
(

(51) International Patent Classification:
A61K 39/09 (2006.01) A61K 39/02 (2006.01)

Declarations under Rule 4.17:

A61K 39/095 (2006.01) A61P 31/04 (2006.01)
— as to applicant's entitlement to apply for and be granted a

A61K 47/64 (2017.01) A61K 39/00 (2006.01)
patent (Rule 4 .17(H))

— as to the applicant's entitlement to claim the priority of the
(21) International Application Number: earlier application (Rule 4.17(iii))

PCT/US20 19/040 184
Published:

(22) International Filing Date: — with international search report (Art. 21(3))
0 1 July 2019 (01.07.2019) — with sequence listing part of description (Rule 5.2(a))

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
62/693,983 04 July 2018 (04.07.2018) US

(71) Applicant: SUTROVAX, INC. [US/US]; 353 Hatch Dri¬
ve, Foster City, California 94404 (US).

(72) Inventors: FAIRMAN, Jeffery; 114 Pacchetti Way,
Mountain View, California 94040 (US). HEINRICHS,
Jon; 4247 Arbor Lane, Doylestown, Pennsylvania 18902
(US). CHAN, Wei; 11 Franklin Street, #403, San Fran¬
cisco, California 94102 (US). KAPOOR, Neeraj; c/o
SUTROVAX, INC., 353 Hatch Drive, Foster City, Califor¬
nia 94404 (US).

(74) Agent: MAYER, Mika et al.; Cooley LLP, 1299 Pennsyl¬
vania Ave NW, #700, Washington, District of Columbia
20004 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available) : AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available) : ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, Cl, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: SELF-AD JUVANTED IMMUNOGENIC CONJUGATES

(57) Abstract: The present application discloses various improvements concerning immunogenic conjugates that comprise a carrier
protein, a saccharide antigen, and an immunostimulator, wherein the saccharide antigen has been site-specifically conjugated to a
reactive group of non-natural amino acids in an unconjugated carrier protein through a chemical handle introduced into the antigen.



SELF-ADJUVANTED IMMUNOGENIC CONJUGATES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application priority benefit of provisional U.S. patent application serial number

62/693,983 filed July 4, 2018, the content of which is hereby incorporated by reference in its

entirety.

INCORPORATION OF THE ELECTRONIC TEXT FILE SUBMITTED HEREWITH

[0002] The contents of the text file submitted electronically herewith are incorporated herein by

reference in their entirety: A computer readable format copy of the Sequence Listing

(filename: STRO_004_0lWO_SeqList_ST25.txt, date recorded: July 1, 2019, file size ~49

kilobytes).

BACKGROUND OF THE INVENTION

[0003] The immune response to a “weak” saccharide antigen can be amplified by conjugation

to a known “strong” carrier polypeptide antigen such as diphtheria toxoid, tetanus toxoid,

H.influenzae protein D, or CRM 197. For instance, the PedvaxHIB™, Menjugate™, Prevnar™,

and Synflorix™ products all include bacterial capsular saccharide antigens which are conjugated

to such carrier polypeptides. The use of conjugation is particularly important in pediatric

vaccines or else the saccharides does not elicit a memory immune response.

[0004] Each of these vaccines also includes an aluminum salt adjuvant. The adjuvant enhances

the immunogenicity of the immunogenic saccharide-polypeptide conjugates.

[0005] Aluminum salts are effective adjuvants but are not ideal because of concerns about

potential toxicity, particularly when multiple doses are administered (e.g. see Vecchi etal.

(2012) J Pharm Sci 101 :17-20). Thus, it would be desirable to provide immunogenic conjugates

which require less (or even no) adjuvanting by aluminum salts. A further object of the invention

is to provide improved immunogenicity over saccharide-polypeptide conjugates.



SUMMARY OF THE INVENTION

[0006] Provided are immunogenic conjugates comprising a carrier polypeptide, an antigen,

and an immunostimulator, wherein the carrier polypeptide includes at least one non-natural

amino acid residue via which the carrier polypeptide is covalently linked to the antigen and/or

the immunostimulator. The antigen may be site-specifically conjugated to a reactive group of

nnAAs in an unconjugated carrier protein through a chemical handle introduced into the antigen.

[0007] In some embodiments, the carrier protein comprises (a) at nn sites an nnAA residue

wherein each nnAA residue (i) comprises a reactive group that provides site-specific conjugation

of an antigen to the carrier protein, and (ii) was introduced site-specifically during synthesis of

the carrier protein, wherein nn is an integer greater than or equal to 2; and (b) at least one T-cell

activating epitope that has not been inactivated by the presence of an nnAA residue.

[0008] The nnAA residue(s), the antigen, and the immunostimulator can be arranged in

various ways. For example: a first nnAA residue can be covalently linked to the

immunostimulator and a second nnAA residue in the same carrier polypeptide as the first nnAA

residue can be covalently linked to the antigen; a nnAA residue can be covalently linked to the

immunostimulator, and the antigen can be covalently linked to the immunostimulator, such that

the antigen is joined to the nnAA via the immunostimulator; or a nnAA residue can be

covalently linked to the antigen, and the immunostimulator can be covalently linked to the

antigen, such that the immunostimulator is joined to the nnAA via the antigen. Certain

arrangements involve covalently linking an antigen to both a nnAA residue and an

immunostimulator. These arrangements can conveniently be achieved by providing an antigen

having multiple conjugation sites and reacting some of these with nnAA residues and others

with an immunostimulator. Where a single carrier polypeptide includes multiple nnAA residues

this arrangement can advantageously lead to the formation of cross-linked conjugates. Thus, in

certain embodiments, we provide an immunogenic conjugate comprising a carrier polypeptide,

an antigen, and an immunostimulator, wherein: (i) the carrier polypeptide includes multiple non

natural amino acid residues which are covalently linked to the antigen; and (ii) the antigen is

also covalently linked to the immunostimulator.

[0009] In some embodiments, the carrier protein comprises 4 to 9 nnAA residues.



[0010] In some embodiments, the antigen is a bacterial or viral antigen. An exemplary antigen

is a bacterial saccharide selected from the group consisting of capsular polysaccharides from

Streptococcus pneumoniae, capsular polysaccharides from Streptococcus pyogenes, group-A-

strep cell wall polysaccharides from Streptococcus pyogenes, capsular polysaccharides of

Streptococcus agalactiae, capsular polysaccharides of Haemophilus influenzae, capsular

polysaccharides of Neisseria meningitidis, and capsular polysaccharides from Porphyromonas

gingivalis.

[0011] Exemplary capsular polysaccharides suitable as antigens herein are capsular

polysaccharides of a Streptococcuspneumoniae serotype selected from the group consisting of

serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 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, 16, 16F, 16A, 17F, 17A,

18F, 18A, 18B, 18C, 19F, 19A, 19B, 19C, 20, 20A, 20B, 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.

[0012] In some embodiments, the carrier protein has at least 80% sequence identity with

respect to SEQ ID NO: 1 or 11 . In some embodiments, the carrier protein has at least 80%

sequence identity with respect to SEQ ID NO: 1 or 11 . In some embodiments, the carrier protein

has at least 80% sequence identity with respect to SEQ ID NO: 11 .

[0013] In some embodiments, the carrier protein comprises amino acid SEQ ID NO: 13.

[0014] A variety of immunostimulators are useful herein, including TLR agonists,

immunostimulatory oligonucleotides, CLR agonists, and CDld agonists.

[0015] Also provided are processes for preparing an immunogenic conjugate comprising a

carrier polypeptide, an antigen, and an immunostimulator, wherein the process comprises the

steps of: (i) providing an antigen having at least two instances of a chemical handle (or "first

functional group", a carrier polypeptide having a reactive group (or "second functional group"),

and an immunostimulator having a third functional group, wherein the chemical handle can react

to form covalent bonds with the reactive group and with the third functional group; and (ii)

mixing the antigen, carrier polypeptide and immunostimulator, in any order, under conditions

such that the first functional groups reacts with the second and third functional groups to give



the immunogenic conjugate. The reactive group and the third functional group may be either the

same or different. The second and third functional groups are, in some embodiments, the same

(e.g. azido). The process may involve a step of introducing the first functional groups into the

antigen prior to step (i). In some variations, the antigen and immunostimulator are mixed

(conjugated) and the resulting conjugate then reacted with the carrier polypeptide to form the

conjugate comprising polypeptide carrier, antigen, and immunostimulator.

[0016] Also provided are processes for preparing an immunogenic conjugate comprising a

carrier polypeptide, an antigen, and an immunostimulator, wherein the process comprises steps

of: (i) providing an antigen-immunostimulator conjugate having a first functional group and a

carrier polypeptide having a second functional group, wherein the first functional group can

react to form covalent bonds with the second functional group; and (ii) mixing the antigen-

immunostimulator conjugate with the carrier polypeptide under conditions such that the first

functional groups reacts with the second functional group to give the immunogenic conjugate.

[0017] Also provided are an immunogenic conjugate obtainable or obtained by any of these

processes.

[0018] Also provided are pharmaceutical compositions including one or more immunogenic

conjugates of the invention. Pharmaceutical compositions can include, for instance, between 3

and 50 different conjugates of the invention (e.g. 14, 15, 20, 21, 24, 25, or more). For example,

each of these conjugates can include a capsular saccharide from a different serotype or

serogroup of the same bacterial species (e.g. multiple meningococcal serogroups or multiple

pneumococcal serotypes).

[0019] These compositions can also include one or more immunogenic conjugates which

include a carrier polypeptide and an antigen but do not include an immunostimulator. Thus

conjugate mixtures can be created in which only particular antigens of interest are enhanced by

the presence of the immunostimulator.

[0020] Also provided are pharmaceutical compositions including (i) one or more

immunogenic conjugates comprising a carrier polypeptide and an antigen and (ii) one or more

immunogenic conjugates comprising a carrier polypeptide, an antigen, and an

immnuostimulator.



BRIEF DESCRIPTION OF THE FIGURE

[0021] FIG. 1 compares the immunogenicity of a conjugate of the invention with an analogous

conjugate not containing an immunostimulator (as described in the examples herein).

DETAILED DESCRIPTION OF THE INVENTION

I. Overview and General Methods

[0022] The current methods and building blocks used for protein-conjugate vaccine

production hamper the wider application of conjugate vaccines for disease treatment and

prevention. First, relatively few strong protein antigens are chemically resistant, nontoxic, and

scalable enough to be used as carriers in conjugate vaccines. Second, the oxidation/reduction

chemistry generally used for conjugate vaccine production makes it difficult to preserve epitopes

on the carrier and antigen needed for maximum immunogenicity. Third, the relatively low

efficiency of these oxidation/reduction reactions complicates quality control and purification,

especially at commercial scale.

[0023] Recombinant protein production allows the optimization of antigenicity and

nontoxicity of carrier proteins, but the existing carrier proteins are difficult to produce in

recombinant cells and wholly engineered proteins are difficult to produce in high yields. Gentler

conjugation reactions minimize the denaturation/obstruction of carrier and antigen epitopes, but

the lower efficiency of these reactions results in less loading of the antigen on the carrier protein

and more complicated purification schemes. Importantly, relatively lower antigen to carrier

results in a higher likelihood of immune “interference” by antibody responses to the carrier

protein itself, or the recognized phenomenon of carrier-induced epitopic suppression.

[0024] Thus, a need has been identified for strategies and reagents that allow the combination

of these technologies to produce higher-immunogenicity, more easily manufactured conjugate

vaccines. Accordingly, described herein are, inter alia, (1) polypeptides, including enhanced

carrier proteins, comprising non-natural amino acids; (2) antigens that are suitable to conjugate

to polypeptides, including enhanced carrier proteins, comprising non-natural amino acids; (3)

polypeptide-antigen conjugates of (1) and (2) futher conjugated to an immunostimulator,

including antigens/immunostimulators conjugates with enhanced carrier proteins comprising



non-natural amino acids; (4) vaccine compositions comprising the foregoing; and (5) methods of

making and using the foregoing.

[0025] The term “suppression codon” refers to a nucleotide triplet that is introduced into a

polynucleotide at a predetermined location and is recognized by a specific tRNA that can

recognize a stop codon (e.g., an amber, ochre or opal stop codon) and allows translation to read

through the codon to produce the protein, thereby suppressing the stop codon.

[0026] 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.

[0027] 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). For purposes

of this document, the percent identity is determined over the full-length sequence, such as the

reference sequence set forth in SEQ ID NO: 1 or SEQ ID NO: 11. 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 BLOSEIM62 scoring matrix (see, e.g,

Henikoff & Henikoff, 1989, Proc Natl Acad Sci USA 89: 10915). See e.g., the BLAST alignment

tool available on the WWW at blast.ncbi.nlm.nih.gov/Blast.cgi or elsewhere.

[0028] 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).



[0029] The term “T-cell activating epitope” refers to a structural unit of molecular structure

which is capable of inducing T-cell immunity. The function of carrier proteins which include

T-cell activating epitopes is well known and documented for conjugates. Without wishing to be

bound by theory, a T-cell activating epitope in the carrier protein enables the covalently-attached

antigen to be processed by antigen-presenting cells and presented to CD4+ve T cells to induce

immunological memory against the antigen.

[0030] The term “B-cell epitope” refers generally to those features of a macromolecular

structure which are capable of inducing a B cell response. In contrast to a T-cell epitope, a B-cell

epitope need not comprise a peptide, since processing by antigen-presenting cells and loading

onto the peptide-binding cleft of MHC is not required for B-cell activation.

[0031] 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), CRM197, or malaria ookinete specific surface protein

Pfs25. In certain embodiments, the carrier protein is BB, derived from the G protein of

Streptococcus strain G148. A “native carrier protein” has only naturally occurring amino acids.

An “enhanced carrier protein” has at least one non-natural amino acid replaced for a naturally

occurring amino acid in the carrier protein. The terms “carrier protein” and “carrier polypeptide”

are used interchangeably herein.

[0032] As used herein, the term “immunogenic polypeptide” refers to a polypeptide

comprising at least one T-cell activating epitope, wherein the T-cell epitope is derived from a

protein capable of inducing immunologic memory in animals.

[0033] The term “eCRM” or “enhanced CRM” as used interchangeably herein refers to a

modified version of the G52E codon variant of diphtheria toxin, wherein at least one of the

natural amino acid residues is substituted for a non-natural amino acid and the polypeptide

retains at least one T-cell activating epitope.



[0034] As used herein, the terms “modified,” “replaced,” “enhanced,” and “substituted” are

considered synonymous when used to describe residues of a polypeptide, and in all cases refer to

the replacement of a non-natural amino acid for a naturally occurring amino acid within a

polypeptide chain.

[0035] As used herein, the term “T-independent antigen” refers to an antigen that induces the

features of B-cell mediated immunity, or which does not induce processes associated with helper

T-cell mediated immunity such as isotype switching or immunologic memory.

[0036] 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.

[0037] As used herein, the term “glycan” refers to any linear or branched polymer consisting

of monosaccharide (e.g. glucose) residues joined to each other by glycosidic linkages. Examples

of glycans include glycogen, starch, hyaluronic acid, and cellulose. Other examples of “glycans”

include bacterial capsular polysaccharides.

[0038] As used herein, the term "molecular weight" of a polysaccharide or of a carrier protein-

polysaccharide conjugate refers to molecular weight calculated by size exclusion

chromatography (SEC) combined with multiangle laser light scattering (MALS).

[0039] The term “lower alkyl” as used herein, and unless otherwise specified, refers to a

saturated straight or branched hydrocarbon having one to six carbon atoms, i.e., Ci to C 6 alkyl.

In certain embodiments, the lower alkyl group is a primary, secondary, or tertiary hydrocarbon.

The term includes both substituted and unsubstituted moieties. See also ETS-2014/0066598. The

term “lower alkylene” refers to an alkylene radical of a lower alkyl.



[0040] The term “about” in relation to a numerical value x is optional and means, for example,

χ+10%.

[0041] The word “substantially” does not exclude “completely” e.g. a composition which is

“substantially free” from Y may be completely free from Y. Where necessary, the word

“substantially” may be omitted from the definition of the invention.

[0042] The compounds of the various embodiments disclosed herein, or their pharmaceutically

acceptable salts that contain one or more asymmetric centers and give rise to enantiomers,

diastereomers, and other stereoisomeric forms that are defined, in terms of absolute

stereochemistry, as (R) or (S), or as (D) or (L) for amino acids. The present disclosure is meant

to include all such isomers, as well as their racemic and optically pure forms. The nnAA used

herein are generally α-amino acids with a chiral center at the α-carbon, and they are preferably

(L) isomers.

[0043] The chemical naming protocol and structure diagrams used herein are a modified form

of the I.U.P.A.C. nomenclature system, using the ACD/Name Version 9.07 software program

and/or ChemDraw Ultra Version 11.0.1 software naming program (CambridgeSoft). Except as

described below, all bonds are identified in the chemical structure diagrams herein, except for all

bonds on some carbon atoms, which are assumed to be bonded to sufficient hydrogen atoms to

complete the valency.

[0044] Unless defined otherwise, all technical and scientific terms used herein have the

commonly understood meaning. Practitioners are particularly directed to Green & Sambrook

(eds ) Molecular Cloning: A Laboratory Manual, 4th ed., Cold Spring Harbor Laboratory Press,

Cold Spring Harbor, N.Y. (2012), and Ausubel, F . M., e al, Current Protocols in Molecular

Biology (Supplement 99), John Wiley & Sons, New York (2012), and Plotkin, S.A., Orenstein,

W.A., & Offit, P.A., Vaccines, 6 ed, Elsevier, London (2013), which are incorporated herein by

reference, for definitions and terms. Standard methods also appear in Bindereif, Schon, &

Westhof (2005) Handbook of RNA Biochemistry , Wiley -VCH, Weinheim, Germany which

describes detailed methods for RNA manipulation and analysis, and is incorporated herein by

reference. Examples of appropriate molecular techniques for generating recombinant nucleic

acids, and instructions of many cloning exercises are found in Green & Sambrook (M);



Ausubel, F. M., et al, (Id.); Berger & Kimmel, Guide to Molecular Cloning Techniques,

Methods in Enzymology (Volume 152 Academic Press, Inc., San Diego, Calif. 1987); and PCR

Protocols: A Guide to Methods and Applications (Academic Press, San Diego, Calif. 1990),

which are incorporated by reference herein. Examples of appropriate bio-organic techniques for

activating and derivatizing biomolecules with chemical handles, and instructions to design such

syntheses are found in Hermanson, G.T, Bioconjugate Techniques, 2nd ed., Elsevier, London

(2008). For examples of techniques and components necessary for parenteral administration of

biomolecules described herein, practitioners are directed to Remington, Essentials of

Pharmaceutics, Pharmaceutical Press, London (2012). Methods for protein purification,

chromatography, electrophoresis, centrifugation, and crystallization are described in Coligan et

al. (2000) Current Protocols in Protein Science, Vol. 1, John Wiley and Sons, Inc., New York.

Methods for cell-free synthesis are described in Spirin & Swartz (2008) Cell-free Protein

Synthesis, Wiley-VCH, Weinheim, Germany. Methods for incorporation of non-natural amino

acids into proteins using cell-free synthesis are described in Shimizu et al. (2006) FEBS Journal ,

273, 4133-4140 and also in Chong (2014) Curr Protoc Mol Biol. 108:16.30.1-11.

[0045] PCR amplification methods are described, for example, in Innis et al. , PCR Protocols:

A Guide to Methods and Applications, Academic Press Inc. San Diego, Calif., 1990 and

Domingues (ed.) PCR: Methods and Protocols ISBN 1493970593 (2017). An amplification

reaction typically includes the DNA that is to be amplified, a thermostable DNA polymerase,

two oligonucleotide primers, deoxynucleotide triphosphates (dNTPs), reaction buffer and

magnesium. Typically, a desirable number of thermal cycles is between 1 and 25. Methods for

primer design and optimization of PCR conditions are found in molecular biology texts such as

Ausubel et al., Short Protocols in Molecular Biology, 5th Edition, Wiley, 2002, and Innis et al.,

PCR Protocols, Academic Press, 1990. Computer programs are useful in the design of primers

with the required specificity and optimal amplification properties (e.g., Oligo Version 5.0

(National Biosciences)). In some embodiments, the PCR primers additionally contain

recognition sites for restriction endonucleases, to facilitate insertion of the amplified DNA

fragment into specific restriction enzyme sites in a vector. If restriction sites are to be added to

the 5' end of the PCR primers, it is preferable to include a few (e.g., two or three) extra 5' bases

to allow more efficient cleavage by the enzyme. In some embodiments, the PCR primers also

contain an RNA polymerase promoter site, such as T7 or SP6, to allow for subsequent in vitro



transcription. Methods for in vitro transcription are found in sources such as Van Gelder et al.,

Proc. Natl. Acad. Sci. U.S.A. 87 :1663-1667 , 1990; Eberwine et al., Proc. Natl. Acad. Sci. U.S.A.

89:3010-3014, 1992.

[0046] The molecular weight of a polysaccharide or of a carrier protein-polysaccharide

conjugate is measured by size exclusion chromatography (SEC) combined with multiangle laser

light scattering (MALS). The SEC MALS-UV-RI setup consists of an Agilent HPLC 1100

(including degasser, quaternary pump, temperature-controlled auto-sampler, temperature

controlled column compartment and ETV-VIS diode array detector) in line with a DAWN-

HELEOS multi-angle laser light scattering detector and Optilab T-rEX differential refractive

interferometer (Wyatt Technology, Santa Barbara, CA) for the detection of eluting species. The

following series of columns is attached to this system: TSKgel Guard PWXL 6.0 mm ID x 4.0

cm long, 12 pm particle; TSKgel 6000 PWXL 7.8 mm ID x 30 cm long, 13 pm particle; and a

TSKgel 3000 PWXL 7.8 mm ID x 30 cm long, 7pm particle. The column compartment is set to

25 °C and the sample compartment is set to 4 °C. A mobile phase consisting of 0.2 pm filtered

lx PBS with 5% v/v acetonitrile is used at a 0.5 mL/min flow rate. Samples are injected within

a concentration range of 0.2-1 .5 mg/mL polysaccharide and the injected volume is adjusted to

yield a total injected mass of 30-40 pg. Agilent Open Lab software is used to control the HPLC,

and Wyatt Astra 7 software is used for data collection and analysis. The technique reveals the

distribution of absolute molecular weights for conjugates in a sample, and results for a

population are expressed as an average value.

[0047] In some embodiments, S. pneumoniae isolated capsular polysaccharides are obtained

directly from bacteria using isolation procedures known to one of ordinary skill in the art (see

for example methods disclosed in U.S. Patent App. Pub. Nos. 2006/0228380, 2006/0228381,

2007/0184071, 2007/0184072, 2007/0231340, and 2008/0102498 and WO 2008/1 18752). In

other embodiments, S. pneumoniae isolated capsular polysaccharides are obtained from a

commercial source (e.g., ATCC).

[0048] Various details of methods, compositions, and techniques for the production of

conjugated polysaccharide-polypeptide conjugates are disclosed in WO 2018/126229, the

complete contents of which are incorporated herein by reference. The disclosure in WO

2018/126229 can be adapted based on the present disclosure in order to prepare immunogenic



conjugates which additionally comprise an immunostimulator as part of the conjugate. The

variations and improvements described herein can be applied to or combined with any of the

methods, compositions or techniques disclosed in WO 2018/126229 or U.S. Patent Application

Serial No. 62/693,978 for "Improved Methods for the Preparation of Immunogenic Conjugates,"

inventors Jeff Fairman, Jon Heinrichs, Wei Chan, Olivier Jean Gerard Marcq, and Christopher

R . Behrens (SutroVax, Inc., Foster City, California), provisional U.S. Patent Application Serial

No. 62/693,981 for "Improvements in Immunogenic Conjugates," inventors Jeff Fairman, Jon

Heinrichs, and Wei Chan (SutroVax, Inc., Foster City, California), and U.S. Patent Application

No. 16/459,303 filed July 1, 2019, entitled "Improved Conjugated Vaccines" inventors Jeff

Fairman, Jon Heinrichs, Wei Chan, Olivier Jean Gerard Marcq, and Christopher R . Behrens

(attorney docket number STRO-006/00US). The aforementioned patent applications are

incorporated by reference herein in their entireties, particularly with respect to methods of

making conjugates.

II. Immunogenic Conjugates

[0049] The invention generally concerns immunogenic conjugates and methods for the

preparation of immunogenic conjugates. These conjugates comprise a carrier polypeptide, an

antigen, and an immunostimulator. Linking of the antigen to the carrier polypeptide can convert

a T-cell independent immunogen (such as a saccharide) into a T-cell dependent immunogen,

thereby enhancing the immune response which is elicited by that immunogen (particularly in

children). The conjugates prepared using the present methods contain covalent linkages that are

formed between an antigen and a non-natural amino acid (nnAA) residue within the carrier

polypeptide, as well as containing linkages that are formed between (a) the antigen and the

immunostimulator, (b) the carrier polypeptide and the immunostimulator, or (c) both (a) and (b).

These nnAA residues can provide functional groups which facilitate reactivity with an antigen of

interest.

[0050] Conjugates used herein include covalent linkages that are formed between a non

natural amino acid (‘nnAA’) residue within the carrier polypeptide and (i) the antigen and/or

(ii) an immunostimulator. The nnAA residue(s) in the carrier polypeptide provide functional

groups which facilitate reactivity with the antigen of interest and/or immunostimulator.



[0051] As noted herein, the individual components in the conjugates (i.e. carrier polypeptide,

antigen, and immunostimulator) can be arranged in various ways. For instance: a single carrier

polypeptide can include multiple nnAA residues, with antigen and immunostimulator being

attached to separate nnAA residues; an immunostimulator can be attached to the nnAA and an

antigen can be attached to a different site on the immunostimulator; or, in an exemplary

embodiment, an antigen can be attached to the nnAA and an immunostimulator can be attached

to a different site on the antigen. Thus antigens usefully include multiple conjugation sites,

permitting it to form covalent bonds with immunostimulator molecules and with nnAA residues.

Where conjugation occurs sequentially (e.g. antigen is first conjugated to immunostimulator, and

then to nnAA) via the same functional groups (e.g. via alkynes in a derivatized antigen) it is

necessary to have spare functional groups after the first conjugation. In some embodiments, the

first conjugation uses from 5-25% of the conjugation sites (e.g. from 10- 15%).

[0052] Antigens can have a single linking group per molecule (e.g. the reducing terminus of a

saccharide) for conjugation, or can have multiple linking groups (e.g. multiple aldehyde or

cyanate ester groups). Where an antigen molecule has multiple linking groups this can permit

linkage to both nnAA residues and to immunostimulatory molecules. Moreover, when used in

conjunction with a carrier polypeptide that includes multiple nnAA residues this can lead to the

formation of high molecular weight cross-linked or lattice conjugates, involving links between

multiple carrier polypeptides and multiple antigens.

[0053] Cross-linked conjugates are preferred herein (particularly for pneumococcus). Thus

antigens with multiple conjugation sites are also preferred. Similarly, it is preferred that a single

carrier polypeptide includes multiple nnAA residues (e.g. up to 10).

[0054] Covalent linkages are formed between a nnAA residue within the carrier polypeptide

and the antigen and/or immunostimulator. Preferably conjugation does not occur not via a lysine

residue in the carrier polypeptide; more preferably, conjugation does not occur via a natural

amino acid residue in the carrier polypeptide.



III. Immunogenic Polypeptides Useful as Carrier Proteins

III.A. Polypeptides comprising at least one nnAA residue

III.A.1. Overview of nnAA-containing polypeptides:

[0055] Described herein are polypeptides comprising at least one nnAA residue, wherein

nnAA residues are defined and discussed in detail in Section III.A.2, infra. In general, suitable

polypeptides are biologically active peptides, such as those inducing a T-cell immune response

in mammals, particularly humans, as well as domesticated animals, such as cattle, horses, sheep,

dogs and cats; in general, any polypeptide that contains a T-cell epitope can be used as a carrier

protein. The T-cell epitope can bind to MHC class II and interact with T-cell receptors on the

surface of CD4+ T-cells, thereby enhancing antibody responses against antigens or haptens

conjugated thereto (see, e.g, Costantino et al. 201 1, Expert Opin Drug Discov 6 :1045-66).

Micoli et al. (20 18) Molecules 23:1451 reviews various carrier polypeptides and criteria for their

selection. Tontini etal. (2016) Vaccine 34:4235-42 discuss pre-clinical studies of 28 carrier

polypeptides, including tests of their ability to induce antibodies against saccharide antigens.

Polyepitope carrier polypeptides containing multiple broadly-reactive (i.e. immunogenic in the

context of most human MHC class II molecules) human CD4+ T-cell epitopes from various

pathogen-derived antigens have been designed e.g. the N19 and other polypeptides as disclosed

by Falugi etal. (2001) Eur J Immunol 31:3816-24, Baraldo et al. (2004) Infect Immun 72:4884-

7, and U.S. Patent Nos. 6,855,321 and 7,867,498; and U.S. Patent Publication No. US

2016/0101 187 Al.. The ability to design these polyepitope carriers demonstrates the ability of

those skilled in the art to identify suitable T cell epitopes from diverse sources and also to use

them to design effective carrier polypeptides. See also patent application US2016/0101 187A1.

T-cell epitopes found within known carriers (e.g. Tt, PD, CRM197) can be used. Various

detoxified bacterial toxins have been successfully used as carriers e.g. Tt, Dt, the P.aeruginosa

exotoxin, the C.difflcile A and B toxins, etc. Many different carrier polypeptides have been used

for pneumococcal saccharides, e.g, CRM 197 in Prevnar™, PD, Tt and Dt in Synflorix™, and

various peptides in Velasco etal. (1995) Infect Immun 63:961-8. Within other approved

vaccines it is known to use diphtheria toxoid (chemically treated toxin from Corynebacterium

diphtheriae; ‘Dt’), tetanus toxoid (chemically treated tetanospasmin toxin from Clostridium

tetani; ‘Tt’), protein D from Haemophilus influenzae (‘PD’ or ‘HiD’), the outer membrane



protein complex of serogroup B meningococcus (OMPC’), and the CRM197 mutant C.

diphtheriae toxin. The invention can use any of these numerous carrier polypeptides as starting

points to design carrier proteins according to the present invention, modifying them to include at

least one nnAA.

[0056] Useful carrier polypeptides contain a T-cell epitope. Various such carrier polypeptides

are known in the art, and within approved vaccines it is known to use diphtheria toxoid

(chemically treated toxin from Corynebacterium diphtheriae; ‘Dt’), tetanus toxoid (chemically

treated tetanospasmin toxin from Clostridium tetani; ‘Tt’), protein D from Haemophilus

influenzae (‘PD’ or ‘HiD’), the outer membrane protein complex of serogroup B meningococcus

(OMPC’X and the CRM197 mutant C.diphtheriae toxin.

[0057] An exemplary carrier polypeptide upon which to base the carriers used with the

invention is CRM197. CRM197 is well-known in the art (e.g. see Broker e al. 201 1Biologicals

39: 195-204) and has the following amino acid sequence (SEQ ID NO: 11), where the underlined

residue (Glu-52) differs from the natural diphtheria toxin, whereby the substitution of Gly Glu

leads to the loss of toxic enzymatic activity in the protein:

GADDWDSSKSFVMENFSSYHGTKPGYVDS IQKGIQKPKSGTQGNYDDDWKEFYSTDNK
YDAAGYSVDNENPLS GKAGGWKVT YPGLTKVLALKVDNAE TIKKELGLSLTEP LMEQ
GTEEFIKRFGDGASRWLSLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGQDA
MYEYMAQACAGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMSESPNK
TVSEEKAKQYLEEFHQTALEHPELSELKTVTGTNPVFAGANYAAWAVNVAQVIDSETAD
NLEKTTAALS ILPGIGSVMGIADGAVHHNTEEIVAQS IALSSLMVAQAIPLVGELVDIG
FAAYNFVES IINLFQVVHNSYNRPAYSPGHKTQPFLHDGYAVSWNTVEDS IIRTGFQGE
SGHDIKITAENTPLPIAGVLLPTIPGKLDVNKSKTHISVNGRKIRMRCRAIDGDVTFCR
PKSPVYVGNGVHANLHVAFHRS SSEKIHSNEISSDSI GVLGYQKTVDHTKVNSKLS LFF
EIKS (SEQ ID NO: 11)

[0058] The invention does not use native CRM197. Instead of using CRM197 comprising

SEQ ID NO: 11, a modified amino acid sequence is used which contains at least one nnAA.

These modified CRM197 carrier polypeptides are described infra. Modified CRM197 may also

include, for example, an N-terminal methionine (e.g., such as in SEQ ID NO: 1, below) or other

modifications described herein.

MGADDWDSSKSFVMENFSSYHGTKPGYVDS IQKGIQKPKSGTQGNYDDDWKEFYSTDN
KYDAAGYSVDNENPLS GKAGGWKVT YPGLTKVL LKVDNAE TIKKELGLSLTEP LMEQ
VGTEEFIKRFGDGASRWLSLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGQD



AMYEYMAQACAGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMSESPN
KTVSEEKAKQYLEEFHQTALEHPELSELKTVTGTNPVFAGANYAAWAVNVAQVIDSETA
DNLEKTTAALS ILPGIGSVMGIADGAVHHNTEEIVAQS IALSSLMVAQAIPLVGELVDI
GFAAYNFVES IINLFQVVHNSYNRPAYSPGHKTQPFLHDGYAVSWNTVEDS IIRTGFQG
ESGHDIKITAENTPLPIAGVLLPTIPGKLDVNKSKTHISVNGRKIRMRCRAIDGDVTFC
RPKS PVYVGNGVHANLHVAFHRS SSEKIHSNEISSDSI GVLGYQKTVDHTKVNSKLSL F
FEIKS (SEQ ID NO :1)

[0059] Aside from CRM 197, other detoxified mutant forms of diphtheria toxin can be used as

a starting point for the design of new carriers. For instance, a non-toxic K51E/E148K double

mutant has also been used as a carrier polypeptide in conjugates (Pecetta et al. 2016 Vaccine

34: 1405-1 1) and nnAA residues can be incorporated into the sequence of this double mutant in

the same way as in CRM 197.

[0060] Another carrier polypeptide of interest is PD from H.influenzae , which naturally has

the following amino acid sequence (SEQ ID NO: 8):

CSSHSSNMANTQMKSDKI IIAHRGASGYLPEHTLESKALAFAQQADYLEQDLAMTKDGR
LWIHDHFLDGLTDVAKKFPHRHRKDGRYYVIDFTLKEIQSLEMTENFETKDGKQAQVY
PNRFPLWKSHFRIHTFEDEIEFIQGLEKSTGKKVGI YPEIKAPWFHHQNGKDIAAETLK
VLKKYGYDKKTDMVYLQTFDFNELKRIKTELLPQMGMDLKLVQLIAYTDWKETQEKDPK
GYWVNYNYDWM FKPGAMAE KYADGVG PGWYMLVNKE ESKPDNIVYTP LVKELAQYNV
EVHPYTVRKDALPEFFTDVNQMYDALLNKSGATGVFTDFPDTGVEFLKGIK (SEQ ID
NO: 8 )

[0061] Rather than using native PD, a modified amino acid sequence is used which contains at

least one nnAA. For instance, one or more Lys residues within SEQ ID NO: 8 can be replaced

with a nnAA. There are 36 Lys residues within SEQ ID NO: 8, so several can be replaced by

nnAA and then used for conjugation. T-cell epitope prediction and recognition for PD has been

reported by Hua et al. (2016) Clin Vaccine Immunol 23:155-61.

[0062] An additional carrier polypeptide of interest is Tt from C.tetani, which naturally has the

amino acid sequence SEQ ID NO: 15. Rather than using native Tt, a modified amino acid

sequence is used which contains at least one nnAA. For instance, one or more Lys residues

within SEQ ID NO: 15 can be replaced with a nnAA. There are 109 Lys residues within SEQ ID

NO: 15, so several can be replaced by nnAA and then used for conjugation. The polypeptide

should also be detoxified prior to use as a carrier e.g. by formaldehyde or glutaraldehyde

treatment. The polypeptide will typically be cleaved between residues 457-458, with the two

fragments being held together by a disulfide bond between residues 439 & 467.



MPITINNFRYSDPVNNDTI IMMEPPYCKGLDI YYKAFKITDRIWIVPERYEFGTKPEDF
NPPSSLIEGASEYYDPNYLRTDSDKDRFLQTMVKLFNRIKNNVAGEALLDKI INAIPYL
GNSYSLLDKFDTNSNSVSFNLLEQDPSGATTKSAMLTNLI IFGPGPVLNKNEVRGIVLR
VDNKNYFPCRDGFGS IMQMAFCPEYVPTFDNVIENITSLTIGKSKYFQDPALLLMHELI
HVLHGLYGMQVSSHEI IPSKQEIYMQHTYPISAEELFTFGGQDANLISIDIKNDLYEKT
LNDYKAIANKLSQVTSCNDPNIDIDSYKQIYQQKYQFDKDSNGQYIVNEDKFQILYNSI
MYGFTEIELGKKFNIKTRLSYFSMNHDPVKIPNLLDDTI YNDTEGFNIESKDLKSEYKG
QNMRVNTNAFRNVDGSGLVSKLIGLCKKI IPPTNIRENLYNRTASLTDLGGELCIKIKN
EDLTFIAEKNSFSEEPFQDEIVSYNTKNKPLNFNYSLDKI IVDYNLQSKITLPNDRTTP
VTKGIPYAPEYKSNAASTIEIHNIDDNTIYQYLYAQKSPTTLQRITMTNSVDDALINST
KIYSYFPSVISKVNQGAQGILFLQWVRDI IDDFTNESSQKTTIDKISDVSTIVPYIGPA
LNIVKQGYEGNFIGALETTGWLLLEYIPEITLPVIAALSIAESSTQKEKIIKTIDNFL
EKRYEKWIEVYKLVKAKWLGTVNTQFQKRSYQMYRSLEYQVDAIKKI IDYEYKIYSGPD
KEQIADEINNLKNKLEEKANKAMININI EMRESSRSFLVNQMINEAKKQLLEFDTQSKN
ILMQYIKANSKFIGITELKKLESKINKVFSTPIPFSYSKNLDCWVDNEEDIDVILKKST
ILNLDINNDI ISDISGFNSSVITYPDAQLVPGINGKAIHLVNNESSEVIVHKAMDIEYN
DMFNNFTVSFWLRVPKVSASHLEQYGTNEYS IISSMKKHSLS IGSGWSVSLKGNNLIWT
LKDSAGEVRQIT FRDLPDKFNAYLANKWVFI TITNDRLS SANLYINGVLMGSAE ITGLG
AIREDNNITLKLDRCNNNNQYVS IDKFRI FCKALNPKEIEKLYTSYLS ITFLRDFWGNP
LRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNI YYRRLYNGLKFI IKRY
TPNNEIDSFVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLYKK
MEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDKI
LGCDWYFVPTDEGWTND (SEQ ID NO: 15)

[0063] More generally, any polypeptide including a T-cell epitope can be used as a carrier

polypeptide. The T-cell epitope can bind to MHC class II and interact with T-cell receptors on

the surface of CD4+ T-cells, thereby enhancing antibody responses against antigens or haptens

conjugated thereto (e.g. see Costantino et al. 201 1, Expert Opin Drug Discov 6:1045-66).

Micoli et al. (2018) Molecules 23, 1451 reviews various carrier polypeptides and criteria for

their selection. Tontini etal. (2016) Vaccine 34:4235-42 discuss pre-clinical studies of 28 carrier

polypeptides, including tests of their ability to induce antibodies against saccharide antigens.

Poly epitope carrier polypeptides containing multiple broadly-reactive (i.e. immunogenic in the

context of most human MHC class II molecules) human CD4+ T-cell epitopes from various

pathogen-derived antigens have been designed e.g. the N19 and other polypeptides as disclosed

by Falugi etal. (2001) Eur J Immunol 31:3816-24, Baraldo et al. (2004) Infect Immun 72:4884-

7, and US patents 6,855,321 & 7,867,498. The ability to design these polypepitope carriers

demonstrates the ability of those skilled in the art to identify suitable T cell epitopes from

diverse sources and also to use them to design effective carrier polypeptides. See also patent

application US2016-0101 187. T cell epitopes found within known carriers (e.g. Tt, PD,

CRM197) can be used. Various detoxified bacterial toxins have been successfully used as



carriers e.g. Tt, Dt, the P.aeruginosa exotoxin, the C.difficile A & B toxins, etc. Many different

carrier polypeptides have been used for pneumococcal saccharides e.g. CRM 197 in Prevnar™,

PD, Tt and Dt in Synflorix™, and various peptides in Velasco e al. (1995) Infect Immun

63:961-8. The invention can use any of these numerous carrier polypeptides as starting points to

design carrier proteins according to the present invention, modifying them to include at least one

nnAA, to enhance the immunogenicity of antigens of interest.

[0064] The nnAA-containing carrier polypeptides to be used with the invention can be

prepared using the techniques disclosed in section III.C below. Certain carriers contain nnAAs

outside of at least one T-cell epitope of the carrier. If the T-cell epitope regions for a carrier are

unknown then one can identify the epitopes using standard techniques e.g. see Reece e al.

(1993) IJ Immunol 151:6175-84, Beissbarth et al. (2005) Bioinformatics 2 1 Suppl 1 : 29-37,

Maciel Jr etal. (2008) Virol 378:105-17, Fridman et al. (2012) Oncoimmunol 1:1258-70, etc.

(including empirical and/or predictive approaches). It is also possible to confirm that any

particular modification of a carrier polypeptide’s sequence does not eliminate the desired T-cell

response to a conjugated antigen, such as the saccharides herein. An exemplary group of

carriers do not contain any modification, including insertion or substitution of a nnAA, within a

T-cell epitope. Another exemplary group of carriers do not contain any modification, including

insertion or substitution of a nnAA, within multiple T-cell epitopes. Yet another exemplary

group of carriers do not contain any modification, including insertion or substitution of a nnAA,

within any T-cell epitope.

[0065] In some embodiments, the polypeptide is an immunogenic polypeptide. In some

embodiments, the nnAA residue is substituted for a native residue of a specified polypeptide. In

other embodiments, the nnAA residue is incorporated by insertion, or by C-terminal or N-

terminal extension. In further embodiments, the polypeptide comprises at least 1, at least 2, at

least 3, at least 4, at least 5, at least 6, at least 7, at least 8, or at least 9 nnAA residues. In certain

embodiments, the polypeptide comprises 1, 2, 3, 4, 5, 6, 7, 8, or 9 nnAA residues. Some carriers

contain as least 2, at least 3, at least 4, at least 5, or at least 6 nnAAs. Certain carriers may also

have a maximum of 10, 9, 8, 7 or 6 nnAAs. In some embodiments carrier polypeptides with

fewer than 10 nnAA residues are may be utilized. Exemplary ranges of nnAAs in a carrier

polypeptide include 2-10, 2-9, 2-8, 2-7, 2-6, 3-10, 3-9, 3-8, 3-7, 3-6, 4-10, 4-9, 4-8, 4-7, and 4-6

nnAAs, with 2-9 nnAAs, e.g., 4-6 nnAAs.



[0066] The carrier polypeptide may comprise two or more nnAA residues that are chemically

distinct, i.e., the two or more nnAA residues comprise at least two different non-natural amino

acids, such as those identified herein. The polypeptide may comprise a T-cell activating epitope

of a carrier protein, and may be conjugated to an antigen, such as through an nnAA within the

polypeptide structure, where the antigen may be a T-cell independent antigen such as a hapten, a

bacterial capsular polysaccharide, a bacterial lipopolysaccharide, or a tumor-derived glycan (for

example, the antigen may comprise a bacterial non-capsular polysaccharide such as an

exopolysaccharide, e.g. the S.aureus exopolysaccharide). In some embodiments, the nnAA are

not in a T-cell activating epitope of the carrier polypeptide.

[0067] Conveniently, in some embodiments, the nnAA can be substituted for a lysine residue

in the native polypeptide. For instance, in a modified CRM197 the substitution can occur at one

or more of positions K24, K33, K37, K39, K212, K214, K227, K244, K264, K385, K522 and

K526 in SEQ ID NO: 11 or 12. An exemplary modified CRM may include substitution of a

nnAA (e.g. pAMF) at each of K33, K212, K244, K264, K385, and K526 (and in some

embodiments at no other positions) according to the number of SEQ ID NO: 11 or 12.

[0068] Substitutions to incorporate nnAA are not limited to lysine positions, however, and it is

also possible to substitute other amino acids with a nnAA e.g. Phe, Asp, Asn, Glu, Gln, Arg, Ser,

and/or Thr.

[0069] Ideally, the carrier proteins described herein have a solubility of at least 50mg/L (e.g,

at least 100 mg/L, at least 150 mg/L, at least 200 mg/L, or at least 250 mg/L) when expressed in

a cell-free protein synthesis system.

[0070] Where a carrier protein described herein includes more than one nnAA residue, some

embodiments include only a single species of nnAA (e.g, the only nnAA in the carrier is

pAMF). This permits the same conjugation chemistry to be used simultaneously at each nnAA.

If it is desired to attach two different antigens to a single carrier molecule, this can be achieved

by using different nnAA species within a single carrier and conjugating each antigen to a

different nnAA; conjugation to a single species of nnAA in a carrier may be preferred for ease of

production. Moreover, where a composition includes multiple different conjugates (e.g,

different pneumococcal serotypes) it is sometimes advantageous that each conjugate includes the



same single species of nnAA. Furthermore, where a composition includes multiple different

conjugates (e.g., different pneumococcal serotypes) it is may be advantageous that each

conjugate includes the same carrier protein.

[0071] In certain embodiments, the disclosure provides a polynucleotide encoding the

polypeptides described herein. In certain embodiments, the disclosure provides for an expression

vector comprising the polynucleotide encoding the polypeptide described herein. In certain

embodiments, the disclosure provides for a host cell comprising the expression vector.

III.A.2. Non-natural amino acids:

[0072] As mentioned herein, conjugates used herein may include covalent linkages between

an antigen and a functional group within a nnAA residue in the carrier polypeptide. The side

chains of nnAA residues can provide reactive functional groups which are useful for conjugating

antigens to discrete sites in the carrier polypeptide.

[0073] In general terms, the nnAA can be any non-natural amino acid that can be incorporated

into a polypeptide during translation but is not one of the 20 common amino acids. A nnAA can

be incorporated into a polypeptide by converting a tRNA molecule such that its codon

incorporates the nnAA rather than the natural cognate amino acid. One technique for achieving

this involves using a “suppression codon” i.e. a nucleotide triplet that is introduced into a coding

sequence at a desired position and is recognized by a specific tRNA that can recognize a natural

stop codon (e.g., an amber, ochre or opal stop codon) but allows translation to continue, with

incorporation of the nnAA (thereby suppressing the natural stop codon).

[0074] The nnAA residue can be any of the nnAA residues described herein, or any other that

has been identified as compatible with cell-based or cell-free protein synthesis (see, e.g., Schultz

et al. (2010) Annu Rev Biochem. 79:413-44, particularly at pp.418-420; and Chin et al. (2014)

Annu Rev Biochem. 83:5.1-5.30, which are hereby incorporated by reference). As described

earlier, the nnAA is an amino acid that is not one of the 20 common amino acids or pyrolysine

or selenocysteine.

[0075] Examples of non-natural amino acids that can be used in conjunction with the

invention include, without limitation: a non-natural analog of a tyrosine amino acid; a non-



natural analog of a glutamine amino acid; a non-natural analog of a phenylalanine amino acid; a

non-natural analog of a serine amino acid; a non-natural analog of a threonine amino acid; an

alkyl, aryl, acyl, azido, cyano, halo, hydrazine, hydrazide, hydroxyl, alkenyl, alkynl, ether, thiol,

sulfonyl, seleno, ester, thioacid, borate, boronate, phospho, phosphono, phosphine, heterocyclic,

enone, imine, aldehyde, hydroxylamine, keto, or amino-substituted amino acid, or any

combination thereof; an amino acid with a photoactivatable cross-linker; a spin-labeled amino

acid; a fluorescent amino acid; an amino acid with a novel functional group; an amino acid that

covalently or noncovalently interacts with another molecule; a metal binding amino acid; a

metal-containing amino acid; a radioactive amino acid; a photocaged and/or photoisomerizable

amino acid; a biotin or biotin-analog containing amino acid; a glycosylated or carbohydrate

modified amino acid; a keto-containing amino acid; amino acids comprising polyethylene glycol

or polyether; a heavy atom substituted amino acid; a chemically cleavable or photocleavable

amino acid; an amino acid with an elongated side chain; an amino acid containing a toxic group;

a sugar-substituted amino acid, e.g., a sugar-substituted serine or the like; a carbon-linked sugar-

containing amino acid; a redox-active amino acid; an α-hydroxy acid; a thioacid-containing

amino acid; an a,a-di substituted amino acid; a β-amino acid; a cyclic amino acid other than

proline, etc.

[0076] Exemplary nnAA for use as described herein are those which can be incorporated

during translation (in a cellular or a cell-free system) with a side chain that provides a functional

group which is not found in the side chain of any of the 20 naturally occurring amino acids (e.g.,

azido). Various techniques for incorporating such amino acids into polypeptides are known e.g.

see Young & Schultz (2010) J Biol Chem 285: 11039-44, Maza et al. (2015) Bioconjugate Chem.

26:1884-9, and Zimmerman etal. (2014) Bioconjugate Chem. 25:351-61. Additionally,

described herein are methods whereby nnAA residues can be incorporated into carrier

polypeptides e.g. using cell-free expression mixtures, orthogonal tRNA/aminoacyl-tRNA

synthetase pairs specific for the nnAA, suppression codons, etc. See also U.S. Patent Publication

No. US2017/0267637, which is also incorporated by reference in its entirety.

[0077] The nnAA can include a chemical group suitable for a "click" chemistry reaction with a

corresponding group on an antigen of interest or hapten. Suitable chemical groups for “click”

chemistry include, but are not limited to, azido (-N3), alkyne (-C≡C-), alkene (-C=C-),



l,2,4,5-tetrazine ( N_ N ), and phosphine groups.

[0078] The nnAA can be any of 2-amino-3-(4-azidophenyl)propanoic acid (para-azido-L-

phenylalanine or pAF), 2-amino-3-(4-(azidomethyl)phenyl)propanoic acid (para-azidomethyl-L-

phenylalanine or 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)pyri din-3 -yl)propanoic

acid, or 2-amino-5-azidopentanoic acid.

[0079] In some embodiments, the present disclosure provides a polypeptide comprising at

least one nnAA replaced for a naturally occurring amino acid within the polypeptide according

to SEQ ID NO: 1, wherein the at least one nnAA is replaced for K25, K34, K38, K40, K213,

K215, K228, K245, K265, K386, K523, or K527 of SEQ ID NO: 1, wherein, in some

embodiments, the nnAA comprises a linking moiety. In some embodiments, the nnAA is

selected from 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)pyri din-2-yl)propanoic acid, 2-amino-3-(6-

(azidomethyl)pyridin-3-yl)propanoic acid, 2-amino-5-azidopentanoic acid, and 2-amino-3-(4-

(azidomethyl)phenyl)propanoic acid, or any combination thereof. In some embodiments, K265

of SEQ ID NO:l is replaced. In some embodiments, K386 of SEQ ID NO:l is replaced. In some

embodiments, K265 and K386 of SEQ ID NO:l are replaced. In some embodiments, the

polypeptide comprises at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, or

at least 9 nnAAs. In some embodiments, the nnAA is selected from 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)pyri din-3 -yl)propanoic acid, 2-amino-5-

azidopentanoic acid, and 2-amino-3-(4-(azidomethyl)phenyl)propanoic acid, or any combination

thereof.

[0080] An exemplary nnAA for use herein is pAMF:



pAMF provides very favorable reaction kinetics for producing conjugates (e.g. much faster than

using pAF when reacting with an alkyne-containing carbohydrate antigen in a SPAAC method).

[0081] The nnAA can be a 2,3-disubstituted propanoic acid bearing: an amino substituent at

the 2-position; and an azido-containing substituent, a l,2,4,5-tetrazinyl-containing substituent, or

an ethynyl-containing substituent at the 3-position. In some embodiments, the substituent at the

3-position is an azido-containing substituent, particularly an azido-containing substituent

comprising a terminal azido group bound to the carbon atom at the 3-position through a linking

group. For example, the linking group may comprise an arylene moiety that is optionally

substituted and optionally heteroatom-containing. For instance, the linking group may comprise

a 5- or 6-membered arylene moiety containing 0 to 4 heteroatoms and 0 to 4 non-hydrogen ring

substituents.

[0082] The nnAA can have the structure of formula (XII):

wherein: Ar comprises a 5-membered or 6-membered aromatic ring optionally containing at

least one heteroatom; W5 is selected from Ci-Cio alkylene, -NH-, -O- and -S-; Ql is zero or 1;

and W6 is selected from azido, l,2,4,5-tetrazinyl optionally C-substituted with a lower alkyl

group, and ethynyl

[0083] It will be appreciated that the corresponding nnAA residue in a polypeptide has the

structure of formula (XIII)
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in which R3 is OH or an amino acid residue of the carrier protein, and R4 is H or an amino acid

residue of the carrier protein.

[0084] In some embodiments, "Ar" in formulae (XII) and (XIII) does not contain any

heteroatoms, in which case a preferred linker is an unsubstituted phenylene group (i.e. Ar

is -C6H4-). In other embodiments, Ar contains a nitrogen heteroatom and at least one additional

heteroatom selected from N, O, and S . Exemplary nitrogen heterocycles are described infra and

Ar may be e.g. a pyridine or a pyridazine. In a certain embodiments, Q l is 1, W5 is lower

alkylene, and W6 is azido.

III.A.3. Azido-containing amino acids:

[0085] In some embodiments, the nnAA residue comprises an azido-containing nnAA, such as

an azido-containing nnAA of formula (I):

wherein: D is —Ar—W — or —W i—Yi—C(O)—Y 2—W 2—; each of Wi, W2, and W 3 is

independently a single bond or lower alkylene; each Xi is independently -NH-, -O-, or -S-; each

Yi is independently a single bond, -NH-, or -O-; each Y 2is independently a single

bond, -NH-, -O-, or an N-linked or C-linked pyrrolidinylene;



one of Zi, Z2, and Z3 is -N- and the others of

Zi, Z2, and Z 3 are independently -CH-.

[0086] In other embodiments, the nnAA residue comprises an azido-containing amino acid of

formula (II):

wherein W4 is C1-C10 alkylene.

[0087] In some embodiments, the nnAA residue may comprise an azido-containing amino

acid 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. In a further embodiment, the

nnAA residue comprises 2-amino-3-(4-(azidomethyl)phenyl)propanoic acid (pAMF). pAMF

provides very favorable reaction kinetics for producing conjugates (e.g., much faster than using

pAF when reacting with an alkyne-containing carbohydrate antigen in a SPAAC method).

[0088] Preparation of azido-containing amino acids according to formulae (I) and (II) is

described, for example, in U.S. Patent Publication No. U S 2014/0066598 A l to Stafford et al.,

particularly in paragraphs [033 1]-[0333], which are incorporated by reference herein. The

Stafford et al. synthesis involves replacement of hydroxyl groups with chloride using thionyl

chloride, followed by nucleophilic displacement of the chloride with azide. Suitable aryl side-

chain containing amino acids are also available commercially.



III.A.4. 7,2,4,5-Tetrazinyl-containing amino acids:

[0089] In some embodiments, the non-natural amino acid residue comprises a l,2,4,5-tetrazine

containing nnAA. In particular embodiments, the non-natural amino acid comprises a 1,2,4,5-

tetrazine containing nnAA of formula (III):

wherein:

V is a single bond, lower alkylene, or -W1-W2-; one of Wi and W 2 is absent or lower alkylene,

and the other is -NH-, -0-, or -S-; each one of Zi, Z2, and Z 3 is independently -CH- or -N-; and

Xi is independently -NH-, -0-, or -S-; and R is lower alkyl,

and, optionally, when then one of Zi, Z2, and Z3 is -N- provided the

non-natural amino acid is not:

[0090] Preparation of l,2,4,5-tetrazine-containing amino acids according to formula (III) is

known in the art and described, for example, in U.S. Patent Publication No. US 2016/0251336

A l to Yang et al., particularly at paragraphs [034l]-[0377], which are incorporated by reference

herein. The process involves Negishi coupling of an amino/carboxyl protected derivative of (R)-



2-amino-3-iodopropanoic acid with an aminopyridyl bromide to introduce the aromatic group

Ar, followed by reaction with a methylthio-l,2,4,5-tetrazine derivative to introduce the tetrazine

moiety into the amino acid.

III.A.5. Alkyne -containing amino acids:

[0091] In some embodiments, the nnAA residue comprises an alkyne-containing nnAA, such

as a propargyl group. A variety of propargyl-containing amino acids and syntheses thereof are

found in Beatty et al. (2006) Angew. Chem. Int. Ed. 45: 7364-7; Beatty et al. (2005) J. Am.

Chem. Soc. 127: 14150-1; Nguyen et al. (2009) J Am Chem Soc. 131: 8720-1. Such propargyl-

containing amino acids are suitable for incorporation as nnAAs into proteins using cell-based

systems. In some embodiments, the nnAA residue comprises a propargyl-containing nnAA

selected from the group consisting of homopropargylglycine, ethynylphenylalanine, and N6-[(2-

propyny1oxy)carbony1]-L-lysine .

[0092] As noted herein, the nnAA are generally α-amino acids with a chiral center at the

α-carbon, and they are preferably L-stereoisomers.

III. . Modified carrier proteins

[0093] As noted herein, useful carrier polypeptides contain a T-cell epitope, and an exemplary

carrier polypeptide upon which to base the modified carriers of the present invention is

CRM197.

[0094] As noted herein, an exemplary carrier polypeptide for use in conjunction with the

present invention is CRM197. In one aspect, the polypeptide comprising at least one nnAA

residue is a modified version of a native carrier protein (e.g., referred to as an “enhanced” or

“eCRM” for an enhanced CRM197), or a polypeptide comprising one or a plurality of T-cell

activating epitopes of a native carrier protein. Carrier proteins suitable for such modifications

include, but are not limited to, proteins used in conjugate vaccines such as Corynebacterium

diphtheriae toxin, Clostridium tetani tetanospasmin, Haemophilus influenzae protein D (PD,

HiD), the outer membrane protein complex of serogroup B meningococcus (OMPC), and

CRM197. In some embodiments the carrier protein may also be ovalbumin.



[0095] The amino acid sequences of many native carrier proteins are publicly available, as are

the nucleic acid sequences of the DNA encoding them. Native carrier proteins and other

unmodified carrier proteins have limitations, including non-discriminate antigen conjugation to

any surface-exposed amino acid. As a result, the T-cell activating epitopes are often sites where

antigen conjugation occurs. In certain embodiments of the present disclosure, the immunogenic

polypeptide is a carrier protein modified by the inclusion of at least one nnAA residue for use as

a site of conjugation. As discussed above, the nnAA can be substituted for a native residue or

added to the polypeptide by appending before, appending after, or inserting within the sequence

of the polypeptide. The use of non-natural amino acids, as described herein, allows the selective

placement of non-natural amino acids for conjugation and as a result the T-cell activating

epitopes of the enhanced carrier protein can be avoided in antigen conjugation. As also

described herein, a number (e.g., 2-9) of nnAA may replace naturally occurring amino acids

within a polypeptide sequence.

[0096] Table 1 shows the amino acid and nucleic acid sequences (SEQ ID NOs: 1 and 2) of an

exemplary modified carrier protein: CRM197. Those of skill in the art will recognize the

addition of an N-terminal methionine to the amino acid sequence of conventional CRM 197

produced by fermentation of C. diphtheriae, and the resulting addition of 1 to the conventional

amino acid residue position numbering. The methionine is present because of the inclusion of a

start codon in the cell-free protein synthesis method which was used to produce these carriers a

described herein. In some aspects, the enhanced carrier protein comprising the nnAA residues

has at least 80% sequence identity, at least 85% sequence identity, at least 90% sequence

identity, or at least 95% sequence identity to a homologous native or non-toxic carrier protein

used in a conjugate vaccine.

[0097] Carrier proteins having significant sequence identity to SEQ ID NO: 11 (native

CRM197), i.e., at least 80% sequence identity, at least 85% sequence identity, at least 90%

sequence identity, or at least 95% sequence identity include other mutant diphtheria toxin

proteins, such as the non-toxic K51E/E148K double mutant which has also been used as a

carrier protein in conjugates (Pecetta et al. 2016 Vaccine 34: 1405-1 1). In all of these variants of

SEQ ID NO: 11 the natural toxicity of wild-type diphtheria toxin is absent (via the G52E

mutation (bolded below) in CRM197, or the K51E/E148K mutations of Pecetta etal. (where

residue numbers are according to the native CRM197 sequence e.g. SEQ ID NO: 11).



GADDWDSSKSFVMENFSSYHGTKPGYVDS IQKGIQKPKSGTQGNYDDDWKEFYSTDNK
YDAAGYSVDNENPLS GKAGGWKVT YPGLTKVL LKVDNAE TIKKELGLSLTEP LMEQV
GTEEFIKRFGDGASRWLSLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGQDA
MYEYMAQACAGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMSESPNK
TVSEEKAKQYLEEFHQTALEHPELSELKTVTGTNPVFAGANYAAWAVNVAQVIDSETAD
NLEKT TAALS ILPGIGS MGIADGAVHHNTEE IVAQS IALS SLMVAQAI PLVGELVD IG
FAAYNFVES IINLFQVVHNSYNRPAYSPGHKTQPFLHDGYAVSWNTVEDS IIRTGFQGE
SGHDIKITAENTPLPIAGVLLPTIPGKLDVNKSKTHISVNGRKIRMRCRAIDGDVTFCR
PKSPVYVGNGVHANLHVAFHRS SSEKIHSNEISSDSI GVLGYQKTVDHTKVNSKLSLFF
EIKS (SEQ ID NO: 11)

[0098] Table 1 also shows the amino acid sequence of protein D (SEQ ID NO:8) from H.

influenzae. The enhanced carrier protein comprising nnAA residues may have at least 80%

sequence identity to SEQ ID NO: 8 . At least one Lys residue in SEQ ID NO: 8 can be replaced by

a nnAA. There are 36 Lys residues within SEQ ID NO: 8, so several can be replaced by nnAA

and then used for conjugation.

[0099] Where sequence identity is determined relative to diphtheria or tetanus toxin, it should

be determined relative to the processed heavy chain sequence e.g. relative to amino acids 226-

567 of P00588-1, or to amino acids 458-1315 of P04958-1 (UniProt sequences).

[0100] In some embodiments, the enhanced carrier protein comprising the nnAA residues

comprises less than the full native sequence of the carrier protein, and instead comprises at least

one or a plurality of T-cell activating epitopes from Corynebacterium diphtheriae toxin,

Clostridium tetani tetanospasmin, Haemophilus influenzae protein D (PD, HiD), outer

membrane protein complex of serogroup B meningococcus (OMPC), CRM197, Pfs25, or

another suitable native or non-toxic carrier protein. In some embodiments, the toxicity of the

enhanced carrier protein is limited by treatment with paraformaldehyde (or by treatment with

formaldehyde or glutaraldehyde) followed by a quenching agent. In some embodiments the

enhanced carrier protein comprising the nnAA residues is a polypeptide comprising a plurality

of T-cell activating epitopes of native CRM197 (SEQ ID NO: 11).



Table 1:



[0101] CRM197 ("cross-reacting material 197"; also known as "CRM197") is a non-toxic

mutant of diphtheria toxin which is used in many approved glycoconjugate vaccines (e.g. see

Broker et al. (201 1) Biologicals 39: 195-204). Exemplary carrier proteins for use with the

invention comprise an amino acid sequence which has at least 90% sequence identity to SEQ ID

NOs: 1 or 11. For instance, the carrier protein can comprise the amino acid sequence SEQ ID

NOs: lor 11 except for the presence of one or more nnAA (which may be inserted within SEQ

ID NOs: 1 or 11 or may be substituted for one or more amino acid residues within SEQ ID

NOs:l or 11 e.g. substituted for Lys and/or Phe).

[0102] In some embodiments, at least one Lys and/or at least one Phe residue in SEQ ID

NOs: 1 or 11 is substituted by a nnAA residue. It may be preferred to substitute more than one

residue in SEQ ID NOs: 1 or 11 with a nnAA and, in some embodiments, only one species of

residue in SEQ ID NOs: 1 or 11 is substituted by a nnAA e.g. only Lys residues are substituted.

Where more than one residue in SEQ ID NOs: 1 or 11 is substituted for a nnAA it may be

advantageous that the same nnAA is used at each position e.g. pAMF at each substitution

position.

[0103] Carrier proteins with from 2-9 nnAA residues within SEQ ID NOs: 1 or 11 are useful,

for example with from 4-9, 4-8, or 4-6 nnAA residues e.g. 4, 5 or 6 nnAA residues. This may

permit more extensive attachment of antigens to the carrier than using a single nnAA, thereby



increasing the antigen:carrier ratio, while avoiding excessive disruption of the native sequence

and structure, which can result in insolubility.

[0104] Studies of CRM197 have identified T-cell epitopes within residues P272-D291,

V322-G384, and Q412-I458 (according to SEQ ID NO:l numbering). Exemplary modified

CRM avoid introducing nnAA within these regions of SEQ ID NOs: 1 or 11. These regions

include F274, F356, F361, F369, K420, K441, K446, K448, and K457 (numbered according to

SEQ ID NO: 1), so these are the Phe and Lys residues which are less preferred for nnAA

substitution in CRM197 or a modified CRM. Exemplary Lys residues for substitution by a

nnAA in SEQ ID NO: 11 are K24, K33, K37, K39, K212, K214, K227, K244, K264, K385,

K522 and K526. Other useful Lys residues for substitution by a nnAA are K10, K37, K82,

K103, K104, K125, K157, K172, K221, K236, K242, K474, and K499 (SEQ ID NO: 11). Useful

Lys residues for substitution by a nnAA in SEQ ID NO:l are K25, K34, K38, K40, K213, K215,

K228, K245, K265, K386, K523, or K527. Other useful Lys residues for substitution by a nnAA

are K l l , K38, K83, K104, K105, K126, K158, K173, K222, K237, K243, K475, and

K499.Useful Phe residues for substitution by a nnAA are F13, F54, F124, F128, F141, F168,

F251, F390, F53 1, or F532 (of SEQ ID NO: 1).

[0105] Structural studies of CRM197 reveal two general 3D regions: the first region runs from

the N-terminus to Asn-374; and the second region runs from Ser-375 to the C-terminus.

Exemplary carriers used with the invention may include at least one nnAA in the first region and

at least one nnAA in the second region e.g. at least two nnAA in each region, or at least 3 nnAA

in each region. This may permit conjugated antigens to be spatially separated when attached to

the carrier. A carrier with 3 nnAA in the first region and 3 nnAA in the second region is useful.

[0106] The first region contains 27 Lys residues, and the second region contains 12 Lys

residues. Thus one or more (e.g. 3) Lys residues within the N-terminal 374 amino acids and one

or more (e.g. 3) Lys residues within the C-terminal 162 amino acids of SEQ ID NO: 1 can be

substituted with a nnAA e.g. within pAMF.

[0107] Exemplary embodiments of nnAA-containing carriers based on CRM197 have the

amino acid sequence of SEQ ID NO: 11 in which one or more of residues K24, K33, K37, K39,

K212, K214, K227, K244, K264, K385, K522 and/or K526 is/are replaced by a nnAA.



Exemplary embodiments of nnAA-containing carriers based on N-terminally modified CRM197

have the amino acid sequence of SEQ ID NO: 1 in which one or more of residues K25, K34,

K38, K40, K213, K215, K228, K245, K265, K386, K523, and/or K527 is/are replaced by a

nnAA. One such sequence is SEQ ID NO:9, in which each X represents a nnAA (preferably the

same nnAA, such as pAMF):

MGADDWDSSKSFVMENFSSYHGTKPGYVDS IQXGIQKPKSGTQGNYDDDWKE FYSTDN
KYDAAGYSVDNENPLSGKAGGWKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQ
VGTEEFIKRFGDGASRWLSLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGQD
AMYEYMAQACAGNRVRRSVGSSLSCINLDWDVIRDXTKTKIESLKEHGPIKNKMSESPN
KTVSEEKAXQYLEEFHQTALEHPELSELXTVTGTNPVFAGANYAAWAVNVAQVIDSETA
DNLEKTTAALS ILPGIGSVMGIADGAVHHNTEEIVAQS IALSSLMVAQAIPLVGELVDI
GFAAYNFVESIINLFQWHNSYNRPAYSPGHXTQPFLHDGYAVSWNTVEDSIIRTGFQG
ESGHDIKITAENTPLPIAGVLLPTIPGKLDVNKSKTHISVNGRKIRMRCRAIDGDVTFC
RPKS PVYVGNGVHANLHVAFHRS SSEKIHSNEISSDSI GVLGYQKTVDHTKVNSXLSL F
FEIKS (SEQ ID NO: 9 )

[0108] This carrier protein has been found to be very well-expressed in a cell-free protein

synthesis system, while retaining good solubility and providing good immunogenic responses

when conjugated to pneumococcal capsular polysaccharides.

[0109] The invention also provides herein compositions including multiple different

conjugates (e.g. different pneumococcal serotypes) in which each conjugate includes a carrier

protein having amino acid sequence SEQ ID NO:9 (for example, in which each X residue is the

same nnAA, preferably pAMF).

[0110] SEQ ID NO: 1 has a N-terminal methionine (which will typically be formylated) that is

not present in wild-type CRM197 (SEQ ID NO: 11) but is included for initiating translation

without requiring the whole native leader sequence. In some embodiments the carrier protein

used herein lacks a N-terminal methionine e.g. the N-terminus methionine of SEQ ID NO: 1 or

SEQ ID NO:9 may be absent. In some embodiments a carrier protein based on CRM197

includes no natural amino acids (and more preferably no amino acids) upstream of the N-

terminus of SEQ ID NO: 1 or downstream of the C-terminus of SEQ ID NO: 1 .

[0111] These nnAA-containing enhanced CRM 197 carrier proteins are particularly useful for

conjugating to pneumococcal capsular polysaccharides. These conjugates can be combined to

form multivalent compositions as discussed elsewhere herein.



[0112] The invention also provides a protein for preparing an immunogenic polysaccharide-

protein conjugate, wherein the protein has an amino acid sequence which has at least 80%

sequence identity to SEQ ID NO: 1 (e.g. at least 85%, at least 90%, or at least 95%) and includes

at least one nnAA, wherein the protein has a N-terminal methionine. The invention also provides

an immunogenic polysaccharide-protein conjugate prepared by conjugating a polysaccharide to

at least one nnAA in the protein.

[0113] The invention also provides a protein for preparing an immunogenic polysaccharide-

protein conjugate, wherein the protein comprises the amino acid sequence SEQ ID NO:l except

that at least one (e.g. 2-9) lysine residues is a nnAA. The nnAA is ideally an azido-containing

nnAA (such as pAMF), a l,2,4,5-tetrazinyl-containing nnAA, or an alkenyl-containing nnAA.

The invention also provides a conjugate comprising such a protein conjugated to a

polysaccharide antigen via at least one of its nnAA.

[0114] The invention also provides an immunogenic polysaccharide-protein conjugate,

wherein the protein is a modified CRM197 having a N-terminal methionine.

[0115] The nnAA-containing modified CRMl97-based carriers are typically present in

monomeric form when used for preparing conjugates, rather than being associated with other

modified CRMl97-based carrier subunits to form modified CRMl97-based multimers.

III.B.l. Modified CRM197 carrierpolypeptides

[0116] As mentioned herein, the carrier polypeptides of interest herein are modified forms of

CRM197. Thus carrier polypeptides for use with the invention may comprise an amino acid

sequence that has at least 80% sequence identity (e.g. >85%, >90%, >95%, >96%, >97%, or

preferably >98%) to SEQ ID NOs: 1 or 11 . For instance, the carrier polypeptide can comprise

the amino acid sequence SEQ ID NOs: 1 or 11 except for the presence of up to 10 nnAA, as

discussed above.

[0117] SEQ ID NOs: 1 and 11 include an Arg-Arg dipeptide sequence at positions 192-193

according to SEQ ID NO: 11 or 193-914 according to SEQ ID NO:l. This sequence can be

subject to proteolytic cleavage in some circumstances. If desired, this site can be modified to

prevent cleavage and improve yield. Thus in some embodiments a modified CRM197 carrier



polypeptide used herein is free from an Arg-Arg dipeptide sequence. For instance, Arg-l92

and/or Arg-l93 of SEQ ID NO: 11 (or Arg-l93 and/or Arg-l94 of SEQ ID NO: 1) can be deleted

or can be substituted with a different amino acid. Thus a useful carrier polypeptide may

comprise an amino acid sequence which (i) has at least 80% (e.g. >85%, >90%, >95%, >96%,

>97%, or preferably >98%) sequence identity to SEQ ID NO: 1 orl 1; (ii) is free from an Arg-Arg

dipeptide sequence; and (iii) includes at least one (e.g. at least 2, and preferably more, as

discussed above) nnAA residue.

[0118] One such amino acid sequence is SEQ ID NO: 12, which differs from SEQ ID NO: 11

by having an Arg Asn substitution at position 193:

GADDWDS SKS FVMENFS SYHGTKPGYVDS IQKGIQKPKSGTQGNYDDDWKE FYSTDNK
YDAAGYSVDNENPLS GKAGGWKVT YPGLTKVL LKVDNAE TIKKELGLSLTEP LMEQV
GTEEFIKRFGDGASRWLSLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGQDA
MYEYMAQACAGNRVRNSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMSESPNK
TVSEEKAKQYLEEFHQTALEHPELSELKTVTGTNPVFAGANYAAWAVNVAQVIDSETAD
NLEKTTAALS ILPGIGSVMGIADGAVHHNTEEIVAQS IALSSLMVAQAIPLVGELVDIG
FAAYNFVESIINLFQWHNSYNRPAYSPGHKTQPFLHDGYAVSWNTVEDSIIRTGFQGE
SGHDIKITAENTPLPIAGVLLPTIPGKLDVNKSKTHISVNGRKIRMRCRAIDGDVTFCR
PKSPVYVGNGVHANLHVAFHRS SSEKIHSNEISSDSI GVLGYQKTVDHTKVNSKLSLFF
EIKS (SEQ ID NO: 12)

[0119] Any embodiment described herein, by reference to SEQ ID NO: 11 can be put into

effect using SEQ ID NO: 12 instead.

[0120] Another such amino acid sequence is SEQ ID NO: 13, which differs from SEQ ID NO:

1 by having an Arg Asn substitution at position 194:

MGADDWDS SKS FVMENFSSYHGTKPGYVDS IQKGIQKPKSGTQGNYDDDWKE FYSTDN
KYDAAGYSVDNENPLS GKAGGWKVT YPGLTKVLALKVDNAE TIKKELGLSLTEP LMEQ
VGTEEFIKRFGDGASRWLSLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGQD
AMYEYMAQACAGNRVRNSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMSESPN
KTVSEEKAKQYLEEFHQTALEHPELSELKTVTGTNPVFAGANYAAWAVNVAQVIDSETA
DNLEKTTAALS ILPGIGSVMGIADGAVHHNTEEIVAQS IALSSLMVAQAIPLVGELVDI
GFAAYNFVESIINLFQWHNSYNRPAYSPGHKTQPFLHDGYAVSWNTVEDSIIRTGFQG
ESGHDIKITAENTPLPIAGVLLPTIPGKLDVNKSKTHISVNGRKIRMRCRAIDGDVTFC
RPKSPVYVGNGVHANLHVAFHRS SSEKIHSNEISSDSI GVLGYQKTVDHTKVNSKLS LF
FEIKS (SEQ ID NO: 13)

[0121] Any embodiment described herein, by reference to SEQ ID NO: 1 can be put into effect

using SEQ ID NO: 13 instead.



[0122] Thus we provide a carrier polypeptide comprising amino acid sequence SEQ ID NO:

12, wherein SEQ ID NO: 12 has been modified to include from 1-10 (e.g. from 3-9 or from 2-8,

or from 2-6, or from 3-6, or from 4-6) nnAA residues. These nnAA residue modifications can be

incorporated into SEQ ID NO: 12 as insertions and/or substitutions (e.g. 6 Lys nnAA

substitutions (e.g., pAMF) at positions K33, K212, K244, K264, K385, K526). In certain

variations, residue Asn-l93 of SEQ ID NO: 12 is not substituted by a nnAA. This carrier

polypeptide can be used to prepare immunogenic conjugates (e.g. of saccharide antigens) via the

nnAA residue(s) therein.

[0123] Thus we also provide a carrier polypeptide comprising amino acid sequence SEQ ID

NO: 13, wherein SEQ ID NO: 13 has been modified to include from 1-10 (e.g. from 3-9 or from

2-8, or from 2-6, or from 3-6, or from 4-6) nnAA residues. These nnAA residue modifications

can be incorporated into SEQ ID NO: 13 as insertions and/or substitutions (e.g. SEQ ID NO: 14,

which includes 6 Lys nnAA substitutions e.g, pAMF). In certain variations, Asn-l94 of SEQ

ID NO: 13 is not substituted by a nnAA. This carrier polypeptide can be used to prepare

immunogenic conjugates (e.g. of saccharide antigens) via the nnAA residue(s) therein.

[0124] In some embodiments these carrier polypeptides include amino acid sequences

upstream and/or downstream of SEQ ID NO: 11 or 12. Thus, for instance, they can include a

methionine residue upstream of the N-terminus amino acid residue of SEQ ID NO: 11 or 12. This

methionine residue may be formylated. A methionine residue is not present at this position in

wild-type CRM197 but it can be included herein for initiating translation (e.g. in a cell-free

polypeptide synthesis system) without requiring the whole native leader sequence. In some

embodiments a carrier polypeptide includes (i) no amino acids upstream of the N-terminus of

SEQ ID NO: 11 or 12, except for an optional methionine, and (ii) no amino acids downstream of

the C-terminus of SEQ ID NO: 11 or 12.

[0125] In some embodiments these carrier polypeptides include amino acid sequences

upstream and/or downstream of SEQ ID NO: 1 or 13. In some embodiments a carrier

polypeptide includes (i) no amino acids upstream of the N-terminus of SEQ ID NO: 1 or 13,

except for an optional methionine, and (ii) no amino acids downstream of the C-terminus of

SEQ ID NO: 1 or 13.



[0126] In certain embodiments, at least one Lys residue in SEQ ID NO: 11 or 12 is substituted

by a nnAA residue. In some embodiments, it is useful to substitute more than one residue in

SEQ ID NO: 11 or 12 with a nnAA and, in some embodiments, only one species of residue in

SEQ ID NO: 11 is substituted by a nnAA e.g. only Lys residues are substituted. Where more than

one residue in SEQ ID NO: 11 is substituted for a nnAA it is may be preferred that the same

nnAA is used at each position e.g. pAMF at each substitution position. As noted above, in some

embodiments residues other than Lys are substituted.

[0127] In certain embodiments, at least one Lys residue in SEQ ID NO:l or 13 is substituted

by a nnAA residue. It can be useful to substitute more than one residue in SEQ ID NO: 1 or 13

with a nnAA and, in some embodiments, only one species of residue in SEQ ID NO:l is

substituted by a nnAA e.g. only Lys residues are substituted. Where more than one residue in

SEQ ID NO: 1 is substituted for a nnAA it may be preferred that the same nnAA is used at each

position e.g. pAMF at each substitution position. As noted above, in some embodiments residues

other than Lys are substituted.

[0128] Carrier polypeptides comprising amino acid sequence SEQ ID NO: 11 or 12 with from

2-9 substitutions by nnAA residues (e.g. Lys— nAA substitutions, such as Lys pAMF) are

provided, and for example with from 2-8, 2-6, 3-8, 3-6, 4-9, 4-8, or 4-6 nnAA substitutions e.g.

4, 5 or 6 nnAA residues. Carrier polypeptides comprising amino acid sequence SEQ ID NO: 1 or

13 with from 2-9 substitutions by nnAA residues (e.g. Lys— nAA substitutions, preferably

Lys pAMF) are provided, and for example with from 2-8, 2-6, 3-8, 3-6, 4-9, 4-8, or 4-6 nnAA

substitutions e.g. 4, 5 or 6 nnAA residues. This permits more extensive attachment of antigens

to the carrier than using a single nnAA, thereby increasing the antigenxarrier ratio, while

avoiding excessive disruption of the native sequence and structure, which can result in

insolubility.

[0129] The two general 3D regions evidenced by the structural studies of CRM197 mentioned

earlier herein may be within SEQ ID NO:l 1 or 12, wherein, again, the first region runs from the

N-terminus to Asn-373, and the second region runs from Ser-374 to the C-terminus.

[0130] Exemplary embodiments of nnAA-containing carriers based on CRM197 have the

amino acid sequence of SEQ ID NO:l 1 or SEQ ID NO: 12 in which one or more of residues



K24, K33, K37, K39, K212, K214, K227, K264, K385, K522 and K526 is/are replaced by a

nnAA (such as pAMF). For example, K33, K212, K244, K264, K385, K526 are replaced by a

nnAA. For example, in which each nnAA is same nnAA, such as pAMF).

[0131] Additional exemplary embodiments of nnAA-containing carriers based on CRM 197

have the amino acid sequence of SEQ ID NO: 1 or SEQ ID NO: 13 in which one or more of

residues K25, K343, K38, K40, K213, K215, K228, K265, K386, K523 and K527 is/are

replaced by a nnAA (such as pAMF). For example, K343, K213, K245, K265, K386, K527 are

replaced by a nnAA. One such sequence is SEQ ID NO:9, in which each X represents a nnAA

(preferably the same nnAA, such as pAMF).

[0132] Another such sequence is SEQ ID NO: 14, containing the above-mentioned Arg-Asn

substitution and in which each X represents a nnAA (preferably the same nnAA, such as

pAMF):

MGADDWDSSKSFVMENFSSYHGTKPGYVDS IQXGIQKPKSGTQGNYDDDWKE FYSTDN
KYDAAGYSVDNENPLSGKAGGWKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQ
VGTEEFIKRFGDGASRWLSLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGQD
AMYEYMAQACAGNRVRNSVGSSLSCINLDWDVIRDXTKTKIESLKEHGPIKNKMSESPN
KTVSEEKAXQYLEEFHQTALEHPELSELXTVTGTNPVFAGANYAAWAVNVAQVIDSETA
DNLEKTTAALS ILPGIGSVMGIADGAVHHNTEEIVAQS IALSSLMVAQAIPLVGELVDI
GFAAYNFVESIINLFQWHNSYNRPAYSPGHXTQPFLHDGYAVSWNTVEDSIIRTGFQG
ESGHDIKITAENTPLPIAGVLLPTIPGKLDVNKSKTHISVNGRKIRMRCRAIDGDVTFC
RPKS PVYVGNGVHANLHVAFHRS SSEKIHSNEISSDSI GVLGYQKTVDHTKVNSXLSL F
FEIKS (SEQ ID NO: 14)

[0133] SEQ ID NOs: 9 and 14 can be very well-expressed in a cell-free protein synthesis

system, while retaining good solubility and providing good immunogenic responses when

conjugated to pneumococcal capsular saccharides. SEQ ID NO: 14 lacks the native Arg-Arg

dipeptide.

[0134] A polypeptide consisting of SEQ ID NO: 14, in which each X is pAMF, is an

exemplary carrier polypeptide for use with the invention.

[0135] Several amino acid residues which may be suitable for nnAA substitution (e.g. Lys-24,

Lys-33, Lys-37, Lys-39, Lys-2l2, Lys-2l4, Lys-227, Lys-244, Lys-264, Lys-385, Lys-522, Lys-

526, Phe-l2, Phe-53, Phe-l23, Phe-l27, Phe-l40, Phe-l67, Phe-250, Phe-389, Phe-530, or Phe-

531, numbered according to SEQ ID NO: 11 herein). Other residues which can be substituted



are: Asp-2l l ; Asp-295; Asp-352; Asp-392; Asp-465; Asp-467; Asp-507; Asp-5l9; Asn-296;

Asn-359; Asn-399; Asn-48l; Asn-486; Asn-502; Asn-524; Glu-240; Glu-248; Glu-249;

Glu-256; Glu-259; Glu-292; Glu-362; Gln-252; Gln-287; Lys-2l2; Lys-2l8; Lys-22l; Lys-229;

Lys-236; Lys-264; Lys-299; Lys-385; Lys-456; Lys-474; Lys-498; Lys-5l6; Lys-522; Lys-534;

Arg-377; Arg-407; Arg-455; Arg-460; Arg-462; Arg-472; Arg-493; Ser-l98; Ser-200; Ser-23l;

Ser-233; Ser-239; Ser-26l; Ser-374; Ser-38l; Ser-297; Ser-397; Ser-45l; Ser-475; Ser-494;

Ser-495; Ser-496; Ser-50l; Ser-505; Thr-253; Thr-265; Thr-267; Thr-269; Thr-293; Thr-386;

Thr-400; Thr-408; Thr-469; and/or Thr-5l7 (numbered according to SEQ ID NO: 11).

[0136] We also provide a polypeptide comprising an amino acid sequence which (i) has at

least 80% (e.g. >85%, >90%, >95%, >96%, >97%, or preferably >98%) sequence identity to

SEQ ID NO: 1 or 11; (ii) is free from an Arg-Arg dipeptide sequence; and (iii) includes at least

one nnAA residue; and wherein the polypeptide has a N-terminus methionine and/or is in

monomeric form. We also provide a polypeptide comprising an amino acid sequence which

(i) has at least 80% (e.g. >85%, >90%, >95%, >96%, >97%, or preferably >98%) sequence

identity to SEQ ID NO: 1; (ii) is free from an Arg-Arg dipeptide sequence; and (iii) includes at

least one nnAA residue; and wherein the polypeptide has a N-terminal methionine and/or is in

monomeric form.

[0137] These modified CRMl97-derived carrier polypeptides can be used in the same manner

for conjugation as CRM197 has been used in the prior art (e.g. see Broker e al. 201 1 supra,

WO2015/1 17093, etc.), but with the improvement of permitting site-specific conjugation via the

nnAA residue(s). They will generally be used in monomeric form, rather than being associated

with other CRM197 or CRMl97-derived subunits to form polypeptide multimers. Similarly,

they will generally include at least one disulfide bridge e.g. between Cys-l86 & Cys-20l

(numbered according to SEQ ID NO: 11) and, optionally, between Cys-46l & Cys-47l.

[0138] Also provided is an immunogenic conjugate comprising any of these various carrier

polypeptides conjugated to a saccharide antigen via at least one of its nnAA. The carrier

polypeptides are particularly useful for conjugating to pneumococcal capsular saccharides and/or

antigens via the nnAA residue(s) therein. Immunogenic conjugates prepared in this way can be

combined to form multivalent compositions as discussed elsewhere herein.



[0139] The invention additionally provides an immunogenic conjugate comprising a carrier

polypeptide, a saccharide antigen and an immunostimulator, wherein (i) the carrier polypeptide

has amino acid sequence SEQ ID NO: 14, e.g. where each X is pAMF; and (ii) the saccharide

antigen is covalently bonded to the carrier polypeptide via at least one nnAA residue within SEQ

ID NO: 14, and (iii) wherein the immunostimulator is conjugated to the antigen and/or the

polypeptide. Also provided is a multivalent pharmaceutical composition comprising two or

much such immunogenic conjugates. In some embodiments, the immunostimulator is

conjugated to the antigen and the antigen further conjugated to the polypeptide.

[0140] The invention additionally provides a pharmaceutical composition including multiple

different conjugates (e.g. different pneumococcal serotypes) in which each conjugate includes a

carrier polypeptide having amino acid sequence SEQ ID NO: 14.

[0141] Additionally provided is an immunogenic conjugate comprising a carrier polypeptide

and a saccharide antigen, wherein (i) the carrier polypeptide has amino acid sequence SEQ ID

NO: 14; (ii) the saccharide antigen is covalently bonded to the carrier polypeptide via at least one

nnAA residue within SEQ ID NO: 14; and (iiia) the saccharide antigen is a capsular saccharide

from any of pneumococcal serotypes 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14,

15B, 17F, 18C, 19A, 19F, 20, 22F, 23F and 33F or (iiib) the saccharide antigen is a capsular

saccharide from any of pneumococcal serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, 9N, 9V, 10A,

11A, 12F, 14, 15A, 15B, 16F, 17F, 18C, 19A, 19F, 20, 22F, 23A, 23B, 23F, 31, 33F, and 35B.

In some embodiments, the serotype 20 saccharide is 20A, 20B or a mixture thereof.

[0142] These individual conjugates can be combined to make multivalent pharmaceutical

compositions of the invention.

[0143] We also provide a polynucleotide encoding a carrier polypeptide described herein. In

certain embodiments, the disclosure provides for an expression vector comprising the

polynucleotide. In certain embodiments, the disclosure provides for a host cell comprising the

expression vector.



III. C. Carrier Protein Production Methods

III. C.1. General methods for polypeptide production:

[0144] The enhanced carrier protein is produced by any method described for production of

polypeptides. Methods suitable for production of polypeptides include, but are not limited to,

solid phase chemical peptide synthesis, cell-based recombinant protein expression (in E. coli or a

native host), and cell-free protein expression, and any combination thereof (e.g. expressed

protein ligation using a combination of synthetic and recombinant peptide components).

[0145] In some embodiments of the enhanced carrier protein production method, the nnAA-

bearing enhanced carrier protein is produced by a method that comprises “codon reassignment”.

In one variation of this embodiment, nnAAs that are close structural analogs of the 20 canonical

amino acids (e.g. homoallylglycine, fluorinated leucine, azidohomoalanine) are used. The nnAA

is loaded onto its corresponding tRNA using wild-type aminoacyl-tRNA synthetases, and the

nnAA completely replaces one of the 20 canonical amino acids specified in a template DNA

sequence. To prevent interference from the native amino acid, this generally requires use of a

bacterial expression strain that is auxotrophic for the native amino acid being replaced. This

strategy is amino acid rather than residue-specific, since all AA residues of a certain type are

replaced with the nnAA.

[0146] In certain embodiments of the enhanced carrier protein production method, the nnAA-

bearing enhanced carrier protein is produced by a strategy that comprises “nonsense

suppression”. In this approach the non-natural amino acid is specified in a template DNA

sequence by a rare or “nonsense” codon that does not ordinarily specify an amino acid in nature.

One variation of the nonsense suppression approach has been pioneered by Schultz (Noren et al.

Science. 1989(244): 182-188.) and Chamberlin (Bain et al. J Am Chem Soc. 1989(1 1l):80l3-

8014.), and involves the use of the rare stop codon TAG (the “amber” codon; UAG in the RNA

code) along with its tRNA and its corresponding aminoacyl-tRNA synthetase (aaRS) to

incorporate nnAAs into a polypeptide in a site-specific manner.

[0147] In some embodiments, the “nonsense suppression” approach involves isolating a

tRNA/aaRS pair, modifying the tRNA at the anti-codon loop to recognize an orthogonal codon

(e.g. the amber codon TAG, the opal codon TGA, or another codon or base sequence not



commonly used to specify amino acids in translation), and modifying the aaRS to prefer the

nnAA over the aminoacyl-tRNAs native amino acid. In some variations of this embodiment, the

tRNA/aminoacyl-tRNA synthetase pair is from the same organism as the translation machinery

used for polypeptide synthesis. In other embodiments, the tRNA/aminoacyl-tRNA synthetase

pair is from a different species as the translation machinery used for polypeptide synthesis.

Methods to modify the tRNA anticodon loop and aaRS active site have been described, as are

examples of engineered orthogonal tRNA/aaRS pairs.

[0148] In certain embodiments of the “nonsense suppression” approach, production of the

enhanced carrier protein does not involve the use of an engineered aminoacyl-tRNA synthetase.

In this embodiment an orthogonal tRNA alone is isolated and modified at the anti-codon loop to

recognize an orthogonal codon (e.g. the amber codon TAG, or another codon or base sequence

not commonly used to specify amino acids in translation). The orthogonal engineered tRNA is

then acylated in vitro by a suitable chemical method (e.g., the method of Heckler et al.

Biochemistry. 1984 Mar 27;23(7): 1468-73. which involves the use of T4 RNA ligase and mutant

tRNAPhe), and supplemented in a cell-free protein synthesis extract. Because this embodiment

uses chemically acylated tRNAs, it is only compatible with protein synthesis methods that are

cell-free.

III.C.2. Cell-free protein synthesis:

[0149] A particularly useful technique for producing nnAA-containing carrier proteins use

cell-free protein synthesis. Several cell-free protein expression techniques are known in the art

and various nnAA can be incorporated in this way (e.g. see Table 1 of Quast e al. (2015) FEBS

Letters 589:1703-12) while avoiding potential cytotoxic effects of nnAA. In some embodiments,

the enhanced carrier protein is produced by cell-free extract-based protein synthesis. In some

embodiments, the cell-free extract comprises an extract of rabbit reticulocytes, wheat germ, or .

coli. In further embodiments, the cell-free extract is supplemented with amino acids, energy

sources, energy regenerating systems, or cation cofactors, and any combination thereof. In some

embodiments, the extract comprises exogenously supplemented mutant tRNA or mutant aaRS

(aminoacyl tRNA synthetase), and any combination thereof. In some embodiments the extract

comprises lysates from E. coli strains genetically encoding mutant tRNA or mutant aaRS, and

any combination thereof. In some embodiments the E. coli strains used for lysates are RF-l



attenuated strains. Compatible cell-free protein synthesis systems have been described for the

insertion of formulas I, II, and III into recombinant polypeptides (e.g., US8715958B2,

US20160257946A1, and US 20160257945A1).

[0150] In one example US8715958B2 demonstrates a regenerating cell-free E. coli based

system whereby the tRNAT 7Tyrosine-synthetase pair from Methanococcusjannaschii (Wang et

al. (2001) Science 292(55 16):498-500) is used to introduce the non-natural amino acid p-azido-

L-phenylalanine (pAF) into recombinant chloramphenicol acetyltransferase (CAT), GM-CSF,

and TetA. Using this system, the tRNA/synthetase pair is either supplemented into the extract, or

transformed into bacteria used to make the extract.

[0151] In another example, US20160257946A1 demonstrates: (a) how the Methanococcus

jannaschii Tyrosine-synthetase above is adapted using mutagenesis so that it preferentially loads

p-azidomethyl-L-phenylalanine (pAMF) onto an amber-recognizing tRNA, and (b) how a cell-

free synthesis system comprising the modified synthetase/tRNA pair is used to selectively

incorporate pAMF into antibodies such as trastuzumab.

[0152] In a further example, US20160257945A1 demonstrates: (a) how thQ Methanococcus

jannaschii Tyrosine-synthetase above is adapted using mutagenesis so that it preferentially loads

(S)-2-amino-3-(5-((6-methyl-l,2,4,5-tetrazin-3-ylamino)methyl)pyridin-2-yl)propanoic acid (a

pyridyl tetrazine amino acid derivative) onto an amber-recognizing tRNA, and (b) how a cell-

free synthesis system comprising the modified synthetase/tRNA pair is used to selectively

incorporate (S)-2-amino-3-(5-((6-methyl- 1,2,4, 5-tetrazin-3-ylamino)methyl)pyridin-2-

yl)propanoic acid into recombinant GFP.

[0153] In a further embodiment, the disclosure provides for methods of producing

polypeptides in a cell-free extract containing two or more non-natural amino acids. In this

embodiment the polypeptides also have biological activity comparable to the native protein. In

other embodiments the polypeptides have improved or enhanced biological activity comparable

to the native protein.

[0154] One optionally determines the specific activity of a protein in a composition by

determining the level of activity in a functional assay, quantitating the amount of protein present

in a non-functional assay (e.g. immunostaining, ELISA, quantitation on coomassie or silver



stained gel, etc.) and determining the ratio of biologically active protein or non-aggregated

protein to total protein. Generally, the specific activity as thus defined will be at least about 5%

that of the native protein, usually at least about 10% that of the native protein, and optionally is

about 20%, about 40%, about 60% or greater.

[0155] In some embodiments, the methods of producing the nnAA-containing polypeptides

involve altering the concentrations of nnAA-specific tRNA, nnAA-specific synthetase, nnAA

itself, or translation temperature, and any combination thereof. Such conditions optionally allow

for fewer translational errors, improved rate of incorporation of the nnAA, improved activity of

chaperones necessary for protein folding with incorporation of the nnAA, decreased activity of

cellular factors that interfere with nnAA incorporation, or any combination of the

aforementioned mechanisms.

[0156] In some embodiments of the enhanced polypeptide production methods, nnAA-specific

tRNA concentration is increased to a concentration above about 20 µΜ, leading to an increased

fraction of soluble or active polypeptide. In further variations of this embodiment the tRNA

concentration is increased while the nnAA concentration is kept below about 2mM and the

nnAA synthetase is maintained below about 5µΜ .

[0157] In some embodiments of the enhanced polypeptide production methods, the translation

mix incubation temperature is between 20 degrees and 30 degrees Celsius, about 20 degrees

Celsius, or below 20 degrees Celsius. In some variations, these temperature modifications are

independently combined with modifications to the nnAA-specific tRNA concentrations, nnAA

concentrations, or nnAA synthetase concentrations described in the preceding paragraph.

III. I). Sequence Variants

[0158] The improved carrier proteins of the present disclosure comprise one or more nnAA

substituted at any position within the polypeptide as long as the immunogenic function of one or

more T-cell epitopes of the polypeptide is preserved. When basing the improved carrier protein

on a known carrier it is usually useful to substitute some or all of the nnAAs for existing

naturally occurring amino acids in the known carrier to minimize the chance of adversely

affecting the carrier’s properties. It is appreciated, however, that nnAAs may be inserted

internally or at a terminus as additions to the starting carrier sequence. In some embodiments



the at least one nnAA in the improved carrier protein (e.g., eCRM) is not present within one or

more regions of the protein that comprise a T-cell epitope. In certain embodiments, no nnAA in

the enhanced immunogenic polypeptide is present within one or more regions of the protein that

comprise a T-cell epitope.

[0159] In some embodiments, the nnAA residue is substituted for one or more of the twenty

naturally-encoded amino acids, including alanine, arginine, asparagine, aspartic acid, cysteine,

glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine,

phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine. In some other

embodiments the nnAA residue is substituted for one or more of a specific class of natural

amino acid residue, such as aliphatic, aromatic, acidic, basic, hydroxylic, sulfur-containing, or

amidic (containing amide group). In some cases, only one specific amino acid (e.g., lysine) is

substituted for a nnAA within the polypeptide at one or more positions. In other cases, two or

more different amino acids (e.g., lysine, phenylalanine, etc.) are substituted for a nnAA within

the polypeptide at two or more positions. Polypeptides in which only a single species of amino

acid is substituted for a nnAA may be advantageous e.g. in which only Lys residues are

substituted.

[0160] In some embodiments, the nnAA residue is substituted for at least 1, at least 2, at least

3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at least 12,

at least 13, at least 14, or at least 15 natural amino acid residues of a carrier protein. In some

embodiments, the nnAA residue is substituted for at least 1, at least 2, at least 3, at least 4, at

least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at

least 14, or at least 15 natural amino acid residues of a carrier protein. In some embodiments, the

nnAA residue is substituted for at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at

least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, or at least

15 natural amino acid residues of SEQ ID NO: 1 or SEQ ID NO: 11.

[0161] In further aspects the nnAA is substituted for one or more amino acid residues within a

carrier protein. The specific amino acid residue that is selected to create single- or multiple-

substituted nnAA variants described herein is optionally determined by dividing the protein into

subdomains and choosing for substitution a single amino acid or sets of amino acid residues that



do not sterically obstruct each other (e.g. such that there is a multi-angstrom distance between

the substitution sites). Division of CRM197 into two structural regions is discussed below.

[0162] In some embodiments, the nnAA is substituted for a charged amino acid residue. Thus

a nnAA can be substituted for an aspartate, glutamate, lysine, arginine or histidine amino acid

residue. In some embodiments, the nnAA is substituted for a negatively-charged amino acid

residue e.g. for an aspartate or glutamate residue. In some embodiments, the nnAA is substituted

for a positively-charged amino acid residue e.g. for a lysine, arginine or histidine residue.

[0163] In some embodiments, the nnAA is substituted for one or more lysine residues within

an immunogenic polypeptide. For example, an enhanced version of SEQ ID NO: 11 is generated

by substituting an nnAA for lysine in the following manner: 1) one residue from the group

consisting of K24, K33, K37, and K39; 2) one residue selected from the group consisting of

K212 and K214; and 3) 2 to 4 residues selected from the group consisting of K227, K244, K264,

K385, K522, and K526. In yet further embodiments the one or more of a specific class of natural

amino acid residue substituted is selected from the group consisting of K24, K33, K37, K39,

K212, K214, K227, K244, K264, K385, K522 and K526, and any combination thereof of SEQ

ID NO: 1. In other embodiments, the nnAA substitution in SEQ ID NO: 11 is selected from one

or more of K24, K33, K37, K39, K212, K214, K227, K244, K264, K385, K522 and K526. In

some embodiments the nnAA substitution comprises six residues consisting of K24, K214,

K227, K264, K385, and K522 of SEQ ID NO: 11. In some embodiments, the nnAA substitution

in SEQ ID NO: 11 comprises K264. In other embodiments, the nnAA substitution in SEQ ID

NO: 11 comprises K385. In certain embodiments, the nnAA substitutions in SEQ ID NO: 11

comprise K264 and K385. For example, an enhanced version of SEQ ID NO: 1 may also be

generated by substituting an nnAA for lysine in the following manner: 1) one residue from the

group consisting of K25, K34, K38, and K40; 2) one residue selected from the group consisting

of K213 and K215; and 3) 2 to 4 residues selected from the group consisting of K228, K245,

K265, K386, K523, and K527. In yet further embodiments the one or more of a specific class of

natural amino acid residue substituted is selected from the group consisting of K25, K34, K38,

K40, K213, K215, K228, K265, K386, K523 and K527, and any combination thereof of SEQ ID

NO:l. In other embodiments, the nnAA substitution in SEQ ID NO:l is selected from one or

more of K25, K34, K38, K40, K213, K215, K228, K245, K265, K386, K523, and K527. In

some embodiments the nnAA substitution comprises six residues consisting of K25, K215,



K228, K265, K386, and K523 of SEQ ID NO:l. In some embodiments, the nnAA substitution in

SEQ ID NO:l comprises K265. In other embodiments, the nnAA substitution in SEQ ID NO:l

comprises K386. In another embodiment, the nnAA substitutions in SEQ ID NO:l comprise

K265 and K386. In a further embodiment, the nnAA is substituted for a phenylalanine.

Exemplary phenylalanines for substitution include F13, F54, F124, F128, F141, F168, F251,

F390, F53 1, or F532 of SEQ ID NO: 1. Because of their proximity, it is generally advantageous

to not substitute at both F53 1 and F532.

[0164] The binding epitopes for human CD4+ cells on diphtheria toxin that are recognized by

most subjects tested encompass residues 271-290, 321-340, 331-350, 351-370, 4 11-430, or 431-

450 (see, Raju et al. (1995) Eur J Immunol. 25(l2):3207-l4). Therefore, in some embodiments

the one or more nnAA substituted is not within residues 270-289, 320-339, 330-349, 350-360,

410-429, and/or 430-449 of SEQ ID NO: 11. In some embodiments, the one or more nnAA

substituted is not within residues 330-349 of SEQ ID NO:l. In certain embodiments, the one or

more nnAA substituted is not within residues 320-339 of SEQ ID NO:l. In certain

embodiments, the one or more nnAA substituted is not within residues 432-449 of SEQ ID

NO: 11. Also, in some embodiments the one or more nnAA substituted is not within residues

271-290, 321-340, 331-350, 351-370, 4 11-430, and/or 431-450 of SEQ ID NO:l. In some

embodiments, the one or more nnAA substituted is not within residues 331-350 of SEQ ID

NO: 1. In other embodiments, the one or more nnAA substituted is not within residues 321-340

of SEQ ID NO:l. In yet other embodiments, the one or more nnAA substituted is not within

residues 431-450 of SEQ ID NO: 1.

[0165] The binding epitopes for human CD4+ cells on tetanus toxin that are recognized by all

subjects tested encompass heavy chain residues H176-195, IDKISDVSTIVPYIGPALNI [SEQ

ID NO:3], and H491-510, NNFTVS FWLRVPKVSASHLE [SEQ ID NO:4] (see, Diethelm-Okita et

al., J Infect Dis. 1997 Feb;l75(2):382-9l). Thus, in some embodiments the one or more nnAA

substituted is not within residues 176-195 and/or 491-510 of the heavy chain peptide component

of the tetanus toxin precursor protein. In certain embodiments, the one or more nnAA substituted

is not within residues 176-195 of the heavy chain peptide component of the tetanus toxin

precursor protein. In yet certain embodiments, the one or more nnAA substituted is not within

residues 491-510 of the heavy chain peptide component of the tetanus toxin precursor protein.



[0166] The binding epitopes for human CD4+ cells on Neisseria meningitidis outer membrane

protein (OMP or PorA) that are recognized by most subjects tested encompass immunodominant

T-cell epitopes, which are mostly located outside the variable regions and are conserved among

different meningococcal (and gonococcal) strains, e.g., corresponding to conserved putative

/ra//.s-membrane regions of OMP (Wiertz et al. J Exp Med. 1992; 176(1): 79-88). Thus, in some

embodiments the one or more nnAA substituted is not within a conserved region of OMP.

[0167] The binding epitopes for human CD4+ cells on BB, a carrier protein derived from the

G protein of Streptococcus strain G148, that are recognized by most subjects tested encompass

amino acids 25-40 (VSDYYKNLINNAKTVE [SEQ ID NO:5]), 63-78 (DGLSDFLKSQTPAEDT

[SEQ ID NO:6]), and 74-89 (AEDTVKS IELAEAKVL [SEQ ID NO:7]) in the BB sequence

(Goetsch et al., Clin Diagn Lab Immunol. 2003 Jan; 10(1): 125-32). Thus, in some embodiments

the one or more nnAA substituted is not within residues 25-40, 63-78, and/or 74-89 of the BB

sequence.

[0168] In some embodiments the immunogenic polypeptide comprising at least one non

natural amino acid residue further comprises at least one antigen. In some embodiments the

immunogenic polypeptide comprising at least one non-natural amino acid is an enhanced carrier

protein and further comprises at least one antigen. In some embodiments the immunogenic

polypeptide comprising at least one non-natural amino acid is an enhanced carrier protein and

further comprises at least one antigen.

III.E. T-cell Epitopes

[0169] The T-cell epitopes of a carrier protein are optionally determined by any of the known

methods. As an aid in designing improved carrier proteins of the present disclosure, T-cell

binding epitopes in proteins are predicted using algorithms that take into account various factors,

such as amphipathicity profiles of proteins, sequence motifs, quantitative matrices (QM),

artificial neural networks (ANN), support vector machines (SVM), quantitative structure activity

relationship (QSAR) and molecular docking simulations, etc. (see, Desai et al. Methods Mol

Biol. 2014;1 184:333-64). For example, the T-cell binding epitopes in diphtheria toxin/CRM

have been predicted using the DeLisi & Berzofsky algorithm (see, Bixler et al. WO89/06974

and PNAS 82:7848, 1985). Predicted T-cell epitopes can be experimentally confirmed. For



example, the T-cell epitopes of an immunogenic polypeptide of interest can be experimentally

determined by synthesizing partially overlapping peptide fragments corresponding to the

complete sequence of the immunogenic polypeptide (or predicted regions) and performing

proliferation assays of CD4+ cell lines (e.g., peripheral blood mononuclear cells (PBMC)) in the

presence of each fragment. This general approach has been employed to map the T-cell epitopes

in diphtheria toxin (Raju et al., Eur J Immunol. 1995 Dec;25(l2):3207-l4), tetanus toxin

(Diethelm-Okita et al., J Infect Dis. 1997 Feb;l75(2):382-9l), Neisseria meningitidis outer

membrane protein (OMP) (J Exp Med. 1992 Jul 1; 176(1): 79-88), and BB, a carrier protein

derived from the G protein of Streptococcus strain G148 (Goetsch et al. , Clin Diagn Lab

Immunol. 2003 Jan; 10(1): 125-32). One can also directly screen the improved carrier proteins of

the present disclosure for CD4+ cell proliferation and/or a cytokine response to establish the

presence of a T-cell epitope that has not been inactivated by the presence of one or more nnAAs.

IV. Conjugates and Conjugate Production

[0170] Briefly, the conjugation scheme generally involves cell-free synthesis of the selected

protein carrier (e.g., CRM197 or a modified version thereof) followed by activation of the

polysaccharide to enable conjugation to the polypeptide, and, finally, conjugation. An

immunostimulator is covalently incorporated into the conjugate, such that the conjugate

comprises the protein carrier, the antigen, and the immunostimulator. A mechanical sizing step

may be used to reduce the average fragment size of the polysaccharide antigen as will be

explained in detail infra.

IV.A. The protein carrier

[0171] In some embodiments, the protein carrier, a polypeptide comprising an nnAA, is

provided in a cell-free expression mixture maintained at a temperature between about 10 degrees

Celsius and about 30 degrees Celsius. In certain embodiments, the temperature is above about

20 degrees Celsius. In certain embodiments, the temperature is below about 20 degrees Celsius.

In certain embodiments, the temperature is between about 14 degrees Celsius and about 18

degrees Celsius. In certain embodiments, the polypeptide is encoded by a nucleic acid

comprising a suppression codon. In certain embodiments, the cell-free expression mixture

comprises an orthogonal tRNA/aminoacyl-tRNA synthetase pair specific for the nnAA. In

certain embodiments, the tRNA concentration is at least 20 µΜ . In certain embodiments, the



nnAA concentration is less than about 2mM and the concentration of the aminoacyl-tRNA

synthetase is less than about 5 µΜ . In certain embodiments, the method comprises conjugating

the polypeptide to an active moiety. In certain embodiments, the active moiety is selected from

the group consisting of a hapten, a bacterial antigen, a viral antigen, a tumor-derived glycan, a

peptide toxin, a macrolide, a polyether, and any combination thereof. In certain embodiments,

the polypeptide is selected from the group consisting of a growth hormone, a clotting factor, a

plasma protein, an interleukin, a T-cell receptor extracellular domain, a growth factor

extracellular domain, a bacterial antigen, a viral antigen, and any combination thereof. In certain

embodiments, the expression mixture comprises a cellular extract of E. coli, wheat germ, or

rabbit reticulocyte. In certain embodiments, the expression mixture comprises at least 30%

cellular extract. In certain embodiments, the polypeptide comprises at least 2, at least 3, at least

4, at least 5, at least 6, at least 7, at least 8, or at least 9 nnAAs. In certain embodiments, the

nnAA 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, 2-amino-3-(4-

(azidomethyl)phenyl)propanoic acid, and any combination thereof. In certain embodiments, the

polypeptide produced comprises both a soluble and an insoluble fraction, wherein the ratio of the

soluble fraction to the insoluble fraction is at least 40% (w/w). In certain embodiments, the

polypeptide produced comprises both a soluble and an insoluble fraction, wherein the ratio of the

soluble fraction to the insoluble fraction is at least 60% (w/w). In some embodiments, the

polypeptide produced by cell-free expression comprises at least 2, at least 3, at least 4, at least 5,

at least 6, at least 7, at least 8, or at least 9 nnAAs and the ratio of the soluble fraction to the

insoluble fraction is at least at least 20% (w/w), at least 30% (w/w), at least 40% (w/w), at least

50% (w/w), 60% (w/w), at least 70% (w/w), at least 80% (w/w), at least 90% (w/w).

IV.B. Antigens

[0172] Described herein are immunogenic antigens that are optionally further derivatized with

a chemical handle to facilitate attachment to an enhanced carrier protein. In some embodiments,

the antigens are any purified natural, synthetic, or recombinantly produced macromolecule or

fragment thereof. Examples include, but are not limited to lipids, polysaccharides, nucleic acids,

or polypeptides, and any combination thereof (e.g. glycoproteins, glycolipoproteins,



glycolipids). For instance, the glycolipid optionally is glycophosphatidylinositol. In certain

embodiments, the antigen is a T-independent or T-activating antigen (usually a weak T-

activating antigen) selected from the group consisting of a bacterial polysaccharide, a bacterial

lipopolysaccharide, a tumor-derived glycan, or a hapten.

[0173] An antigen comprising a polysaccharide is optionally an oligosaccharide.

Oligosaccharides have a low number of repeat units, e.g., 5-15 repeat units, and are typically

derived synthetically or by hydrolysis of higher molecular weight polysaccharides.

[0174] The antigen comprising a polysaccharide generally has a molecular weight of between

about lOkDa and about 10,000 kDa. In other such embodiments, the polysaccharide has a

molecular weight of between 50 kDa and 10,000 kDa. In further such embodiments, the

polysaccharide has a molecular weight of between 50 kDa and 10,000 kDa; between 50 kDa and

9.500 kDa; between 50 kDa and 9,000 kDa; between 50 kDa and 8,500 kDa; between 50 kDa

and 8,000 kDa; between 50 kDa and 7,500 kDa; between 50 kDa and 7,000 kDa; between 50

kDa and 6,500 kDa; between 50 kDa and 6,000 kDa; between 50 kDa and 5,500 kDa; between

50 kDa and 5,000 kDa; between 50 kDa and 4,500 kDa; between 50 kDa and 4,000 kDa;

between 50 kDa and 3,500 kDa; between 50 kDa and 3,000 kDa; between 50 kDa and 2,500

kDa; between 50 kDa and 2,000 kDa; between 50 kDa and 1,750 kDa; between 50 kDa and

1.500 kDa; between 50 kDa and 1,250 kDa; between 50 kDa and 1,000 kDa; between 50 kDa

and 750 kDa; between 50 kDa and 500 kDa; 100 kDa and 10,000 kDa; between 100 kDa and

9.500 kDa; between 100 kDa and 9,000 kDa; between 100 kDa and 8,500 kDa; between 100

kDa and 8,000 kDa; between 100 kDa and 7,500 kDa; between 100 kDa and 7,000 kDa;

between 100 kDa and 6,500 kDa; between 100 kDa and 6,000 kDa; between 100 kDa and 5,500

kDa; between 100 kDa and 5,000 kDa; between 100 kDa and 4,500 kDa; between 100 kDa and

4,000 kDa; between 100 kDa and 3,500 kDa; 100 kDa and 3,000 kDa; 100 kDa and 2,500 kDa;

100 kDa and 2,000 kDa; between 100 kDa and 2,000 kDa; between 100 kDa and 1,750 kDa;

between 100 kDa and 1,500 kDa; between 100 kDa and 1,250 kDa; between 100 kDa and 1,000

kDa; between 100 kDa and 750 kDa; between 100 kDa and 500 kDa; 200 kDa and 10,000 kDa;

between 200 kDa and 9,500 kDa; between 200 kDa and 9,000 kDa; between 200 kDa and 8,500

kDa; between 200 kDa and 8,000 kDa; between 200 kDa and 7,500 kDa; between 200 kDa and

7,000 kDa; between 200 kDa and 6,500 kDa; between 200 kDa and 6,000 kDa; between 200

kDa and 5,500 kDa; between 200 kDa and 5,000 kDa; between 200 kDa and 4,500 kDa;



between 200 kDa and 4,000 kDa; between 200 kDa and 3,500 kDa; between 200 kDa and 3,000

kDa; between 200 kDa and 2,500 kDa; between 200 kDa and 2,000 kDa; between 200 kDa and

2,000 kDa; between 200 kDa and 1,750 kDa; between 200 kDa and 1,500 kDa; between 200

kDa and 1,250 kDa; between 200 kDa and 1,000 kDa; between 200 kDa and 750 kDa; or

between 200 kDa and 500 kDa. Any whole number integer within any of the above ranges is

contemplated as an embodiment of the disclosure.

[0175] In some embodiments, an antigen comprising a polysaccharide has a molecular weight

of between about 50kDa and about 1,400 kDa, such as between about 500kDa and about 3,000

kDa.

[0176] Accordingly, various antigens can be included within the present immunogenic

conjugates described herein. These can be bacterial, fungal, viral, or parasitic antigens, and they

may be saccharides, lipids, lipopolysaccharides, or polypeptides. It is also possible to use

haptens e.g. that mimic drugs of abuse such as nicotine or cocaine.

[0177] Typically, the antigen is a saccharide, where the term “saccharide” includes

polysaccharides having 50 or more repeat units, and oligosaccharides having fewer than 50

repeating units. Typically, polysaccharides have from about 50, 55, 60, 65, 70, 75, 80, 85, 90, or

95 repeating units to about 2,000 (sometimes 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.

[0178] Useful saccharides for incorporation into immunogenic conjugates include those found

in bacteria. These can be non-capsular saccharides (such as an exopolysaccharide e.g. the

S.aureus exopolysaccharide) but are preferably bacterial capsular saccharides.

[0179] Bacterial capsular saccharides are high molecular weight saccharides found in the

capsule of Gram-positive or Gram-negative bacteria and they can be used as vaccine antigens.

Such capsular saccharides are generally prepared from whole cell lysates or culture supernatant

of the corresponding bacterium via processes that involve diafiltration, protein removal, ethanol

precipitation, nucleic acid removal, and freeze drying. Bacterial saccharides used with the



invention can be intact as found in the bacteria, or can be fragments obtained from intact

saccharides e.g. obtained by hydrolysis of saccharides purified from the bacteria.

[0180] Saccharide antigens of particular interest include, but are not limited to:

- Capsular saccharides of S.pneumoniae.

Saccharides of Streptococcus pyogenes : The antigen can be a saccharide from

S.pyogenes. In some embodiments the antigen is the capsular saccharide of S. pyogenes,

which is composed of hyaluronic acid, a high molecular weight polymer where the

repeating unit has the structure:

[ 4)-p-D-GlcUAp-(l 3)- -D -Gl N Ac-( ]

which appears to be invariant between S. pyogenes serotypes. In another embodiment the

antigen is a non-capsular saccharide from S. pyogenes, such as the group-A-strep cell

wall saccharide, which comprises a backbone of poly-L-rhamnopyranosyl units

connected by alternating a-L-(l 3) and a-L-(l 2) linkages, to which N-acetyl-P-D-

glucosamine residues are attached at the 3-position of the rhamnose backbone.

- Capsular saccharides of Streptococcus agalactiae: The antigen can be a capsular

saccharide from S.agalactiae (Group B Streptococcus or GBS). There are at least 10

GBS serotypes with distinct capsular saccharide repeating units (la, lb, II-IX), but only a

few serotypes are commonly responsible for disease. These include serotypes la, lb, II,

III, and V, and conjugates of; capsular saccharides from these serotypes can be prepared.

Capsular saccharides of Haemophilus influenzae: The antigen can be a capsular

saccharide from H. influenzae. There are at least 6 serotypes of H. influenzae with

distinct capsular saccharide chemical structures (types a-f). However, only type a and

type b are considered “high-virulence” strains, and the preferred type of H.influenzae

capsular saccharide for use with the invention is type b (Hib).

- Capsular saccharides of Neisseria meningitidis: The antigen can be a capsular saccharide

from N.meningitidis. There are at least 13 serogroups of N.meningitidis with distinct

capsular saccharide chemical structures (serogroups A, B, C, E-29, H, I, K, L, W-135, X,



Y, Z, and Ζ '), but only six (A, B, C, W-135, X, Y) are thought to be life-threatening. The

saccharide antigen is usefully derived from any of serogroups A, C, W135, X, or Y.

- Capsular saccharides of Porphyromonas gingivalis : The antigen can be a capsular

saccharide derived from one of the six serotypes Kl, K2, K3, K4, K5 and K6 of

P.gingivalis .

- Capsular saccharides of Salmonella typhi: The antigen can be a Vi saccharide. Vi is the

capsular saccharide of Salmonella typhi (the typhi serovar of S.enterica). The Vi

saccharide is a linear homopolymer of a hexosaminuronic acid, al,4-/V-acetylgalactos-

aminouronic acid, which is 60 - 90% acetylated at the C-3 position.

Saccharides of Staphylococcus aureus : The antigen can be a saccharide from S.aureus.

The saccharide can be the exopolysaccharide of S.aureus , which is a poly-N-

acetylglucosamine (PNAG), or a capsular saccharide of S.aureus , which can be e.g.

serotype 5, serotype 8 or serotype 336.

Surface saccharides of Clostridium difficile . The antigen can be a surface glycan from

C.difficile , such as PS-I or PS-II.

[0181] Glucans : The antigen can be a glucan containing β- l,3-linkages and/or β-l, 6-linkages.

These conjugated glucans can be useful for raising an anti-fungal immune response, for example

against Candida albicans also tumor-derived glycans; and haptens.

[0182] Further details of saccharide antigens can be found in WO20 18/126229.

[0183] As mentioned above, in some variations the arrangement of antigen, immunostimulator

and carrier polypeptide has an antigen molecule linked to both an immunostimulator and a

nnAA. To achieve this arrangement, the antigen should include multiple conjugation sites,

permitting it to form covalent bonds both with immunostimulator molecules and with nnAA

residues. The inclusion of multiple conjugation sites in a saccharide antigen is straightforward

because of their repeating nature. The functional groups used for conjugation to the antigen can

sometimes be present within the natural antigenic structure but typically they will be introduced

by activating the antigen, optionally followed by derivatization, as discussed elsewhere herein.

For instance, aldehyde or cyanate ester groups can be introduced at multiple sites within a



saccharide antigen, and these aldehyde groups can then be derivatized e.g. to introduce a reactive

cyclooctyne which can then react with azido groups in in the nnAA and in the

immunostimulator.

IV.B.l. Bacterially derived and synthetic polysaccharides:

[0184] In some embodiments, an antigen comprising a polysaccharide comprises a bacterially

derived or synthetic polysaccharide, such as a capsular polysaccharide. Such capsular

polysaccharides are high molecular mass polymers of gram-positive or gram-negative bacteria

that function to protect the microorganisms against immune responses, and as such represent

appealing vaccine targets when the goal is production of neutralizing antibodies. Such capsular

polysaccharides are generally prepared from whole cell lysates or culture supernatant of the

corresponding bacterium via processes that involve diafiltration, protein removal, ethanol

precipitation, nucleic acid removal, and freeze drying. Examples include, but are not limited to,

the Merieux protocol (Institut Merieux (1980) Brevet Belge 80:26320) and the Yavordios

protocol (Yavordios et al. ΕΡ0071515Α1(1983)).

I VB.2. Capsularpolysaccharides o/S. pneumoniae:

[0185] Exemplary antigens for use with the invention are capsular saccharides from

Streptococcuspneumoniae. S.pneumoniae is an encapsulated Gram-positive bacterium that can

cause pneumonia, bacteremia, and meningitis. There are at least 90 distinct documented

serotypes of S.pneumoniae (see e.g. Kalin, M . Thorax 1998;53:159-162) which bear capsular

saccharides with serotype-specific repeating unit structures. As will be understood by those in

the field, it has been proposed that S.pneumoniae serotype 20 is actually made up of two closely

related serotypes, the capsular polysaccharides of which are largely cross-protecting (Calix et al.

2012 JBiol Chem 287:27885-94). Thus, as would be further appreciated by those of skill in the

art, serotype 20 refers to a saccharide that would have previously been classified in the field as

serotype 20, and could therefore structurally be either 20A or 20B (from a strain which would

have previously been classified in the field as serotype 20, but could genotypically be either 20A

or 20B) as disclosed by Calix et al. For example, the strain used to produce serotype 20

polysaccharide in Pneumovax™ (Merck) is now believed to be serotype 20A. In some

instances, 20A may be utilized. In other instances, 20B may be utilized. Prevalence in a target



population could be a basis for selecting between these serotypes. Nevertheless, because of

strains classified as 20, 20A and 20B are serologically similar, they are largely cross-protective

in a vaccine and the choice among strain may not be critical.

[0186] The antigen used with the invention can be a capsular saccharide from any of

S.pneumoniae serotypes 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 (e.g., 20A, 20B), 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, 4 1A, 42, 43, 44, 45, 46, 47F, 47A, or 48

(Henrichsen J Clin Microbiol 1995; 33:2759-2762). However, only a subset of these serotypes

are commonly responsible for bacterial infection of clinical significance, so the antigen can be a

capsular saccharide from any of S.pneumoniae serotypes 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9V, 9N,

10A, 11A, 12F, 13, 14, 15B, 16, 17F, 18C, 19A, 19F, 20, 22F, 23F, 24F, 31, and 33F. Serotypes

6C, 7C, 15A, 15C, 16F, 20A, 20B, 23A, 23B, 24B, 31, 34, 35B, 35F, 37 and 38 have also

become of clinical concern, so the antigen can be a capsular saccharide from one of these

S.pneumoniae serotypes.

[0187] Where the invention uses conjugates from different pneumococcal serotypes, it may be

advantageous to include saccharides from at least 14 different S.pneumoniae serotypes (e.g. from

15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, or more) Where a composition includes 14 or more

serotypes, these may include the 13 serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, and

23F. In addition to these 13 S.pneumoniae serotypes a compositions may include one or more of

serotypes 2, 8, 9N, 10A, 11A, 12F, 15B, 17F, 20 (20A and/or 20B; e.g., 20B), 22F, and/or 33F.

Alternatively, in addition to the above 13 serotypes, a composition may include one or more

S.pneumoniae serotypes 2, 6C, 8, 9N, 10A, 12F, 15A, 15B, 15C, 16F, 17F, 20 (e.g, 20A, 20B),

22F, 23A, 23B, 24F, 24B, 31, 33F, 34, 35B, 35F and 38. A useful combination of 15 or more

(e.g., 16 or more) serotypes includes each of S.pneumoniae serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V,

14, 18C, 19A, 19F, 22F, 23F and 33F, and may also include serotype 8 . A useful combination of

20 or more (e.g. 2 1 or more) S.pneumoniae serotypes includes each of serotypes 1, 3, 4, 5, 6A,

6B, 7F, 8, 9V, 10A, 11A, 12F, 14, 15B, 18C, 19A, 19F, 22F, 23F and 33F. Serotype 20 may

refer to 20A, 20B, or a combination thereof. A useful combination of 32 or more serotypes

includes each of S.pneumoniae serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, 9N, 9V, 10A, 11A,



12F, 14, 15A, 15B, 16F, 17F, 18C, 19A, 19F, 20 (including 20A and/or 20B), 22F, 23A, 23B,

23F, 31, 33F, and 35B.. A useful combination of 24 or more serotypes includes each of

S.pneumoniae serotypes 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9V, 9N, 10A, 11A, 12F, 14, 15B, 17F, 18C,

19A, 19F, 20, 22F, 23F and 33F. Serotype 20 may refer to 20A, 20B, or a combination thereof.

A useful combination of 32 or more serotypes includes each of S.pneumoniae serotypes 1, 2, 3,

4, 5, 6A, 6B, 6C, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15A, 15B, 16F, 17F, 18C, 19A, 19F, 20,

22F, 23A, 23B, 23F, 31, 33F, and 35B.

[0188] The structures of common pneumococcal serotype capsular saccharide repeating units

are described in Jones etal. (Jones C et al. An Acad Bras Cienc. 2005 Jun;77(2):293-324):

Type 1

[ 3)-D-AAT-a-Gal/;-( l 4)-a-D-Gal/;A(2/30Ac)-( l 3)-a-D-Gal/;A-(l ]

Type 2

[ 4)-P-D-Glcp-(l 3)-[a-D-GlcpA-(l 6)-a-D-Glcp-(l 2)]-a-L-Rhap-(l 3)-a-L-
Rhap-( 1 3)P-L-Rhap-( 1 ]

Type 3

[ 3)-p-D-GlcA-(l 4)-p-D-Glqp-(l ]

Type 4

[ 3)-p-D-ManpNAc-(l 3)-a-L-FucpNAc-(l 3)-a-D-GalpNAc-(l 4) -a-D-
Galp2,3(S)Py-(l ]

Type 5

[ 4)-P-D-Glcp-(l 4)-[a-L-PnepNAc-(l 2)-P-D-GlcpA-(l 3)] -a-L-FucpNAc-
( l 3)-P-D-Sugp-(l ]

Type 6B

[ 2)-a-D-Galp-(l 3)-a-D-Glcp-(l 3)-a-L-Rhap-(l 4)-D-Rib-ol-(5 P ]



Type 9N

[ 4)-a-D-Glcp A-( 1 3)-a-D-Glcp-( 1 3)-p-D-ManpNAc-( 1 4) -p-D-Glcp-( 1 4)-a-
D-GlcpNAc-(l ]

Type 9V

[ 4)-a-D-GlcpA(2/3 OAc)-( 1 3)-a-D-Galp-( 1 3)-p-D-ManpN Ac(4/60 Ac)-( 1 4) -β-
D-Glcp-(l 4)-a-D-Glcp-( 1 ]

Type 12F

[ 4)-[a-D-Galp-(l 3)]a-L-FucpNAc-(l 3)-p-D-GlcNAc-(l 4)-[a-D-Glc-(l 2) -a-
D-Glc-(l 3)]-p-D-ManNAcA-( ]

Type 14

[ 4)-p-D-Glcp-(l 6)-[p-D-Galp-(l 4)]-p-D-GlcpNAc-(l 3)-p-D-Galp-(l ]

Type 18C

[ 4)-p-D-Glcp-(l 4)-[a-D-Glcp(60Ac) ( l 2)][Gro-(l P 3)]-p-D-Galp-(l 4) -a-
D-Glcp-(l 3)-p-L-Rhap-(l ]

Type 19F

[ 4)-p-D-ManpNAc-( 1 4)-a-D-Glcp-( 1 2)-a-L-Rhap-( 1 P ]

Type 23F

[ 4)-p-D-Glcp-(l 4)-[a-L-Rhap-(l 2)]-[Gro-(2 P 3)] -p-D-Galp-(l 4)-p-L-
Rhap-(l ]

[0189] A more extensive discussion of the saccharides is found in Geno etal. (2015) Clin.

Microbiol. Rev. 28:871-99, in which Table 1 shows the structures for 97 known serotypes. This

table also discloses the proportion of saccharide residues which are acetylated when acetylation

is not complete.

[0190] The capsular saccharide can be O-acetylated. In some embodiments, the capsular

saccharide from serotype 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9V, 9N, 10A, 11A, 12F, 13, 14, 15B, 16,

17F, 18C, 19A, 19F, 20, 22F, 23F, 24F, 31, and 33F, or from 1, 2, 3, 4, 5, 6A, 6B, 6C, 7F, 8, 9N,



9V, 10A, 11A, 12F, 14, 15A, 15B, 16F, 17F, 18C, 19A, 19F, 20, 22F, 23A, 23B, 23F, 31, 33F,

and 35B, comprises a saccharide which has a degree of O-acetylation of between 10-100%,

between 20-100%, between 30-100%, between 40-100%, between 50-100%, between 60-100%,

between 70-100%, between 75-100%, 80-100%, 90-100%, 50-90%, 60-90%, 70-90% or 80-

90%. In other embodiments, the degree of O-acetylation is greater than 10%, greater than 20%,

greater than 30%, greater than 40%, greater than 50%, greater than 60%, greater than 70%,

greater than 80%, greater than 90%, or about 100%. The degree of O-acetylation of the

saccharide can be determined by proton NMR (see for example Lemercinier & Jones (1996)

Carbohydrate Research 296:83-96; Jones et al. (2002) J. Pharmaceutical and Biomedical

Analysis 30:1233-1247). Normally the saccharide used to prepare a conjugate will retain at least

50% (e.g. 75%, or even 100%) of the O-acetylation levels seen in the starting capsular

saccharide purified from a bacterium.

[0191] The S.pneumoniae capsular saccharides can be obtained directly from bacteria using

isolation procedures known to one of ordinary skill in the art (see for example methods disclosed

in U.S. Patent App. Pub. Nos. 2006/0228380, 2006/0228381, 2007/0184071, 2007/0184072,

2007/0231340, and 2008/0102498 and WO 2008/118752). As an alternative, they may be

obtained from a commercial source (e.g, ATCC) or synthetically produced.

[0192] A pneumococcal capsular saccharide antigen used with the invention can usefully have

a molecular weight between lOkDa and 4,000kDa e.g. between 50 kDa and 3,000 kDa, or

between 100 kDa and 2,000 kDa. For instance, the molecular weight can be between 100 kDa

and 2,000 kDa; between 100 kDa and 1,750 kDa; between 100 kDa and 1,500 kDa; between 100

kDa and 1,250 kDa; between 100 kDa and 1,000 kDa; between 100 kDa and 750 kDa; between

100 kDa and 500 kDa; between 200 kDa and 4,000 kDa; between 200 kDa and 3,500 kDa;

between 200 kDa and 3,000 kDa; between 200 kDa and 2,500 kDa; between 200 kDa and 2,000

kDa; between 200 kDa and 2,000 kDa; between 200 kDa and 1,750 kDa; between 200 kDa and

1,500 kDa; between 200 kDa and 1,250 kDa; between 200 kDa and 1,000 kDa; between 200

kDa and 750 kDa; or between 200 kDa and 500 kDa. Further details and guidance with respect

to molecular weights are available in appendix B .

[0193] The capsular saccharide is optionally chemically modified relative to the capsular

saccharide found in nature. For example, the saccharide is optionally de-O-acetylated (partially



or fully), de-N-acetylated (partially or fully), N-propionated (partially or fully), etc.

De-acetylation optionally occurs before, during or after activation, derivatization, or

conjugation, but typically occurs before conjugation.

[0194] Some embodiments of the invention involve the use of two or more different

conjugates. In relation to pneumococcal capsular saccharide conjugates, this means (when using

a single type of carrier polypeptide for each conjugate) that each ‘different’ conjugate has a

saccharide from a different pneumococcal serotype.

IV.B.3. Polysaccharides o/S. pyogenes:

[0195] The antigen can be a saccharide from S. pyogenes. S. pyogenes is a gram-positive

bacterium (also known as group A streptococcus or ‘GAS’) responsible for a wide array of

infections in humans, including pharyngitis, tonsillitis, scarlet fever, cellulitis, erysipelas,

rheumatic fever, post-streptococcal glomerulonephritis, necrotizing fasciitis, myonecrosis and

lymphangitis. In some embodiments, the polysaccharide is the capsular polysaccharide of S.

pyogenes, which is composed of hyaluronic acid, a high molecular weight polymer where the

repeating unit has the structure:

[ 4).p-D-GlcUAp-(l43)-p-D-GlcpNAc-( ]

which appears to be invariant between S. pyogenes serotypes.

[0196] In some embodiments, the capsular polysaccharide from S. pyogenes has a molecular

weight of between lOkDa and 4,000 kDa, for example between 50 kDa and 4,000 kDa; between

50 kDa and 3,500 kDa; between 50 kDa and 3,000 kDa; between 50 kDa and 2,500 kDa;

between 50 kDa and 2,000 kDa; between 50 kDa and 1,750 kDa; between 50 kDa and 1,500

kDa; between 50 kDa and 1,250 kDa; between 50 kDa and 1,000 kDa; between 50 kDa and 750

kDa; between 50 kDa and 500 kDa; between 100 kDa and 4,000 kDa; between 100 kDa and

3,500 kDa; 100 kDa and 3,000 kDa; 100 kDa and 2,500 kDa; 100 kDa and 2,000 kDa; between

100 kDa and 2,000 kDa; between 100 kDa and 1,750 kDa; between 100 kDa and 1,500 kDa;

between 100 kDa and 1,250 kDa; between 100 kDa and 1,000 kDa; between 100 kDa and 750

kDa; between 100 kDa and 500 kDa; between 200 kDa and 4,000 kDa; between 200 kDa and

3,500 kDa; between 200 kDa and 3,000 kDa; between 200 kDa and 2,500 kDa; between 200



kDa and 2,000 kDa; between 200 kDa and 2,000 kDa; between 200 kDa and 1,750 kDa;

between 200 kDa and 1,500 kDa; between 200 kDa and 1,250 kDa; between 200 kDa and 1,000

kDa; between 200 kDa and 750 kDa; or between 200 kDa and 500 kDa. Any whole number

integer within any of the above ranges is contemplated as some embodiments of the disclosure.

[0197] In certain embodiments, the polysaccharide is a non-capsular polysaccharide from S.

pyogenes. Non-capsular polysaccharides include the group-A-strep cell wall polysaccharide,

which comprises a backbone of poly-L-rhamnopyranosyl units connected by alternating a-L-

( l 3) and a-L-(l 2) linkages, to which N-acety -β-D-gl ucosam ine residues are attached at the

3-position of the rhamnose backbone.

[0198] In some embodiments, the group-A-strep cell wall polysaccharide from S. pyogenes

has a molecular weight of between lOkDa and 4,000 kDa. In other such embodiments, the

polysaccharide has a molecular weight of between 50 kDa and 4,000 kDa. In further such

embodiments, the polysaccharide has a molecular weight of between 50 kDa and 3,500 kDa;

between 50 kDa and 3,000 kDa; between 50 kDa and 2,500 kDa; between 50 kDa and 2,000

kDa; between 50 kDa and 1,750 kDa; between 50 kDa and 1,500 kDa; between 50 kDa and

1,250 kDa; between 50 kDa and 1,000 kDa; between 50 kDa and 750 kDa; between 50 kDa and

500 kDa; between 100 kDa and 4,000 kDa; between 100 kDa and 3,500 kDa; 100 kDa and 3,000

kDa; 100 kDa and 2,500 kDa; 100 kDa and 2,000 kDa; between 100 kDa and 2,000 kDa;

between 100 kDa and 1,750 kDa; between 100 kDa and 1,500 kDa; between 100 kDa and 1,250

kDa; between 100 kDa and 1,000 kDa; between 100 kDa and 750 kDa; between 100 kDa and

500 kDa; between 200 kDa and 4,000 kDa; between 200 kDa and 3,500 kDa; between 200 kDa

and 3,000 kDa; between 200 kDa and 2,500 kDa; between 200 kDa and 2,000 kDa; between 200

kDa and 2,000 kDa; between 200 kDa and 1,750 kDa; between 200 kDa and 1,500 kDa;

between 200 kDa and 1,250 kDa; between 200 kDa and 1,000 kDa; between 200 kDa and 750

kDa; or between 200 kDa and 500 kDa. Any whole number integer within any of the above

ranges is contemplated as an embodiment of the disclosure.

IVB.4. Capsularpolysaccharides of Streptococcus agalactiae:

[0199] The antigen can be a capsular polysaccharide derived from S.agalactiae (Group B

Streptococcus or GBS), a gram-positive bacterium commonly commensal with mammals that



causes septicemia, pneumonia, and meningitis in immunologically vulnerable humans and

bovine mastitis in dairy cows. There are at least 10 S.agalactiae serotypes with distinct capsular

polysaccharide repeating units (la, lb, II-IX), but only a few serotypes are commonly

responsible for disease. These include serotypes la, lb, II, III, and V, and conjugates of capsular

polysaccharides from these serotypes can be prepared. The structures for the capsular

polysaccharide repeating units of common S. agalactiae serotypes have been determined and

are:

Type la

[ 4)-β-ϋ - ΐ -(1 4)-p-D-Gal^(l ]

3

†

a-D-Neu^NAc(2 3)p-D-Gal^(l 3)p-D-GlcpNAc

Type lb

[ 4)-p-D-Glcp-(l 4)-p-D-Gal/ (l ]

3

†

a-D-Neu/?NAc(2 3) -D-Gal (l 4)p-D-GlcpNAc

Type II

[ 4)-p-D-Glc/ NAc-(l 3)-p-D-Gal/ ( l 4)- -D-G l 3)- -D-G l 2)-p-D-Gal/ (l ]

6 3

† †

2

-D-Gal/ a-D-NeupNAc



Type III

[ 4).p-D-Glc^-(l 6)-p-D-Glc^NAc-(l 3)-p-D-Gal^-(l ]

†

1

β-D-Gal/

3

†

2

a-D-NeupNac

Type V

[ 4).p-D-Glc^-(l 4)-p-D-Gal^(l 4)-p-D-Glc^-( 1 ]

6 3

† †

1 1

P-D-GIC/JNAC β-D-Glc/

4

†

1

β-D-Gal/

3

†

2

a-D-NeupNAc



IV.B.5. Capsularpolysaccharides of Haemophilus influenzae:

[0200] In some embodiments, the antigen comprising a polysaccharide comprises a capsular

polysaccharide derived from H. influenzae. H. influenzae is a gram-negative, anaerobic

pathogenic bacterium responsible for a wide range of localized and invasive infections including

pneumonia, bacteremia, meningitis, epiglottitis, cellulitis and infectious arthritis. There are at

least 6 serotypes of H. influenzae with distinct capsular polysaccharide chemical structures

(types a-f). However, only type a and type b are considered “high-virulence” strains of H.

influenzae, and the bulk of childhood infections are thought to be caused by type b (Jin et al.

Infect. Immun. June 2007 vol. 75 no. 6 2650-2654), which is thus the preferred type of

H.influenzae polysaccharide for use with the invention. The structure of the repeating unit of the

type b capsular polysaccharide has been determined and is:

[ 3)-p-D-Rib/-(l l)-D-Ribitol-(5 0P0 3 ] .

IV.B.5. Capsularpolysaccharides of Neisseria meningitidis:

[0201] In some embodiments, the antigen comprising a polysaccharide comprises a capsular

polysaccharide derived from N. meningitidis. N. meningitidis is a gram negative bacterium that

is a major causative agent of meningitis and meningococcal septic infection. There are at least

13 serogroups of N. meningitidis with distinct capsular polysaccharide chemical structures

(serogroups A, B, C, E-29, H, I, K, L, W-135, X, Y, Z, and Z ’ (29E)). However, only six

serogroups (A, B, C, W-135, X, Y) are thought to cause life-threatening disease. The structures

of the repeating unit of the capsular polysaccharide for the five main life threatening serogroups

of interest for conjugate preparation have been determined and are:

Type A

[ 6)-a-D-Man/?NAc(3/40Ac)-(l 0P03 ]

Type C

[ 9)-a-D-Neu/?5Ac(7/80Ac)-(2 ]

Type W-135



[ 6)-a-D-Gal/>-(l 4)-a-D-Neu/>5Ac(90Ac)-a-(2— ]

Type X

[ 4)-a-D-GlcpNAc-(l 0P03 ]

Type Y

[ 6)-a-D-Glcp-(l 4)-a-D-Neu/>5Ac(90Ac)-a-(2— ]

IV.B. 6. Capsular polysaccharides ofPorphyromonas gingivalis:

[0202] In certain embodiments, the antigen is a capsular polysaccharide derived from one of

the six serotypes of Porphyromonas gingivalis (e.g, Kl, K2, K3, K4, K5 and/or K6). See Van

Winkelhoff et al. (1993) Oral Microbiol. Immunol. 8:259-265; and Laine et al. (1996) J.

Periodontal Res. 31: 278-84.

IV.B. 7. Capsular polysaccharides of Salmonella typhi:

[0203] In certain embodiments, the antigen is a Vi polysaccharide. Vi is the capsular

polysaccharide of Salmonella typhi (previously classified as a species itself, but now referred to

as the typhi serovar of S.enterica). Vi may also be found in other serovars of Salmonella (such

as S.enterica serovar paratyphi C or serovar dublin) and in other bacteria, such as Citrobacter

(e.g. C.freundii and C.youngae). The Vi polysaccharide is a linear homopolymer of a

hexosaminuronic acid, al,4-/V-acetylgalactos-aminouronic acid, which is 60 - 90% acetylated at

the C-3 position. The O-acetyl substitution on Vi is a factor in its ability to elicit a protective

immune response. The immunogenicity of Vi is closely related to its degree of O-acetylation.

Partial de-O-acetylation can slightly increase immunogenicity; complete de-O-acetylation

eliminates the immunogenicity of Vi. The Vi polysaccharide used in the present invention may

be chemically modified relative to the capsular polysaccharide as found in nature. For example,

the Vi polysaccharide may be partially de-O-acetylated, de-N-acetylated (partially or fully),

N-propionated (partially or fully), etc. De-acetylation may occur before, during or after

conjugation, but preferably occurs before conjugation. The effect of de-acetylation etc. can be

assessed by routine assays.



IV.B.8. Saccharides of Staphylococcus aureus:

[0204] In certain embodiments, the antigen is a polysaccharide from S.aureus. The

polysaccharide can be the exopolysaccharide of S.aureus, which is a poly-N-acetylglucosamine

(PNAG), or the capsular polysaccharide of S.aureus , which can be e.g. type 5, type 8 or type

336.

IV.B.9. Surface polysaccharides of Clostridium difficile:

[0205] In certain embodiments, the antigen is a surface glycan from C.difflcile, such as PS-I or

PS-II.

IV.B.10. Glucans:

[0206] In certain embodiments, the antigen is a glucan containing β-l, 3-linkages and/or β-1,6-

linkages. These conjugated glucans can be useful for raising an anti-fungal immune response, for

example against Candida albicans. Glucans are glucose-containing polysaccharides found inter

alia in fungal cell walls β-glucans include one or more β-linkages between glucose subunits. A

glucan used in accordance with the invention includes β-linkages, and may contain only

β-linkages (i.e. no a linkages). The glucan may comprise one or more β-l, 3-linkages and/or one

or more β-l, 6-linkages. It may also comprise one or more β-l, 2-linkages and/or β-l, 4-linkages,

but normally its only β linkages will be β-1,3 -linkages and /or β-l, 6-linkages. The glucan may

be branched or linear. The glucan may be a fungal glucan. A ‘fungal glucan’ will generally be

obtained from a fungus but, where a particular glucan structure is found in both fungi and non

fungi (e.g. in bacteria, lower plants or algae) then the non-fungal organism may be used as an

alternative source. Thus the glucan may be derived from the cell wall of a Candida, such as

.albicans, or from Coccidioides immitis, Trichophyton verrucosum, Blastomyces dermatidis,

Cryptococcus neoformans, Histoplasma capsulatum, Saccharomyces cerevisiae,

Paracoccidioides brasiliensis, or Pythiumn insidiosum. There are various sources of fungal

β-glucans. For instance, pure β-glucans are commercially available e.g. pustulan (Calbiochem) is

a β-l,6-glucan purified from Umbilicariapapullosa. β-glucans can be purified from fungal cell

walls in various ways. In some embodiments the glucan is a β-1,3 glucan with some β-1,6

branching, as seen in e.g. laminarins. Laminarins are found in brown algae and seaweeds. The

β(1-3):β(1-6) ratios of laminarins vary between different sources e.g. it is as low as 3:2 in



Eisenia bicyclis laminarin, but as high as 7 :1 in Laminaria digititata laminarin. Thus the glucan

used with the invention may have a β(1-3): β(1-6) ratio of between 1.5:1 and 7.5:1 e.g. about 2:1,

3:1, 4:1, 5:1, 6:1 or 7:1. In other embodiments, the glucan has exclusively or mainly β-1,3

linkages, as seen in curdlan. Thus the glucan may be made solely of β-1,3-1 βά glucose

residues (e.g. linear β-D-glucopyranoses with exclusively 1,3 linkages). Optionally, though, the

glucan may include monosaccharide residues that are not β-1,3-1 βά glucose residues e.g. it

may include β-Ι , -Ι βά glucose residues. The ratio of β-1,3 -linked glucose residues to these

other residues should be at least 8:1 (e.g. >9:1, >10:1, > 11:1, >12:1, >13:1, >14:1, >15:1, >16:1,

>17:1, >18:1, >19:1, >20:1, >25:1, >30:1, >35:1, >40:1, >45:1, >50:1, >75:1, >100:1, etc.).

IV.B.ll. Tumor-derived glycans:

[0207] In some embodiments, an antigen comprising a polysaccharide comprises a

developmentally-inappropriate cell-surface glycan characteristic of tumor cells. Danishefsky

(reviewed in Zhu et al. Expert Rev Vaccines. 2009(10): 1399-1413) among others have

discovered that certain oligosaccharide motifs (stage-specific embryonic antigens, SSEAs) are

originally expressed on cell surfaces during embryogenesis and “reactivated” in adult tumors. As

these are short polysaccharides, they are primarily accessed via chemical synthesis (reviewed in

Zhu above). Among these oligosaccharides, the most clearly associated with carcinogenesis (e.g.

prostate and breast cancer) are Globo-H, Le , STn, TF, and Tn.

IV.B.12. Haptens:

[0208] In some embodiments, an antigen comprises a hapten: a non-polymeric synthetic

moiety of molecular weight less than 1,000 Da. The application of haptens in therapeutic protein

conjugates is of haptens that mimic drugs of abuse, e.g., nicotine or cocaine (see, e.g., Berkowitz

& Spector. Science. 1972(178): 1290-1292 for morphine; Kosten et al. Vaccine. 2002(20): 1196-

1204 for cocaine; and Hatsukami et al. Clin Pharmacol Ther. 2005(78):456-467). The

conjugation of otherwise poorly-immunogenic small molecules to immunogenic polypeptides

allows for drug specific antibodies to be raised, which sequester abusive drugs away from the

central nervous system.



[0209] Antigens often do not intrinsically contain functional groups that are suitable or ideal

for conjugation. Thus an antigen might need to be functionalized prior to its conjugation to the

nnAA. Further details of such functionalization are given below.

IV.C. Immunostimulators

[0210] The immunogenic conjugates provided herein include an immunostimulator. Various

types of immunostimulators can be used. For example, the immunostimulator may be a toll-like

receptor (TLR) agonist, a C-type lectin receptor (CLR) agonist, or a CDld agonist. Other small

molecule immunopotentiators (SMIPs) can also be used. Immunostimulatory oligonucleotides

are exemplary immunostimulators (see below).

[0211] Immunostimulators might need to be functionalised prior to their conjugation if they do

not already include an appropriate functional group. For instance, an azido or an alkyne (e.g.

DBCO) group may be incorporated, permitting click chemistry conjugation. CuAAC chemistry

for oligonucleotides is disclosed by Jawalekar et al. (2013) Molecules 13:7346-63. An alkyne

can conveniently be used to conjugate to an azido-containing nnAA in a carrier polypeptide,

whereas an azido can conveniently be used to conjugate to an alkyne-containing antigen. Many

immunostimulators include free hydroxy groups which may be modified by cyanylation (e.g.

with CDAP, as disclosed elsewhere herein) for subsequent reductive amination.

IV.C.1. TLR agonists:

[0212] Vaccine compositions comprising Toll-like receptor (TLR) agonists are already

licensed for human use. A conjugate of the invention may include a TLR agonist i.e. a

compound which can agonise a Toll-like receptor. Most preferably, a TLR agonist is an agonist

of a human TLR. The TLR agonist can activate any of TLR1, TLR2, TLR3, TLR4, TLR5,

TLR6, TLR7, TLR8, TLR9 or TLR1 1; preferably it can activate human TLR4, human TLR7, or

human TLR9.

[0213] Agonist activity of a compound against any particular Toll-like receptor can be

determined by standard assays. Companies such as Imgenex and Invivogen supply cell lines

which are stably co-transfected with human TLR genes and NFKB, plus suitable reporter genes,

for measuring TLR activation pathways. They are designed for sensitivity, broad working range



dynamics and can be used for high-throughput screening. Constitutive expression of one or two

specific TLRs is typical in such cell lines. See also Rosenberg et al. (2010) J Immunol 184 ( 1

supplement) 136.20.

[0214] Various TLR receptors are known in the art e.g. see WO2014/1 18305.

[0215] Typical TLR1 agonists are triacylated lipopeptides e.g. including a Pam3Cys group.

[0216] Typical TLR2 agonists are various types of lipid e.g. including a Pam2Cys group,

lipoteichoic acid, lipoarabinomannan, or palmitoyl-Cys(2[R],3-dilauroyloxy-propyl)-Abu-D-

Glu-NEb (where: Cys is a cysteine residue, Abu is an aminobutyric acid residue and Glu is a

glutamic acid residue).

[0217] Typical TLR3 agonists are double-stranded RNAs.

[0218] Typical TLR4 agonists are lipopolysaccharides or fragments e.g. monophosphoryl lipid

A or its detoxified derivates. 3dMPL is a preferred TLR4 agonist (see below). Other useful

TLR4 agonists include any of: glucopyranosyl lipid A (GLA) or its ammonium salt; an

aminoalkyl glucosaminide phosphate, such as RC-529 or CRX-524; E5564; compounds

containing lipids linked to a phosphate-containing acyclic backbone; or any of compounds ‘ER

803058’, ‘ER 803732’, ‘ER 804053’, ‘ER 804058’, ‘ER 804059’, ‘ER 804442’, ‘ER 804680’,

‘ER 803022’, ‘ER 804764’ or ‘ER 804057’ (also known as E6020) disclosed in WO03/01 1223.

A conjugate of the invention can include an analog of monophosphoryl lipid A (MPL), such as

3-O-deacylated MPL (3dMPL) or an aminoalkyl glucosaminide phosphate (e.g. RC-529 or

CRX-524; Bazin et al. 2006 TetrahedronLett 47:2087-92), both of which act as TLR4 agonists.

[0219] Typical TLR5 agonists are flagellins.

[0220] Typical TLR6 agonists are diacylated lipopeptides.

[0221] Typical TLR7 agonists are guanosine analogs and imidazoquinolines e.g. including

imiquimod (‘R-837’), resiquimod (‘R-848’), loxoribine, and benzonaphthyridines.

[0222] Typical TLR8 agonists are imidazoquinolines.



[0223] Typical TLR9 agonists are immunostimulatory oligonucleotides, such as CpG

oligonucleotides (see section IV.C.2., below).

[0224] 3dMPL is a mixture of 3 de-O-acylated monophosphoryl lipid A with 4, 5 or 6 acylated

chains. Any of these individual compounds can be used in a conjugate of the invention, or a

mixture or more than one. It is referred to by the trade name ‘MPL®’ and further details are

disclosed in Baldrick et al. (.Regulatory ToxicolPharmacol (2002) 35:398-413). Methods for

synthesizing 3dMPL are disclosed in Johnson et al. (1999) JMed Chem 42:4640-9.

IV.C.2. Immunostimulatory oligonucleotides:

[0225] Immunostimulatory oligonucleotides (in particular DNA oligonucleotides) are well

known in the art. Generally these include nucleotide sequences containing a CpG motif (a

dinucleotide sequence containing an unmethylated cytosine nucleotide linked to a guanosine

nucleotide), but oligonucleotides containing palindromic or poly(dG) sequences have also been

shown to be immunostimulatory, as have Cpl motifs (i.e. a cytosine-inosine dinucleotide). The

oligonucleotides can include nucleotide modifications such as base modifications (e.g.

replacement of guanosine with 2'-deoxy-7-deazaguanosine) or backbone modifications (e.g. the

use of phosphorothioate bonds) provided that the ability to act as an immunostimulator is

retained. This can be checked in vivo or in simpler assays involving testing for TLR9 agonism.

[0226] Immunostimulatory CpG sequences have been classified as CpG-A, CpG-B, or CpG-C

depending on the cytokine response they elicit. Preferably, the CpG is a CpG-B.

[0227] Preferably, a CpG oligonucleotide is constructed so that its 5' end is accessible for

receptor recognition.

[0228] The immunostimulatory oligonucleotide will typically be shorter than 50 nucleotides in

length e.g. between 15-35 or between 18-28 nucleotide in length.

[0229] Two sequences for inclusion within an immunostimulatory oligonucleotide include

GTCGTT and TTCGTT. A preferred immunostimulatory oligonucleotide has the DNA sequence

5'-TCGTCGTTTTGTCGTTTTGTCGTT-3' (SEQ ID NO: 16). This sequence is known in the art as ‘CpG

7909’ or ODN 2006’ (with a full phosphorothioate backbone) and has been tested in humans

(including in pneumococcal conjugate vaccines: Sogaard et al. 2009 Clin Infect Dis 51:42-50.



Other useful sequences include, but are not limited to, GGTGCATCGATGCAGGGGGG (SEQ ID NO:

17), TCCATGGACGTTCCTGAGCGTT (SEQ ID NO: 18), TCGTCGTTCGAACGACGTTGAT (SEQ ID NO:

19), and TCGTCGACGATCGGCGCGCGCCG (SEQ ID NO: 20). Sequences which are useful in mice

(e.g. for testing purposes) include TCCATGACGTTCCTGATGCT (SEQ ID NO: 21) and

TCCATGACGTTCCTGACGTT (SEQ ID NO: 22), whereas sequence TCGTCGTTGTCGTTTTGTCGTT

(SEQ ID NO: 23) is better suited to pigs and cattle. A sequence useful in both humans and mice

is TCGACGTTCGTCGTTCGTCGTTC (SEQ ID NO: 24). A sequence with good multi-species use is

TCGCGACGTTCGCCCGACGTTCGGTA (SEQ ID NO: 25).

[0230] Immunostimulatory oligonucleotides can usefully be derivatized to include at azido

group in their 3' terminal nucleotide (e.g. see Kumar et al. 2007 JACS 129:6859-64 and

Pourceau etal. 2009 J Org Chem 74:6837-42), and such oligos are commercially available (e.g.

from www.idtdna.com). Azido-modified oligonucleotides can be prepared by attaching a

N-hydroxysuccinimide (NHS) ester to any nucleotide (including the 3' nucleotide) and this NHS

group can then be used to attach an azido group. For example, the oligonucleotide having SEQ

ID NO: 25 can be azido-derivatized to provide the sequence TCGCGACGTTCGCCCGACGTTCGGTA-N3

(SEQ ID NO: 26). The azido group can be linked to antigens using the same ‘click’ chemistry as

a pAMF nnAA.

IV.C.3. CLR agonists:

[0231] CLR agonists include, but are not limited to, trehalose-6, 6'-dimycolate (TDM), its

synthetic analog D-(+)-trehalose-6,6'-dibehenate (TDB), and other 6,6'-diesters of trehalose and

fatty acids. Thus the invention can be applied to trehalose esters and diacyl trehaloses which are

CLR agonists. These agonists may have formula (C):

where R'C(O)- and R2C(0)- are the same or different and are acyl groups. Suitable acyl groups

may be saturated or unsaturated. They may be selected from the acyl residues of a mycolic acid,



a corynomycolic acid, a bourgeanic acid, a 2-tetradecyl-3 -hydroxyoctadecanoic acid, a 2-

eicosyl-3-hydroxytetracosanoic acid, a behenic acid, a palmitic acid, . Useful mycolic acids

include alpha-, methoxy-, and keto- mycolic acids, in cis- and or trans- forms.

IV.C.4. CD Id agonists:

[0232] CDld agonists include, but are not limited to, α-glycosylceramides, such as

α-galactosylceramides. Thus the invention can be applied to glycosylceramides which are CDld

agonists, including a-galactosylceramide (α-GalCer), phytosphingosine-containing a-

glycosylceramides, [(2S,3S,4R)-l-0-(a-D-galactopyranosyl)-2-(N-hexacosanoylamino)-l,3,4-

octadecanetriol], OCH, KRN7000 CRONY-101, 3"-0-sulfo-galactosylceramide, etc.

IV.D. Conjugation

IV.D.l. Overview:

[0233] Conjugation involves formation of covalent linkages between the nnAA residue, an

antigen, and an immunostimulator. This requires reactive functional groups in the nnAA, the

antigen, and the immunostimulator. A nnAA for the carrier polypeptide will generally be chosen

because it already has a suitable functional group (e.g . the azido group of pAMF), but antigens

and immunostimulators may not intrinsically contain functional groups that are suitable or ideal

for conjugation. Thus an antigen and an immunostimulator might need to be functionalised prior

to their conjugation to the nnAA. With appropriate functional groups in the nnAA, antigen, and

immunostimulator conjugation is achieved in general terms by permitting these groups to react

with each other to form the desired covalent links.

[0234] Detailed technical information about conjugation can be found in Bioconjugate

Techniques (Greg T Hermanson, 3rd edition, 2013). PCT/US2017/069129 discloses in detail

how antigens can be functionalised and then conjugated to nnAA. As noted above, useful nnAA

include a functional group (e.g. an azido group) which is suitable for a “click” chemistry

reaction with a functional group on the antigen. Thus a functionalised antigen ideally includes a

group suitable for such “click” reactions. Preferably the immunostimulator includes the same

functional group as the nnAA.



[0235] A useful way of obtaining cross-linked conjugates is to utilize the same reactive group

in both the immunostimulator and the nnAA (e.g. an azido group). This reactive group can form

bonds with reactive groups which are present at multiple sites within the antigen (e.g. an alkyne

group). With multiple nnAA per carrier polypeptide, these multiple reactions lead to the

formation of a network in which antigen, carrier polypeptide and immunostimulator are all

covalently linked.

[0236] In general terms, conjugation of an antigen or an immunostimulator involves three

steps of (a) activation (b) optional derivatisation and (c) covalent linkage. Steps (a) and (b)

ensure that the moiety being conjugated has the functional groups which are necessary for step

(c) to occur. Activation can introduce a group which is already suitable for conjugation, or to

which a group can be attached (derivatised) which is suitable for conjugation. Step (a) may also

include an initial step of removing a blocking group, such that certain functional groups (e.g.

hydroxyls, amines, thiols) are more accessible to activation. Sometimes the steps (a)-(c) can

occur essentially simultaneously (e.g. where a reactive moiety such as N-hydroxysuccinimide is

added to the antigen), but in other embodiments two or more of steps (a)-(c) are discrete, with

optional purification between steps.

[0237] As noted above, cross-linked conjugates are advantageous, so it is also useful to

introduce multiple reactive functional groups per antigen molecule. For instance, multiple

aldehyde or cyanate ester groups groups can be introduced when activating a saccharide

molecule. These groups can then be derivatised e.g. to introduce a reactive cyclooctyne which

can then react with azido groups in in the nnAA and in the immunostimulator.

IV.D.2. Antigen activation:

[0238] Prior to functionalization of a saccharide antigen to provide an activated antigen

capable of conjugation to a carrier polypeptide, the antigen may be subject to a process that

reduces molecular weight. The process may be a mechanical sizing step, in which case the

polysaccharide is subjected to shearing forces (as may accomplished using a high shear

homogenizer or the like), and/or the process may involve treatment with heat or mild acid.

Ideally, the molecular weight of the antigen following this initial treatment will approximate,

within 25-30%, the native molecular weight of the corresponding serotype. One example of a



mechanical sizing method involves use of a PandaPLUS 2000 homogenizer (available from

GEA Niro Soavi) at a pressure in the range of about 200 psi to about 25,000 psi and a heat

exchanger temperature setting in the range in of about 4°C to l2°C (e.g, 8°C to l2°C), with a

polysaccharide concentration of about 1 g/L to about 4 g/L and a temperature range during

processing of about 8°C to l5°C.

[0239] The selected antigen can be activated using any suitable method, including, without

limitation: periodate oxidation (e.g. to oxidize hydroxyl groups on adjacent carbon atoms to give

reactive aldehyde groups, for instance as disclosed in WO201 1/1 1053 1); unmasking of an

intrinsic aldehyde (e.g. a reducing terminus of a polysaccharide); cyanylation using, e.g., 1-

cyano-4-dimethylaminopyridinium tetrafluorob orate (CDAP) activation; and hydroxyl activation

with l,l'-carbonyldiimidazole (CDI) followed by nucleophilic addition. Further chemical

strategies for saccharide derivatization are described in Hermanson (Hermanson, Greg.

Bioconjugate Techniques (2008)). Activation can also involve the use of p-nitrophenylcyanate,

N-cyanotriethylammonium tetrafluoroborate, active esters, carbodiimides, hydrazides,

norborane, p-nitrobenzoic acid, N-hydroxysuccinimide, S-NHS, EDC, TSTU, etc.

[0240] Periodate oxidation and CDAP cyanylation are two useful activation techniques.

Periodate oxidation has been shown to be useful for activating, inter alia , pneumococcal

serotypes 1, 2, 3, 7F, 8, 9N, and 11A . CDAP cyanylation has been shown to be useful for

activating, inter alia, pneumococcal serotypes 3, 7F, and 10A .

IV.D.2.a. Periodate activation:

[0241] One technique for activating saccharide antigens herein involves treatment with a

periodate reagent followed by reductive deamination, with the activated antigen so provided then

available for conjugation to an appropriately functionalized polypeptide carrier. Periodate

activation is thus a two-step method, with an initial periodate oxidation reaction followed by

purification of the oxidation product and then a second reaction involving reductive amination as

will be explained infra. Periodate oxidation, as is understood in the field, involves the cleavage

of adjacent hydroxyl groups, i.e., hydroxyl groups in the form of a "vicinal" diol in which two

adjacent carbon atoms are each substituted with a hydroxyl group. Periodate cleavage of such a

diol results in the breakage of the carbon-carbon bond and formation of an aldehyde moiety at



each carbon atom, e.g., a -CH2(OH)-CH2(OH)- motif is converted upon periodate oxidation to -

C(CO)H at each carbon atom. Periodate activation thus activates carbohydrate sugar residues

bearing adjacent hydroxyl moieties; periodate can also be used to activate amino acids

containing the 2-amino alcohol moiety, i.e., N-terminal threonine or serine residues. As the

aldehyde moiety has a long half-life, antigens activated by this method are optionally

chromatographically purified and/or lyophilized after activation.

[0242] For periodate oxidation of antigens: (a) antigens are dissolved in a solution, e.g., in

water or an aqueous buffer; (b) a source of periodate is added to the antigen from a concentrated

stock solution to form an oxidation mixture; (c) the reaction mixture is incubated; and (d)

(optional) excess periodate is removed.

[0243] Deionized water or a suitable buffered solution is optionally used for the oxidation

reaction. In some embodiments, the solution in step (a) is deionized water. In some

embodiments, the solution in step (a) comprises an effective amount of a buffer with a pKa

around physiological pH. In some embodiments, the solution in step (a) comprises an effective

amount of a buffer with a pKa around physiological pH. In some embodiments, the buffer does

not comprise an amine group. Examples of amine-free buffers include, but are not limited to

acetate, formate, and phosphate. In some embodiments, an amine buffer is employed in step (a).

Suitable amine buffers generally comprise a combination of a tertiary amine or an N-

heterocyclic compound with a weak acid (e.g., pyridine and acetic acid; pyridine and formic

acid; N-ethylmorpholine and acetic acid; trimethylamine and carbonic acid; triethanolamine and

phosphoric acid; etc.), or they can be a zwitterionic amine buffer such as 4-(2-hydroxyethyl)- 1-

piperazineethanesulfonic acid (HEPES), 2-(N-morpholino)ethanesulfonic acid (MES), or 3-[4-

(2-hydroxyethyl)piperazin-l-yl]propane-l -sulfonic acid (HEPPS).

[0244] The periodate source in step (b) is optionally selected from any periodate source with

appropriate stability in aqueous solution. Examples of periodate sources include, but are not

limited to, sodium periodate, potassium periodate, tetrabutylammonium (meta)periodate, barium

periodate, sodium hydrogen periodate, sodium (para)periodate, and tetraethylammonium

(meta)periodate.



[0245] In some embodiments, the level of periodate addition and reaction conditions are

adjusted to convert all available diols on a polysaccharide to aldehydes. For example, large

excesses of sodium periodate (>1000χ excess with respect to the molar concentration of

polysaccharide, or a lOmM solution of sodium periodate) in combination with incubation at

room temperature favor total conversion of diols to aldehydes.

[0246] In some embodiments, the level of periodate addition and reaction conditions are

adjusted to introduce a low amount of oxidation/aldehyde formation into the polysaccharide

chain. Less than stoichiometric amounts of sodium periodate (e.g. < 1.0 equivalents) in the

oxidation reaction favor low amounts of polysaccharide chain oxidation. For example, a

bacterial saccharide is activated by 0.001-0.7, 0.005-0.5, 0.01-0.5, 0 .1-1.2, 0 .1-0.5, 0 .1-0.2, 0.5-

0.8, 0 .1-0.8, 0 .3-1.0 or 0.4-0.9 molar equivalents of periodate (see WO201 1/1 10531). In certain

embodiments, 0.4 molar equivalent of periodate is added to a pH 6.0 solution containing a

pneumococcal capsular polysaccharide and incubated for 17 hrs at 25°C (see WO201 1/1 1053 1).

[0247] In some embodiments, the relative amount of periodate reagent added into the

saccharide antigen solution is typically, although not necessarily, in the range of 0.1 equivalents

to 0.5 equivalents of periodate, with "equivalents" being relative to individual saccharide units

(i.e., saccharide "monomer" units in a polysaccharide). Reaction conditions for periodate

oxidation of a saccharide antigen can vary, but in certain embodiments are as follows: a reaction

pH in the range of 5 to 7, such as 5 to 6 or 5.4 to 5.9, e.g., 5.4; a reaction temperature in the

range of 4 °C to 25 °C; a reaction time in the range of 2 to 30 hours, e.g., 2 to 24 hours, 14 to 30

hours, 14 to 24 hours, 18 to 30 hours, 18 to 24 hours, 24 hours, and the like; and polysaccharide-

aldehyde (PS-aldehyde) purification carried out using dialysis, size exclusion chromatography

(SEC), ultrafiltration/diafiltration (UF/DF), or the like. The PS-aldehyde is maintained in an

aqueous buffer throughout the activation process, typically a buffer having a concentration in the

range of about 25 mM to about 150 mM, such as about 50 mM to about 110 mM, including 50

mM and 110 mM (e.g., 110 mM for serotypes 6B and 23F and 50 mM for other periodate-

activatable serotypes, and is not "isolated" from aqueous buffer at any point during the activation

reactions.

[0248] Periodate treatment can also be used as a way to decrease the molecular weight of

polysaccharides that have a interchain glycerol phosphate linkage as periodate tends to cleave



such linkages. If the purpose of the periodate treatment is both sizing and activation, larger

amounts of the periodate reagent can be used.

[0249] Following purification of the PS-aldehyde intermediate, the PS-aldehyde is dissolved

in an aqueous buffer, typically maintained at a pH in the range of 5 to 7, such as 5 to 6.7, 5 to

6.5, 5.5 to 6.9, 5.5 to 6.7, 5.5 to 5.9, or 5.7. Or pH in the range of 5.1 to 5.9, e.g., 5.2 to 5.9, 5.3

to 5.7, 5.4 to 5.6, 5.4 to 5.9.

[0250] The second step of periodate activation, reductive amination, is carried out by adding

to the PS-aldehyde solution an activating reagent in the form of a reactive moiety coupled to a

primary amino group, followed by admixture with sodium cyanoborohydride, for a time period

effective to transfer the reactive moiety to the cyanate-substituted saccharide, thereby providing

an activated saccharide antigen. In some embodiments, 2 to 12 equivalents of the

cyanoborohydride are used; in other embodiments, 4 to 12, 6 to 12, or 8 to 12 equivalents are

used. The reactive moiety is one that is capable of participating in a click chemistry reaction

with a second, bio-orthogonal reactive moiety at nnAA residues on the polypeptide carrier, as

will be discussed below. The reaction temperature for reductive amination can vary, as can

reaction time, but typical reaction temperatures are in the range of about 20 °C to about 25 °C,

and typical reaction times are in the range of about 6 to 48 hours, e.g., 24 hours.

[0251] One example of a useful activating reagent is a dibenzylcyclooctyne (DBCO)

derivative having the structure (I)

(I):



wherein m is zero or 1 and n is an integer in the range of 2 to 12. In some embodiments, m is 1

and n is an integer in the range of 2 to 12, e.g., 2 to 8, 2 to 6, 2 to 4, or 4 . In certain

embodiments, m is zero. The reactive moiety in this case is the alkyne functionality in the eight-

membered ring, the reactivity of which is enhanced by the strain imposed by the adjacent phenyl

rings. The amount of the DBCO derivative used in the reaction is usually in the range of 1 to 3

equivalents, e.g., at least 2 equivalents, such as 2 equivalents or 3 equivalents, again relative to

the individual saccharide units, with the DBCO dissolved in a suitable solvent such as DMSO.

The amount of sodium cyanoborohydride employed is typically in the range of 2.0 to 12.0

equivalents, again relative to the saccharide units. In some embodiments, the amount of sodium

cyanoborohydride is in the range of in the range of 8.0 to 12.0 equivalents, as this excess can

increase the "degree of the activation reaction," or "DBCO%," (i.e., the mol amount of DBCO

incorporated per mole of polysaccharide repeating unit). The reaction is allowed to proceed, with

stirring, for 6 to 48 hours at a reaction temperature typically in the range of 20 °C to 25 °C, with

the DBCO-derivatized antigen then purified using any conventional technique, e.g., dialysis,

SEC, UF/DF, or the like.

[0252] In some embodiments, a periodate activation method is provided that can be used

across a plurality of antigen serotypes to provide a target DBCO%, wherein the only variable

that may need to be adjusted for a specific serotype is the relative amount of periodate used per

polysaccharide unit, i.e., periodate molar equivalents. "DBCO%" refers to one measure of the

yield of the activation reaction and is defined the amount of DBCO derivative that reacts with

the saccharide relative to the total DBCO derivative employed. Other variables can be kept

constant regardless of the specific serotype undergoing activation, i.e., reaction pH, activation

time, reaction temperature, molar equivalents of DBCO, and overall reaction time. These

standardized conditions provide a target DBCO%, typically in the range of 3% to 15%, e.g., 3%

to 5%, 5% to 15%, 5% to 7%, such as 3% to 10%, e.g., 3% to 5%, 5% to 10%, 5% to 7%, and

the like.

[0253] Exemplary reaction conditions that are generally useful for all periodate-activatable

serotypes (e.g., serotypes 5, 6A, 6B, 7F, 12F, 14, 20. and 23F; see Table 2, infra) are set forth in

Table 1 :



Table 1 :

[0254] Representative standardized conditions in this embodiment involve the following:

(a) after an optional sizing step, carried out mechanically, thermally or chemically as

described above, providing the saccharide antigen as a solution in an aqueous buffer, e.g., a

phosphate buffer, having a pH in the range of 5.1 to 5.9 (e.g., 5 .2-5. 9, 5 .3-5.7, 5 .4-5. 6, 5 .4-5. 9);

(b) oxidizing the saccharide antigen with an effective oxidizing amount of a periodate

reagent, e.g., sodium periodate, thereby providing an aldehyde-bearing saccharide, where the

amount of periodate reagent may vary with antigen serotype;



(c) purifying the aldehyde-bearing saccharide;

(d) in a reductive amination reaction, contacting the aldehyde-bearing saccharide with an

activating reagent comprising the reactive moiety coupled to a primary amino group, followed

by admixture with 8 to 12 equivalents of sodium cyanoborohydride for a time period in the

range of 6 to 48 hours, e.g.,l4 to 30 hours, 14 to 24 hours, or 24 hours, such as 18 to 30 hours,

e.g., 18 to 24 hours or 24 hours, during which the reactive moiety is transferred to the cyanate-

substituted saccharide, thereby providing an activated saccharide antigen.

[0255] Alternative conditions in this embodiment involve the following:

(a) after an optional sizing step, providing the saccharide antigen as a solution in an

aqueous buffer, e.g., an acetate buffer (e.g., about 110 mM-l20 mM), having a pH of about 5.4;

(b) oxidizing the saccharide antigen with an effective oxidizing amount of a periodate

reagent, e.g., sodium periodate, thereby providing an aldehyde-bearing saccharide, where the

amount of periodate reagent may vary with antigen serotype;

(c) purifying the aldehyde-bearing saccharide;

(d) in a reductive amination reaction, contacting the aldehyde-bearing saccharide with an

activating reagent comprising the reactive moiety coupled to a primary amino group, followed

by admixture with 8 to 12 equivalents of sodium cyanoborohydride for a time period in the

range of 6 to 48 hours, e.g., 14 to 30 hours, 14 to 24 hours or 24 hours, such as 18 to 30 hours,

e.g., 18 to 24 hours or 24 hours, during which the reactive moiety is transferred to the aldehyde-

bearing saccharide, thereby providing an activated saccharide antigen.

[0256] In some embodiments, a capping step follows reductive amination in order to cap

unreacted aldehyde moieties on the polysaccharide; in other embodiments, capping is optional,

e.g., when reductive amination is carried out using a higher ratio of the cyanoborohydride

reagent to saccharide units. See Section IV.E.l, infra.

[0257] In some embodiments, fewer than 0.001%, 0.01%, 0.1%, 0.5%, 1 %, 2%, 5%, 10%,

30% or 50% of the vicinal diols of a bacterial saccharide become oxidized during periodate

activation (see WO201 1/1 1053 1) e.g. between 5-10%. Low reaction temperatures also favor



lower amounts of polysaccharide chain oxidation. In some embodiments low periodate

concentrations (<0.l eq) are combined with reactions overnight at 4°C to minimize

polysaccharide chain oxidation of particular capsular polysaccharides, such as S. pneumoniae

19F.

[0258] In some embodiments, the level of periodate addition and reaction conditions are

adjusted to direct cleavage to selective sugars a polysaccharide chain. For example, lmM NalCri

at 4 degrees Celsius is used in the literature to selectively oxidize sialic acid residues at carbons

7, 8, or 9, while lOmM NalCri at room temperature is used to oxidize a wide variety of sugar

residues, including sialic acid, galactose, and mannose residues.

[0259] For oxidation of N-terminal serine or methionine residues in protein antigens, milder

oxidation conditions (low periodate concentrations and reaction times) are generally used, to

avoid oxidative damage to internal side chains of the antigens. In some embodiments, step (b)

comprises adding sodium periodate to a final concentration of 2.5 mM and step (c) comprises

incubating the reaction mixture at 25 degrees Celsius for 3 minutes.

[0260] Because excess unreacted periodate can cause higher than desirable oxidation levels or

damage to immunogenic moieties in the antigen, excess periodate is optionally removed in step

(d). For large antigens (>10 kDa), excess periodate, in some embodiments, is removed by size

exclusion, dialysis, or diafiltration against water or buffer solution using a medium with a

suitable molecular weight cutoff or exclusion limit. For small antigens where size-based

purification is inconvenient (short peptides or oligosaccharides), and removal of periodate in

step (d) comprises adding a quenching agent. Excess periodate is optionally quenched by the

addition of glycerol (10% (v/v)), the addition of a molar excess of sodium sulfite, or the addition

of a molar excess of N-acetylmethionine.

[0261] In some embodiments, a polysaccharide or protein antigen is deprotected to increase

accessibility of hydroxyl or amine groups for periodate activation. In some embodiments, O-

acetyl or N-acetyl groups on polysaccharides are removed to increase reactivity of adjacent

hydroxyls to periodate. For polysaccharide antigens, de-O-acetylation or de-N-acetylation is

optionally accomplished by incubation in a mild acid (e.g. low concentration HC1) or alkaline

(e.g. sodium bicarbonate) solution, followed by optional heating and adjustment back to



physiological pH. In some embodiments, mild acid treatment (<0.lM HC1 or <0.2M AcOH),

followed by heating and neutralization is used to partially hydrolyze (“size”) polysaccharides of

high molecular weight. In some embodiments, mild acid treatment (e.g. <0. 1M HC1 or <0.2M

AcOH), followed by heating (45-95°C) and neutralization (to pH 5 .5-6.0) is used to

simultaneously partially hydrolyze (“size”) polysaccharides of high molecular weight and

deprotect the polysaccharide. In some embodiments, serotypes 3, 4, 18C, and 11A are treated by

such an acid/heating/neutralization process to deprotect the polysaccharide, size the

polysaccharide, or both. In some embodiments, S. pneumoniae serotype 3 polysaccharide is

treated with 0.1 8M acetic acid, followed by heating at 85°C for 1 hour. In some embodiments, S.

pneumoniae serotype 4 polysaccharide is treated with 0.01M HC1 followed by heating at 45°C

for 1 hour. In some embodiments, S. pneumoniae 18C polysaccharide is treated with 0.1 8M

acetic acid, followed by heating at 95°C for 40 minutes. In some embodiments, S.pneumoniae

serotype 11A polysaccharide is treated by 0 .18M acetic acid, followed by heating at 80°C for 1

hour.

[0262] In certain embodiments, N-formyl groups on purified proteins are removed/amine

groups are de-formylated by treatment with a formyl-L-methionyl peptide amidohydrolase in

deionized water or a physiological pH buffered solution. In yet certain embodiments, N-formyl

groups on purified proteins are removed by treatment of lyophilized protein with anhydrous

hydrazine vapor at -5°C (Miyataki et al. Eur. J. Biochem. 212, 785-789 (1993)).

[0263] Periodate activation is a useful technique used to activate Streptococcus pneumoniae

serotypes 5, 6A, 6B, 7F, 12F, 14, 20, and 23F; see Table 2, infra.

IV.D.2.b. CDAP activation:

[0264] In certain embodiments, a different method is used to activate the saccharide antigen in

preparation for conjugation. In this embodiment, the antigen is also functionalized with a

reactive moiety capable of participating in a click chemistry reaction with a bio-orthogonal

reactive moiety on the polypeptide carrier, but functionalization is carried out by cyanylating the

antigen with a cyanylating reagent to provide cyanate (-0-C ≡N) group in place of hydroxyl

groups, and thereafter, in a "one pot" reaction, contacting the cyanylated antigen (PS-0-C ≡N)

with an activating reagent as was done in periodate activation. The activating reagent again



comprises the reactive moiety coupled to a primary amino group, and may be a DBCO

derivative as discussed in the preceding section.

[0265] In some embodiments, the saccharide antigen is provided at the outset in any suitable

solvent (e.g., an aqueous solution, an organic solvent such as DMSO or acetonitrile, or an

organic solvent mixture), preferably an aqueous buffer, typically having a pH in the range of 7 to

11, e.g., greater than 7 and up to 11, such as 8.5 to 10, 8.5. to 9.5, or 8.5 to 9.0, or 8.9, or 9.0.

Starting with the antigen in an alkaline buffer solution obviates the need for pH adjustment

during the reactions (i.e., during or after cyanylation and prior to conjugation to a polypeptide

carrier). Other useful reaction conditions are as follows: addition of the DBCO derivative 3 to 13

minutes after contacting the antigen with the cyanylation reagent; and a DBCOxyanylated PS

ratio achieved by using 0.25 equivalents to 3.0 equivalents, e.g., 0.25 to 2.0 equivalents,

including 0.25 to 1.5 equivalents, 0.25 to 1.25 equivalents, 1.0 equivalent, and 2.0 equivalents,

of DBCO.

[0266] In certain embodiments, a CDAP activation method is provided that can be used across

a plurality of antigen serotypes to provide a target DBCO%, wherein the only variable that may

need to be adjusted for a specific serotype is the relative amount of CDAP used per

polysaccharide unit, i.e., CDAP molar equivalents. Other variables can be kept constant

regardless of the specific serotype undergoing activation, i.e., reaction pH, activation time,

reaction temperature, and molar equivalents of DBCO. These standardized conditions provide a

target DBCO%, typically in the range of 3% to 10%, e.g., 3% to 5%, 5% to 10%, 5% to 7%, and

the like.

[0267] Representative standardized conditions in this embodiment are as follows:

(a) providing the saccharide antigen as a solution in an aqueous buffer having a pH in the

range of 7 to 11, e.g., 8.5 to 10;

(b) cyanylating hydroxyl groups on the saccharide antigen with an effective cyanylating

amount of CDAP to provide a cyanate-substituted saccharide, where the effective cyanylating

amount of CDAP may vary with antigen serotype;

(c) allowing the cyanylation reaction to proceed for 3 to 13 minutes;



(d) thereafter contacting the cyanate-substituted saccharide with 0.25 equivalents to 2.0

equivalents, e.g., 0.25 to 1.5 equivalents, such as 1.0 equivalent, of a dibenzylcyclooctyne

(DBCO) derivative having the structure of formula (I) wherein m is zero, or m is 1 and n is an

integer in the range of 2 to 12, e.g., 2 to 8, such as 4, thereby transferring the DBCO moiety to

the cyanate-substituted saccharide.

[0268] In other embodiments, supra- or sub-stoichiometric (with respect to polysaccharide)

amounts of CDAP are used for activation, e.g., about 0 .1 to about 3 eq, about 0.2 to about 0.8 eq

CDAP is used for activation of a polysaccharide. In some embodiments, S. pneumoniae serotype

3 capsular polysaccharide is activated using 2.0 eq CDAP. In certain embodiments, S.

pneumoniae serotype 10A capsular polysaccharide is activated using 0.8 eq CDAP.

[0269] In some embodiments, the addition of a buffering agent dramatically increases the

efficiency of CDAP activation, e.g., about 1 to about 4 eq of TEA (relative to the

polysaccharide). In some embodiments, about 1 to about 4 eq TEA is used as a buffering agent

for a CDAP activation reaction involving S. pneumoniae serotype 7F polysaccharide. In some

embodiments, 2.5 eq of TEA is used as a buffering agent. In some embodiments, 2.5 eq TEA is

used as a buffering agent for a CDAP activation reaction involving S. pneumoniae serotype 7F

polysaccharide. In other embodiments, the buffering agent is sodium borate, sodium carbonate,

or sodium hydroxide, or any combination thereof. In some embodiments, the buffering agent has

a pKa of between about 8.0 to about 11.0 or the buffering agent is used to adjust the pH of the

reaction solution to between about 8.0 to about 11.0. In some embodiments, the buffering agent

has a pKa of between about 9.0 to about 9.5 or the buffering agent is used to adjust the pH of the

reaction solution to between about 9.0 to about 9.5. In some embodiments, sodium hydroxide

adjustment of pH to 9.5 is used for a CDAP activation reaction involving S. pneumoniae

serotype 3 polysaccharide. In some embodiments, sodium hydroxide adjustment of pH to 9.5 is

used for a CDAP activation reaction involving S. pneumoniae serotype 10A polysaccharide.

[0270] CDAP activation is useful technique used to activate Streptococcuspneumoniae

serotypes 1, 2, 3, 4, 5, 8, 9N, 9V, 10A, 11A, 15B, 17F, 18C, 19A, 19F, 22F, and 33F (note that

serotype 5 can be readily activated effectively using either periodate or CDAP chemistry).



[0271] Exemplary activation technique(s) for various pneumococcal serotypes are set forth in

Table 2 (where serotype 20 includes 20A and 20B):

Table 2 :



IVD.2.C. Carbonyldiimidazole (CDI)Zcarbonylditriazole (CDT) activation:

[0272] In some embodiments the antigen is activated with carbonyldiimidazole (CDI) or

carbonylditri azole (CDT). CDI and CDT, like CDAP, are capable of activating hydroxyl groups

on an antigen to form a transient reactive moiety; in this case it is an unstable carbamate (

which is then optionally reacted with an

amine or thiol on a chemical handle or linker to form a carbamate or carbonothioate linkage. The

activation should be performed in a dry organic solvent. In some embodiments, CDI/CDT

activation is performed in anhydrous dimethylsulfoxide (DMSO). In some embodiments,

CDI/CDT activation is performed by adding a molar excess of CDI/CDT with respect to the

antigen. In other embodiments, CDI/CDT activation is performed by adding a molar amount of

CDI/CDT approximately equal to the molar amount of the antigen.

IV.D.3. No chemical activation:

[0273] In some embodiments, endogenous amines or other nucleophilic moieties (e.g. a

primary amine) either naturally present or the result of a deprotection step (e.g. as discussed

above) are used to conjugate a given polysaccharide to a chemical handle or carrier protein.

Such nucleophilic moieties can be conveniently reacted with a variety of common electrophilic

conjugation reagents like succinate derivatives (e.g. N-hydroxysuccinimide (NHS) or sulfo-NHS

esters). In such embodiments, it is sometimes advantageous to treat with a periodate protocol as

in (i) to promote degradation of antigenic contaminants like S. pneumoniae C-polysaccharide. In

this embodiment, periodate treatment is followed by a vast excess of sodium borohydride to



quench any chemically introduced aldehyde groups. In some embodiments, S. pneumoniae

serotype 1 polysaccharide is treated with between about 0.05 to about 0.25 eq of sodium

periodate at room temperature for between about 12 to about 14 hours, followed by treatment

with between about 5eq to about l5eq of sodium borohydride. In some embodiments, S.

pneumoniae serotype 1 polysaccharide is treated with 0.15 eq of sodium periodate at room

temperature for 18 hours, followed by treatment with lOeq of sodium borohydride.

IV.E. Conjugation to chemical handle

IV.E.l. Overview:

[0274] The activated antigen can be conjugated to a nnAA and/or an immunostimulator

directly, but usually the activated group is used to introduce a functional group that exhibits

better reactivity towards the relevant functional group in the nnAA or agonist. For instance, an

alkynyl group can be introduced. A bifunctional reagent with an amino group and an alkyne

group can react with an aldehyde group which has been introduced into an antigen (e.g. via

reductive amination) thereby leaving a pendant alkyne which can react with a nnAA and/or an

immunostimulator. For instance, bifunctional reagents including amino and DBCO functional

groups can be used.

[0275] In some embodiments, an azido group in the nnAA or immunostimulator reacts with an

alkynyl group in the antigen (e.g. a propargyl group). An alkyne group in an antigen is ideal for

reacting with an azido group e.g. using the reactions known in the art as copper-catalyzed azide-

alkyne cycloaddition (CuAAC), ruthenium-catalyzed azide-alkyne cycloaddition (RuAAC), or

Huisgen azide-alkyne l,3-dipolar cycloaddition. The alkynyl group may have a molecular

context that increases its reactivity e.g. it can be within a ring. For instance, the alkylene can be

within a cyclooctyne ring (optionally including a heteroatom), such as a diaryl-strained

cyclooctyne ring (e.g. DBCO). This reaction can be a [3+2] cycloaddition referred to in the art as

strain-promoted azide-alkyne cycloaddition (SPAAC). DIFO- and DBCO-based reagents are

readily available for these reactions.

[0276] Alkyne-containing rings useful in SPAAC reactions include difluorinated cyclooctyne

(DIFO) and dibenzocyclooctynes. These are available with pendant functional groups for linking



to activated antigens (e.g. with a pendant amino for linking to an aldehyde or a cyanate ester),

for instance using any of the following reagents:

[0277] The value of ‘n’ in ‘PEGn’ represents the number of oxyethylene repeat units. The

value of n is in the range 1-20 e.g. within 2-18, 3-16, or 4-14. Thus n can be, for example, any of

4, 5, 11, 12 or 13.



[0278] Other click chemistry reactions which can be used for conjugation to an antigen

include, but are not limited to, tetrazine-alkene ligation and Staudinger ligation between a

phosphine and an azide.

[0279] In some embodiments, the antigen is conjugated to the chemical handle using any

chemical method compatible with the activation methods described above. Such methods

include, but are not limited to, Schiff-base formation with synthetic antigen aldehydes followed

by reductive amination, hydrazone formation, oxime formation, direct nucleophilic addition, and

Schiff-base formation with native antigen aldehydes followed by reductive amination. In some

embodiments, the absolute polysaccharide concentration in a conjugation reaction with a

chemical handle is important to minimize aggregation or cross-reactivity of the polysaccharide.

In some embodiments, the absolute polysaccharide/antigen concentration in a conjugation

reaction with DBCO (a dibenzocyclooctyne) or a DBCO derivative is important for

polysaccharides activated with periodate or CDAP, as described above. In other embodiments,

the polysaccharide concentration in a DBCO/DBCO-derivative conjugation reaction is less than

2, less than 5, less than 7, less than 10, less than 15, less than 17.5, or less than 20 pmol/mL. In

some embodiments, the polysaccharide concentration in a DBCO/DBCO-derivative conjugation

reaction is about 1.5 to about 17.5 pmol/mL

IV.E.2. Reactions with periodate-activated antigen

[0280] In some embodiments the chemical handle is conjugated to a polypeptide or

polysaccharide antigen activated as described above using the periodate methodology. Prior to

conjugation of the chemical handle to the antigen, unreacted aldehyde moieties remaining on the

activated antigen can be capped using conventional aldehyde capping chemistry (e.g., treatment

with sodium borohydride, glutamic acid, or the like). Aldehyde capping is optional, however,

insofar as unreacted aldehydes on the polysaccharide following periodate activation can be

capped to a sufficient degree during reductive amination, particularly when higher equivalents of

the cyanoborohydride reagent are used, e.g., 6 to 12 equivalents, or 8 to 12 equivalents.

[0281] In these embodiments a chemical handle comprising a functional group that forms a

stable or semi-stable adduct with aldehydes is combined with the periodate activated antigen,

followed by optional reduction to convert semi-stable adducts to stable adducts (see, e.g.,



WO2014/1 11344; Wu et al. Vaccine 31(2013): 5623-2626; Hermanson, G.T., Bioconjugate

Techniques, Second Edition, 2008). In some variations of these embodiments, the chemical

handle is added at a large molar excess with respect to the aldehyde groups on the activated

antigen, such that all the aldehydes are consumed in the chemical handle/antigen conjugation

reaction. In other variations of these embodiments, the chemical handle is added at a lower

molar ratio with respect to the aldehydes groups on the activated antigen, and excess unreacted

aldehydes on the activated antigen are consumed by further reaction with an excess of an

inexpensive aldehyde-reactive nucleophile (e.g. ethanolamine), or by treatment with a reducing

agent strong enough to reduce aldehydes to hydroxyl groups (e.g. NaB ).

[0282] In certain embodiments, as alluded to in the preceding section, the chemical handle is

conjugated to the antigen by Schiff-base formation with synthetic antigen aldehydes followed by

reductive amination. This embodiment results in an end-product that has secondary amine

linkage between the chemical handle and the antigen: a direct N-C bond between the amine of

the chemical handle and a carbon atom on antigen. In this embodiment the chemical handle

comprises an amine. In this embodiment the conjugation method comprises: combining the

amine-containing handle with periodate-activated antigen in DI water or buffered solution

containing DMSO; incubating to form a Schiff base; reducing the Schiff base to a secondary

amine using sodium cyanoborohydride (NaBEECN); and optionally quenching unreacted

aldehydes with NaB . In some embodiments of this method the chemical handle and antigen

are combined at or near 1:1 stoichiometry. In some embodiments of this method the chemical

handle and antigen are combined with a molar excess of chemical handle. In some embodiments

of this method, the chemical handle and antigen are combined with a molar excess of antigen. In

some embodiments sodium cyanoborohydride is substituted for another reducing agent with

similar selectivity for reducing C=N bonds such as sodium triacetoxyborohydride.

[0283] The chemical handle can be conjugated to the antigen via hydrazone formation. In this

embodiment the chemical handle comprises a hydrazide (-C(=0)-NH-NH2) group. This

embodiment results in an end product that has a hydrazone (-C(=0)-NH-N=C-) or N'-alkyl

hydrazide (-C(=0)-NH-NH-C-) linkage between the chemical handle and the antigen carbon. In

this embodiment, the conjugation method comprises: combining a molar excess of the

hydrazide-containing chemical handle with the antigen in a solution pH 6 .0-8. 5 and incubating

to form a hydrazone (-C(=0)-NH-N=C-). In some further embodiments of this method, sodium



cyanoborohydride or sodium triacetoxyborohydride is included in the reaction mixture to reduce

the N=C bond, which produces an N'-alkyl hydrazide (-C(=0)-NH-NH-C-).

[0284] In some embodiments, the chemical handle is conjugated to the antigen by oxime

formation. In this embodiment the chemical handle comprises an aminooxy (-O-NH2) group.

This embodiment results in an end product that has an oxime (-0-N=C-) linkage between the

chemical handle and an antigen carbon. In this embodiment, the conjugation method comprises:

combining a molar excess of the aminooxy-containing chemical handle with the antigen in a

solution pH 6 .0-8. 5 and incubating to form an oxime linkage (-0-N=C-). In some further

embodiments of this method, sodium cyanoborohydride or sodium triacetoxyborohydride is

included in the reaction mixture to reduce the N=C bond and improve stability; this produces an

N'-alkyl hydroxylamine linkage (-0-N-C-).

IV.E.3. Reactions with CDAP-activated antigen:

[0285] In some embodiments the chemical handle is conjugated to a polypeptide or

polysaccharide antigen activated as described above (“CDAP activation”) with CDAP. In these

embodiments, a transient cyanato (-OCN) group produced via CDAP activation is further

reacted with an amine-containing chemical handle to produce a carbamimidate linkage (-NH-

C(=NH)-0-) between the chemical handle and an antigen carbon.

[0286] For CDAP conjugation of chemical handles, hydroxyl groups on the antigen are

activated as described above ("CDAP activation"), and a chemical handle comprising an amine

is additionally added to the activation mixture. Because the cyanato group is labile, the chemical

handle is generally added shortly (within minutes) after activation of the antigen. In some

embodiments, the antigen is added 2.5 minutes after CDAP is introduced. In some embodiments,

a large molar excess of the amine-containing chemical handle with respect to activated hydroxyl

groups on the antigen is added. In other embodiments, the chemical handle is added at a

concentration closer to 1:1 molar ratio with respect to the activated hydroxyl groups on the

antigen, and excess unreacted cyanato groups are exhausted by addition of an excess of an

inexpensive amine (e.g. ethanolamine or hexanediamine).



IV.E.4. Reactions with CDECDT-activated antigens:

[0287] In some embodiments the chemical handle is conjugated to a polypeptide or

polysaccharide antigen activated as described above (“Carbonyldiimidazole

(CDI)/carbonylditri azole (CDT) activation”) with CDI/CDT. In these embodiments, an unstable

carbamate produced by CDI/CDT activation of antigen hydroxyl groups ( O for CDI

and for CDT) is further reacted with a primary amine to produce a stable

carbamate (-NH-C(=0)-0-) linkage or primary thiol to produce a stable carbonothioate (-S-

C(=0)-0-) linkage between the chemical handle and an antigen carbon. In some embodiments, a

large molar excess of the amine/thiol-containing chemical handle with respect to activated

hydroxyl groups on the antigen is added. In other embodiments, the chemical handle is added at

a concentration closer to 1:1 molar ratio with respect to the activated hydroxyl groups on the

antigen. In yet further embodiments, residual CDI/CDT in the reaction is further inactivated by

treatment with sodium tetraborate.

IV.E.5. Reactions with non-activated antigens:

[0288] In some embodiments the chemical handle is conjugated to an endogenous amine or

other nucleophilic moiety (e.g. a primary amine) either naturally present or the result of a

deprotection step from a polypeptide or polysaccharide antigen as described above. In some

embodiments of this, an electrophilic group (e.g. an NHS or sulfo-NHS ester) on a chemical

handle is reacted with a primary amine group on the antigen to produce an amide linkage

(-C(=0)-NH-) between the chemical handle and the antigen amine. In certain embodiments, a

carboxylic acid group on a chemical handle is reacted with a primary amine group on the antigen

in the presence of standard peptide coupling reagents and conditions to produce an amide

linkage between the chemical handle and the antigen amine.



IVE. 6. Alkyne-containing handles:

[0289] In some embodiments the chemical handle comprises a moiety that allows for a “click”

chemistry reaction with a corresponding group on nnAA residue of a polypeptide. One such

moiety is an alkyne group, which is capable of reacting with a nnAA residue comprising an

azido group. In the simplest embodiment, this is a propargyl group, such that an alkyne group on

an antigen comprises a structure of formula IV:

wherein:

L22 is C1-C10 alkyl; and

U i is at least one moiety of an antigen.

[0290] In other embodiments an alkyne group on an antigen comprises a structure of formula

IVa:

wherein:

L22 is -(CH2CH20)I-IO-; and

U i is at least one moiety of an antigen.

[0291] In some embodiments the alkyne group further comprises additional features that

accelerate or facilitate the reaction of the alkyne with an azido group. An example of one such

feature is an 8-membered ring structure (e.g., cyclo-octyne), such that an alkyne group on an

antigen further comprises a DIFO or DBCO group. In some embodiments, an alkyne group on

an antigen comprises a structure of formula V, formula VI, or Via:



wherein:

L i is independently a bond, -NH-, -0-, -S-, -NH(Li2)-, -0(Li2)-, or -S(Li2)-;

L 2 is independently a bond, -C(= 0 )-, -S(= 0 )2-, -C(= 0 )Li 2-, -S(= 0 )2L i2;

L12 is independently L22 or L22NH-

L22 is independently C1-10 alkyl or -(CH 2CH20 )I-IO-; and

U i is independently at least one moiety of an antigen.

[0292] In some embodiments, structures of formula V and Via are conveniently formed from

an antigen comprising a nucleophilic group (e.g. a primary amine) and the NHS or sulfo-NHS

ester of the corresponding DIFO or DBCO carboxylic acids of structures V and Via. In some

embodiments structures of formula V I are conveniently formed from an activated antigen, and a

DBCO derivative such as DBCO-NH2 or DBCO-PEGn-NEb. In some embodiments, DBCO-

PEGn-NEb is DBCO-PEG4-NH2.



[0293] The value of ‘n’ in ‘PEGn’ represents the number of oxy ethylene repeat units e.g. in

the structure shown above, or within formula VII, formula Vllb, formula XI, or moiety ‘A’, or

within the poly(alkyloxy) of L22. The value of n is in the range 1-20 e.g. within 2-18, 3-16, or 4-

14. Thus n can be, for example, any of 4, 5, 11, 12 or 13.

[0294] In some embodiments of formulas IV, V, or VI, the moiety of U i is at least one polyol

of a polysaccharide. In some embodiments the moiety of U i is at least one polyol of a

lipopolysaccharide. In some embodiments the moiety of U i is at least one amino acid of an

antigenic polypeptide.

[0295] In further embodiments, an antigen comprising an alkyne comprises a structure of

formula VII or Vila:

wherein:

X is independently at least one polyol of a polysaccharide; and

n is at least 1 .

[0296] Where a group (e.g. X, Y or Ui) is described as being a polyol, this can refer to a

chemical attachment to a polyol within the polysaccharide (e.g. to a monosaccharide within the



polysaccharide, which monosaccharide is a polyol). The attachment itself can be to any suitable

functional group (e.g. to an aldehyde, which may arise from oxidation of a vicinal diol).

[0297] In further embodiments, an antigen comprising an alkyne comprises a structure of

formula Vllb or Vile

wherein:

X is independently an amine of at least one aminosugar of a polysaccharide; and

n is at least 1 .

[0298] In some embodiments, an antigen comprising an alkyne comprises a polysaccharide

according to (A-X)z-Y, wherein:

X is independently at least one polyol;

Y is independently at least one polyol of a polysaccharide;

n is at least 1; and

z is greater than 1 .



[0299] In some embodiments, an antigen comprises a polysaccharide which further comprises

a DBCO group, with at least 1.5%, at least, 3%, at least 4%, at least 5%, at least 6%, at least 7%,

at least 8%, at least 9%, at least 10%, at least 11%, at least 12%, at least 13%, at least 14%, at

least 15%, at least 16%, at least 17%, at least 18%, at least 19%, or at least 20% (w/w)

covalently attached DBCO. In some embodiments, the antigen comprises greater than about

1.5% (w/w) DBCO. In some embodiments, the antigen comprises greater than 3% (w/w) DBCO.

In some embodiments the antigen comprises at most 20% at most 19%, at most 18%, at most

17%, at most 16%, at most 15%, at most 14%, at most 13%, at most 12%, at most 11%, at most

10%, at most 9%, at most 8%, at most 7%, at most 6%, at most 5%, at most 4%, at most 3.5% ,

at most 3.0%, at most 2.5%, at most 2.0%, or at most about 1.7% (w/w) covalently attached

DBCO. In some embodiments the antigen comprises less than 20% (w/w) covalently attached

DBCO. In other embodiments the antigen comprises less than 10% (w/w) covalently attached

DBCO. In some embodiments the antigen comprises between about 1.5 and 20%, 3% and 20%,

3% and 18%, 3% and 16%, 3% and 14%, 3% and 12%, 3% and 10%, 3% and 8%, 3% and 6%,

or 3% and 4% , or 1.5 and 9% (w/w) covalently attached DBCO.

[0300] In some embodiments, an antigen comprises a polysaccharide which further comprises

a DBCO group comprises at least 3%, at least 4%, at least 5%, at least 6%, at least 7%, at least

8%, at least 9%, at least 10%, at least 11%, at least 12%, at least 13%, at least 14%, at least 15%,

at least 16%, at least 17%, at least 18%, at least 19%, or at least 20% DBCO molecules per 100

polysaccharide repeating units. In some embodiments, the antigen comprises greater than 3%

DBCO molecules per polysaccharide 100 repeating units. In some embodiments the antigen

comprises at most 20% at most 19%, at most 18%, at most 17%, at most 16%, at most 15%, at

most 14%, at most 13%, at most 12%, at most 11%, at most 10%, at most 9%, at most 8%, at

most 7%, at most 6%, at most 5%, at most 4%, or at most 3.5% covalently attached DBCO

molecules per 100 polysaccharide repeating units. In some embodiments the antigen comprises

less than 20% covalently attached DBCO per polysaccharide repeating unit. In other

embodiments the antigen comprises less than 10% covalently attached DBCO molecules per 100

polysaccharide repeating units. In some embodiments the antigen comprises between about 3%

and 20%, 3% and 18%, 3% and 16%, 3% and 14%, 3% and 12%, 3% and 10%, 3% and 8%, 3%

and 6%, or 3% and 4% covalently attached DBCO molecules per 100 polysaccharide repeating

units.



IV.E. 7. Azido-containing handles:

[0301] In some embodiments the chemical handle comprises a moiety that allows for a “click”

chemistry reaction with a corresponding group on nnAA residue of a polypeptide. One such

moiety is an azido group, which is capable of reacting with a nnAA residue comprising an

alkyne group or a phosphine on a polypeptide. In some embodiments, an azido group on an

antigen comprises a structure of formula VIII:

wherein L22 is a bond, alkyl, or poly(alkyloxy), and Ui is independently at least one

moiety of an antigen.

IV.E.8. Alkene-containing handles:

[0302] In some embodiments the chemical handle comprises a moiety that allows for a “click”

chemistry reaction with a corresponding group on nnAA residue of a polypeptide. One such

moiety is an alkene group, which is capable of reacting with a nnAA residue comprising an

l,2,4,5-tetrazine group. In the simplest embodiments, this is a vinyl group. In one such

embodiment, an alkene group on an antigen comprises a structure of formula IX:

wherein:

Ui is independently at least one moiety of an antigen.

[0303] In other embodiments, an alkene group on an antigen comprises a structure of formula

IXa:



wherein:

L22 is Ci-10 alkyl or -(CH2CH20)I-IO-; and

U i is independently at least one moiety of an antigen.

I VE.9. Representative method of producing a glycoconjugate with an azide-containing

chemical handle:

[0304] In a representative embodiment, a method for producing a glycoconjugate in which the

chemical handle is an azide group, provided by 4-azidomethylphenylalanine (pAMF) as the

nnAA, comprises: (a) providing a nucleic acid encoding a carrier protein, wherein the nucleic

acid comprises a suppression codon; (b) creating a reaction mixture by combining the nucleic

acid with a cell-free bacterial extract comprising 4-azidomethylphenylalanine (pAMF), a tRNA

complementary to the suppression codon, and an aminoacyl-tRNA synthetase; (c) incubating the

reaction mixture of (b) under conditions sufficient to selectively incorporate pAMF at a site

corresponding to the suppression codon in the carrier protein; and (d) conjugating the pAMF to a

polysaccharide by a [2+3] cycloaddition. In certain embodiments, the [2+3] cycloaddition

comprises the reaction between an azide and an alkyne group. In certain embodiments, step (c)

comprises incubating the reaction mixture at less than 20 degrees Celsius. In certain

embodiments, the method additionally comprises purifying the carrier protein immediately after

(c). In certain embodiments, the suppression codon is selectively substituted at codon 25, 34,

38, 40, 213, 215, 228, 245, 265, 386, 523, or 527 of SEQ ID NO:2. In certain embodiments, the

reaction mixture in (b) further comprises biological components necessary for protein synthesis.

In certain embodiments, the tRNA in (b) is capable of being charged with pAMF. In certain

embodiments, the aminoacyl-tRNA synthetase in (b) preferentially aminoacylates the tRNA with

pAMF compared to the 20 natural amino acids. In certain embodiments, the alkyne group

comprises a DBCO moiety conjugated to the polysaccharide. In certain embodiments, the

polysaccharide is a capsular polysaccharide of Streptococcuspneumoniae , Neisseria

meningitidis, Haemophilus influenzae, Streptococcuspyogenes , or Streptococcus agalactiae. In

certain embodiments, the polysaccharide is a capsular polysaccharide of a Streptococcus

pneumoniae serotype selected from the group consisting of 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9V, 9N,

10A, 11A, 12F, 13, 14, 15B, 16, 17F, 18C, 19A, 19F, 20, 22F, 23F, 24F, 31, and 33F, or any



combination thereof. In certain embodiments, the antigen is a capsular polysaccharide derived

from one of the six serotypes of Porphyromonas gingivalis (e.g., Kl, K2, K3, K4, K5 and/or

K6). In certain embodiments, the disclosure provides a glycoconjugate prepared by a process

comprising steps (a)-(d). In certain embodiments, the pAMF is conjugated to the polysaccharide

to generate a conjugate of formula X, Xa, XI, or XIa. In some embodiments, the disclosure

provides for a vaccine comprising the glycoconjugate prepared by steps (a)-(d).

IV.F. Conjugates

[0305] A conjugate of the invention can have a molecular weight of at least about 750 kDa, at

least about 1,000 kDa, or at least about 1,500 kDa, or more. In some embodiments, the conjugate

has a molecular weight of between about 750 kDa and about 5,000 kDa. In some embodiments,

the conjugate has a molecular weight of between about 800 kDa and about 2,800 kDa. In some

embodiments, the conjugate has a molecular weight of between about 850 kDa and about 2,800

kDa. In some embodiments, the conjugate has a molecular weight of between about 900 kDa

and about 2,800 kDa. In some embodiments, the conjugate has a molecular weight of between

about 950 kDa and about 2,800 kDa. In some embodiments, the conjugate has a molecular

weight of between about 1,000 kDa and about 2,800 kDa. The molecular weight of a conjugate

is calculated by size exclusion chromatography (SEC) combined with multiangle laser light

scattering (MALS).

[0306] Conjugates of the invention include antigen (e.g, saccharide) and carrier polypeptide,

and the weight ratio of these two components can be used as a parameter to define the conjugate.

Higher antigen: carrier weight ratios for saccharide-carrier conjugates allow for more saccharide

antigen to be delivered with a lower amount of carrier polypeptide. For pneumococcal conjugate

vaccines, the ratio is typically in the range 0 .3-3.0, but this can vary with the serotype and

aspects of the conjugation chemistry (Annex 2: Recommendationsfor the production and control

of pneumococcal conjugate vaccines; WHO Technical Report Series, No. 927, 2005). The ratio

of the commercial vaccine Prevnar-l3™ is 0.9. For compositions which include conjugates of

multiple pneumococcal serotypes (e.g. more than 13 serotypes) the ratio for the complete

composition is ideally above 1.0 (i.e. a weight excess of pneumococcal saccharide antigen) and

is preferably 1.5 or more (e.g. within the range 1 .5-3.0, or preferably 1 .5-2.0).



V Pharmaceutical compositions:

V.A. Multivalent compositions

[0307] Some embodiments of the invention involve the use of two or more different

conjugates. Currently licensed meningococcal conjugate vaccines include capsular saccharides

from 4 different serogroups, and licensed pneumococcal conjugate vaccines include capsular

saccharides from 7, 10, or 13 different serotypes. Thus we provide a pharmaceutical composition

including between 3 and 50 different conjugates (e.g. 14, 15, 20, 21, 24, 25, or more).

[0308] Preferred compositions of the invention involve the use of two or more different

conjugates e.g. within a single pharmaceutical composition. These embodiments are also

referred to as multivalent. When any two conjugates are described as ‘different’, or provide

different valencies in a ‘multivalent’ composition, this refers to a difference between the

combination of carrier polypeptide and antigen in those two conjugates. For example, when a

single type of modified CRM197 (e.g. SEQ ID NOs: 1, 13, 14, etc.) is conjugated to a capsular

saccharide from a single serotype of pneumococcus, the reaction product will contain many

different types of molecule (different molecular weights, different patterns of linkages within

each molecule, etc.), but are considered as a single conjugate herein. Those of skill in the art are

familiar with this heterogeneity at the molecular level and similarly define individual conjugates

of a vaccine by the antigen-carrier combination of the particular conjugate, with other properties

(such as molecular weight) being an average within the conjugate composition. Two ‘different’

conjugates have a different carrier polypeptide (i.e. having a different amino acid sequence)

and/or a different antigen (i.e. having a different antigenic structure).

[0309] For instance, capsular saccharide antigens may be purified from two different serotypes

of pneumococcus. These two different capsular saccharides can be separately conjugated to a

carrier polypeptide (which may be the same or different) to provide two different conjugates.

Thus, in relation to bacterial capsular saccharide conjugates, the difference between two

‘different’ conjugates will typically be that one contains capsular saccharide from a first serotype

or serogroup of a bacterial species whereas the other contains capsular saccharide from a second

serotype or serogroup of that bacterial species e.g. capsular saccharides from different serotypes

of S.pneumoniae, or capsular saccharides from different serogroups of N.meningitidis . Two



conjugates would also be ‘different’ if they included antigenically distinct capsular saccharides

from multiple bacterial species e.g. a Hib saccharide conjugate and a meningococcal saccharide

conjugate.

[0310] Exemplary multivalent compositions of the invention include n different immunogenic

saccharide conjugates, wherein the saccharide antigen in each of the n immunogenic conjugates

is distinct from the saccharide antigen of the other n-1 immunogenic conjugates. For instance, if

the composition includes antigens from a single bacterial species, there can be capsular

saccharides from n different serotypes or n different serogroups of that species.

[0311] This nomenclature in relation to ‘different’ conjugates is used in the field of conjugate

vaccine. For instance, Glesby etal. (2015) J Infect Dis 212:18-27 mentions that the Prevnar™

PCV13 vaccine contains ‘13 different conjugates’ because it includes saccharide antigens from

13 different pneumococcal serotypes, separately conjugated to CRM197. Similarly

EP-A-2932979 refers to ‘an immunogenic composition comprising 13 different polysaccharide-

protein conjugates’.

[0312] Thus the PCV7 Prevnar™ vaccine has 7 different conjugates, the PCV13 Prevnar™

vaccine has 13 different conjugates, the Menveo™ vaccine has 4 different conjugates, the

Menactra™ vaccine has 4 different conjugates, the Nimenrix™ vaccine has 4 different

conjugates, the Menitorix™ vaccine has 2 different conjugates, the Menhibrix™ vaccine has 3

different conjugates, the Synflorix™ vaccine has 10 different conjugates, etc.

[0313] Multivalent compositions of pneumococcal conjugates preferably include more than 13

different conjugates e.g. 14, 15, 20, 21, 24, 25, or more. Suitable choices of serotypes for these

>l3-valent compositions are discussed herein.

[0314] With respect to high valency vaccines (e.g, with greater than 13 different conjugates)

it may sometimes be preferred to use more than one carrier polypeptide to reduce the possibility

of carrier suppression (e.g. see W098/51339 and WO201 1/1 10241). For example, in a

multivalent vaccine comprising n different conjugates, a first carrier polypeptide is conjugated to

n-y different antigens (e.g, the capsular saacharides from different bacterial serotypes or

serogroups) and a second polypeptide carrier is conjugated to the remaining y antigens. In a

similar manner, three, four or more carriers could be used with the n antigens divided among



them. When more than one carrier is used, at least the first carrier is a nnAA-containing carrier

polypeptide according to the present invention. In a preferred embodiment, at least the first and

second carriers are nnAA-containing carrier polypeptide s according to the present invention

[0315] As noted above, a multivalent composition of the invention can include one or more

immunogenic conjugates which include a carrier polypeptide and an antigen but do not include

an immunostimulator. In general a multivalent composition of the invention can comprise x

immunogenic conjugates comprising a carrier polypeptide, an antigen, and an immunostimulator

(as disclosed herein) andy immunogenic conjugates comprising a carrier polypeptide and an

antigen but no immunostimulator, provided that x_l and x+y>2.

V.B. Adjuvants

[0316] Conjugates of the invention include an intrinsic immunostimulatory, which means that

it may be possible to use them without an extrinsic adjuvant. Thus a composition comprising a

conjugate of the invention may be adjuvant-free. In some situations, however, an adjuvant may

nevertheless be useful (e.g. to further enhance immunogenicity). Moreover, the inclusion of an

immunostimulator (particularly when it it included in only some conjugates) can be used to

enhance the immune response against specific antigens within a multivalent combination,

beyond a general enhancement which is provided by an adjuvant. A composition may thus

include an adjuvant such as an oil-in-water emulsion adjuvant or an aluminum salt adjuvant.

[0317] Oil-in-water emulsion adjuvants may include squalene. Emulsions with droplets having

a diameter less than 220nm are preferred as they can be subjected to filter sterilization. Two such

approved squalene-containing adjuvants are ‘AS03’ and ‘MF59’.

[0318] Useful aluminum salt adjuvants include, but are not limited to, aluminum hydroxide

adjuvants and aluminum phosphate adjuvants. These adjuvants are described e.g. in chapters 8 &

9 of Vaccine Design... (1995) eds. Powell & Newman. ISBN: 030644867X. Plenum.

[0319] The adjuvants commonly known as “aluminum hydroxide” are typically aluminum

oxyhydroxide salts, which are usually at least partially crystalline. Aluminum oxyhydroxide,

which can be represented by the formula AlO(OH), can be distinguished from other aluminum

compounds, such as Al(OH)3, by infrared (IR) spectroscopy, in particular by the presence of an



adsorption band at l070cm _ 1 and a strong shoulder at 3090-3 lOOcm- 1 (chapter 9 of Powell &

Newman). The degree of crystallinity of an aluminum hydroxide adjuvant is reflected by the

width of the diffraction band at half height (WHH), with poorly-crystalline particles showing

greater line broadening due to smaller crystallite sizes. The surface area increases as WHH

increases, and adjuvants with higher WHH values have been seen to have greater capacity for

antigen adsorption. A fibrous morphology (e.g. as seen in transmission electron micrographs) is

typical for aluminum hydroxide adjuvants e.g. with needle-like particles with diameters about

2nm. The pi of aluminum hydroxide adjuvants is typically about 11 i.e. the adjuvant itself has a

positive surface charge at physiological pH. Adsorptive capacities of between 1.8-2.6 mg protein

per mg Al+++ at pH 7.4 have been reported for aluminum hydroxide adjuvants.

[0320] The adjuvants commonly known as “aluminum phosphate” are typically aluminum

hydroxyphosphates, often also containing a small amount of sulfate (i.e. aluminum

hydroxyphosphate sulfate). They may be obtained by precipitation, and the reaction conditions

and concentrations during precipitation influence the degree of substitution of phosphate for

hydroxyl in the salt. Hydroxyphosphates generally have a PCri/Al molar ratio between 0.3 and

1.2. Hydroxyphosphates can be distinguished from strict AlPCri by the presence of hydroxyl

groups. For example, an IR spectrum band at 3164cm 1 (e.g. when heated to 200°C) indicates the

presence of structural hydroxyls (chapter 9 of Powell & Newman).

[0321] The P0 4/Al 3+ molar ratio of an aluminum phosphate adjuvant will generally be

between 0.3 and 1.2, preferably between 0.8 and 1.2, and more preferably 0.95+0.1. The

aluminum phosphate will generally be amorphous, particularly for hydroxyphosphate salts. A

typical adjuvant is amorphous aluminum hydroxyphosphate with PCri/Al molar ratio between

0.84 and 0.92, included at 0.6mg Al3+/ml. The aluminum phosphate will generally be particulate

(e.g. plate-like morphology as seen in transmission electron micrographs, with primary particles

in the range of 50nm). Typical diameters of the particles are in the range 0.5-20pm (e.g. about

5-l0pm) after any antigen adsorption. Adsorptive capacities of between 0.7-1. 5 mg protein per

mg Al+++ at pH 7.4 have been reported for aluminum phosphate adjuvants.

[0322] The point of zero charge (PZC) of aluminum phosphate is inversely related to the

degree of substitution of phosphate for hydroxyl, and this degree of substitution can vary

depending on reaction conditions and concentration of reactants used for preparing the salt by



precipitation. PZC is also altered by changing the concentration of free phosphate ions in

solution (more phosphate = more acidic PZC) or by adding a buffer such as a histidine buffer

(makes PZC more basic). Aluminum phosphates used according to the invention will generally

have a PZC of between 4.0 and 7.0, more preferably between 5.0 and 6.5 e.g. about 5.7.

[0323] In solution both aluminum phosphate and aluminum hydroxide adjuvants tend to form

stable porous aggregates l-l0pm in diameter. A composition can include a mixture of both an

aluminum hydroxide adjuvant and an aluminum phosphate adjuvant.

[0324] The concentration of aluminum ions in a composition for administration to a patient is

preferably less than lOmg/ml e.g. <5 mg/ml, <4 mg/ml, <3 mg/ml, <2 mg/ml, < 1 mg/ml, etc. A

preferred maximum concentration is <2.5mg/mL, and more preferably <l.7mg/mL. The range of

Al+++ in a composition of the invention can be between 0.3-lmg/ml or between 0.3-0.5mg/ml. A

maximum of 0.85mg/dose is preferred.

[0325] Conjugates within the composition may be adsorbed to the aluminum salt adjuvant.

Where a composition includes multiple conjugates and each of these is adsorbed to an aluminum

salt adjuvant, each conjugate can be adsorbed to an aluminum salt individually and then mixed,

or they can each be added in sequence to an aluminum salt, thereby forming the mixed conjugate

composition. A mixture of both approaches can also be used.

V.C. Excipients for pharmaceutical compositions

[0326] Pharmaceutical compositions of the invention will generally include one or more

pharmaceutically acceptable excipient(s). A comprehensive discussion of such excipients can be

found in Handbook of Pharmaceutical Excipients (ed. Rowe e al. 6th edition 2009.

[0327] Pharmaceutical compositions are preferably in aqueous form, particularly at the point

of administration, but they can also be presented in dried forms (e.g. as lyophili sates, etc.) which

can be converted into aqueous forms for administration.

[0328] Pharmaceutical compositions can include a buffer or pH adjusting agent. The buffer

can be selected from the group consisting of a phosphate buffer, an acetate buffer, a histidine

buffer, a citrate buffer, a succinate buffer, a Tris buffer, a HEPES buffer, etc. Buffer salts will

typically be included in the 5-20mM range.



[0329] Pharmaceutical compositions can include a physiological salt, such as a sodium salt

e.g. to control tonicity. Sodium chloride (NaCl) is typical, which may be present at between 1-20

mg/ml e.g. 10+2 mg/ml or 9 mg/ml. Other salts that may be present include potassium chloride,

potassium dihydrogen phosphate, disodium phosphate dehydrate, magnesium chloride, calcium

chloride, etc. Other useful salts may have sodium, potassium or ammonium cations and chloride,

citrate, ascorbate, borate, phosphate, bicarbonate, sulfate, thiosulfate or bisulfite anions.

[0330] Pharmaceutical compositions can include an organic acid, such as acetic acid or

succinic acid. This may be part of a buffer system.

[0331] Pharmaceutical compositions can include a sugar alcohol such as mannitol or sorbitol.

Pharmaceutical compositions can include a sugar such as sucrose or glucose.

[0332] Pharmaceutical compositions can include a surfactant. Suitable surfactants include, but

are not limited to, polysorbate 20, polysorbate 80, and sodium dodecyl sulfate (SDS). In some

embodiments the surface active agent is present at a concentration between 0.0003% and 0.3%

(w/w) e.g. between 0.01-0.03%. Polysorbate 80 is a preferred surfactant.

[0333] Pharmaceutical compositions can include a preservative such as thiomersal or

2-phenoxy ethanol. It is preferred that a composition should be substantially free from

(e.g. <l0pg/ml) mercurial material e.g. thiomersal-free. Compositions containing no mercury are

more preferred. The inclusion of a preservative can be particularly useful when a composition

includes an aluminum salt adjuvant because their insolubility means that the composition is

generally a suspension having a cloudy appearance which can mask contaminating bacterial

growth. In other embodiments, however, a pharmaceutical composition is preservative-free.

[0334] Pharmaceutical compositions can have an osmolality of between 200 mOsm/kg and

400 mOsm/kg, e.g. between 240-360 mOsm/kg, or between 290-310 mOsm/kg.

[0335] Pharmaceutical compositions typically have a pH between 5.0 and 9.5 e.g. between 6.0

and 8.0.

[0336] Pharmaceutical compositions are preferably non-pyrogenic e.g. containing < 1 EU

(endotoxin unit, a standard measure) per dose, and preferably <0.1 EU per dose.



[0337] Pharmaceutical compositions are preferably gluten free.

[0338] Pharmaceutical compositions are suitable for administration to animal (and, in

particular, human) patients, and thus include both human and veterinary uses.

[0339] Pharmaceutical compositions may be prepared in unit dose form. In some

embodiments a unit dose may have a volume of between 0.1-1.0ml e.g. about 0.25mL or

preferably about 0.5ml. Such volumes are ideal for injection in humans.

VI. Raising Immune Responses:

[0340] An immunogenic conjugate can be administered to a mammalian subject to elicit a

protective immune response against the antigen in that conjugate. They will be administered in

the form of a pharmaceutical composition. The composition can include multiple immunogenic

conjugates as described elsewhere herein, so protective immune responses can be elicited against

many antigens simultaneously.

[0341] Thus are provided methods of eliciting a protective antibody response to one or more

antigen(s) in a mammalian subject by administering to the subject a conjugate of the antigen(s).

[0342] Also provided are conjugates as disclosed herein, for use in eliciting a protective

antibody response.

[0343] Also provided are the use of conjugates as disclosed herein in the manufacture of a

medicament for eliciting a protective antibody response.

[0344] Also provided are (i) a method of eliciting a protective antibody response to multiple

antigen(s) in a mammalian subject by administering to the subject a multivalent composition of

the invention, (ii) a multivalent composition of the invention for use in eliciting a protective

antibody response, and (iii) the use of multiple conjugates as disclosed herein in the manufacture

of a multivalent pharmaceutical composition for eliciting a protective antibody response against

multiple antigens.

[0345] The protective immune response means that the conjugates can be used, for example,

to provide active immunization for the prevention of invasive disease caused by S.pneumoniae ,



for the prevention of otitis media caused by S.pneumoniae, for the prevention of pneumonia

caused by S.pneumoniae , for active immunization of subjects at risk of exposure to

N.meningitidis to prevent invasive disease, etc.

[0346] Pharmaceutical compositions can be prepared in various forms. For example, the

compositions may be prepared as injectables e.g. as liquid solutions or suspensions. Injectables

for intramuscular administration are typical. An injection volume of about 0.5ml is preferred for

humans. Thus a preferred unit dose volume is about 0.5ml. Administration by intramuscular

injection is typical e.g. in anterolateral aspect of the thigh in infants, or the deltoid muscle of the

upper arm in toddlers, children and adults.

[0347] Conjugates will typically be administered according to a multiple dose schedule.

Multiple doses may be used in a primary immunization schedule and/or in a booster

immunization schedule. Administration of more than one dose (typically two doses) is

particularly useful in immunologically naive patients. Multiple doses will typically be

administered at least 1 week apart (e.g. about 2 weeks, about 3 weeks, about 4 weeks, about 6

weeks, about 8 weeks, about 10 weeks, about 12 weeks, etc.).

General

[0348] The term “comprising” encompasses “including” as well as “consisting” e.g. a

composition “comprising” X may consist exclusively of X or may include something additional

e.g X + Y.

[0349] The term “about” in relation to a numerical value x is optional and means, for example,

χ+10%.

[0350] The word “substantially” does not exclude “completely” e.g. a composition which is

“substantially free” from Y may be completely free from Y. Where necessary, the word

“substantially” may be omitted from the definition of the invention.

[0351] The term “sequence identity” in the context of two amino acid sequences refers to two

sequences that are the same or have a specified percentage of amino acid residues 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). The percent identity is



determined over the full-length reference sequence disclosed herein, such as the reference

sequence set forth in SEQ ID NO: 1 or 2 . 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 BLOSUM62 scoring matrix (see, e.g., Henikoff & Henikoff,

1989, Proc Natl Acad Sci USA 89: 10915). See e.g., the BLAST alignment tool available on the

WWW at blast.ncbi.nlm.nih.gov/Blast.cgi or elsewhere.

[0352] The term “lower alkyl” as used herein, and unless otherwise specified, refers to a

saturated straight or branched hydrocarbon having one to six carbon atoms, i.e., Ci to C 6 alkyl.

In certain embodiments, the lower alkyl group is a primary, secondary, or tertiary hydrocarbon.

The term includes both substituted and unsubstituted moieties. See also US-2014/0066598. The

term “lower alkylene” refers to an alkylene radical of a lower alkyl.

[0353] Unless defined otherwise, all technical and scientific terms used herein have the

commonly understood meaning. Practitioners are particularly directed to Green & Sambrook

(eds ) Molecular Cloning: A Laboratory Manual, 4th ed., Cold Spring Harbor Laboratory Press,

Cold Spring Harbor, N.Y. (2012), and Ausubel, F . M., et al, Current Protocols in Molecular

Biology (Supplement 99), John Wiley & Sons, New York (2012), and Plotkin, S.A., Orenstein,

W.A., & Offit, P.A., Vaccines, 6th ed, Elsevier, London (2013).

[0354] Methods for cell-free synthesis are described in Spirin & Swartz (2008) Cell-free

Protein Synthesis, Wiley-VCH, Weinheim, Germany. Methods for incorporation of non-natural

amino acids into proteins using cell-free synthesis are described in Shimizu et al. (2006) FEBS

Journal , 273, 4133-4140 and also in Chong (2014) Curr Protoc Mol Biol. 108:16.30.1-1 1 .

EXEMPLARY EMBODIMENTS

[0355] Some embodiments of this disclosure relate to Embodiment I, as follows:

[0356] Embodiment 1-1. An immunogenic conjugate comprising a carrier polypeptide, an

antigen, and an immunostimulator, wherein the carrier polypeptide includes at least one non

natural amino acid residue via which the carrier polypeptide is covalently linked to the antigen

and/or the immunostimulator.



[0357] Embodiment 1-2. The conjugate of embodiment 1-1, wherein the antigen is covalently

linked to both a nnAA residue in the carrier polypeptide and an immunostimulator.

[0358] Embodiment 1-3. The conjugate of any preceding embodiment, wherein the carrier

polypeptide includes multiple nnAA residues.

[0359] Embodiment 1-4. The conjugate of embodiment 1-3, wherein the carrier polypeptide

comprises 4 to 9 nnAA residues.

[0360] Embodiment 1-5. The conjugate of any preceding embodiment, wherein: (i) the carrier

polypeptide includes multiple non-natural amino acid residues which are covalently linked to the

antigen; and (ii) the antigen is also covalently linked to the immunostimulator.

[0361] Embodiment 1-6. The conjugate of any preceding embodiment, wherein at least one

nnAA is substituted for a lysine in the native carrier polypeptide.

[0362] Embodiment 1-7. The conjugate of any preceding embodiment, wherein the carrier

polypeptide has at least 80% sequence identity to SEQ ID NO: 1 .

[0363] Embodiment 1-8. The conjugate of embodiment 1-4, wherein at least one nnAA is

substituted for K24, K33, K37, K39, K212, K214, K227, K244, K264, K385, K522 and K526 in

SEQ ID NO: 1

[0364] Embodiment 1-9. The conjugate of any preceding embodiment, wherein the carrier

protein comprises amino acid sequence SEQ ID NO: 4 .

[0365] Embodiment I-10. The conjugate of any preceding embodiment, wherein the at least

one nnAA is a 2,3-disubstituted propanoic acid bearing: an amino substituent at the 2-position;

and an azido-containing substituent, a l,2,4,5-tetrazinyl substituent, or an ethynyl-containing

substituent at the 3-position.

[0366] Embodiment 1-1 1. The conjugate of any preceding embodiment, wherein the nnAA is

selected from 2-amino-3-(4-azidophenyl)propanoic acid (pAF), 2-amino-3-(4-

(azidomethyl)phenyl)propanoic acid (pAMF), 2-amino-3-(5-(azidomethyl)pyridin-2-

yljpropanoic acid, 2-amino-3-(4-(azidomethyl)pyri din-2-yljpropanoic acid, 2-amino-3-(6-



(azidomethyl)pyridin-3-yl)propanoic acid, 2-amino-5-azidopentanoic acid, and 2-amino-3-(4-

(azidomethyl)phenyl)propanoic acid, or any combination thereof.

[0367] Embodiment 1-12. The conjugate of any preceding embodiment, wherein the antigen is

a bacterial capsular saccharide; for example, a capsular saccharide from a bacterium selected

from the group consisting of Streptococcus pneumoniae , Neisseria meningitidis, Haemophilus

influenzae, Streptococcus pyogenes, Streptococcus agalactiae, and Porphyromonas gingivalis.

[0368] Embodiment 1-13. The conjugate of embodiment 1-12, wherein the antigen is a

capsular saccharide of a S.pneumoniae serotype selected from the group consisting of 1, 2, 3, 4,

5, 6A, 6B, 7F, 8, 9V, 9N, 10A, 11A, 12F, 13, 14, 15B, 16, 17F, 18C, 19A, 19F, 20, 22F, 23F

24F, 31, and 33F.

[0369] Embodiment 1-14. The conjugate of any preceding embodiment, wherein the ratio of

saccharide to carrier protein (w/w) is greater than 1 .

[0370] Embodiment 1-15. The conjugate of any preceding embodiment, wherein the

immunostimulator is a TLR agonist such as an immunostimulatory oligonucleotide.

[0371] Embodiment 1-16. The conjugate of any preceding embodiment, wherein the

polypeptide includes 3 or more nnAA residues and the conjugate has a molecular weight of at

least 500kDa.

[0372] Embodiment 1-17. The conjugate of embodiment 1-16, wherein the polypeptide is a

CRM197 containing 3-9 nnAA residues.

[0373] Embodiment 1-18. The conjugate of any preceding embodiment, wherein the conjugate

is crosslinked through protein-antigen-protein linkages.

[0374] Embodiment 1-19. The conjugate of any preceding embodiment, with molecular

weight between 900kDa and 5MDa.

[0375] Embodiment 1-20. A process for preparing an immunogenic conjugate comprising a

carrier polypeptide, an antigen, and an immunostimulator, wherein the process comprises steps

of: (i) providing an antigen having at least two instances of a first functional group, a carrier



polypeptide having a second functional group, and an immunostimulator having a third

functional group, wherein the first functional group can react to form covalent bonds with the

second functional group and with the third functional group; and (ii) mixing the antigen, carrier

polypeptide and immunostimulator, in any order, under conditions such that the first functional

groups reacts with the second and third functional groups to give the immunogenic conjugate.

[0376] Embodiment 1-21. The process of embodiment 1-20, wherein the second and third

functional groups are the same.

[0377] Embodiment 1-22. The process of embodiment 1-21, wherein the second and third

functional groups are azido.

[0378] Embodiment 1-23. A pharmaceutical composition including one or more immunogenic

conjugates according to any one of embodiments 1-1 to 1-19.

[0379] Embodiment 1-24. The composition of embodiment 1-23, wherein each immunogenic

conjugate according to any of embodiments I-1 to 1-18 includes a capsular saccharide from a

different pneumococcal serotype.

[0380] Embodiment 1-25. The composition of embodiment 1-23 or 1-24, further including one

or more immunogenic conjugates which include a carrier polypeptide and an antigen but do not

include an immunostimulator.

[0381] Embodiment 1-26. The composition of any one of embodiments 1-23 to 1-25,

comprising multiple conjugates according to embodiments 1-1 to 1-18, wherein each of the

multiple conjugates comprises a different antigen.

[0382] Embodiment 1-27. The composition of embodiment 1-26, comprising:

conjugates of capsular saccharides from 2 or more different pneumococcal serotypes

selected from the group consisting of serotypes 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9V, 9N, 10A, 11A,

12F, 13, 14, 15B, 16, 17F, 18C, 19A, 19F, 20, 22F, 23F, 24F, 31, and 33F;



conjugates of capsular saccharides from 14 or more different pneumococcal serotypes

selected from the group consisting of serotypes 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9V, 9N, 10A, 11A,

12F, 13, 14, 15B, 16, 17F, 18C, 19A, 19F, 20, 22F, 23F, 24F, 31, and 33F;

conjugates of capsular saccharides from 15 or more different pneumococcal serotypes

selected from the group consisting of serotypes 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9V, 9N, 10A, 11A,

12F, 13, 14, 15B, 16, 17F, 18C, 19A, 19F, 20, 22F, 23F, 24F, 31, and 33F;

conjugates of capsular saccharides from 20 or more different pneumococcal serotypes

selected from the group consisting of serotypes 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9V, 9N, 10A, 11A,

12F, 13, 14, 15B, 16, 17F, 18C, 19A, 19F, 20, 22F, 23F, 24F, 31, and 33F;

conjugates of capsular saccharides from 2 1 or more different pneumococcal serotypes

selected from the group consisting of serotypes 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9V, 9N, 10A, 11A,

12F, 13, 14, 15B, 16, 17F, 18C, 19A, 19F, 20, 22F, 23F, 24F, 31, and 33F;

conjugates of capsular saccharides from 24 or more different pneumococcal serotypes

selected from the group consisting of serotypes 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9V, 9N, 10A, 11A,

12F, 13, 14, 15B, 16, 17F, 18C, 19A, 19F, 20, 22F, 23F, 24F, 31, and 33F;

conjugates of capsular saccharides from 25 or more different pneumococcal serotypes

selected from the group consisting of serotypes 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9V, 9N, 10A, 11A,

12F, 13, 14, 15B, 16, 17F, 18C, 19A, 19F, 20, 22F, 23F, 24F, 31, and 33F;

conjugates of capsular saccharides from 4 or more different meningococcal serogroups

selected from the group consisting of serogroups A, C, W135, X, and Y; or

conjugates of capsular saccharides from 2 or more different P.gingivals serotypes

selected from the group consisting of serotypes Kl, K2, K3, K4, K5, and K6.

[0383] Embodiment 1-28. A method of eliciting an immunoprotective antibody response to an

antigen in a subject, comprising administering to the subject a conjugate according to any of

embodiments 1-1 to 1-19 or a composition accoriding to any of embodiments 1-23 to 1-27, in an

excipient suitable for parenteral administration.



[0384] Some embodiments of this disclosure relate to Embodiment II, as follows:

[0385] Embodiment II- 1 . An immunogenic conjugate comprising a carrier polypeptide, an

antigen, and an immunostimulator, wherein the carrier polypeptide includes at least one non

natural amino acid residue via which the carrier polypeptide is covalently linked to the antigen

and/or the immunostimulator.

[0386] Embodiment II-2. The immunogenic conjugate of embodiment II- 1, wherein the

antigen has been site-specifically conjugated to a reactive group of nnAAs in the unconjugated

carrier polypeptide through a chemical handle introduced into the antigen.

[0387] Embodiment II-3. The conjugate of embodiment II-1 or II-2, wherein the carrier

polypeptide comprises (a) at nn sites a non-natural amino acid (nnAA) residue wherein each said

nnAA residue (i) comprises a reactive group that provides site-specific conjugation of an antigen

to the carrier polypeptide, and (ii) was introduced site-specifically during synthesis of the carrier

polypeptide, wherein nn is an integer greater than or equal to 2; and (b) at least one T-cell

activating epitope that has not been inactivated by the presence of an nnAA residue.

[0388] Embodiment II-4. The conjugate of any one of embodiments II- 1 to II-3, wherein the

antigen is covalently linked to both a nnAA residue in the carrier polypeptide and the

immunostimulator.

[0389] Embodiment II-5. The conjugate of any preceding embodiment, wherein the carrier

polypeptide comprises 4 to 9 nnAA residues.

[0390] Embodiment II-6. The conjugate of any preceding embodiment, wherein the antigen is

a bacterial or viral antigen.

[0391] Embodiment II-7. The conjugate of embodiment II-5, wherein the antigen is a

bacterial polysaccharide selected from the group consisting of capsular polysaccharides from

Streptococcuspneumoniae , capsular polysaccharides from Streptococcuspyogenes , group-A-

strep cell wall polysaccharides from Streptococcuspyogenes , apsular polysaccharides of

Streptococcus agalactiae, capsular polysaccharides of Haemophilus influenzae, capsular

polysaccharides of Neisseria meningitidis, and capsular polysaccharides from Porphyromonas

gingivalis.



[0392] Embodiment II-8. The conjugate of embodiment II-6 wherein the antigen is a capsular

polysaccharide of a Streptococcuspneumoniae serotype selected from the group consisting of

serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 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, 16, 16F, 16A, 17F, 17A,

18F, 18A, 18B, 18C, 19F, 19A, 19B, 19C, 20A, 20B, 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.

[0393] Embodiment II-9. The conjugate of any preceding embodiment, wherein the carrier

polypeptide has at least 80% sequence identity to SEQ ID NO: 11 .

[0394] Embodiment II- 10. The conjugate of any preceding embodiment, wherein at least one

nnAA is substituted for a lysine in the native carrier protein.

[0395] Embodiment II- 11 . The conjugate of any preceding embodiment, wherein the carrier

polypeptide comprises amino acid sequence SEQ ID NO: 14.

[0396] Embodiment 11-12. The conjugate of any preceding embodiment, wherein the at least

one nnAA is a 2,3-disubstituted propanoic acid bearing: an amino substituent at the 2-position;

and an azido-containing substituent, a l,2,4,5-tetrazinyl substituent, or an ethynyl-containing

substituent at the 3-position.

[0397] Embodiment 11-13. The conjugate of any preceding embodiment, wherein the nnAA is

selected from 2-amino-3-(4-azidophenyl)propanoic acid (pAF), 2-amino-3-(4-

(azidomethyl)phenyl)propanoic acid (pAMF), 2-amino-3-(5-(azidomethyl)pyridin-2-

yljpropanoic acid, 2-amino-3-(4-(azidomethyl)pyri din-2 -yljpropanoic acid, 2-amino-3-(6-

(azidomethyl)pyridin-3-yl)propanoic acid, 2-amino-5-azidopentanoic acid, and 2-amino-3-(4-

(azidomethyl)phenyl)propanoic acid, or any combination thereof.

[0398] Embodiment 11-14. The conjugate of any preceding embodiment, wherein the ratio of

antigen to carrier protein (w/w) is greater than 1 .

[0399] Embodiment 11-15. The conjugate of any preceding embodiment, wherein the

immunostimulator is a TLR agonist.



[0400] Embodiment 11-16. The conjugate of embodiment 11-14, wherein the TLR agonist

comprises an immunostimulatory oligonucleotide.

[0401] Embodiment 11-17. The conjugate of any preceding embodiment, wherein the

polypeptide includes 3 or more nnAA residues and the conjugate has a molecular weight of at

least 500kDa.

[0402] Embodiment 11-18. The conjugate of any preceding embodiment, wherein the

conjugate is crosslinked through protein-antigen-protein linkages.

[0403] Embodiment 11-19. The conjugate of any preceding embodiment, having a molecular

weight between 900kDa and 5MDa.

[0404] Embodiment 11-20. The conjugate of embodiment II-4 wherein:

(a) the carrier protein (i) comprises at least 80% sequence identity to SEQ ID NO: 1, (ii)

does not contain an Arg-Arg dipeptide sequence, and at least one of the nnAAs is a 2,3-

disubstituted propanoic acid bearing an azido-containing substituent;

(b) nn=4-6;

(c) the nnAAs are 2-amino-3-(4-(azidomethyl)phenyl)propanoic acid (pAMF) residues;

and

(d) m is 1 and n is an integer in the range of 2 to 8 .

[0405] Embodiment 11-21 . An immunogenic composition comprising at least two protein-

antigen conjugates and at least one excipient suitable for parenteral administration wherein the at

least two protein-antigen conjugates comprise multiple antigens and further wherein:

(a) the antigen of each of the at least two protein-antigen conjugates is distinct from the

antigens of the other protein-antigen conjugates; and

(b) at least one of the at least two proteinpolypeptide-antigen conjugates comprises is an

immunogenic conjugate according to any one of embodiments II- 1 to 11-20.



[0406] Embodiment 11-22. The immunogenic composition of embodiment 11-21, wherein the

antigens in the immunogenic conjugate(s) are (ii) viral antigen(s) or (ii) a bacterial

polysaccharide(s) selected from the group consisting of capsular polysaccharides from

Streptococcuspneumoniae , capsular polysaccharides from Streptococcuspyogenes , group-A-

strep cell wall polysaccharides from Streptococcuspyogenes , apsular polysaccharides of

Streptococcus agalactiae, capsular polysaccharides of Haemophilus influenzae, capsular

polysaccharides of Neisseria meningitidis, and capsular polysaccharides from Porphyromonas

gingivalis.

[0407] Embodiment 11-23. The immunogenic composition of embodiment 11-22, wherein the

antigens are capsular polysaccharides from Streptococcuspneumoniae and comprise at least 4,

11, 14, 15, 16, 20, 21, or 24 protein-antigen conjugates.

[0408] Embodiment 11-24. The immunogenic composition of embodiment 11-23, wherein the

at least 4, 11, 14, 15, 16, 20, 21, or 24 protein-antigen conjugates are i immunogenic conjugates.

[0409] Embodiment 11-25. The immunogenic composition of embodiment 11-24, wherein the

antigens are capsular polysaccharides of a Streptococcuspneumoniae serotype selected from the

group consisting of serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 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, 16, 16F,

16A, 17F, 17A, 18F, 18A, 18B, 18C, 19F, 19A, 19B, 19C, 20A, 20B, 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.

[0410] Embodiment 11-26. A method of eliciting an immunoprotective antibody response to

an antigen in a subject, comprising administering to the subject an immunogenic composition

according to any of embodiments 11-21 to 11-25.

[0411] Embodiment 11-27. A method of making an immunogenic conjugate according to any

one of embodiments II-4 to 11-20, wherein the process comprises steps of:

(a) providing an antigen having at least two instances of a chemical handle, a carrier

polypeptide having a reactive group, and an immunostimulator having a third functional group,

wherein the chemical handle can react to form covalent bonds with the reactive group and with



the third functional group, wherein the reactive group and the third functional group are either

the same or different; and

(b) mixing the antigen, carrier polypeptide and immunostimulator, in any order, under

conditions such that the first functional groups reacts with the second and third functional groups

to give the immunogenic conjugate.

[0412] Embodiment 11-28. The method of embodiment 11-27, wherein step (b) results in the

immunostimulator being covalently linked to an antigen that is covalently linked to the carrier

polypeptide.

[0413] Embodiment 11-29. The method of embodiment 11-28, wherein the antigens are (ii)

viral antigen(s) or (ii) a bacterial polysaccharide(s) selected from the group consisting of

capsular polysaccharides from Streptococcuspneumoniae , capsular polysaccharides from

Streptococcuspyogenes , group-A-strep cell wall polysaccharides from Streptococcus pyogenes ,

apsular polysaccharides of Streptococcus agalactiae, capsular polysaccharides of Haemophilus

influenzae, capsular polysaccharides of Neisseria meningitidis, and capsular polysaccharides

from Porphyromonas gingivalis.

[0414] Embodiment 11-30. The method of embodiment 11-29, wherein nn is selected from the

group consisting of > 3, >4, 3-9, 4-8, and 4-6.

[0415] Embodiment II-3 1. The method of embodiment 11-30, wherein the carrier protein

comprises a plurality plurality of T-cell activating epitopes are from a native protein carrier

selected from the group consisting of Corynebacterium diphtheriae toxin, Clostridium tetani

tetanospasmin, Haemophilus influenzae protein D, and CRM197.

[0416] Embodiment 11-32. The method of embodiment 11-31, wherein the reactive group

comprises a bio-orthogonal reactive moiety.

EXAMPLES

[0417] The invention is illustrated in the following examples. The materials, methods, and

examples are illustrative only and not intended to be limiting. Numerous variations, changes,

and substitutions will occur to those skilled in the art without departing from the invention. The



examples are carried out using well known and routine techniques to those of skill in the art,

except where otherwise described in detail.

Examplesfrom WO2018/126229

[0418] The examples of WO20 18/126229 describe in full detail the synthesis of single-site

eCRM moieties K 11TAG, K25TAG, K34TAG, K38TAG, K40TAG, K52TAG, K60TAG,

K77TAG, K83TAG, K91TAG, K96TAG, and K103TAG. These were expressed in a cell-free

protein synthesis (CFPS) extract, and pAMF was incorporated in place of natural Lys.

[0419] Variants of CRM containing multiple nnAA per polypeptide were also expressed, with

various different numbers of Lys pAMF substitutions per protein. In general it was found that

higher numbers of substitutions gave carriers which led to higher MW conjugates but the

carriers had lower solubility. Carriers with six pAMF residues generally provided both good

solubility (»50mg/mL) and immunogenicity. The high solubility was surprising because

replacement of charged Lys residues in the native sequence with hydrophobic pAMF residues

increased the hydrophobicity of CRM197, which is a protein whose hydrophobicity has already

been reported to affect its solubility. Thus it was shown that it is possible to maintain the same

attachment sites which have been used in known CRM197 conjugates (namely Lys residues)

without causing insolubility when the charged residues are lost.

[0420] A useful set of 6 Lys pAMF substitutions was seen using K34, K213, K245, K265,

K386 and K527 (numbered according to SEQ ID NO: 3). This set of six substitutions can be

combined with disruption of the Arg-Arg dipeptide at residues 192-193 of SEQ ID NO: 1

(RR RN) to provide SEQ ID NO: 4, where each X is pAMF.

[0421] The examples of WO2018/126229 further describe general protocols for saccharide

activation with sodium meta-periodate, for periodate-oxidized polysaccharide derivatization with

DBCO, for saccharide activation with CDAP, and for conjugation of saccharide-DBCO with

eCRM.

Conjugation of immunostimulators and immunogenicity

[0422] In order to enhance the immune response elicited by an individual conjugate it was

proposed to include an immnunostimulator as part of the conjugate.



[0423] Conjugation of a DBCO-derivatised saccharide antigen to a pAMF-containing carrier

polypeptide can leave some unreacted alkyne functional groups in the antigen, depending on the

stoichiometry of the reaction. These unreacted alkynes could be used for conjugating to an

azido-derivatised immunostimulator, taking advantage of the same click chemistry which was

used to form the carrier-saccharide conjugate. Immunostimulatory CpG oligonucleotides are

commercially available with 5' or 3' azido tags. In order to keep the 5' portion of the oligo free it

was decided to use 3'-azido-derivatised molecules, and the following sequence was obtained:

TCGCGACGTTCGCCCGACGTTCGGTA-N3 (SEQ ID NO: 26)

[0424] Pneumococcal serotype 3 (PS3) saccharide was used as a test example, together with

SEQ ID NO: 14 as the carrier polypeptide. A starting conjugate was formed using the carrier and

PS3 saccharide with no added CpG DNA, and then the azido-DNA was added in steps. Progress

of the conjugation was followed by absorbance at 309nm (DBCO-NEb absorbs at this

wavelength, but this signal is lost after conjugation to azido).

[0425] This reaction seemed not to occur very readily, so the order of mixing was varied. The

PS3 antigen and the azido-CpG were first conjugated to each other, and unreacted alkynes in this

material could then be conjugated to pAMF in the carrier polypeptide. Ten reactions were

assembled, using 50 g of PS3 saccharide per reaction and various amounts of azido-CpG from

0.05-20pg. Controls included PS3 or azido-CpG alone:

[0426] Mixtures A-L were left overnight, after which 50 g of carrier polypeptide was added.

Absorbance at 309nm was monitored for 6 hours and results were as follows:



[0427] The decrease in absorbance over these 6 hours indicated that conjugation was

occurring as expected. Moreover, the amount of free DBCO at time zero was much lower in

reaction L than in reaction C, again indicating that the increased levels of CpG in reaction L had

led to increased levels of conjugation to the saccharide.

[0428] Based on the absorbance figures after 6 hours the proportion of DBCO sites which

reacted with azido-CpG was estimated as 11% in reaction J, and around 25% in reactions K & L .

The remaining DBCO sites were thus still available for conjugating to nnAA in the carrier

polypeptide (SEQ ID NO :14, where X is pAMF).

[0429] Molar mass analysis of the carrier polypeptide alone showed a molecular weight of

55.2 kDa. The PS3-carrier conjugate had MW 1200 kDa, which increased to 1560 kDa when the

azido-CpG oligonucleotide was further conjugated.

[0430] The immunogenicity of the conjugate was compared to that of a PS3-CRM conjugate

prepared without the CpG oligonucleotide (or other immunostimulator). The total

polysaccharide binding antibody (IgG) was measured according to the methods described in Yu

et al. (201 1), "Development of an Automated and Multiplexed Serotyping Assay for

Streptococcus pneumoniae J Clin. Vaccine Immunol. 18(1 1): 1900-1907. Results at Day 35 are

shown in FIG. 1.

[0431] The embodiments described herein are provided by way of example only, and various

alternatives to the embodiments are not excluded in practising the embodiments described

herein.



SEQUENCE LISTING

SEQ ID NO:l

Native CRM 197 plus N-terminus Met:

MGADDWDSSKSFVMENFSSYHGTKPGYVDSIQKGIQKPKSGTQGNYDDDWKEFYSTDNKYDAAGYSVDNENPLSGK

AGGWKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEFIKRFGDGASRWLSLPFAEGSSSVEYINNW
EQAKALSVELEINFETRGKRGQDAMYEYMAQACAGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKM
SESPNKTVSEEKAKQYLEEFHQTALEHPELSELKTVTGTNPVFAGANYAAWAWVAQVIDSETADNLEKTTAALSIL
PGIGSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNFVESIINLFQWHNSYNRPAYSPGH

KTQPFLHDGYAVSWNTVEDSIIRTGFQGESGHDIKITAENTPLPIAGVLLPTIPGKLDWKSKTHISWGRKIRMRC
RAIDGDVTFCRPKSPVYVGNGVHANLHVAFHRSSSEKIHSNEISSDSIGVLGYQKTVDHTKWSKLSLFFEIKS

SEQ ID NO:2

Nucleic acid pUC57-CRMl97 (in Table 1):

ATGGGCGCAGACGATGTTGTGGACTCAAGTAAATCATTTGTCATGGAAAACTTCTCCTCATATCACGGCACGAAACC

GGGCTACGTTGATAGCATTCAGAAAGGTATCCAAAAACCGAAATCTGGCACGCAGGGTAACTACGATGACGATTGGA
AAGAATTCTACAGCACCGACAACAAATATGATGCGGCCGGTTACTCAGTCGACAACGAAAATCCGCTGTCGGGCAAA
GCCGGCGGTGTGGTTAAAGTGACGTATCCGGGCCTGACCAAAGTCCTGGCCCTGAAAGTGGATAATGCAGAAACCAT
CAAAAAAGAACTGGGTCTGAGCCTGACGGAACCGCTGATGGAACAGGTTGGCACCGAAGAATTTATCAAACGCTTCG

GCGATGGTGCCAGTCGTGTCGTGCTGTCCCTGCCGTTCGCAGAAGGTAGCTCTAGTGTGGAATATATTAACAATTGG
GAACAAGCGAAAGCCCTGTCCGTTGAACTGGAAATCAACTTTGAAACCCGCGGCAAACGTGGTCAGGATGCGATGTA
TGAATACATGGCACAAGCTTGCGCGGGTAATCGCGTTCGTCGCAGCGTCGGCTCCTCACTGTCTTGTATCAACCTGG

ACTGGGAT TTATCCGTGATAAAACCAAAACGAAAATCGAAAGTCTGAAAGAACATGGCCCGATCAAAAACAAAATG
AGCGAATCTCCGAATAAAACGGTGTCCGAAGAAAAAGCTAAACAGTATCTGGAAGAATTCCACCAAACCGCACTGGA
ACATCCGGAACTGTCAGAACTGAAAACCGTGACGGGTACCAACCCGGTTTTTGCCGGCGCAAATTACGCAGCTTGGG
CTGTGAACGTTGCGCAAGTGATTGACTCGGAAACGGCCGATAATCTGGAAAAAACCACGGCGGCCCTGAGTATTCTG

CCGGGCATCGGTTCCGTTATGGGTATTGCCGACGGCGCAGTCCATCACAACACCGAAGAAATTGTGGCCCAGTCTAT
CGCACTGTCGAGCCTGATGGTTGCTCAAGCGATTCCGCTGGTTGGCGAACTGGTTGATATCGGCTTTGCAGCTTACA
ACTTCGTGGAAAGTATTATCAACCTGTTTCAGGTTGTCCACAACTCATATAATCGCCCGGCCTACTCGCCGGGTCAC

AAAACCCAACCGTTCCTGCATGACGGCTACGCGGTTAGCTGGAATACGGTCGAAGATTCTATTATCCGTACCGGCTT
TCAGGGTGAATCTGGCCACGACATTAAAATCACGGCTGAAAACACCCCGCTGCCGATTGCAGGTGTTCTGCTGCCGA
CGATCCCGGGTAAACTGGATGTTAACAAATCAAAAACCCATATCTCGGTCAACGGTCGCAAAATTCGTATGCGCTGC
CGTGCGATCGACGGCGATGTGACCTTCTGTCGTCCGAAAAGCCCGGTCTATGTGGGCAACGGTGTCCATGCTAATCT

GCACGTGGCGTTTCATCGCTCTAGTTCCGAAAAAATCCATAGTAACGAAATCTCATCGGATTCCATTGGTGTGCTGG
GCTACCAGAAAACCGTGGACCATACCAAAGTGAATAGCAAACTGAGCCTGTTCTTCGAAATCAAATC TAA

SEQ ID NO: 3
Binding epitope for human CD4+ cells on tetanus toxin at H 176- 195:

IDKISDVSTIVPYIGPALNI

SEQ ID NO:4
Binding epitope for human CD4+ cells on tetanus toxin at H491-5 10:

NNFTVSFWLRVPKVSASHLE



SEQ ID NO: 5
Binding epitope for human CD4+ cells on BB (from G protein of Strep G148 at AA 25-40):

VSDYYKNLINNAKTVE

SEQ ID NO: 6
Binding epitope for human CD4+ cells on BB (from G protein of Strep G148 at AA 63-78):

DGLSDFLKSQTPAEDT

SEQ ID NO: 7

Binding epitope for human CD4+ cells on BB (from G protein of Strep G148 at AA 74-89):

AEDTVKSIELAEAKVL

SEQ ID NO: 8
H .influenzae Protein D (HiD):

CSSHSSNMANTQMKSDKIIIAHRGASGYLPEHTLESKALAFAQQADYLEQDLAMTKDGRLWIHDHFLDGLTDVAKK
FPHRHRKDGRYYVIDFTLKEIQSLEMTENFETKDGKQAQVYPNRFPLWKSHFRIHTFEDEIEFIQGLEKSTGKKVGI
YPEIKAPWFHHQNGKDIAAETLKVLKKYGYDKKTDMVYLQTFDFNELKRIKTELLPQMGMDLKLVQLIAYTDWKETQ

EKDPKGYWWYNYDWMFKPGAMAEWKYADGVGPGWYMLWKEESKPDNIVYTPLVKELAQYNVEVHPYTVRKDALP
EFFTDWQMYDALLNKSGATGVFTDFPDTGVEFLKGIK

SEQ ID NO: 9

CRM 197 with 6 preferred nnAA sites ("X") and N-terminus Met:

MGADDWDSSKSFVMENFSSYHGTKPGYVDSIQXGIQKPKSGTQGNYDDDWKEFYSTDNKYDAAGYSVDNENPLSGK
AGGWKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEFIKRFGDGASRWLSLPFAEGSSSVEYINNW
EQAKALSVELEINFETRGKRGQDAMYEYMAQACAGNRVRRSVGSSLSCINLDWDVIRDXTKTKIESLKEHGPIKNKM

SESPNKTVSEEKAXQYLEEFHQTALEHPELSELXTVTGTNPVFAGANYAAWAWVAQVIDSETADNLEKTTAALSIL
PGIGSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNFVESIINLFQWHNSYNRPAYSPGH
XTQPFLHDGYAVSWNTVEDSIIRTGFQGESGHDIKITAENTPLPIAGVLLPTIPGKLDWKSKTHISWGRKIRMRC
RAIDGDVTFCRPKSPVYVGNGVHANLHVAFHRSSSEKIHSNEISSDSIGVLGYQKTVDHTKWSXLSLFFEIKS

SEQ ID NO: 10

Histidine tag:
GSGHHHHHH

SEQ ID NO: 1 1

Native CRM 197:

GADDWDSSKSFVMENFSSYHGTKPGYVDSIQKGIQKPKSGTQGNYDDDWKEFYSTDNKYDAAGYSVDNENPLSGKA
GGWKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEFIKRFGDGASRWLSLPFAEGSSSVEYINNWE
QAKALSVELEINFETRGKRGQDAMYEYMAQACAGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMS
ESPNKTVSEEKAKQYLEEFHQTALEHPELSELKTVTGTNPVFAGANYAAWAWVAQVIDSETADNLEKTTAALSILP

GIGSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNFVESIINLFQWHNSYNRPAYSPGHK



TQPFLHDGYAVSWNTVEDSIIRTGFQGESGHDIKITAENTPLPIAGVLLPTIPGKLDWKSKTHISWGRKIRMRCR
AIDGDVTFCRPKSPVYVGNGVHANLHVAFHRSSSEKIHSNEISSDSIGVLGYQKTVDHTKWSKLSLFFEIKS

SEQ ID NO: 12

CRM 197 with Arg-Asn substitution:

GADDWDSSKSFVMENFSSYHGTKPGYVDSIQKGIQKPKSGTQGNYDDDWKEFYSTDNKYDAAGYSVDNENPLSGKA
GGWKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEFIKRFGDGASRWLSLPFAEGSSSVEYINNWE
QAKALSVELEINFETRGKRGQDAMYEYMAQACAGNRVRNSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMS

ESPNKTVSEEKAKQYLEEFHQTALEHPELSELKTVTGTNPVFAGANYAAWAWVAQVIDSETADNLEKTTAALSILP
GIGSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNFVESIINLFQWHNSYNRPAYSPGHK
TQPFLHDGYAVSWNTVEDSIIRTGFQGESGHDIKITAENTPLPIAGVLLPTIPGKLDWKSKTHISWGRKIRMRCR
AIDGDVTFCRPKSPVYVGNGVHANLHVAFHRSSSEKIHSNEISSDSIGVLGYQKTVDHTKWSKLSLFFEIKS

SEQ ID NO: 13

CRM 197 with Arg-Asn substitution and N-terminus Met:

MGADDWDSSKSFVMENFSSYHGTKPGYVDSIQKGIQKPKSGTQGNYDDDWKEFYSTDNKYDAAGYSVDNENPLSGK
AGGWKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEFIKRFGDGASRWLSLPFAEGSSSVEYINNW
EQAKALSVELEINFETRGKRGQDAMYEYMAQACAGNRVRNSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKM

SESPNKTVSEEKAKQYLEEFHQTALEHPELSELKTVTGTNPVFAGANYAAWAWVAQVIDSETADNLEKTTAALSIL
PGIGSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNFVESIINLFQWHNSYNRPAYSPGH
KTQPFLHDGYAVSWNTVEDSIIRTGFQGESGHDIKITAENTPLPIAGVLLPTIPGKLDWKSKTHISWGRKIRMRC
RAIDGDVTFCRPKSPVYVGNGVHANLHVAFHRSSSEKIHSNEISSDSIGVLGYQKTVDHTKWSKLSLFFEIKS

SEQ ID NO: 14

CRM 197 with Arg-Asn substitution, 6 preferred nnAA sites ("X") and N-terminus Met:

MGADDWDSSKSFVMENFSSYHGTKPGYVDSIQXGIQKPKSGTQGNYDDDWKEFYSTDNKYDAAGYSVDNENPLSGK
AGGWKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEFIKRFGDGASRWLSLPFAEGSSSVEYINNW
EQAKALSVELEINFETRGKRGQDAMYEYMAQACAGNRVRNSVGSSLSCINLDWDVIRDXTKTKIESLKEHGPIKNKM
SESPNKTVSEEKAXQYLEEFHQTALEHPELSELXTVTGTNPVFAGANYAAWAWVAQVIDSETADNLEKTTAALSIL
PGIGSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNFVESIINLFQWHNSYNRPAYSPGH
XTQPFLHDGYAVSWNTVEDSIIRTGFQGESGHDIKITAENTPLPIAGVLLPTIPGKLDWKSKTHISWGRKIRMRC
RAIDGDVTFCRPKSPVYVGNGVHANLHVAFHRSSSEKIHSNEISSDSIGVLGYQKTVDHTKWSXLSLFFEIKS



SEQ ID NO: 15

Tetanus toxin:

MPITINNFRYSDPWNDTIIMMEPPYCKGLDIYYKAFKITDRIWIVPERYEFGTKPEDFNPPSSLIEGASEYYDPNY

LRTDSDKDRFLQTMVKLFNRIKNNVAGEALLDKIINAIPYLGNSYSLLDKFDTNSNSVSFNLLEQDPSGATTKSAML

TNLIIFGPGPVLNKNEVRGIVLRVDNKNYFPCRDGFGSIMQMAFCPEYVPTFDNVIENITSLTIGKSKYFQDPALLL

MHELIHVLHGLYGMQVSSHEIIPSKQEIYMQHTYPISAEELFTFGGQDANLISIDIKNDLYEKTLNDYKAIANKLSQ

VTSCNDPNIDIDSYKQIYQQKYQFDKDSNGQYIWEDKFQILYNSIMYGFTEIELGKKFNIKTRLSYFSMNHDPVKI

PNLLDDTIYNDTEGFNIESKDLKSEYKGQNMRWTNAFRNVDGSGLVSKLIGLCKKIIPPTNIRENLYNRTASLTDL

GGELCIKIKNEDLTFIAEKNSFSEEPFQDEIVSYNTKNKPLNFNYSLDKIIVDYNLQSKITLPNDRTTPVTKGIPYA

PEYKSNAASTIEIHNIDDNTIYQYLYAQKSPTTLQRITMTNSVDDALINSTKIYSYFPSVISKWQGAQGILFLQWV

RDIIDDFTNESSQKTTIDKISDVSTIVPYIGPALNIVKQGYEGNFIGALETTGWLLLEYIPEITLPVIAALSIAES

STQKEKIIKTIDNFLEKRYEKWIEVYKLVKAKWLGTWTQFQKRSYQMYRSLEYQVDAIKKIIDYEYKIYSGPDKEQ

IADEINNLKNKLEEKANKAMININIFMRESSRSFLWQMINEAKKQLLEFDTQSKNILMQYIKANSKFIGITELKKL

ESKINKVFSTPIPFSYSKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGFNSSVITYPDAQLVPGINGKAIH

LWNESSEVIVHKAMDIEYNDMFNNFTVSFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIGSGWSVSLKGNNLI

WTLKDSAGEVRQITFRDLPDKFNAYLANKWVFITITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCN

NNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITFLRDFWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAP

SYTNGKLNIYYRRLYNGLKFIIKRYTPNNEIDSFVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAP

GIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDKILGCDWYFVPTD

EGWTND

SEQ ID NOs: 16 to 26 (CpG oligonucleotides)

16: TCGTCGTTTTGTCGTTTTGTCGTT

17 : GGTGCATCGATGCAGGGGGG

18: TCCATGGACGTTCCTGAGCGTT

19: TCGTCGTTCGAACGACGTTGAT

20: TCGTCGACGATCGGCGCGCGCCG

21: TCCATGACGTTCCTGATGCT

22: TCCATGACGTTCCTGACGTT

23: TCGTCGTTGTCGTTTTGTCGTT

24: TCGACGTTCGTCGTTCGTCGTTC

25: TCGCGACGTTCGCCCGACGTTCGGTA

26: TCGCGACGTTCGCCCGACGTTCGGTA-Ns (derivatized with azido)



CLAIMS

1 . An immunogenic conjugate comprising a carrier protein, an antigen, and an

immunostimulator, wherein the antigen has been site-specifically conjugated to a reactive group

of nnAAs in an unconjugated carrier protein through a chemical handle introduced into the

antigen.

2 . The conjugate of claim 1, wherein the carrier protein comprises (a) at nn sites a

non-natural amino acid (nnAA) residue wherein each said nnAA residue (i) comprises a reactive

group that provides site-specific conjugation of an antigen to the carrier protein, and (ii) was

introduced site-specifically during synthesis of the carrier protein, wherein nn is an integer

greater than or equal to 2; and (b) at least one T-cell activating epitope that has not been

inactivated by the presence of an nnAA residue.

3 . The conjugate of claim 1 or claim 2, wherein the antigen is covalently linked to

both a nnAA residue in the carrier protein and the immunostimulator.

4 . The conjugate of any preceding claim, wherein the carrier protein comprises 4 to

9 nnAA residues.

5 . The conjugate of any preceding claim,wherein the antigen is a bacterial or viral

antigen.

6 . The conjugate of claim 5, wherein the antigen is a bacterial polysaccharide

selected from the group consisting of capsular polysaccharides from Streptococcuspneumoniae ,

capsular polysaccharides from Streptococcuspyogenes , group-A-strep cell wall polysaccharides

from Streptococcuspyogenes , capsular polysaccharides of Streptococcus agalactiae, capsular

polysaccharides of Haemophilus influenzae, capsular polysaccharides of Neisseria meningitidis,

and capsular polysaccharides from Porphyromonas gingivalis.

7 . The conjugate of claim 6 wherein the antigen is a capsular polysaccharide of a

Streptococcuspneumoniae serotype selected from the group consisting of serotypes 1, 2, 3, 4, 5,

6A, 6B, 6C, 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, 16, 16F, 16A, 17F, 17A, 18F, 18A, 18B, 18C, 19F,

19A, 19B, 19C, 20, 20A, 20B, 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, 4 1A, 42, 43, 44, 45, 46, 47F, 47A, and 48.

8 . The conjugate of any preceding claim, wherein the carrier protein has at least

80% sequence identity to SEQ ID NO: 11 .

9 . The conjugate of any preceding claim, wherein at least one nnAA is substituted

for a lysine in the native carrier protein.

10. The conjugate of any preceding claim, wherein the carrier protein comprises

amino acid sequence SEQ ID NO: 14.

11. The conjugate of any preceding claim, wherein the at least one nnAA is a 2,3-

disubstituted propanoic acid bearing: an amino substituent at the 2-position; and an azido-

containing substituent, a l,2,4,5-tetrazinyl substituent, or an ethynyl-containing substituent at the

3-position.

12. The conjugate of any preceding claim, wherein the nnAA is selected from 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)pyri din-3 -yljpropanoic

acid, 2-amino-5-azidopentanoic acid, and 2-amino-3-(4-(azidomethyl)phenyl)propanoic acid, or

any combination thereof.

13. The conjugate of any preceding claim, wherein the ratio of antigen to carrier

protein (w/w) is greater than 1 .

14. The conjugate of any preceding claim, wherein the immunostimulator is a TLR

agonist.

15. The conjugate of claim 14, wherein the TLR agonist comprises an

immunostimulatory oligonucleotide.

16. The conjugate of any preceding claim, wherein the carrier protein includes 3 or

more nnAA residues and the conjugate has a molecular weight of at least 500kDa.



17. The conjugate of claim 16, wherein the carrier protein is a SEQ ID NO: 11

containing 3-9 nnAA residues.

18. The conjugate of any preceding claim, wherein the conjugate is crosslinked

through protein-antigen-protein linkages.

19. The conjugate of any preceding claim, having a molecular weight between

900kDa and 5MDa.

20. The conjugate of claim 3, wherein:

(a) the carrier protein (i) comprises at least 80% sequence identity to SEQ ID NO: 1, (ii)

does not contain an Arg-Arg dipeptide sequence, and at least one of the nnAAs is a 2,3-

disubstituted propanoic acid bearing an azido-containing substituent;

(b) nn=4-6;

(c) the nnAAs are 2-amino-3-(4-(azidomethyl)phenyl)propanoic acid (pAMF) residues;

and

(d) m is 1 and n is an integer in the range of 2 to 8 .

2 1. An immunogenic composition comprising at least two protein-antigen conjugates

and at least one excipient suitable for parenteral administration wherein the at least two protein-

antigen conjugates comprise multiple antigens and further wherein:

(a) the antigen of each of the at least two protein-antigen conjugates is distinct from the

antigens of the other protein-antigen conjugates; and

(b) at least one of the at least two protein-antigen conjugates comprises is an enhanced

protein-antigen conjugate according to claim 3 .

22. The immunogenic composition of claim 21, wherein the antigens in the enhanced

protein-antigen conjugate(s) are (ii) viral antigen(s) or (ii) a bacterial polysaccharide(s) selected

from the group consisting of capsular polysaccharides from Streptococcuspneumoniae , capsular

polysaccharides from Streptococcuspyogenes , group-A-strep cell wall polysaccharides from



Streptococcuspyogenes , capsular polysaccharides of Streptococcus agalactiae, capsular

polysaccharides of Haemophilus influenzae, capsular polysaccharides of Neisseria meningitidis,

and capsular polysaccharides from Porphyromonas gingivalis.

23. The immunogenic composition of claim 22, wherein the antigens are capsular

polysaccharides from Streptococcuspneumoniae and the composition comprises at least 4, 11,

14, 15, 16, 20, 21, or 24 protein-antigen conjugates.

24. The immunogenic composition of claim 23, wherein the at least 4, 11, 14, 15, 16,

20, 21, or 24 protein-antigen conjugates are enhanced protein-antigen conjugates.

25. The immunogenic composition of claim 24, wherein the antigens are capsular

polysaccharides of a Streptococcuspneumoniae serotype selected from the group consisting of

serotypes 1, 2, 3, 4, 5, 6A, 6B, 6C, 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, 16, 16F, 16A, 17F, 17A,

18F, 18A, 18B, 18C, 19F, 19A, 19B, 19C, 20, 20A, 20B, 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.

26. A method of eliciting an immunoprotective antibody response to an antigen in a

subject, comprising administering to the subject an immunogenic composition according to any

of claims 21-25.

27. A method of making an immunogenic conjugate according to claim 3, wherein

the process comprises steps of:

(a) providing an antigen having at least two instances of a chemical handle, a carrier

polypeptide having a reactive group, and an immunostimulator having a third functional group,

wherein the chemical handle can react to form covalent bonds with the reactive group and with

the third functional group, wherein the reactive group and the third functional group are either

the same or different; and

(b) mixing the antigen, carrier polypeptide and immunostimulator, in any order, under

conditions such that the first functional groups reacts with the second and third functional groups

to give the immunogenic conjugate.



28. The method of claim 27, wherein step (b) results in the immunostimulator being

covalently linked to an antigen that is covalently linked to the carrier protein.

29. The method of claim 28, wherein the antigens are (ii) viral antigen(s) or (ii) a

bacterial polysaccharide(s) selected from the group consisting of capsular polysaccharides from

Streptococcuspneumoniae , capsular polysaccharides from Streptococcuspyogenes , group-A-

strep cell wall polysaccharides from Streptococcuspyogenes , capsular polysaccharides of

Streptococcus agalactiae, capsular polysaccharides of Haemophilus influenzae, capsular

polysaccharides of Neisseria meningitidis, and capsular polysaccharides from Porphyromonas

gingivalis.

30. The method of claim 29, wherein the antigens are capsular polysaccharides of a

Streptococcuspneumoniae serotype selected from the group consisting of serotypes 1, 2, 3, 4, 5,

6A, 6B, 6C, 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, 16, 16F, 16A, 17F, 17A, 18F, 18A, 18B, 18C, 19F,

19A, 19B, 19C, 20, 20A, 20B, 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.

31. The method of claim 30, wherein nn is selected from the group consisting of > 3,

>4, 3-9, 4-8, and 4-6.

32. The method of claim 31, wherein the carrier protein comprises a plurality of T-

cell activating epitopes are from a native protein carrier selected from the group consisting of

Corynebacterium diphtheriae toxin, Clostridium tetani tetanospasmin, Haemophilus influenzae

protein D, and CRM 197.

33. The method of claim 32, wherein the reactive group comprises a bio-orthogonal

reactive moiety.

34. The method of claim 33, wherein the nnAAs are selected from 2-amino-3-(4-

azidophenyl) propanoicacid(pAF),2-amino-3-(4 (azidomethyl)phenyl) propanoicacid

(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, and 2-amino-3-(4-(azidomethyl)phenyl)

propanoic acid, or any combination thereof.

35. The method of claim 34, wherein:

(a) the carrier protein (i) comprises at least 80% sequence identity to SEQ ID NO: 1, and

(ii) does not contain an Arg-Arg dipeptide sequence;

(b) the nnAAs are pAMF; and

(c) nn=4-6.

36. A process for preparing an immunogenic conjugate comprising a carrier

polypeptide, an antigen, and an immunostimulator, wherein the process comprises steps of: (i)

providing an antigen having at least two instances of a first functional group, a carrier

polypeptide having a second functional group, and an immunostimulator having a third

functional group, wherein the first functional group can react to form covalent bonds with the

second functional group and with the third functional group; and (ii) mixing the antigen, carrier

polypeptide and immunostimulator, in any order, under conditions such that the first functional

groups reacts with the second and third functional groups to give the immunogenic conjugate.

37. The process of claim 36, wherein the second and third functional groups are the

same.

38. The process of claim 37, wherein the second and third functional groups are

azido.
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