N% | R9
,N"N X NH
N* R®
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Embodiment I-17. The method of embodiment I-1, wherein R! is selected from the group
consisting of substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted
or unsubstituted alkynyl, substituted or unsubstituted alkoxy, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted heterocyclyl, -(CHz2)a-C(O)R'2, -(CH2)a-C(O)OR'2, -(CH2)a-C(O)N(R'?)2, -(CH2)a-
C(O)NHCH(R %), -(CH2)a-N(R'?)2; wherein a is integer from zero to 10; wherein each R!? is
independently hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, and substituted or unsubstituted

heterocyclyl.

Embodiment I-18. The method of any one of embodiments I-1 to I-2, wherein the azide compound
0.0
®
©/\Iﬁ, NEN

Embodiment I-19. The method of any one of embodiments I-1 to I-18, wherein the alkyne
compound is a compound of formula (V), (VI), (VID), (VIII), (IX), (X), (XI), or (XII):

is
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+ A
O R (I S VTS N ™S ),
(0] 0 (0]
CJ

Embodiment I-20. The method of any one of embodiments I-1 to I-19, wherein X! is a polypeptide

or polysaccharide.

Embodiment I-21. The method of any one of embodiments I-1 to 1-20, wherein X' is a capsular
polysaccharide from a bacterium selected from the group consisting of Streptococcus pneumoniae,
Neisseria meningitidis, Haemophilus influenzae, Streptococcus pyogenes, Streptococcus

agalactiae, and Porphyromonas gingivalis.

Embodiment I-22. The method of any one of embodiments I-1 to I-21, wherein X' is a capsular
polysaccharide of a S. pneumoniae serotype selected from the group consisting of 1, 3, 4, 5, 6A,
6B, 7F, 9V, 14, 18C, 19A, 19F, 23F, 2, 6C, 8, ON, 10A, 12F, 15A, 15B, 15C, 16F, 17F, 20, 20A,
20B, 22F, 23A, 23B, 24F, 24B, 31, 33F, 34, 35B, 35F and 38.

Embodiment I-23. The method of embodiment I-1, wherein the alkyne compound is a compound

of formula (II):

U

N\
R®
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wherein R? is selected from the group consisting of substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted heterocyclyl, -(CHz)a-
C(O)R™, -(CH2)a-C(O)OR', -(CH2)a-C(O)N(R'?)2, -(CH2)a-C(O)NHCH(R '), -(CH2)a-N(R™)2;
wherein a is integer from zero to 10; wherein each R'? is independently hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted aryl, substituted or

unsubstituted heteroaryl, and substituted or unsubstituted heterocyclyl.

Embodiment I-24. The method of embodiment I-1, wherein the alkyne compound is a compound
of formula (III)

RSa R R4a
R5b R4b

R® (1),

wherein R3 is selected from the group consisting of substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted heterocyclyl, -(CHz)a-
C(O)R™, -(CH2)a-C(O)OR', -(CH2)a-C(O)N(R'¥)2, -(CH2)a-C(O)NHCH(R '), -(CH2)a-N(R™)2;
wherein a is integer from zero to 10; wherein each R'? is independently hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted aryl, substituted or

unsubstituted heteroaryl, and substituted or unsubstituted heterocyclyl.

Embodiment I-25. The method of any one of embodiments I-1 to I-24, wherein the LDAO is at a

concentration of 0.05% v/v to 2% v/v.

Embodiment 1-26. The method of any one of embodiments I-1 to I-25, wherein method is

performed in 10 to 20% v/v DMSO.
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Embodiment I-27. The method of any one of embodiments I-1 to I-26, wherein the alkyne

compound is at a concentration of 0.5 mg/ml to 2 mg/ml.

Embodiment I-28. The method of any one of embodiments I-1 to I-16 and 1-19 to I-27, wherein
the first polypeptide comprising at least one non-natural amino acid is at a concentration of 0.5

mg/ml to 2 mg/ml.

Embodiment 1-29. The method of any one of embodiments I-1 to I-28, wherein the method is

performed at room temperature.

Embodiment I-30. The method of any one of embodiments I-1 to I-29, wherein the method is

performed for about 2 to 8 hours.
Embodiment I-31. A heteroaryl-containing compound prepared by the method of any one of
embodiments I-1 to I-16 and I-19 to I-28, wherein R! is a first polypeptide comprising at least one

non-natural amino acid residue of formula I'V.

Embodiment I-32. A heteroaryl-containing bioconjugate comprising a polypeptide and antigen of

any one of Formulae XIII, XIV, XV, or XVI:
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2
LZ’X
2
XZ/L
R® R4
R R RO R®
—
RS N N R7 \ N
/(W1)n/ ~N /(\N‘)n’” ~N
o % o Z
R9 R9
HN~Re (XIII), AN~ (X1V),
O
RQ
(XV), or HN~Re (XVI), wherein

the first polypeptide comprises at least one nnAAr comprising an azido moiety, of Formula

(W) —N3
0] Z/
R9
HN.
): R® ),
wherein Z is absent or a 5S-membered or 6-membered aryl or heteroaryl ring; W' is selected
from the group consisting of C1-C1oalkylene, —NH—, —O— and —S—; n is zero or 1; K¥is H

or an amine acid residue of the first polypeptide, and R*is OH or an amine acid residue of the first
polypeptide, wherein at least one of R* and R’ is an amino acid residue of the first polypeptide;
wherein the azido moiety of the nnAAr is conjugated to an alkyne by contacting the nnAAr
and the alkyne in the presence of LDAO,
the alkyne is formula II’-A, II’-B, III’-A, or II’-B:
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2
2
o ¢
R7
O
= (Ir-A), (IIr-A), or
R4
6 R®
R R7 = > .
(II’-B), wherein

X2 is an antigen comprising a polysaccharide or second polypeptide,

L’ is optional, and when present is a linker selected from the group consisting of
substituted or unsubstituted alkylene, substituted or unsubstituted alkenylene, -O-, -O-
(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-O-, -O-
(substituted or unsubstituted alkylene)-C(O)-Y'-, -C(O)-(substituted or unsubstituted
alkylene)-NH-Y2-, -C(O)-(substituted or unsubstituted alkylene)-C(O)-, -C(O)-
(substituted or unsubstituted alkylene)-NH-C(O)-(CH2-CHz-O)n-(substituted  or
unsubstituted alkylene)-NH-, -C(O)-( substituted or unsubstituted alkylene)-NH-, -C(O)~(
substituted or unsubstituted alkylene)-NH-C(O)-(CH2-CHz2-O)n-(substituted  or
unsubstituted alkylene)-C(O)-, -C(O)-(substituted or unsubstituted alkylene)-C(O)-NH-
(substituted or unsubstituted alkylene)-, -C(O)-, -C(O)-(substituted or unsubstituted
alkylene)-, -(substituted or unsubstituted alkylene)-C(O)-,
-C(O)NRM)-, -C(O)N(R ™")-(substituted or unsubstituted alkylene)-, -(substituted or
unsubstituted alkylene)-C(O)N(R I), -(substituted or unsubstituted alkylene)-C(O)NRL-
(substituted or unsubstituted alkylene)-,-OC(O)N(R)-, -OC(O)N(RM)-(substituted or
unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-OC(O)N(RM)-, -
NR")C(0)-,

-NRMC(O)-(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted
alkylene)-NR*'C(0O)-, -S-, -S-(substituted or unsubstituted alkylene)-, -S(O)-,

S(O)x(alkylene or substituted alkylene)-, -C(S)-, -C(S)-(substituted or unsubstituted
alkylene)-, -CSN(RM)-,
-CSN(RM)-(substituted or unsubstituted alkylene)-, -N(RM)C(0O)O-, -(substituted or
unsubstituted alkylene)-O—N=CRU!-| -(substituted or unsubstituted alkylene)-S(O)x-
(substituted or unsubstituted alkylene)-S-, -(substituted or unsubstituted alkylene)-S-S-, -
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S(O)N(RM)-,

-NRMHC(O)NREYD-,  -NRIHC(S)NRH)-,  -NRMHS(OUN(RY)-,  -N(RI)-N=, -

C(R*H)=N-,

-C(RFH=N-NR™)-, -CR*)=N-N=, -C(R')-N=N-, and -C(RM)p-NR)-NR)-;

wherein the bond on the left side of L', as drawn, is bound to the 8-membered ring of the

compound of formula (II) or the compound of formula (IIT) and the bond on the right side

of the L, as drawn, is bound to X';

Y'is a bond, -NH-, -O-, -S-, -NH(Y'?)-, -O(Y'?)-, or —S(Y'?)-;

Y2 is a bond, -C(=0)-, -S(=0)2-, -C(=0)Y*-, -S(=0)2Y?;

Y' and Y* are each independently Y> or Y’NH-

Y? is substituted or unsubstituted Ci-10alkyl or «(CH2CH20)1-10—; and

n is an integer from 1 to 30;

kis 1,2, or 3;

each R™ is independently hydrogen or substituted or unsubstituted alkyl; and

R* R’ R and R are each independently hydrogen, halo, or substituted or unsubstituted
alkyl; wherein the conjugate has a molecular weight of at least 1.3 times greater than the conjugate

molecular weight when LDAO is not used.

Embodiment I-33. The heteroaryl-containing bioconjugate of embodiment 1-32, wherein the
conjugate has a molecular weight of at least 1.4 times greater than the conjugate molecular weight

when LDA 1is not used.

Embodiment I-34. The heteroaryl-containing bioconjugate of embodiment 1-32 or I-33, wherein
the conjugate has a molecular weight of at least 1.5 times greater than the conjugate molecular

weight when LDA is not used.
Embodiment I-35. The heteroaryl-containing bioconjugate of any one of embodiments I-32 to I-

34, wherein the conjugate has a molecular weight of at least 1.6 times greater than the conjugate

molecular weight when LDA 1is not used.
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Embodiment I-36. The heteroaryl-containing bioconjugate of any one of embodiments I-32 to I-
35, wherein the conjugate has a molecular weight of at least 1.7 times greater than the conjugate

molecular weight when LDA 1is not used.

Embodiment 1-37. A heteroaryl-containing bioconjugate comprising a first polypeptide and

antigen of any one of Formulae XIII, XIV, XV, or XVI:

2
LZ/X
2
XL
RS R4
;
RIPA R rer A R
R® N R N
/(\N“) — NN /(\NWn’N\N
o % o Z
Rg R9
HN~pe (XTIT), HN~Re (XIV),
(0] (0]
RY R"W
HN~gs (XV), or AN~Re (XVI), wherein
the first polypeptide comprises at least one nnAAr comprising an azido moiety, of Formula
(W")—N3
(0] Z/
R9
HN.
@): R @),

wherein Z is absent or a 5S-membered or 6-membered aryl or heteroaryl ring; W' is selected
from the group consisting of C1-Cioalkylene, —NH—, —O— and —S—; nis zero or 1; R¥is H
or an amino acid residue of the first polypeptide, and R’ is GH or an amino acid residue of the first
polypeptide;

wherein the azido moiety of the nnAAr is conjugated to an alkyne by contacting the nnAAr

and the alkyne in the presence of LDAO,
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wherein the alkyne is of formula II’-A, 1I’-B, IIT’-A, or I1I’-B:

X2
27 2
i X2—R? ek
() g S
4 R’
Q = ; , RIZ ;
(IP-A), (I-B), R (II'-A), or
X2
L2
R4
R5
RG 7 = > :
R (IIT’-B), wherein

X? is an antigen comprising a polysaccharide or second polypeptide,

L? is optional, and when present is a linker selected from the group consisting of
substituted or unsubstituted alkylene, substituted or unsubstituted alkenylene, -O-, -O-
(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-O-, -O-
(substituted or unsubstituted alkylene)-C(0)-Y!-, -C(O)-(substituted or unsubstituted alkylene)-
NH-Y?2-, -C(O)-(substituted or unsubstituted alkylene)-C(O)-, -C(O)-(substituted or
unsubstituted alkylene)-NH-C(O)-(CH2-CHa2-O)n-(substituted or unsubstituted alkylene)-NH-, -
C(O)-( substituted or unsubstituted alkylene)-NH-, -C(O)-( substituted or unsubstituted
alkylene)-NH-C(O)-(CH2-CHz-O)n-(substituted or unsubstituted alkylene)-C(O)-, -C(O)-
(substituted or unsubstituted alkylene)-C(O)-NH-(substituted or unsubstituted alkylene)-, -C(O)-
, -C(O)-(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-C(O)-, -
C(O)NR™)-, -C(O)N(R “)~(substituted or unsubstituted alkylene)-, -(substituted or
unsubstituted alkylene)-C(O)N(R ), -(substituted or unsubstituted alkylene)-C(O)NR-
(substituted or unsubstituted alkylene)-,-OC(O)N(R)-, -OC(O)N(RM)-(substituted or
unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-OC(O)N(RM)-, -N(R*HC(O)-, -
NRMC(0)-(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-
NRMC(0)-, -S-, -S-(substituted or unsubstituted alkylene)-, -S(O)x-, -S(O)x(alkylene or
substituted alkylene)-, -C(S)-, -C(S)-(substituted or unsubstituted alkylene)-, -CSN(R™})-, -
CSN(RM)-(substituted or unsubstituted alkylene)-, -N(RE)C(0)O-, -(substituted or
unsubstituted alkylene)-O—N=CR!-, -(substituted or unsubstituted alkylene)-S(O)x-(substituted
or unsubstituted alkylene)-S-, -(substituted or unsubstituted alkylene)-S-S-, -S(OXN(R)-,
-NRMC(ONRM-, NRMHC(SNRM-, -NRMHS(O)NRM)-, -N(RM)-N=, -C(RM)=N-,
-C(RM)=N-NRM)-, -C(RF)=N-N=, -C(R*')2-N=N-, and -C(R*')2-N(R*")-N(R"")-; wherein the
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bond on the left side of L, as drawn, is bound to the 8-membered ring of the compound of
formula (IT) or the compound of formula (IIT) and the bond on the right side of the L', as drawn,
is bound to X*;

Y'is a bond, -NH-, -O-, -S-, -NH(Y'%)-, -O(Y'®)-, or —S(Y'%)-;

Y? is a bond, -C(=0)-, -S(=0)2-, -C(=0)Y**-, -S(=0)2Y**;

Y'? and Y*are each independently Y? or Y*NH-

Y? is substituted or unsubstituted C1-10alkyl or (CH2CH20)1-10—; and

n is an integer from 1 to 30;

kis 1,2, or3;

each RM is independently hydrogen or substituted or unsubstituted alkyl; and

R* R’ R and R are each independently hydrogen, halo, or substituted or unsubstituted
alkyl; and wherein

wherein the antibody titer upon challenge is greater for the conjugate compared to antibody
titer upon challenge of a conjugate of the same formula where conjugation of the first polypeptide
and the antigen is performed in the absence of LDAO, when tested under equivalent challenge

conditions.

Embodiment 1I-16. The method of any one of embodiments I-1 to I-3, wherein the nnAAr of

formula (IV) is:
@ 0 0
_ Rg 9 N 9
N /s o N¥ / UNY /
R8 , N RS , “‘N* R8 ,
O
N o N 0
NI Nt
P o e
N NH
/ NSNS NH NH
R , ‘N~ R , R , or
(0]
\/@/\y)‘\RQ
N NH
+ 7
’N"N RE



WO 2022/040266 PCT/US2021/046432

EXAMPLES

[0136] The disclosure is further illustrated by the following examples, which are not to be
construed as limiting this disclosure in scope or spirit to the specific procedures herein described.
It is to be understood that the examples are provided to illustrate certain embodiments and that no
limitation to the scope of the disclosure is intended thereby. It is to be further understood that
resort may be had to various other embodiments, modifications, and equivalents thereof which
may suggest themselves to those skilled in the art without departing from the spirit of the present

disclosure and/or scope of the appended claims.

Example 1: Azide-Alkyne Cycloaddition Accelerated in the Presence of Different Detergents
[0137] In order to probe the kinetics of the azide-alkyne cycloaddition upon treatment with
LDAO, 3-azido-7-hydroxycoumarin (azidocoumarin) was reacted with a dibenzylcyclooctyne
(DBCO) derivative. Specifically, DBCO-PEG4-NH2 was reacted overnight with 100 uM
azidocoumarin in the presence of 0.1% LDAO and other solvents and detergents, and the
fluorescent intensity was measured to determine the rate of reaction. Fluorescent intensity was
measured with 404 nm excitation and 464 nm emission with 435 nm cutoff.

[0138] FIG. 1A shows a readout of reaction kinetics as a function of time. The reaction containing
0.1% LDAO proceeded to completion at approximately 1 hour, whereas the reactions containing
10% DMSO, 0.1% PS80, and 0.1% SDOC proceed much more slowly, or did not reach completion
at 16 hours.

[0139] A conjugation reaction between CRM-pAMF6-mutant (SEQ ID NO:2) with Streptococcus
pneumoniae serotype 9N was performed in buffer, 0.01% LDAO, 0.01% LDAO + 0.4M NaCl,
and 0.1% LDAO. Specifically 1 mg/mL eCRM was reacted with serotype 9N activated
polysaccharide at a starting level of 75 uM DBCO in a Spectramax Gemini plate reader, reading
absorbance at 309 nm. FIG. 1B shows the kinetics for each conjugation reaction (all pseudo-first-
order), with the conjugation run in 0.1% LDAQO proceeding most rapidly.

[0140] FIG. 1C shows the absorbance of azidocoumarin in both 20% DMSO and 0.1% LDAO.
FIG. 1D shows the change in absorbance of reaction components when LDAO is used versus
when it is not. The observed redshift correlates with the ability of LDAO to catalyze the
cycloaddition reaction. Unlike Protein D, CRM-pAMF6 showed a significant redshift of the
spectrum with LDAO present. .
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Example 2: Generation of Conjugates Using LDAO

[0141] Conjugates of CRM-pAMF6 mutant (SEQ ID NO:2) with Streptococcus pneumoniae
serotypes 3, 5, 18C, and 19A were made using methods of this disclosure.

[0142] Linkage of DBCO-PEG4-NH: fo sized polysaccharides using CDAP: Serotypes 3, 18C,
and 19A were activated using CDAP (1-cyano-4-dimethylaminopyridinium tetrafluoroborate).
Frozen sized-polysaccharide (SPS) (final concentration: 2 mM for serotypes 18C and 19A; 4 mM
for serotype 3) was thawed, homogenized, and diluted with water for injection (WFI). To the
diluted SPS was then added an appropriate amount of 1M borate buffer, pH 8.5, such that the final
reaction concentration of borate is 100 mM. The temperature was adjusted to 21°C and kept at
this temperature for the remainder of the process. The buffered solution of SPS was then stirred at
a high rate to ensure that the CDAP is distributed throughout the solution rapidly upon addition
The CDAP solution (25-100 mg/mL in acetonitrile) was then added via PressurePlus bottle over
a short period of time (e.g., 1 min). Five minutes after complete addition of the CDAP solution,
the DBCO-PEG4-amine solution was added via PressurePlus bottle over a short period of time
(e.g., 2 min). Once the solution was homogenous, the rate of stirring was reduced. The reaction
was allowed to proceed for 60 min, and 2M glycine (pH 8.4) was then added to a final
concentration of 200 mM and was allowed to react for 2 h to quench the reaction. Following the
completion of the glycine quench, the APS (activated polysaccharide) was purified via tangential
flow filtration (TFF). The basic TFF parameters are as follows:

Membrane: Sartorius HydroSart, E-screen, 30 kDa MWCO

Membrane loading: Approximately 6-12 g APS per m? of membrane

TMP: 1.1 bar

Feedflow: 240 LMH

APS diafiltration concentration: same as reaction

Diafiltration strategy: 12 diavolumes of 150 mM NaCl, followed by 8 diavolumes

of WFL

g. Ultrafiltration strategy: Following diafiltration, the activated polysaccharide was
concentration to 7.0 or 3.5 mg/mL.

h. Collection/flush: Following the completion of the UF, the APS was collected

from the reactor. Approximately 100 mL of WFI was then added to the reactor

and passed through the system (including through membranes) a single time and

collected separately from the bulk solution. The rinse solution is not recirculated.

mo a0 o

[0143] The purified APS was then filtered through a 0.2 micron-rated filter into a polycarbonate
bottle. The filter was rinsed with the TFF rinse solution and combined with the rest of the APS. A

sample is taken and the concentration of the APS is determined with an Anthrone assay. The APS
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was diluted to a target concentration of 2.0 or 4.0 mg/mL with WFI. After addition of WFI, the
solution was homogenized by stirring with a magnetic stir bar. The material was stored at <-65°C.
[0144] Linkage of DBCO-PEG4-NH: to sized polysaccharides using sodium periodate and
reductive amination: Serotype 5 was activated using sodium periodate. Frozen SPS (reaction
concentration: 2 mg/mL) was thawed, homogenized, and diluted with WFI. To the diluted SPS
was then added an appropriate amount of 1M acetate buffer, pH 5.5, such that the final reaction
concentration of acetate is 50 mM. The temperature was adjusted to 21°C and kept at this
temperature for the remainder of the process. To the stirred buffered SPS solution was added
sodium periodate solution (5 mg/mL in WFI) over a defined addition time (e.g., 5 min). The
oxidation was allowed to proceed for 180 min, and the oxidized polysaccharide (OPS) was
purified via TFF. The basic TFF parameters are as follows:

Membrane: Sartorius HydroSart, E-screen, 30 kDa MWCO

Membrane loading: 10-16 g OPS per m* of membrane

TMP: 1.1 bar

Feedflow: 300 LMH

OPS diafiltration concentration: same as reaction concentration (2 mg/mL)
Diafiltration strategy: 10 diavolumes of WFI

Ultrafiltration strategy: Following diafiltration, the OPS is concentrated to a
target concentration of 6.0 mg/mL.

h. Collection/flush: Following the completion of the UF, the OPS was collected
from the reactor. Approximately 100 mL of WFI was then added to the reactor
and passed through the system (including through membranes) a single time and
collected separately from the bulk solution. The rinse solution was not
recirculated.

' ™o oo o

[0145] The purified OPS was then filtered through a 0.2 micron-rated filter into a glass bottle. The
filter was rinsed with the TFF rinse solution and combined with the rest of the OPS. A sample was
taken and the concentration of the OPS was determined with the Anthrone assay. The OPS was
diluted to a target concentration of 4.0 mg/mL with WFI. The solution was then homogenized by
stirring with a magnetic stir bar.

[0146] To the active polysaccharide was added an appropriate amount of 1M sodium phosphate,
pH 5.3 such that the final concentration of phosphate is 100 mM. DBCO-PEG4-amine in DMSO
(100 mg/mL, for a final concentration of 10% DMSO in reaction) was added via PressurePlus
bottle. Due to the exothermic nature of DMSO/water mixing, the temperature of the solution may
briefly increase before returning to the setpoint. Sodium cyanoborohydride (approximately 22-44
mg/mL in WFI) was then added. The reaction was stirred and allowed to proceed for 18-24 hours

before being purified by TFF. Sample TFF parameters are as follows:
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Membrane: Sartorius HydroSart, E-screen, 30 kDa MWCO

Membrane loading: Approximately 6-12 g APS per m? of membrane

TMP: 1.1 bar

Feedflow: 240 LMH

APS diafiltration concentration: same as reaction concentration (3 mg/mL)

Diafiltration strategy: 12 diavolumes of 150 mM NaCl, followed by 8 diavolumes

of WFI.

g. Ultrafiltration strategy: Following diafiltration, concentrate the APS to a target
concentration (based on batch scale) of 7.0 or 3.5 mg/mL.

h. Collection/flush: Following the completion of the UF, the APS is collected from

the reactor. Approximately 100 mL of WFI is then added to the reactor and

passed through the system (including through membranes) a single time and

collected separately from the bulk solution. The rinse solution is not recirculated.

mo a0 o

[0147] The purified APS was then filtered through a 0.2 micron-rated filter into a polycarbonate
bottle. The filter was rinsed with the TFF rinse solution and combined with the rest of the APS. A
sample is taken and the concentration of the APS is determined with an Anthrone assay. The APS
was diluted to a target concentration of 2.0 or 4.0 mg/mL with WFI. After addition of WFI, the
solution was homogenized by stirring with a magnetic stir bar. The material was stored at <-65°C.
[0148] Conjugation of activated polysaccharide to polypeptides: CRM-pAMF6 mutant-

polysaccharide conjugates were prepared using the conditions in Table 2.

Table 2: Conditions for Conjugation of Activated Polysaccharide to Polypeptides

CRM-
PS Cone PAMF6 Potasium
PS Reagent in Final mutant Inpl.lt Phosp. NaCl | DMSO LDAO Quench Quench
as prepared Rxn Conc in Ratio Conc Conc. Conc. Conc. NaN3 Time (h)
above (mg/mL) | Final Rxn (PS:CRM) (mM). mM) | (VIV%) | (VIV%) (eq)
(mg/mL)

PS3-DB 0.5 0.825 0.63 10 150 15 0.1 4 2
PS5-DB 0.5 0.278 1.8 10 300 15 0.1 4 2
PS18C-DB 1.5 1.5 1 10 300 15 0.1 4 2
PS19A-DB 0.6 0.5 1.2 10 300 15 0.1 4 2

[0149] In a glass vial, was added in order (with stirring) water, potassium phosphate (500 mM)
for a final concentration of 10 mM, sodium chloride (5000 mM) for a final concentration of 150
mM for serotype 3 and 300 mM for the other serotypes, DMSO for a final concentration of 15%,
LDAO (30%) for a final concentration of 1.0%, the thawed activated polysaccharide, and thawed
CRM-pAMF6 mutant. The reaction mixture was stirred for 4 hours at room temperature. The
mixture was then quenched for two hours with 4 eq. of sodium azide. After quenching, the reaction

mixture was transferred to 100 kDa dialysis tube and dialyzed against 5 mM sodium succinate pH
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5.8, 150 mM NaCl buffer with at least two changes. After dialysis, the mixture was filtered through
a 0.6/0.2 um dual-layer filter from Pall. Samples were collected and run in an anthrone assay to
determine the concentration of the conjugate. 10uL of each sample was collected and run an SDS-

PAGE of all conjugates.

Example 3: Difference in Conjugate Molecular Weight Observed Under LDAQO Treatment
[0150] Molecular weight of each conjugate was determined using SEC-Multi-Angle Light
Scattering (MALS) Analysis. The SEC MALS-UV-RI setup consists of an Agilent HPLC 1100
degasser, temperature-controlled auto-sampler (4°C), column compartment (25°C) and UV-VIS
diode array detector (Agilent, Santa Clara, CA) in line with a DAWN-HELEOS multi-angle laser
light scattering detector and Optilab T-rEX differential refractive interferometer (Wyatt
Technology, Santa Barbara, CA) coupled to three TOSOH columns in series: TSKgel Guard
PWXL 6.0 mm ID x 4.0 cm long, 12 um particle; TOSOH TSKgel 6000 PWXL 7.8 mm ID x 30
cm long, 13 pum particle; and a TSKgel 3000 PWXL 7.8 mm ID x 30 cm long, 7um particle. A
mobile phase consisting of 0.2 pm filtered 1x PBS + 5% acetonitrile was used at a 0.5 mL/min
flow rate and 30-40 ug sample was injected for analysis. Agilent Open Lab software was used to
control the HPLC, and Wyatt Astra 7 software was used for data collection and molecular weight
analysis.

[0151] 100uL of each conjugate was collected to run in the SEC-MALS. The amount of PS in
100uL of conjugate was determined, and the same amount was injected in the SEC-MALS. This
is to compare the elusion profile of the free PS to that of the conjugate. The amount of CRM-
pAMF6 mutant in 100uL of conjugate was determined and the same amount of CRM-pAMF6
mutant was injected in the SEC-MALS. Finally, the SEC-MALS data was analyzed and the MW
of samples was determined. Table 3 shows a comparison of conjugate molecular weights when
LDAO is used versus when it is not, and the SEC-MALS plots and accompanying gels are shown
in FIGS. 3A-3D.

[0152] FIGS. 4A-4D show the saccharide monomer and molecular weight of the conjugate over
the course of the conjugation reaction for PS 3, 5, 18C, and 19A, respectively.

[0153] In all cases, for conjugates of polysaccharide serotypes 3, 5, 18C, and 19A, the use of

LDAO results in conjugates of higher molecular weight.
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Table 3: Comparison of conjugate molecular weights — LDAQO vs no LDAO

Mw (kDa)
Sample ID
no LDAO LDAO
PS3-CRM-pAMF6 mutant 33755 5785.0
PS5-CRM-pAMF6 mutant 1268.4 2846.2
PS18C-CRM-pAMF6 mutant 2547.6 5830.9
PS19A-CRM-pAMF6 mutant 1030.2 1556.8

Example 4: Synthesis using LDAQ results in conjugates that promote higher antibody titer
[0154] Immunization of rabbits with PS3-CRM-pAMF6 mutant, PS5-CRM-pAMF6 mutant,
PS18C-CRM-pAMF 6 mutant, and PS19A-CRM-pAMF 6 mutant. Experiments were performed to
assess the antibody responses produced by purified conjugates. Briefly, rabbits were immunized
intramuscularly with 50 pg of each indicated conjugate or vehicle control on days 0, 14, and 28.
Animals were bled prior to immunization (pre-bleed), and on Days 7, 21, and 35 (terminal bleed)
after immunizations. This is represented graphically in FIG. 5. Serum was harvested from each
blood sample and antibody titers against the immunizing antigens were assessed by ELISA.
[0155] ELISA assays were run to measure antibody ftiter post-treatment. ELISA assays were
conducted on NUNC ELISA plates. Screening antigen solutions were prepared as follows:
Serotype 3 conjugates, diluted to 1 pg/mL in PBS; Serotype 5 conjugates, diluted to 2.5 pg/mL in
PBS; Serotype 18C conjugates, diluted to 2.5 pg/mL in PBS; Serotype 19A conjugates, diluted to
1 pg/mL in PBS. Assay diluent was 1X PBS + 3% BSA and sample diluent was 1X PBS + 3%
BA. The positive control was 24V rabbit antisera diluted 1:10, then serially diluted by 5 in sample
diluent. All pre-immune samples were diluted in assay diluent starting at 1:10, then serially diluted
by 5. All post-immune samples were diluted 1:10 in sample diluent, then serially diluted by 5.
Control serum was produced by pooling pre-immune serum from all groups, diluting 1:10, and
serially diluting by 5 in assay diluent. The secondary antibody was donkey anti-Rabbit IgG (H+L)
peroxidase conjugated (Jackson ImmunoResearch cat# 711-035-152) diluted 1:5,000 in assay
diluent.

[0156] The ELISAs were performed as follows: Plates were coated using sterile filtered PBS pH

7.4+0.2 as the plate coating buffer. Test articles were diluted to optimized coating concentrations
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in coating buffer (optimum coating concentration for PS3 and 19A is lug/mL, and PS5 and 18C
is 2.5ug/mL). 100uL of diluted test article and positive control were added to their respective wells
and the plate was held at 2-8°C for 16-24 hours. The plate was then washed 3 times with plate
washing buffer (350ul/well). The plate was blocked by adding 200uL. of PBS+3% BSA to all
wells. The plate was covered with a plate cover and incubated for at least 60 +/- 5 minutes at RT
or overnight at 2-8°C. The plate was then washed 3 times with plate washing buffer (350uL/well).
[0157] 5-fold serial dilutions of the samples and negative control in 1X PBS+3% BSA were
prepared, and 50ul of each dilution was then transferred to the designated wells. Samples were
loaded in duplicate and controls were loaded in singles, on one plate. The sample diluent, 1X
PBS+3% BSA, wass used as an additional control for background against the specific antigen.
Negative control of a pool of the individual pre-immune serum was used with a starting dilution
of 1:10 and serially diluted by 5. The positive control was diluted 1:750,000 and placed in at least
4 wells in a single column on the plate. The plate was placed in a sealed bag and incubated for 60-
65 minutes at 35-39°C. The plate was washed 6 times with plate washing buffer (350uL/well),
and the second-antibody-enzyme-conjugate was diluted as needed in PBS+3%BSA before adding
100uL to each well. Jackson ImmunoResearch reagents are diluted at 1:5,000 in PBS+3% BSA.
The plate was covered with a plate cover, and incubate it for 60-65 minutes at RT. The plate was
then washed 6 times with plate washing buffer (350ul/well), and 100ul. per well of ABTS
substrate solution was added to the plate. The plate was incubated for 30 +/-1 minute at RT. The
wells were read after the substrate incubation period at A41snm and As7onm. Absorbance readings
and curves were analyzed in the plate reader software.

[0158] FIG. 2A shows the results of antibody titers after inoculation with PS conjugates (after
administration of all doses). In all cases, conjugates of serotypes 3, 5, 18C, and 19A produced
more robust antibody responses when they were produced using LDAO. FIG. 2B, FIG. 2C, and
FIG. 2D show the antibody titer post-dose 1, post-dose 2, and post-dose 3, respectively.

Example 5: Deoxycholate precipitation of polypeptide-polysaccharide conjugates to measure
[free polysaccharide content

[0159] Samples of conjugated polysaccharides were analyzed to determine their free
(unconjugated) polysaccharide content. 1% (w/v) of sodium deoxycholate (DOC) solution at pH
6.8 £ 0.03 was prepared by weighing out 500 = 0.1 mg of DOC and transferred to a S0mL falcon
tube. 50 mL of Milli-Q Water was added to the tube and mixed until all of the sodium deoxycholate
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was dissolved. The DOC was left at room temperature overnight to ensure it had completely
dissolved after which the pH of the working solution was adjusted to pH 6.8. Once the DOC was
made, we proceeded with the DOC precipitation. All conjugate samples, negative control (water),
and reagents (1% DOC, pH 6.80 + 0.03 and 1M HCI) were brought to room temperature. To a
500uL reaction containing a polysaccharide concentration of 0.250 mg/mL of each conjugate, 50
uL of 1% DOC, pH 6.80 + 0.03 was added. After the addition of DOC the reaction was mixed by
pipetting for 10 cycles, and the samples were incubated on ice for 30 minutes, vortexed briefly
after 15 minutes. After 30 minutes, 25 uL of 1M HCI was added to all the samples making sure to
mix very well and waited for 5 minutes for precipitate to form. Then samples were centrifuged at
10,000 RPM at 4°C for 20 minutes. The supernatant was collected and the pellet was discarded.
Supernatant was centrifuged once more at 10,000 RPM at 4°C for 10 minutes to ensure all pellet
is separated. Supernatant was collected into a new tube again, and the pellet was discarded. The
samples were then analyzed for their “% Free polysaccharide” (%FPS) content using an Anthrone
assay.

[0160] FIG. 6A shows a graphical workflow of the free PS analysis, as well as a comparison of
the free polysaccharide content of the CRM-pAMF6-19A conjugate with and without LDAO as a
function of both temperature and incubation duration. FIG. 6B shows the percent conjugation for
each of the PS3, PS5, PS18C, and PS19A conjugates with and without the use of LDAO.

[0161] While embodiments of the present invention have been shown and described herein, those
skilled in the art will understand that such embodiments are provided by way of example only.
Numerous variations, changes, and substitutions will now occur to those skilled in the art without
departing from the invention. It should be understood that various alternatives to the embodiments
of the invention described herein may be employed in practicing the invention. It is intended that
the following claims define the scope of the invention and that methods and structures within the

scope of these claims and their equivalents be covered thereby.
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CLAIMS

What is claimed herein is:
1. A method of preparing a heteroaryl-containing compound, the method comprising
contacting an azide compound with an alkyne compound in the presence of lauryldimethylamine
oxide (LDAOQ), water, and DMSO to form the heteroaryl-containing compound,

wherein the LDAOQ is at a concentration of up to 2% v/v;

wherein the azide compound is a compound of formula (I)

@®N

RLO Nz
N @,

wherein the alkyne compound is a compound of formula (II) or (III)

__ Rl =_R°

o T

N
R (I)or R® (),

wherein

R!, R?, and R? are independently selected from the group consisting of substituted or
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heterocyclyl,  -(CH2)a-C(O)R'?,  -(CH2)a-C(O)OR'™,  -(CH2)a-C(O)N(R'?)2,  -(CH2)a-
C(O)NHCH(R %), -(CH2)a-N(R!?)2; wherein a is integer from zero to 10; wherein each R!? is
independently hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, and substituted or unsubstituted
heterocyclyl; or

R! is a first polypeptide comprising at least one non-natural amino acid residue (nnAAr)

) wh,—%

@]
RO
of formula (IV) N-ge 3%
wherein Z is absent or a 5S-membered or 6-membered aryl or heteroaryl ring; W' is selected

from the group consisting of C1-Cioalkylene, —NH—, —O— and —S—; nis zero or 1; R¥is H
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or an amino actd residue of the first polypeptide, and R’ is OH ot an amino acid residue of the first
polypeptide; and

R? and R’ are independently —L'—X*;

wherein

X! is a polysaccharide or a second polypeptide;

L'is optional, and when present is a linker selected from the group consisting of substituted

or unsubstituted alkylene, substituted or unsubstituted alkenylene, -O-, -O-(substituted or

unsubstituted alkylene)-, -( substituted or unsubstituted alkylene)-O-, -O-(substituted or
unsubstituted alkylene)-C(0)-Y!-, -C(O)-(substituted or unsubstituted alkylene)-NH-Y?2-, -C(O)-
(substituted or unsubstituted alkylene)-C(O)-, -C(O)-(substituted or unsubstituted alkylene)-NH-
C(O)-(CH2-CHz2-O)n-(substituted or unsubstituted alkylene)-NH-, -C(O)-( substituted or
unsubstituted alkylene)-NH-, -C(O)-( substituted or unsubstituted alkylene)-NH-C(O)-(CH2-CHz-
O)n-(substituted or unsubstituted alkylene)-C(O)-, -C(O)-(substituted or unsubstituted alkylene)-
C(O)-NH-(substituted or unsubstituted alkylene)-, -C(O)-, -C(O)-(substituted or unsubstituted
alkylene)-, -(substituted or unsubstituted alkylene)-C(O)-,
-C(ONRM)-, -C(O)N(R ™)-(substituted or unsubstituted alkylene)-, -(substituted or
unsubstituted alkylene)-C(O)N(R '), -(substituted or unsubstituted alkylene)-C(O)NRL!-
(substituted or unsubstituted alkylene)--OC(O)N(RM)-,  -OC(O)N(RM)-(substituted  or
unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-OC(O)N(RM)-, -N(RM)C(O)-,
-NRMC(O)-(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-
NRMC(0)-, -S-, -S-(substituted or unsubstituted alkylene)-, -S(O)k-, -S(O)x(alkylene or
substituted alkylene)-, -C(S)-, -C(S)-(substituted or unsubstituted alkylene)-, -CSN(R™')-,
-CSN(RM)-(substituted or unsubstituted alkylene)-, -N(RF)C(O)O-, -(substituted or unsubstituted
alkylene)-O—N=CR™!-, -(substituted or unsubstituted alkylene)-S(O)x-(substituted or
unsubstituted alkylene)-S-, -(substituted or unsubstituted alkylene)-S-S-, -S(O}N(RM)-,
-NRMCONRMY-, -NRMHC(SNRM)-, -NRMS(ORNRM)-, -N(RM)-N=, -C(R")=N-,
-C(RM)=N-NRM)-, -C(RM)=N-N=, -C(R*)2-N=N-, and -C(R*")2-N(R"")-N(R"!)-; wherein the
bond on the left side of L', as drawn, is bound to the 8-membered ring of the compound of formula
(IT) or the compound of formula (IIT) and the bond on the right side of the L', as drawn, is bound
to X%
Y'is a bond, -NH-, -O-, -S-, -NH(Y'?)-, -O(Y'?)-, or —S(Y'?)-;
Y? is a bond, -C(=0)-, -S(=0)2-, -C(=0)Y**-, -S(=0)2Y*;
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Y'* and Y* are each independently Y> or Y’NH-

Y? is substituted or unsubstituted Ci-10alkyl or «(CH2CH20)1-10—; and

n is an integer from 1 to 30;

kis 1,2, or3;

each R is independently hydrogen or substituted or unsubstituted alkyl; and

R* R’ R and R are each independently hydrogen, halo, or substituted or unsubstituted
alkyl.

2. The method of claim 1, wherein R! is a polypeptide comprising at least one non-natural

amino acid residue (nnAAr).

3. The method of any one of claims 1-2, wherein R! is a polypeptide comprising at least one

non-natural amino acid residue (nnAAr) having a molecular weight of at least 15 kDa.

4. The method of any one of claims 2-3, wherein the polypeptide comprising at least one non-

natural amino acid residue (nnAAr) comprises 4-6 non-natural amino acids of formula (IV).

5. The method of any one of claims 2-4, wherein the non-natural amino acid residue of
formula (IV), replaces a lysine residue in the polypeptide comprising at least one non-natural

amino acid.

6. The method of any one of claims 1-4, wherein the polypeptide has at least 80% sequence
identity, at least 85% sequence identity, at least 90% sequence identity, or at least 95% sequence

identity to SEQ ID NO:1 or SEQ ID NO:2.

7. The method of claim 6, wherein the polypeptide comprises at least one residue sequence
selected from the group consisting of residue sequences 271-290, 321-340, 331-350, 351-370,
411-430, and 431-450 of SEQ ID NO:1 that does not contain the at least 2 nnAArs.

8. The method of claim 6, wherein at least one nnAAr replaces an amino acid residue in
SEQ ID NO:1 selected from the group consisting of K11, K25, K34, K38, K40, K83, K104,
K105, K126, K158, K173, K213, K215, K217, K222, K228, K230, K237, K243, K245, K265,
K300, K386, K457, K475, K499, K517, K523, K527, K535, F13, F54, F124, F128, F141, F168,
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F251, F390, F531, F532, D212, D296, D353, D392, D466, D468, D508, D520, N297, N360,
N400, N482, N487, N503, N525, E241, E249, E250, E257, E260, E293, E363, Q253, Q288,
R378, R408, R456, R461, R463, R473, R494, S199, S201, $232, S234, 240, $262, S375,
382, $398, S452, S476, $495, S496, S497, S502, S506, T254, T266, T268, T270, T294, T387,
T401, T409, T470, and T518.

9. The method of claim 6, wherein at least one nnAAr replaces an amino acid residue in
SEQ ID NO:1 selected from:

a) a first group consisting of K25, K34, K38, K40, K213, K215, K228, K245, K265, K386,
K523, and K527;

b) asecond group consisting of K25, K34, K38 and K40;

c¢) a third group consisting of K213 and K215;

d) a fourth group consisting of K11, K25, K34, K38, K40, K83, K104, K105, K126, K158,
K173, K213, K215, K222, K228, K237, K243, K245, K265, K386, K475, K499, K523, K527,
F13, F54, F124, F128, F141, F168, F251, F390, F531, and F532; and

e) a fifth group consisting of K25, K215, K228, K265, K386, and K523.

10.  The method of claim 6, wherein 2-4 nnAArs replace amino acid residues in SEQ ID

NO:1 selected from the group consisting of K228, K245, K265, K386, K523, and K527.

11. The method of any one of claims 1-3, wherein R! is SEQ ID NO:2.

12. The method of any one of claims 1-3, wherein £ i5 aryi.

13. The method of any one of claims 1-3, wherein 7. ts heteroaryl.
14, The method of any one of claims 1-3, wherein W' is -CHo-.
15 The method of any one of claims 1-3, wherein 1 i3 zero.

16. The method of any one of claims 1-3, wherein the nnAAr of formula (IV) is

84



WO 2022/040266 PCT/US2021/046432

o}
R9
N NH
‘N~ RS
(0]
® ¥
o ~Z NH
N* R® ,
O
Na v
N3
NT YT R®
N NH
R8
(0]
NZ R®
N | _NH
NN R® ;
0]
Nays
N3
PN
8/NH
R , or
O
MRQ
N NH
N re” ‘
17. The method of claim 1, wherein R! is selected from the group consisting of substituted or
group g

unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heterocyclyl,  -(CH2)--C(O)R'?,  (CH2)a-C(O)OR'®  -(CH2):-C(O)N(R'?),  -(CH2)a-
C(O)NHCH(R'%)2, -(CH2)a-N(R!?)2; wherein a is integer from zero to 10; wherein each R!? is
independently hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, and substituted or unsubstituted

heterocyclyl.
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18. The method of any one of claims 1-2, wherein the azide compound is

19.  The method of any one of claims 1-18, wherein the alkyne compound is a compound of

formula (V), (VI), (VII), (VIID), (IX), (X), (X), or (XII):

N // O

Y“ (V) (VI) (vin),

y O
O N\[(])/\/HTOTQ\/O):/\H/ (VI ‘:g]/\/ ~x! (IX),

20. The method of any one of claims 1-19, wherein X! is a polypeptide or polysaccharide.

21. The method of any one of claims 1-20, wherein X! is a capsular polysaccharide from a
bacterium selected from the group consisting of Streptococcus pneumoniae, Neisseria
meningitidis, Haemophilus influenzae, Streptococcus pyogenes, Streptococcus agalactiae, and

Porphyromonas gingivalis.
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22. The method of any one of claims 1-21, wherein X! is a capsular polysaccharide of a S.
pneumoniae serotype selected from the group consisting of 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C,
19A, 19F, 23F, 2, 6C, 8, 9N, 10A, 12F, 15A, 15B, 15C, 16F, 17F, 20, 20A, 20B, 22F, 23A, 23B,
24F, 24B, 31, 33F, 34, 35B, 35F and 38.

23. The method of claim 1, wherein the alkyne compound is a compound of formula (II):
s@
R? (1)

wherein R? is selected from the group consisting of substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted heterocyclyl, -(CHz)a-
C(O)R™ -(CH2)a-C(O)OR' -(CH2)a-C(O)N(R'¥)2, -(CH2)a-C(O)NHCH(R'?)2, -(CH2)a-N(R'?)2;
wherein a is integer from zero to 10; wherein each R'? is independently hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkoxy,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted aryl, substituted or

unsubstituted heteroaryl, and substituted or unsubstituted heterocyclyl.

24.  The method of claim 1, wherein the alkyne compound is a compound of formula (III)
RS2 — R%
R5b R4b
R® (1),

wherein R? is selected from the group consisting of substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted alkoxy, substituted or unsubstituted cycloalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted heterocyclyl, -(CHz)a-
C(O)R™, -(CH2)a-C(O)OR™, -(CH2)a-C(O)N(R'¥)2, -(CH2)a-C(O)NHCH(R '), -(CH2)a-N(R™)2;
wherein a is integer from zero to 10; wherein each R'? is independently hydrogen, substituted or

unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkoxy,
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substituted or unsubstituted cycloalkyl, substituted or unsubstituted aryl, substituted or

unsubstituted heteroaryl, and substituted or unsubstituted heterocyclyl.

25. The method of any one of claims 1-24, wherein the LDAO is at a concentration of 0.05%

v/v to 2% v/v.

26. The method of any one of claims 1-25, wherein method is performed in 10 to 20% v/v

DMSO.

27. The method of any one of claims 1-26, wherein the alkyne compound is at a concentration

of 0.5 mg/ml to 2 mg/ml.

28. The method of any one of claims 1-16 and 19-27, wherein the first polypeptide comprising

at least one non-natural amino acid is at a concentration of 0.5 mg/ml to 2 mg/ml.

29.  The method of any one of claims 1-28, wherein the method is performed at room

temperature.

30.  The method of any one of claims 1-29, wherein the method is performed for about 2 to 8

hours.
31. A heteroaryl-containing compound prepared by the method of any one of claims 1-16 and
19-28, wherein R! is a first polypeptide comprising at least one non-natural amino acid residue of

formula IV.

32. A heteroaryl-containing bioconjugate comprising a polypeptide and antigen of any one of

Formulae XIII, XTIV, XV, or XVI:
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2
5 LZ’X
X,—L
R® R4
7 5
R* I~ R R6 _ R
1 R/N\ N R’ N N
/(\N) N /(\N‘)n’” ~N
o 4 o Z
Rg R9
HN~Re (XIII), AN~ (X1V),
O
RQ
(XV), or HN~Re (XVI), wherein

the first polypeptide comprises at least one nnAAr comprising an azido moiety, of Formula

(W"—Ns
/
o z

RO

@y TR @),

wherein Z is absent or a S-membered or 6-membered aryl or heteroaryl ring; W' is selected
from the group consisting of C1-Cioalkylene, —NH—, —O— and —S—; n is zero or 1; R%is H
or an amino acid residue of the first polypeptide, and R’ is GH or an amino acid residue of the first
polypeptide, wherein at least one of R® and R” is an amino acid residue of the first polypeptide;

wherein the azido moiety of the nnAAr is conjugated to an alkyne by contacting the nnAAr
and the alkyne in the presence of LDAO,

the alkyne is formula II’-A, 1II’-B, III’-A, or III’-B:
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RG
R7
(IIP-A),

or R (IIT’-B), wherein

X2 is an antigen comprising a polysaccharide or second polypeptide,

L’ is optional, and when present is a linker selected from the group consisting of
substituted or unsubstituted alkylene, substituted or unsubstituted alkenylene, -O-, -O-
(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-O-, -O-
(substituted or unsubstituted alkylene)-C(O)-Y'-, -C(O)-(substituted or unsubstituted
alkylene)-NH-Y2-, -C(O)-(substituted or unsubstituted alkylene)-C(O)-, -C(O)-
(substituted or unsubstituted alkylene)-NH-C(O)-(CH2-CHz-O)n-(substituted  or
unsubstituted alkylene)-NH-, -C(O)-( substituted or unsubstituted alkylene)-NH-, -C(O)~(
substituted or unsubstituted alkylene)-NH-C(O)-(CH2-CHz2-O)n-(substituted  or
unsubstituted alkylene)-C(O)-, -C(O)-(substituted or unsubstituted alkylene)-C(O)-NH-
(substituted or unsubstituted alkylene)-, -C(O)-, -C(O)-(substituted or unsubstituted
alkylene)-, -(substituted or unsubstituted alkylene)-C(O)-,
-C(O)NRM)-, -C(O)N(R ™")-(substituted or unsubstituted alkylene)-, -(substituted or
unsubstituted alkylene)-C(O)N(R I), -(substituted or unsubstituted alkylene)-C(O)NRL-
(substituted or unsubstituted alkylene)-,-OC(O)N(R)-, -OC(O)N(RM)-(substituted or
unsubstituted alkylene)-, -(substituted or unsubstituted alkylene)-OC(O)N(RM)-, -
NR")C(0)-,

-NRMC(O)-(substituted or unsubstituted alkylene)-, -(substituted or unsubstituted
alkylene)-NR*'C(0O)-, -S-, -S-(substituted or unsubstituted alkylene)-, -S(O)-,

S(O)x(alkylene or substituted alkylene)-, -C(S)-, -C(S)-(substituted or unsubstituted
alkylene)-, -CSN(RM)-,
-CSN(RM)-(substituted or unsubstituted alkylene)-, -N(RM)C(0O)O-, -(substituted or
unsubstituted alkylene)-O—N=CRU!-| -(substituted or unsubstituted alkylene)-S(O)x-
(substituted or unsubstituted alkylene)-S-, -(substituted or unsubstituted alkylene)-S-S-, -
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S(O)N(RM)-,

-NRMHC(O)NREYD-,  -NRIHC(S)NRH)-,  -NRMHS(OUN(RY)-,  -N(RI)-N=, -

C(R*H)=N-,

-C(RFH=N-NR™)-, -CR*)=N-N=, -C(R')-N=N-, and -C(RM)p-NR)-NR)-;

wherein the bond on the left side of L', as drawn, is bound to the 8-membered ring of the

compound of formula (II) or the compound of formula (IIT) and the bond on the right side

of the L, as drawn, is bound to X';

Y'is a bond, -NH-, -O-, -S-, -NH(Y'?)-, -O(Y'?)-, or —S(Y'?)-;

Y2 is a bond, -C(=0)-, -S(=0)2-, -C(=0)Y*-, -S(=0)2Y?;

Y' and Y* are each independently Y> or Y’NH-

Y? is substituted or unsubstituted Ci-10alkyl or «(CH2CH20)1-10—; and

n is an integer from 1 to 30;

kis 1,2, or 3;

each R™ is independently hydrogen or substituted or unsubstituted alkyl; and

R* R’ R and R are each independently hydrogen, halo, or substituted or unsubstituted
alkyl; wherein the conjugate has a molecular weight of at least 1.3 times greater than the conjugate

molecular weight when LDAO is not used.

33. The heteroaryl-containing bioconjugate of claim 32, wherein the conjugate has a molecular

weight of at least 1.4 times greater than the conjugate molecular weight when LDA is not used.

34.  The heteroaryl-containing bioconjugate of claim 32 or 33, wherein the conjugate has a
molecular weight of at least 1.5 times greater than the conjugate molecular weight when LDA is

not used.

35. The heteroaryl-containing bioconjugate of any one of claims 32-34, wherein the conjugate
has a molecular weight of at least 1.6 times greater than the conjugate molecular weight when
LDA is not used.

36. The heteroaryl-containing bioconjugate of any one of claims 32-35, wherein the conjugate
has a molecular weight of at least 1.7 times greater than the conjugate molecular weight when

LDA is not used.
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