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ABSTRACT

Gl ycoconjugaetisomabliisshaedwelelchnol ogy for vacci

polysaccharide (PS) antigenmabesa RIref fee c tpirwvoe

provides i mmunol ogi cal me mor y. Over the | ast
reducing the burden of different pathogens, b
urgency i s chkeue ft mneamentigcernobi al resistant bacte

di spl ayed on the surface of pat hogemal &nocry
gl ycoconjugates will be required. Theriafiinc aotfi c
and conjugation methodol ogi es, simpli-¥gl egt a

vaccines.

A hitd@houghput met hod f or t he puri f Ktatbisoml lo
pneumdrKipg e independently from their strwuctur
negative bacterium and a |l-aadi mjnddmeecotlinheo
associated with antimicrobial erle®pimetndn ood. aCukr
make wuse of the glycoconjugation techshowebly
characteri zed wvised!| emc & hfea dtaccrtserexap sur f ace.
CTAB fractional precipitati onrantwagse nsu cfcreosns fdiil
strains, thereby demonstrating i ts robustne
charmacztagd i on showed that the purification met |
preserved | abile -swdtsytli taedt pysuehrl agr Oups,

i mmunogenicity.

Subsequ€rytadrgp) met hyl ami nopyr i di (CD&YAc hteertirsa frliyu ow
selected as a generic conjugation strategy th
This chemistry utilizes functional groups com

groups on the PStared pamiteo ngr Neps fast anal yt

reaction were developed, and reaction conditi
i nvestigat edmodMdtshewearte chbli |t to identify th
conjugates with wanted characteristics and st

from different Smatmod@dée pdheFdraghe rSHap rneo, a&ul shitary @ h i
A @ntigeniigansd nORIMI s, a design of experiment
of conjugation conditions and conjugate featu
to the design of an ®&GParmalyphliydAoconjugat eyag:
can be rapidly extended to other PS.



CDAP chemistry was also applied to the conjug

Modul es of Membr ane Antigens (GMMA). GMMA ar
geneticall ynmgaditfivedb&rad3r iRar &tng phae & ASleiuylad d at
son GMMA. The resulting conjugate was able to
Shi gaen®lad moaretlil @ens with no negative I mmuno in
Al so, genetic manipulation was used t-anglerOer a
antigens, on their surface. A multicomponent

t hat Kp GMMA from different svter aiimnsu ncoa ni nbtee rcfo

providing broad coverage against more relevan

Overall, the results obtained during my PhD

gl ycoconj ssgate vaccine



LI ST OF ABBREVI ATI ONS

ADH Adipic acid dihydrazide

AMR Antimicrobial Resistance

ACN Acetonitrile

AcOH Acetic acid

AcONa Sodium Acetate

BSA Bovine serum albumin

CaClz Calcium chloride

CD o-cyclodextrin

CDAP 1-Cyanoe4-dimethylaminopyridinium tetrafluoroborate

CPS Capsular Polysaccharides

CRM1g7 Cross Reacting Material 197

CTAB Cetyl trimethylammonium bromide

CVv Coefficient of Variation

D20 Deuterium Oxide

DABCO 1,4-diazabicyclo[2.2.2]octane

DMAP 4-Dimethylaminopyridine

DOE Design of Experiment

dRI Differential Refractive Index

DT Diphtheria Toxoid

EDAC N-etil-NNj3-dimetilaminopropyl)carbodiimide

ELISA Enzymelinked immunosorbent assay
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GBD Global Burden of Diseases

GEMS Global Enteric Multicenter Study

GMMA Generalized Modules for Membrane Antigens

GVGH GSK Vaccines Institute for Global Health

HCI Hydrochloric acid

HD High density

HGT Horizontal gene transfer

Hib Haemophilus influenzatgpe b

HICs High Income Countries

HPAEC-PAD High Performance Anion Exchange ChromatograPhised Amperometri
Detection

HPLC-SEC High Performance Liquid Chromatography Size  Exclusion
Chromatography

hv Hypervirulent

IMC Imidocarbonate

K-Ag K-Antigen

KDO 3-deoxy-D-manneoct-2-ulosonic acid

Kp Klebsiella pneumoniae

LB Luria-Bertani




LD Low density

LMICs Low- and Middle Income Countries
LPS Lipopolysaccharide

mADbs Monoclonal antibodies

MAPS Multiple AntigenPresentindgsystem
MES 2-(N-morpholino)ethanesulfonic acid
MDR Multidrug resistant

MS Mass Spectrometry

MW Molecular weight

NaCl Sodium chloride

Na2SOs Sodium sulphate

NMR Nuclear Magnetic Resonance

0:2 S.Paratyphi A GAg

OAc O-acetyl

O-Ag O-Antigen

oMV Outer Membrane Vesicle

0S Oligosaccharide

PAMP PathogerAssociated Molecular Pattern
PBS Phosphat®&uffer Saline

PS Polysaccharide

PTF Parayphoid fever

RT Room temperature

RU Repeating Units

SBA SerumBactericidal Assay

SIDEA Adipic acid bis N-hydrosuccinimide)
spp Species

Ss/ S. sonnei Shigella sonnei

S. flexneri Shigellaflexneri

S. Paratyphi SalmonellaPaatyphi

S. Typhi Salmonellaryphi

TF Typhoid fever

TFF Tangential flowfiltration

TFA Trifluoroacetic acid

TLR Toll-Like Receptor

TT Tetanus Toxoid

WB Western Blot

WHO World Health Organization
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1. | NTRODUCTI ON

1.1 The gl obal burden of antimicrobi
Over the | ast decades, the misuse and overuse
emergencre®oifstdamty pat hogens, resulting in a c¢
resi stanc@h( AMR)sue is gradually emerging as

projections indicating that by 2050,[ 2ptalit]i

AMR occurs when microorgani sms such as bacter

devel op resistance to drugs used to eliminate
antiparasitics. Despitthe trhiec rpa ersgeanrcies nosf ¢t ahre sce
mul tf hy.s resistance complicates the treat mer
spread, potentially |l eading to more severe il
Sever al factors contribute to the spread of .
hygiene services, poor mapepagemant anéecatoind s
agricultural environment s, addritm@anémbdsipomd
processing. Ot her contributing factors ar e |
di agnostics, and a gener al | ack[ #]f awar eness
Il n response to this, the World Health Organi

promoted a coordinated action to address AMR.
( GAP) based on t he[ SDnoemoHei anlgt ht haep pcroomabci hn"e,d e f f
human healt h, ani mal heal t h, and environment a
Gl obal Antimicrobi al Resistance and Use Surve

desi gneedr ,t oprgoactehs s, and di sseminat[e6]JAMR data f

AMR is a significant gl obal health i ssue, c al
i ncome countri-asnd( Hi Qs menad oboawri es (LMICs) .
Di seases (GBD) study providesnaioaogmphehe mpiavc e
and injuries worldwide, contributing signific

[ 7]

A recent systematic analysis of the bacterial

of pathogensragdcpabhogénons across all | ocat
data. The study used tevobwsrceeamr  dbsattns aszSEEGI ¢
from aedraegant infection where AMR may or m ¢

11



attributable to AMR (deaibsaditreafkegtcansedule

[ 8]t was estimated that in 2019, 4.95 million
1. 27 mil |l ion deat hs directly at Eschatabhea t
Staphyl ococcus aureus, Kl ebsiell a pneumoni a
baumannii, and Psasdomenasp@Bir gg,pacdcali)erness p on

over 250,000 deat hs as[s®diesteed ewo w OOHAKRPE n 2
pat hocgoemtsi nue to evolve resistance to new drug
pat hoigsenexacerbated by their ability to acqu
envirobemeptse new antibiotics being dewaheped

devel opment o,f anso vvedicstihmgar®ai padd)s)

The same studya@é sheatvh|l uated asdoci ated with
GBD regions. The results showed tSmahtarsaomeéflt Mlc
south Asia, had higher[ 8&urden estimates (Figu

This is in perfect agr ereenseinstt amitt h" ptrheorli it gt pec
published iln 12024He(rTea,blbeact eri a were cl assifi
according to the urgency of need f omegmaw vp

Enterobaorganacemae were includfeHdl]in the most ¢

Resistance
[ Associated with resistance
I Attributable to resistance

900000

600000

Deaths (count)

Pathogen

Figur &l abal deat hs (counts) athadtbairtiadll e ar toi
resi stance by pathogen, 2019 8]JFigure reproduc

12



GBD super-region Resistance

[ Central Europe, eastern Europe, and central Asia ] Associated with resistance
1504 [ High income [ Attributable to resistance
[ Latin America and Caribbean

[ North Africa and Middle East

[ South Asia

[ Southeast Asia, east Asia, and Oceania

Sub-Saharan Africa

Deaths (rate per 100000 population}

GBD region

Figurkldge2.death rates attribut
by GBD region in 2019 (Fi duwr]e

able to and as:

reproduced
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Tabll a4.i st of o66Bacterial PrioritlylPlathogenso

Speci es Type of Antibiotic Re

Medi um group

Group A Streptmacr agleisdet ant
Streptococcus macr aleisdest ant
Haemophil us i 1ampi eielsliisnt ant

Group B Strepipeni<iebklishant

* EnterobacKéeredblsee!| il maclpm@e@moni ae, B
spp., Serratia spp., PrhMotrgasnnedpm@m. S|

14
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1.1.1 Alternative strategies to antibiotic

AMR is a growing global Hhesltshaoti pias hogedswil

scientific researchiinnolvadavivley afldeusaead i vre ftihre

new antibiotics alone wildl not solve the 1iIs
introdudalfhi ontegrated strategy involving the ¢
monocl onal antibodi es, di agnostic tool s, mi cr
sol utid]n.

Monocl onal anti bodies

Monocl onal anti bodies (mAbs), di scovered in

pat hogens' virulence factors, promoting cell
i nhi biting theradtuicv iMtgly3t,ooixldddissd e asndbs are knov
cost, which can be[d.59ignificant disadvantage
Bacteriophage viruses

Bacteriophages are parasites that specificall
them, going through whldatd wiesv ekrno wrm ease laytei cs oane
the possibility of bacteria developing resist:
system recognizing the pada¢tet8pphages as targ
Mi crobi ot a

The human microbiota plays a cruci al role in
ot her processes in early postnat al l'i fe that
mi crobi al [ &8 Exipo}jsairrse. t o anti microbi al agent s
community, providing an opportunity for patho
Several -masedbiotarvention strategiesnhagei be
[ 13]

Di agnostic tool s

Di agnostic tools are essential in identifyin
mi crobi al i nfections, enabling the sel eclt3d]on
Current met hods for antimicrobi al susceptibil

based methods and 2Mipswe v®@p e c tnrodmealrly. countri es
di agnosti c +taonodl smi madbdaei rc olumw r i es, patients ar

or serotyping thd3dause of the disease.

15



1.1.2 Vaccine technologies to fight AMR
Vaccines, amongrdmbhf esennesofat bgiAAbEstt pbowewdr
prophylactically, reducing the number of infe
[ 1.3]Among the top 10 causes of gl obal deat hs
vaccines are avai paklaendpo@agaagar natim tubercul o
Traditional vaccine methods consisted of [ i v
i nactivated vaccines) to triggerl dnessmmuibese
al so ensure a response from memo[rdHcved M er ,t ot hs
vaccines often have high reactogeni cl[i2a2Bé¢c ematk i |
advances in various scientific fields have |e
include gl ycoconjugati on, bi oconjugati on, M A
vacci nGelneg yMoidzud deMe nfba vranntei gens ( GMMAs) , Rbasegar
vaccines and ad[julvants (Figure 1.3).

Bi oconjugati on

This method consists in glyckH.priodleixops ersasc b it
components: a protein, a glycan of interest,
chains on specific sequons of the protein. T
mul tiple stemps odfei S eixpoleastsiiom,/ puri ficati on &
time but dI28d dr ssopd ¢céds es characterization of
are selectively attached [@27%lsipeecsdliectsiivietsy ol
the antigenicity of the protein, which can ha
Reverse and structural wvaccinology

Reverse vaccinology involves identifying gene
by screening the entire genome of -dtihme nlsa otnearl i
from structural bi ol ogpftohdetat mpega btohleg a & D img
which is then remodeled to remove unwanted ep
desired anfi2den 2@pi topes.

MAPS technol ogy

The MAPS technology is based on generating mu
and protein antigens, mc el tkicongst hacftfe@bur 8s
[ 29p create the complex using MAPS technol ogy
an avidin moiety (as rhavi) and combined with

16



for targeting diffi Sul tauhAdMRIspat Bogamskne-wohf a

pathogen interactions §d4¢d various escape mech

Nanoparticle
Advancements in protein engi neesriiznegd hsacvaef floel dd

di splay epitopes in[2thegédl pantrigahezeednimamoer
in Iymph nodes, Il ncregpgesamti ggn cepclied kle aleyc eap
crdssnking compared t o 2sfuhbeu rpirtoi gpr respiskoit caoi ann tdiegséa r
made possible to optimize protein densj2§] an
These advancements resul:'t i n protein nanopar:
recombinant proteins. When combined with nove

optimal antibody titers. Alpmomsed haesenasw[sa msi e

RNA
This technology, which has been predominant]l\
demonstrated potenti al effedBi0lte nhreasss laggean ns b ¢
stimulate both humor al and cellul ar | Amawreidt y
vaccines is the rapid manutbhteoatingnes ®cemak]
platform for vacciimes agawealslt. AMR i nfect
RNA-based
) vaccines GMMA-based
MAPS technology vaccines

/
[ Glycoconjugation ] Vaccine Structural

Technologies vaccinology
[ Bioconjugation ]

\ NPs-based

vaccines
Reverse Structural
vaccinology vaccinology
Figur3otential vaccine technologies against Al
I n the next paragraphs traditional glycoconju

17



1.2 Pol ydaseharaindle gl ycoconjugate vac
Bacteria's surface is primarily composed of ¢
| i popolysaccharides (LPS).

The CPS, a class of high mol eculneg araisvse PaSnd til

positive (Figure 1.4) bacteria, protects them

capsular polysaccharide (CPS)

exopolysaccharide (CPS)

?)— capsular polysaccharide (CPS)
glycosylated S-ayer protein
Q o
o

lipopolysaccharide (LPS)

mur in
000® © ’O\‘p'epndoglygn

periplasm

Il wall
1

periplasm oM
1
3 ==1 000000000000 2
; ==3 33

Figura 1.4. Schematic representati-pnightj) hbac
Reprodude&d]from

Bacteri al PS are polymers that have either a
(homopol ymers) , or compl ex, formed by oligos
charged or neutral and theyptctds bbndocovagl gci
glycolipidg32iespectivel y.

LPS, found -neggtiiwe Gohaa er i a, contributes to
me mbr ane. I't i s composed of-poli ps ac A& coatvaj@Q CO |
this | ast one providing serotype specificity.

LPS -
% Lipid chain
O GlIcNAC
<%+z§o%-o—%cg-é =
" ot ther monosaccharides
O-Antigen Core Lipid A

Figure 1.65. LPS consi st s -Off, tafh8e a&gc. © mpdoanpet netds :
[ 3.3]

18



LPS features many negatively charged function
hept ose sduegoedsryga nanreku I3osoni ¢ aci d (KDO) sugars
density through glycan modification can | ead
peptides. The inthadgedi omoi et i pessioni ¢elpy dcAhAsp
transferase, can croemdcerrt rpecliysdatnicen it arhtei Hiacst

ag€. ,Sal moeretl ¢Ras e¢eutad o mo nas akehreéubgsiineolslaa] Psleumoni a

PS in pathogenic bacteria play a cruci al rol
response. When an infection occurs, -atslse@ci ana
mol epaltarerns (PAMP), such as LPS and endotoxi
antimicrobial -cebipdbapersde PtS amrtei glens, t hey ac

requi-cehy @ctivati-omeciPfoilcysBRcticketheé sdealti d f @t @arl m

primarily produce I gM antibodies, without the
Il n 1945, the first vaccine composed of purifi
i n humamhse i ntroduction of antibiotics sl owed
until the emergence of drug resistant strains
| arge number of clinical St udi ess.weBeet weiecne ntshee

agai nst several Ndiacd emii a, snetrmdcglrgaddt pradi reeWYo, ¢ 0 ¢ ¢
pneumonida@e mophil usypefbuéHezhp.

PS vaccines, despite their efficacy in adult
memory -brvédngnti body predbddépendast taeyi qe s
show I imited i mmunogenicitg amdcthhe deledemningd,er
vul nerabl ef] 3Bjaul atemaeme these | imitations, b
appropriate carrier pr-obepree rmadeantdreiniske a8, threot
T cells triggers B cells to diff erientiinagt ea diam
i mMmmune responses. This process, facilitated
inductidmasof nlgomegpd boostable I gG anti p86y B9
Vaccination with glycoconjugates has[ dP90vdR]
Further more, conjugate wvaccines have demonst

transmission of meningococci, amhd4dfffect not o

I n 1931 Avery and Goebel were the first to de
(O0OSs) instead of PS alone could also elicit pi

with a disaccharide frcagmePtS ofovlaylpeentlillyl | R meu

19



were protected against c¢ha[ldRegnvgeer tbhye | tehses , h conmd |y
concept was applied to a human vaccine with t
agai ndgt4 Sinlc.e t hen, glycoconjugates have been
combattingt hmaemy ehi i@ b&ct epneunRodnnmaled ddidfpes)
meni ndgiAt i i, s WA &mnStla | Ymoerretl dsrai basapt. esreilry. a[h4468 |

The PS covalently | inkedeltlo rae cegrtroiresr spreati i
internalized in B cells. Once inside the cell
peptide fragmentgsedderpraepdpreipgdd dte® D&h el Tc-el | s
binding groove of MHCI | -aCFi gaceetdss Té6pl ed®Peetc
sti mutaealtle ®Baturation into memory cells and i ni
to pol ysgedhiHdG,cdseo t hat upon exposure to the s
of Hafghnity 1 gG antibodies can be more rapid
glycoconjugatleas tiimdgu peasotle@crng on agai nsg iemfcaamnpts
and peopriesk nghd ijghs .

Polysaccharide Plasma cells
Protein .. .- T-cell
<> \ receptor ‘ '
= MHCH
‘i«;;a : g

/ o
e \

Uptake D \, Y Y

Antigen Antigen Help e A
internalization presentation P AY Y &
and processing to T cell exp:nnsa:on o

Mainly 1gG

differentation

\

Polysaccharide . . '

specific B cell w4
42%

Memory B cells

Figure 1.6. Mechani sm of action of[ 499]ycoconju
1.2.1. Glycoconjugation

I n glycoconjugate vaccines, a covalent i nka:
protein has to [b4e9]made (Figure 1.7).

20



Carrier protein

A variety of protein carriers has been used s
currently used i n IldiceMhtstedr icao ntjangaite (VRTIe, ntees
Haemoppridtuesi n D (PD), the outer membrane prot
(OMPC) and recombPnaaméer ExbORMPaMMTSAmd TT wer e

chosen as carriers for Hi b conjugate vaccines
vaccination against tetanus and diphtheria. B
CRMoks a 58 kDa nontoxic mutant of diphtheri a
Gl ycine tac a@l bt2amnib@ jmea aomi)ng t hat any chemical
crystal structure has been deter mitmxd,c arad utrfe
been cl[&ZRIMoedn be i s©draymraebactoent iQ7bL 9d7i) g lotxH @r
culture supernatants or produced using recoml
proteins obtained from different produlcd3]Jon

CRMoghas been widely used as a carrier for 1lice
conjugate vaccines, and pbhAer58hccines under

PS purification strategies

The manufacturing process to obtaiAg)hi gh ogqealo
i mportant prerequisites for the synthesis of

Traditional-AgnbeekhbodactbonOinvolve sedi mentatio
culture by formalin fixation, phenol extracti.i
acetic acid or [a&rbh.y dbr7eofgs iGsy drhaezi npeur i f i ed, tvy]
treat menetschndi ehzehromatography to remove <co
are compdoemnxs uniinge and involve manipul ation of
toxircme chit®f B8L PS.

Mi coli et al. proposAg ias eli antpil o rd,i ewhimeh hedp If @
directly in the bacterial cultur e, avoiding ¢
cleaves the |l abile lIlinkagped lét when cKD@, odti gtols

A, rel eahlg nghdihre &bt t ached to the <c¢or eAgs ucghaarisn
plus the core is released in solution, while
pell gegtednbrj58heA®Poins then purified via a sim

filtration steps avoiding use of enzymes and

Several PS/ pathogen specififcbh@ldtamyd <CPlSa\vae eb eve

charged and purification processes often incl

21



techniques including acid precipitation,

purity of CPS anfd?2,ow3contaminati on.

Conjugation strategies

et ha

Purified PS are userdedwncddc et mradu gvle meoa hm roirc asli

chemical (i . e. acidic hydroll 6666iDepehgdnggem p

struct wo, dial ®n can resul t i n simultaneous

aldehyde groups available for conjugation (e.

by treatment witfl6d@hy dri mageancipe rhoyxdirdod ysi s, and

ultrafiltration techniques to isol atéb5pomwl, ate
Size reduction of PS chains results in more
density/viscosity of native PS in aqueous sol

carrier.

Two main approaches have been used so far for

One is based on the random chemical activati ol
with the protein chrnkedystbeptiveiengthe &Scrao:
second approach is based on the selective aci
conjugation to the protein, l eading to a gl yc

sized O&d mywt@aomtroll ed fragmentation of the

apprlo@®™ll are activated at their terminal end u
pr ot[etion.
: Carrier
Polysaccharides :
protein
NN 0
A ,Jjéa
NN
Oligosaccharides Carrier
A protein
e .
_
AN
Fige@ur7. Schematic representation of random or

PS or shortern 409 respectively.
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The <choice of the chemical conjugation appr
composition of vaccine [c®np osncenmet sc,a see sg,. SPpSe cainft
of the PS can be activated before binding to

Hydr oxyl or COOH groups along the [su48i gahai r
1.8 reports some of the most wutilised chemist
al dehyde gr oupseatny pniec alfl y yrsa encet rwistildues by r e
can be introduced withydammomieumi aklers ¢ uwiht a:
steric hindrance bet[wk2]n protein and sacchar.i

Native polysaccharide

cyanylation HO“::X:&“ NHzR HO‘-‘:_“"O
S — ] —_—
CDAP ~0 o ~OH ”0'\/\OA*OH
HO-—-‘:‘:”‘O | \CEN }ZNH
w03\ on HN
carbonyldiimidazole HOJ:.___VO \
CO(Imy, (CHyNHs ), w03’§«0H
o
HN
“TNH;,

Sized Oligosaccharide

end terminal

reductive amination HOH__‘-"‘_‘/ OH
ox~—0 NH,*/NaCNBH, 0¥ NH;
HO-I=
wo X\ ] .
end terminal OH
reductive amination HO-_‘:_—\:\NU‘
T NHNH NHNH
ADH/NaCNBH; o) ‘H/HRTT 2

0O @)

Fi glur8. Met hods for PS modi fi[crat]i on/ acti vati o

The aim is to achieve a balance between suffi
and a | ow degree of PS activation to ma[h%Jain
For example, | arger PS are usually randomly a

end to preserve 7perjJlotective epitopes.

Al so concerning the protaemidro mc d moirer ,0fd e@mjrd g antk
COOH groups of the protein) or sel eecentaitvuer a( f
aminoacids i n specifi7rT@ipensed gfytbeospggahnee
by random conjugation to |ysine, aspartic or

abundantly exposed on the surface due to thei
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with |Iinkers exposing chemical groups for cor

al kynes to couple wi[t7TR]activated sugar residu

Vari ables influencing the i mmunogenicity of g

Different variabmemsnogeni oftventecbheugate va
chain, glycosylation degree (or saccharide to
spacer between saccharide andpmpeodmrdcer,oft hlealiy
PS liakef®6, 78]

The saccharide to protein ratio is significan
met hod used. Generally, a | ower saccharide to
conjugated through rantdtomi chteend st o yt hd@ hi ar geu

l inking of these conjugates, necessiWdatpiemg eat
response. I n the case of terminally Iinked OS
sacharide's |l ength. However, it is generally o

to the saccharide to protein-riatkiong Téhndod tilse |
sacchsapreicdief i ¢ B cel lasdiwig.h Nenvcerretahsecidp sB0OsSt d hoh g h a
may obscure vital carrier epitopes, prevent.in
vaccineepsndeft7ant8@len.

Recentl was shown t hatagddseci ath&d yhpdiatphsWid mtr h g e n s
has an i mpact on the naturpmparotfi dthlean manumret e re s\
CRMor esul t edcelnl prueseponse compared to | onger \
memory rle8Phpaese mpact of saccharide to protei
evaluated for full l ength (165 kDa) andoaif ragrt
Al tering the ratio of Vi to protein from 0.8
fragmented Vi) di-Mi nlogtG irnefsl puoemnscee itnh emiacne.i Al s o
on the i mmy&g]response.

Bacteri al PS often camctediyn suwmhs tpihtoserhtags e gu ohu
of the i mmune epitopes. | t -avcaest ylearoincsmn rlad vwedal, |

i mmunogenicity o[f82vi &3]jsed vaccines.

The conjugation process, which may involve di
amino acids, can i mpact epitope exposure. Typ
than random ones for shortti oS.c hFeonri sltornige sP $,a vre

effective. The saccharide's |l ength and the <c
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significantly affect t[h7eB]rseos ulltiinnkge rcso nijnu gcaotnej'
l ength and flexibility affecting the distance
binding sites to surface i mmunoglobulin on B

t hagti dr,i constrained spacer s, |l i ke cycl ohexyl

antibodies, with the risk of driving the I mmu
[ 84, 85]

Ani mal studies have | argely shown that the se
i mmunogenicity of [t7h&p vceamjlu gpartoet evi anc ccianrer.i er s
preclinical and clinical eohalsudbtieoneaf eacnjved.
for |l icensed Hib, pneumococcal, meni ngococcal
devel[ooAehd .out er membrane protein complex of s¢
by Merck as carrier f¢BG6FEKei nt Hbducedijrtef emtt ede
protein D as <carrier for most of the PS incl
vacc[idh7e, Th88]Jt eam of John Robbins madet exite nfsorv
ofPseudomonase xdoorxu gni nacsSacap hry leo ¢ dtayapues 5a uarnedu s8 a
foStyphi Vi [BEnA WQgOamesr of clinical trials hay
i mmunogenicity of conjugate vaxdilndewewi drh ai
comparison of the effect of different protei
variables as conjugation chemistry, saccharid

previous or conciotnhi toatnhte rv aacncti ingaetniso.n w
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1.3 From traditional to alternati ve

Despite the success of glycoconjugate vaccine
Considering the range of glycan antigens expr
which vaccines arePseucdovmohadKleaeyrige Inlsam ahr ealsme
Escheri,chciaar bcbodgddaveacci nes are expecfe@Bhe o be
use of an increased number of glycoconjugate
proteins and the complexity of the i mmunizat.
reduced I mmunogeni ci teyx iasgtaiumngsttiymmnhaew &£rSd sl uteh & op |
car-rnduced epitopi ¢ 9Fupgpures sviacrci (N@ISES)e.qui r e t
the use of alternative carriers along with si

Recently, other types of conjugate vaccines h;
by a different way (i . e. Bi ocsaoirjau gngt eocsr dp rrees
carbohydrate antigen in a diffi®&f7ént protein d

GMMA

Gramegative bacteria naturally release Outer
1.9). Generalised Modules for Membr &amg i Arteir @ e
bactteoriiancrease their release Liapidd 98.du ®&JMMAd o
mi mic the surface of bacteri a, with numer ous
i mmunosti mul atory mol ecul es, such as LPS, I
adjuvalngd cMmatydi{i ons are usually introduced to

mini mize the capacity of GMMA to promote react
an i mmunopotentii altiokre erfefceecptt oorf 4t,h qwihTiotl@ll i s1@ 2
GMMA have optimal size for stimulating the im
antigenAg, ef @gcitcl@iltlatacntgi vBat i on. GMMA can be p
simple and robust processgotomahtbadbbiengacp
interest[ 9871 LMB8BED.after fermenation of mutat
as pure particles thrpogh @8] simple filtrat:i
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Figure 1. 9. GMMA are OMV natumealglay i vel bacecdr i
frégmoO4]

An advancedghGaddveAd Ov ac c i Shhei gted | @n Eseoentmteoin has be

tested in Phase 1 and 2 c¢linical trial §105how
108] so, revac8iywaarsnabhféeerpeli mary i mmuni zat.i
[ 107]

GMMA as al t er nhaettievreo | coagroruise rP Sf or

Recently it was demonstrated that GMMA can be
[ 99]For their conjugation, different strategie
LPS on GMMA or SI DEA chemist[rly0l8t]l]awget idegnopsor
when antigens are conjugated to GMMA, their

unconjugated versions. Al so resulting conjug
conjugate, e. gaisemakired IBddMAxc aGRMer ve a dual

and antigen, i mproving the immune response of
response t o GAMMA it sel f .
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1.4 AMR Khetbsriiedl a pneumoni ae, Typho
Kl ebsi el | aSpingeenglaa moareé | among the pathdbgns |

priority in terms of vaccine development to f

targets for vdddi9ie devel opment .

Kl ebsiella pneumoni ae

Kl ebsi el |l a( Kppn)e uimsmreaga@&ri ayre b alEn tee 1 awbma dothenntilhaeg e & d

causes an array of human diseases including ¢
neonates and i mmunocompromi sed [HdoDt,s KpAg retpir ces
a serious public health problem worl dwide anodo

pathogen contributing to infectious dedqtlig,in

113]

The Worl d Health Organizati omr i(oWHO)Y #rlasss iasmtmilkb
pat hogen and it is also class[i33 edKbhd]somataaf
resistbhattdam antibiotics and its genome cont
horizont al gehéel%caosteng( mGTe thanlBhPi0e AtMIRO o
treatments are increasingly |imited by the hi
are no |licensed vaccines against Kp
Hypervirulent (hv) variants (Figure 1.210), <ch

Thes&phgtrains are known to cause serious de
i ndi v d u@|Tshlel 8pjr eval ence oKpAMReins cobmpar edntb
strplhgpbut recent studies highlighted the inc
hwWp with production of aexteaded spectcraumapenk
classical Kp strains RhKapv eviarcuglue srceedi pil hées imoabn d 10
into MDOR htyrlazn,s .12 1]
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Classical Kp Hypervirulent Kp

,ﬁ .‘:EQ K-antigen

waseaw~  O-antigen

~ongo® 1ype 3 Fimbriae
=——a® Type 1 Fimbriae
{_, Enterobactin
€ Viersiniabactin
> Salmochelin
c Aerobactin
O Fe*

Figure 1.10. Virulence factors of cl §d422¢Tdle a

capsule is an extracellular PS matri-Kptéataen
LPS is an integral part of the outer | eafl et
and-Kpv strains. Ty pe dr eanmde-bibyupaed e3a dfhiemsb rvieaest r
scavenging siderophores are secreted small m C

medi ating their uptake.

Many of the vaccine candidates designedAgaover
the two PS antigens exposed on Kp cell surfac
the i mmune evasi phZlthec lcampisurh eo ft ypa n tail gfen) k(nk w
or-tgkpe, is historically uvAsge dpltaogy ian dcircuactiealt hreo |l
from innate I mmune response mechani sms, evad
reduciomggi teon and adhesion to epithelial cel
antimicrobi al pepti degdg 12H#adwe vheer cdurp | teanetnht e caarse
serotypes, with geographical and | ongi-talde mtal
vaccine MWigtho>p0okKide[] E2dUWbhscpuouseagehal |l enge
of an affordable vaccine, especially for LMIC

applicable to PS having different structures.

|l ndeed, 186 distinct K Ags -hawesbsequendeati ar
these have been structurally][ dR&rAaoth&l it heed da rf
K-Ag, K1, K2, K5, K16, K23, K27, K28, K514, K6 2
serotypeslgrprodaldppr ox i-Kmatiesl oyl a7rtOe¥s odr ehvc P8 Ul e

A more | i mitAd mMawdernotfedd been i dentified, &
O5 in Figure 1.12) are predicted tpl2dyvel28ye
For thi sAgr ecaosuolnd, clbnstitute valuable alternat.i
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Kp cell surface

Figur 8t L ut 1l bAge smoosft Kommonly found gl obally.

01 M \m ( (B3 T a3
(01_v1) % 7 X '%“L—{ U A 03 yer a a2 a a3 a3

(03 long) n
02a %:,-I T -‘:%
O-Ag (02_v1) L/ 2 o3b

Mt a2 a3 a3
{ (03 short) A
{’. ) (g N

05

Kp cell surface

Ozafg % ; ~:£‘ - % T Y
= d 04 . S
(02_v2) Tt A \ /A L A

Man Gal Rib Kdo

e 0 w O
Figure 1.12. Struct«mges of most prevalent Kp

Preclinical studi es -Agawe ns huogwant etsh e ne fofili-BcBadciye not:
However, it i s-Agohiwopll eeayrsl ya idfi stthenc®i ve rol e

and {Alge a@ti body may not suececepeciall y[ 124 el 3
Given the complexity of Kp, mul ticomponent \

promising strategy to provide broad vaccine ¢
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Shigella sonnei and Shigella flexner.|

Shigellosis is globally the primary bacteri al
200, 000 deaths per year. Notably, 30% of thes:
i n LMIICGB6el]yond the morbidity ahhdi geodfleaalk i by s duee
|l ead termoeffects, such as stun[tl@,Talkldd8lcogar
mode of tr arhs ngied s tab@mr dlecradut e, typically thro
consumption of confambhated food or water.

Il n the | @isit ghebleslc abdeeesn, associ ategdi wti dmt asitt i anii tg .0
Shi gaesl loane of the priority pathogehfhd4Dubrrr etnhtel y
there are no avail able vaccines, but several
studiletsl.]

The gSehniugsed | i vi ded i nto four specS.esdyascé&notredriil
boy &ii fl| exOmelrs.qrmBllese species are further di
subserotypes, which are identified bxgtpar sac
LPS-AgO f3.0ms anSifeliexamrer it he most significant 1in
Shi gseerloatSyf g eesi.rserpiredomi nant] ¥43 puiwé4] sob MBCs e
common -imcodmghdadwkdtfif |l essreegroit ypes, wi Shl ¢¥b6ereekc
share a backbone composed dNfactehiyeégl|l ucamams aer
amoBg flsexmdryipes i s due toA@albaclhoowmas( Fiogumhe
occur as a result of bacter tAgpbdgeyingeenzypypme
to the additionaodt glljugd@&&pPs aO-AHhest Oucture i s
di sacchari deaceft adrind #hAoct,r @ 2degoaxlyact ose a-athi-Abt NA

2deowxayl truronic aci d.

S. flexneri serotypes S. flexneri 6 S. sonnei
1-5,7,Xand Y

Figure 1. 13-AgStthac¢c nhuf 8 loiondsebld Ifodt] elrpledyt.
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The primary chall enge i nShtihggeddear akopmemtheomnea
mo s t epidemiologically sigmndampacmentt swaodiympe.s,
Gl obal Enteric MulticewtbempoBSendy vAGCEMEra md ¢tnip 1
S. fl2eax n&rai;Agamcdud dOprovide direct protection
potentially increpasetect > 0835 . %gfdleaxad rdithlgl]|s

GSK Vaccines Institute for Gl obal health (GVG
from bacteria genetically mutated to i-Agreas
del i[ve8]ly.sGNMMAI have been combiS.edf b mera&MMaAnNtr
a f-oamponent for muRay, ooaurnfréntSlomflhizZzixigildblest ed

Typhoidal Sal monel |l a

Sal mohyepHhHi&admbka&d atayphi A, col | ecSailvneo| nyea kl gao tv h
causal agents for a serious and invasive, sonmn
or paratyphoid fever (PTF)Y9INkBOWA, akbabenscehte
million cases and/|[ 13H]y9pOn0i diesa tnhosr 84 lpar @avhalp ye.in t At
approximately 21 and 5 million inflekc3hohe t he

symptoms of these di[skaGlebeal$ée&lr motadsdstib &cnagwsi es htal
geneticalllp7di stinct.

Enteric fever can be prevented with clean wat

AMR is compromising treatment effectiveness.
prevalSThycpeh i$Raamrdat yphi A over -2t0Oh2e0 )l,a shti g3h0 iygehatri s
AMR | g8 8. Typhi, data showed a decline in mul

i ncr easSe hiam asnubAf r i ca, -shilsweerpd g wiii rindcltrognaes EMQYANME s p e
Sout h Asi-@ae merrda ttiho mr dceesp hsatlaonscpeo rrienmai ned $How e
Paratyphi A, gbBr andon hcephal osporin resistat
dr ast[ils8 Nwlb59]ccine is currently available ag
been recenlty 1584;hsed against TF.

The first $dagphnewagabhsained through conjuga
toxoid (TT), S howebdn|d ewgs hr gbomméndadyby WHC
mont hs[ b61Aget her Typhoid Conjugate Vaccine (
wher e Vi iI's comjaugateed pr ot ERMNr.e gluta loibftiaciantei do nWk
manufactured by Biological E (Typhi BEV) . Thi s
i mmuni zation i n 6Nepa8ll,anlds 2Mal awi
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gh the majority of SenTepPRer dteygphi cAsSes!
ant contributing paSPhamgamnyphAin A nicnfeact i
ed | RONelpaland2dm5-Bahg) adeshi mM8@80DBg abo
c fever cases and >40% of casSParian ypdaun
r, until St Paratiypha IAi vacse e, antimicr
t[r1od & . PJITFANnt i mi c rScPhairalt yrphd i At asritr ai ns ar e
f S. Paratyphi A resistan¢da6B8¢ ceftriax

e the epi degmic Pmamreada sy pdhfi A are | argely ¢

Amerfit@a9laedpi omas pnt vaccine covering the
than a monovalent vacci[rne 0Oiln the contr
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2. AIM OF MY PROJECT

My phD projfeaccti laitmmagdcke ttdhe devel opment of glyco
Kl e b s3heil gocalSlad mom® | Weaar e used as model antigens.

Il n detail, the objectives of my PhD project w
1.Devel opment of simplified methods for PS p

2.l dentification and optimization of a gener

having diff;erent structures

3.Use of novel carrier s, |l i ke GMMA, for t he

conjugation with genetic engineering;

4 Evaluation of the I mmunogenicity of the no
ones and with-imtewud eoenicemmamong the differ

34



3.Devel opment of faorg etnheer ipcu rmeftihc
analysis of poKyebsclkebaliadeselum

3.
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INTRODUCT ! ON

ebsiell a( Kpn)e uimmreaga@&ri avme b aEnn tee i awbna dthentilhgec e & 4

uses an array of human diseases including ¢
onates and i mmunocompromised [hddt, s KpAdg retpir e
serious public health problem worl dwide anodo

thogen contributing to infectious dedqtli®,i n

3] The Worl d Health OrgHpaszaa i amnriiptiWNHOg! -has ar

sistant pathogen and it is al &3¢l asl«i]fi ed
fections treatments are increasingly Ilimite
te there are no |.iIMaearys eod ueaicec ivnaecsc | angea icnasntd it
ars have targeted eithetigapsull ®hepodiwyss podly
posed on KA28é&lelprsewrefndadeng i mportant viruler
asion mechanism of Kp. T h ea nctai pgsegl) e(tkiyyppe , i
storically used to indicate the Kp sewiotthype.
ographical and |l ongitudinal powvahtenal vaaci a
O-A¢ and/ orO-Agt ol paeVvi de e[nlouxglhhicoveoage chal
vel opment of an affordable vaccine,gemsspeci

thodol ogies easily applicable to polysaccha

deed, t o daltoec,usl 8s6e qduiesntciensct( DKNA sequences er
the biossgt)hdaive bdbfeemnmhe dike WtK-Ag esdt,r uachti ul ree so nt
aracterizefilamnd IXICheelnsicfailedstructure sAagdies
peating units (RUs) have a | engtlh7 1rjGmeg i ;mfg
gars is wusually represented by an acid comp
ird (Gal A) , whi ch makes the Kp capsule anio
gars such as gal act ossee,angdl ucosas i omaanl nloys ef, u
corations, consisting ma i-ancl eyt y daf,c t oYorr mwld t ea nr
ut amate groups, contribute to t[hle7 Iv,ahle7ex]gl a
pyruvate in immunogenicity has been scarce
cteria metabol i s[n73vCamnuJernsel,y ,ande sgpriotwet hi t
croorgamciesmd at Don was highlighted as extre

thogenicity [07.8dTihfef erroelnet obfa cstuecrhi ast-Agchaeds
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to be further investi gadedtyladttihomugwe rpeyriunvgil @
cytokine[ ldd]Motrieceaaxcertyl @&ti on seems to contrib
promoting cel |l [ald/hibegsi on of Dbacteri a

Unl i ke the wAde omrkyg eiyv@®fb&ken i dentified witdl
OoO1lv1l, O1lv2, O0O2v1l (or 2a), O0O2v2 (or O0OFa4daf2g),, 183D.
176]01 and 02 are described as vabgahactiagvil)]|
b-D-Gaf{ 1 Y-B)-Gapt 1 VY] @gdl actan -Ub-Gapt [L Y-BD-Gapt 1VY]

di saccharide repeating units. O2v1l (or 2a) 1is
Dgal actan | . Olv2 and O2v2 are a branched ve
gal act oegsael atcd abBb |, tho-G&NL V-fip-Gépkk 1 YV AP/ ap( 1 Y]

trisaccharide repegaliagfam7]Cloinvedsebaiy-Ag OB@san
composed of mannose homopolymers. O3 is furthe
in the number of mannose r esi d-ues$ et nsda cacohdasrii sdt
RU based on ttihoen paarl eydoeeri{mgan8e|$idmi | arly t o O3b,
ma duep o fmaa ntorsie chain but differs in anomeric
nomeducing ends of both O3 and O5 RUs are ter
respe¢tlicoél y

Polysaccharide purification is theKfebstdabkap
identification of t he most appropriate purif
structures and properties. The aim of this wol
applicable to KRAgpalmAds)aepbwadedebky (Krom their
features to obtain sufficient and highly pur e
i ntegri ¢ ysttétpe trtgfhiecmapadt of deaoewyl oasd pyguv
on I mmunogemioantdy iits imotf und dme p@d ly stacc cphrae s edrev

during isolation and purification steps.

The meteved oped can not only supppdrentf potl grsad
based vaccine against Kp, but also allow the
to better understand Kp serotype variability,
creassactivity among. Caohinfsfi @lreenthg sdrhet ypegh di

polysaccharides, this method could semplify t
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3.M\ ATERI ALS AND METHODS

Chemical s

Sodi um c hl croidd eu m( (NecEDtNieet)dei um s LS @ h a tsep th(ioNsam &
deuteri updD)o xfirdoesA I(SDrg ncah ; cal cipum ccehtlyolr itdrei nfeQahC
bromide (CTAB) from Carl o Erba; ethanol ( Et OH
hydroxi de T.Na®BHkerd)., Mi cr o BCA Reagent Ki t
Trifluoroacketic acid (VWR

K-Ag polvsasohand omsr i fi cati on

K-Agsol ati on
Kp strains werFerpguastoend (PfograaWaopr IfestiesaZcHO D . @5L g/ I
KoxS@Q1 g/ L, NacCl 2 pl&Mhldsuanrcadveat2zed g/vie)rni ght (O

the bacteri al bi omass was collected with a so
suspension was incubated for 6 h at 100 AC in
cetrifugredf IA0M@ION, 4 AC) aomhtahei pgl psupec mat ia
and filtered with 0.22 Om membranes.

K-Agur i fication

The bacteri al supernat atnienwarse sdorliuvebdi 1 hyz eldy a mh
obtained was adjusted to a fi na® oColMABe Mt%a aitsii m
NacCl , 109@aMh dNal0 % CTAB and heated at 100 AC
mi nutes, the solution was centrrcfifdrugh% enmii mut

supernatant separated from 0@a&ngpehdaetted datl uld 2
After centri fugatfiRIn ,( 1t5h emipre,|-Agd vao ng @li mh inlgi 2
Caegl Pure EtOH 98% was added to the solution
mi nut es at RT, the semerndtugnrt | wracf(RB) Ima nd e dtil
with EtOH 98% to a final <concentration -4 80 %
was isolated by cenngfi RipatandnspoplbbiminzedO00O®
solution was further purified by use of an Am
with 0.22 Om Millipore filters.
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O-Agpol ysaccharaindde o uirs dli actaitd o n

O-Agsol ati on

Kp strains were inocul atragd a@N itrh elnBosifhd dlitiend K& ¢
medium (compSVe&dgoePQIKBH 6 gALTLHO e SO mg/ L,s 1 mM
0.0005% vitamin B1, 0.1 % casamino acidscfO. 4
[ 181]Then AcOH was added to the culture broth
for 2 h at 100 AC i n R5.9JTehhee amaetde rtihaelr moabs otctke

r¢f 10 min, 4 AC) and the supernatant coll ecte

OAguri fication

The bascutpeerrinaddlt ant was purified by Tangenti al |
wei ghotf fc utMWCO) Hy dr onseanmbtr a(n2e0 Oc acsns et t es from S
concentrated to 40 mdL. 4 pralt/meiart;e RPilmowl HBarom FHol
20 volumes of diafiltration against 1 M NacCl
(pernrmed | ow:9 . fR2r ontb / T™i h ; Pin 1 MRarONaPfofuetr 02 5504 nbh
3.7 was added to theetsadat e@tcomcemt hatvieom dé&fi nal '
30 minutes, the supernatant was coll ected by
chromatography with Sartobind S MA75 filter:s
chromphggbyg using a Hi Trap Q FF column was ap
by TFF was finally OppAas dloutmean ofnort hae kpwfrfidr eaxc

condition reported above.

Anal ymeit dald s

|l Nt er mthahiratceri zati on

Polysaccharide concentration of all/l pRIAD fas at
described | ater and it was used for calcul ati
mi cro BCA, serogm hobbumen (BSA) as a referen
instructions [Thermo Scientific]. DNA content

wavelength of 260 nm with Lambda 25 spectroph

aciohceentration of 5Qessmgl/.mLT hpirso dnuacye so vaenr e i ma 1

in part due to other UV absorbing impurities,
acid impurities. The % oés pcompamedcantdo nuact &Il c
was <calcul ated. Supernatant separated from th
water to quantify the initial amount of PS. P
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composition of the bacteri al growth interfere
CTAB, the intermediate was diluted with NacCl
anal yses perfor med.

Hi gh Performance LbgnedEXboromabdbog ChPEGnat ogr ap
Mol ecul ar si ze di standeAugdsi owne roef neelalsSulg.CErliIKfbigesdH Pt
6000PW (30 cm 17.5 mm) column comoettumd {B80se
7.8 mm) andx@gubd®ld gel utmwW (4. 0 cmmAKs 6mal emom)l awa ¢
(MWgstimation, whil gcol U3 &8I0 G330 X0 7PW@xLmm) v
guard column (4.0 cm-Ags6. 0 nmmptwasasesd Ppad | (
standard cal i bir5ad i kobha cruddmyea nff@mPi0Da-Afgor a@d 0. 1

NacCl , O0PIQ M5BaANCN, pH 7.2 buffer was wused as n
and 0.5 mAgmieag OounK, respediwidvelktyi bMaodd®noifwatst
both polysaccharides. Polysaccharides peaks w
detection at 260 and 280 nm was wused to follo
during therpecrisfsi.cdAddoni onally, fluorescence
to check protein impurities.

Hi gh Performance Anion Exchange Chromatograph
PAD)

Al | sampl es, di | ut eld, ttoo fhi anvaed evaocl hu mseu goaid 04n500n o
eg/ mL, were hydrolyzed in 2 M trifluoroacetic
(Mul ti wave PRO, niAmnt adi &taiaocn mwowér aof 700 W (c
mi nutes. The heating time to reach target tem
experi ment was performed down to 55 ACednbyg
Speedvac (Thbeomefi sdewif, i want4es50 andurmi-@&lelrse dp luas
filters for chr omaitPAPr avalsi @ ea f alrymeids .wi H A ERC Di
with a CarboPac PA1 column (2 x 250 mm) COouf
Separationwa$ peefeuvumadswith a flow rate of O
over 15 min. Next, a 17 min gradient from 0 t
Finally, th-eqgobl ubbnawad weth 18 InMe Nta OwWad omo 12
using an electrochemical detector in the puls
an Ag/ AgCl reference el ectrode. The resul ti

Chromel eon software 7buwi.l tCawiitbhr ad i sonng acrurmaerso nv
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Man, GI cNAc, Glc, Man, Gdl@dg/ mel.c Alhe esatcahnd ar d
the same way as the sampl es.

NMRanal ysi s

The mol ecul ar S tAzges omMer @l Ir eplwrciefdi ébdy Kisi ng So
instrument for 30 minutes at 130 VYWEQ( ttelre coar
was | yophirlsiozleudo ibleifzoartet on On. deuteri um oxi de (
Foradetyl ati onH mM¢MR us peamsrotea tdvedd0ed MHz and 298 K
Avarndd 400 MHz NMR sakuéesomeeerpported wasppr
cali brated at 4. 79 ppm. The standard Bruker
interpretation.
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3. REESULTS

A gener al Mgt heoxdt rfacrt i O©n and -rpeugatfiivceh talis @ cbt ecernic
previousl|l y58evéBtB@pewds based on direct acetic

whi ch enabl eisnascitmuvliattainoeno uosf bacteri a, without
t hlei nlbaed emtelech eBdeoxyoctonate (KDO) of I ipheoly
' i pid A, r/Ad ealsdinmgs tihreThGhe asoipedrinrne@nde g Kel @
but aAgsomtk the supernatant. Bacteria were boi

a centrifugatioewbsep.artahe dbdctoenr itdle -Agp-eOnat

Ag and core but also |ipid A, DNA and protein
A STEP 1 STEP 2 STEP 3 STEP 4
(DNA precipitation) (KAg precipitation) (KAg precipitation) (KAg recovery)

Supernatant Supernatant

CTAB
Sodium

Solubilization in Solubilization in
CacCl, NaCl

Dilution
(removal of

chloride proteins and EtOH 25% (DNA Ultrafiltration 10K
/ OAg) precipitation) (Removal of lower M
EtOH 80% (PS protein and DNA)
/ % precipitation)
[\ Bacteria KAg
boiling
~4 \ STEP 1 STEP 2 STEP 3 STEP 4
. My (protein removal) (DNA and KAg removal) (OAg recovery)

AEX column
(DNA and KAg
bind to the
column)

Acetate
precipitation
+ CEX

filtration

Ultrafiltration
10k

Fi g3ir®chematic pr eAcge s(sAe)sAgfnddlBYX K puK i fi cati on.

3.3. 1-Agp iKicati on

The first -5¢ epuroiffikkpatKk on was based on a fra
surf &tTABRAB3,and&4L] . CTAB compl exes negatively
precipitation-AgBcoht BNAsamegKti vely charged ¢
density due to the presence of a phosphate g
presoenmeeg ati ve charge every RU, generally comp
of 240183V, 184Wwas poggiektligpittata wag . f€C TANBA caomt |
onl y MW®MNA@t, hat prwli lpAegt Erteensa,i ns i n sothéeneatedrt
fodrh at 100 AC to induce protein déAgawitatif omk
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proteins, as observed whe®eAT ttelri sc esn@ & /4Bf Muagsy tepiledr rd t

waseparated from supernatant

I n the second step of the fractt ionteadu oTrAeBC itpoi t
formompwietKkiAg wipirekei pi t a-A@ST.ABT hpeen,| eK was sol u
Caedr 1 M NacCl t o cradpNoarcseo VOEEIAIBs twi d hmdofsettoadt iso
precipitationt perees emeref SrmétdomMacNcae | ef a 8d Twwooe c |
more precipitation steps invol vi negd rapg thralimcel e g .E
Ca@INaCl sol uaddeadEweisBB %r s 81 cohoeaotfdiattihtea, r ec
the pondseéomwerwenbgecuDBAe bBNodsi dwinih ®dGH 8 0 %

final concentrati onAd ofrr anher epsriedcu aliTtHaet A IBansatod s
consi adeédfoftrati ba e aegveeirnysMWewiaotteeri ns and DNA
formed during AcOH hydrolysis.

The purification p3r Aceasmnsd3lTsgpbslbeowdes ndEt gt e o
characterization from three separanti,perdg fiilfya
t he gradual reduction of {mgotads teeag malé sDaNVATehd h e

extraction of K64 was carriedbguwti |Ifirngm wtihteh saan

acetic acid. The characterization of the int
effective, even when itmet amB8({f)Tlaab!l est ep was con
Tab3l.el-g purification: characterization of int

Sugar step|/Protein % [DNA %

Purificati onfgo Kk1IK64dK6I|K2 |[K1IK6IK64{K2 [K11K6 K6 4

A A A

StepSupernat
DNA precipi|87175110389|12,/9.119448,/82,)7. 710,12,

CTAB

St epeld | et s

CagIN&C| 88 |75(62 |92|6. §7. 111./5. (62 )5. ¢1. ¢3. (

Steppedl |l et [

. . . 805694 |58|5. 4%5. §2. 3. ¢3.¢1. ¢1. 15. 1
precipitatio

St epf idnal pr i J i .
10K a nein (ﬂ.i2271 96 (10410)2. ¢1. ¢0. ¢1. 10. 40. ]0. J0.
* Calcul ated wAd hamesmptecduamt thieed i n the supe
bact*mitae&. t hat this intermediate was character
precipitation. Characterization of K64 purifi

with (K64) and without AcOH (K64
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To verify the impact of acetic aci-dntirgeamsne wt
extracted fr omekK2,{ Fpogs) Rygnali IKibmlg bot h with and

a B o B
4 1 201 2 1 3/7\1
D. D D DO
3
1
K62 <«
D

. Glucose = Glc; O Galactose = Gal; . Mannose = Man; QGlucuronic Acid = GlcA; A Rhamnose < Rha

Fig8r2tructure of K2, K62, K64 antigens

I n al HPt-EE@wal ysi s indicated mol ecul ar size 1
hi gher Wicetds acid treatment facilitated sepa
K2, the structural integradet ywaast icomfa f&breetds ame
treat sneleatbd29(. Forackt 4ll adPelonwas not 1 mpacted b

but the | evel of pyravaecEtgdyx®dhdBttn @omg eoransi trdgea
apparent mol ec-BEEGrf egaampdhrye HPiLEE K2l ca nlde KbwRe t ¢
i n ctohnef oranfattitoen PSgoadh)@hBsdeével oped met hod was

additional 11 serotypes, some of which have u
Tab32e | mpadAtOH on saccharidacgtgl ditisnhze and
K-Ag ExtractAmountMol eculOAcl e
type method obtainWeight %
H20 29 mg 530 kD|p5%
K2
Ac OH 36 mg 309 kD|g5%
H20 68 mg 357 kDna
K6 2
Ac OH 74 mg 160 kDna
H20 11 mg 1390 Kk|p5%
K6 4
Ac OH 12 mg 391 kD|p3%
K15 Ac OH 50 mg 58 kDal|p7%

*refers to amaubhtngbfabomedO pl2
pl ates for K64
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A
] o AcOH
[ £ H,0

K2

ren

[\

| /Y /1 / \ re
A A A A LN }

I 3 /)l 3
JUJW | S W10 SO0 O —

B AcOH
K64 /ﬁ 1z H,0
Lo R
L
I l
k,ﬂw‘"’\,J AN ‘U}J WMVVM" \‘J\ N JIK,J . Lo OAc Pyr
| ‘ [
LL/*’W/ VN \JL J r Cj PR .\%J &E:/

Figu3 e | 3opfacA¢ OBNAHO( b aun K2 (A) and K64 (B) PS
NMR andliny vidddg@P-a Ket ylleamealonwas not | mpactred peyxta
to boil ilnmg Kyrywagiteer .| evéely waeti mpaecd @aedtr etad meao

water
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800 K2 1200 K62

RIU
o)
8
T
HRIU

K64 H,0

A

200

Fi gB84 e HBLEC profiles highlight di-Agodrt ean avegd ifnm
bacteri al extraction with and without AcOH.

3.3.QAHprification

For OAgpur i f{ Eagupoe tBeelhdgd previously devel oped
separ @Ag htahiens fr om nlk-ggthiav enlsy CcTther gauper nat ant
(10K membkorfdane tooutr emove | ow mol ecul ar wei ght |
protein and nuone eperce caicpiidt aitnepdu rwittihe sAc OH at pH
coll ection through <cent rsiufoby gatt@ewinotndTd e e xsauhpaerr
chromatography to remove resi OAgwa sppsortfert ams . ‘
boumadnic cont ami rRrAgnt sSDNsAucandaswuasks aguah ergcha
chromatography because it i s ndpeur ieftAage dseo@ uttd c
was ultrafiltrated in order to achieve the ta
to 5 di-Adg ¢ mpensdt B@®ummat heesharacteristics of t
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ns.

Tabl3e-Ay. puri fied from different strai

StrainOl ocStructure O-Ag Pur
3 a 3 Bl(I3 B a

7008B [O1v?2 /), 99 %
1217 O03a | ., (@@ o 3/M\a [ 1799 %
24649 |0O30b ver_| 2D « 3\ [ 1799 %
25827 |04 FO% [ 1798 %
29867 |05 ver_| 2@ 2\ [ 1398%

Q&EOCEEASBEP. Eé()@,w‘la‘loi" '?1DE(AEMIBEE
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3.4 SCUSSI ON

One of the mag$oocicahtadd ewigtels t he delvad o®p meatci
against Kp is |inked to the great diversity o
i n the -Ampy,sewiotfh Kmo-Fr ecit hiade dltnO ftikeids swo rfka,r .a gen
met hod Ags KMpsKsuccessfully develsepodypwlsi clg
ot hetructur al vari ati onpurTifAiys Kwe tt ho dni piri andad ¢ @ ¢
mai ntains their staocbeciahl|l i hoegrmathpenwethidels o
i mpact of certaaocaesybegtyijumantehhe( e mgnun@ r espon
vaccines need [ d8Jbmictad nivsesitmmpartteant to be abl
characteristics

I n the literature,-Agepuriéwcmameti bodhafver bpnKp
involve histpiB8al 1Bpbeocg@mlBileiscati on met hod de
Gormus et ailAg, sepmpltiypee t6g Kncluded the treatn
such as phenol . Il n another wor k, dat i nggd,ack
usi nlgorolf orm and butanol . The use of phenol

polysaccharide purification requires the addi
decreasing the yield and increaseagnthy, cOmphi

published on the purification of K2 by making

K. Compar ed-etxa stthhengalprreoacceys ses, our met hod i s
CTAB and avof dsoxihe mesa&@gents and enzymes. Fur
process relies on its versatility of applica

structur alAgys.diWhfeenr eintt ckomes t o deved opasng arful

it is essential tod hreawe s& ,gemenidecvwvet opdaehor o
antigen will be -¢t@®owms emipreqasi ve and ti me
K-Ags arfrceovmbmntly | inked to the bacteri al me |

supernatant by just boAdsS ngr &€ haet thach ed itao tVh e
' i pid A anchor, and acid Treatment wstmeadedi
extractiofgsef abdgs Of Kom only one fermentati on
establisAgpdr i bfé&®t w82 ]sl i ghtly modi fied in t

removaAg odh&i ns.

The acetic acid treatment of-Agagtiedida ,r dadl ca
size. This is not a problem for the synthesis
results in highly vilsttcotwas puroidfugycotnssnid§lra8eipt.rd oy dd
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However, i n-ltahbei Icea sseu hosft iatciednt s, e. g., pyruvat
Il n condacatsy!l, @&r clugpsi laag eamd kmdti aff edMoe@olverace
structureApd imangnénst wmet hod can suppaedretptthhe]

characterizati on.

Even i f the purificabl e®nt onelid Didtelaesssii leKl d da  gompel!
t he methodol ogy wvidh am 6d pouidirekd piregpadrilvye |l v sadh ar g €
Sal moneVlI aCBSghpigre |l | aO-Ad(Exmgd)priea®.no precipitati
i n dtihleut jnoenc esstpeappqaov®@d separation of the swugar f
Furt hewi ltleshte netdeddjostordeal't concentor aaliloonw
selective DNA prrtse sit pipt atnido™ Si n stoHetfiion after

L,

e}

O
e o

[e) OH OH

RO
RO

HO'

HO COOH
o

AcO
COOH o

NHAc
HO O O
OH AcHN n

A) R=H or CH,CO B) n

Fi gu5AR)SBigel |l aOAd egsnhewmntsbrid uted by a | inear
[ 20L-Rhpal(' 1 Y-BH)-R hph!( 1 Y-B-D-GapA-( 1 Y-B-D-GapNA€ 1 ¥ ] wi t Rh'a'

var iGadbdegt yl ated i[nl @DBa It mome NBi aoCP ®lp BViti r U st war d i
homopol YWmeMa coeft yl gal act osamiet gl rad-&idp @g clitod@n C

Ac = CH,CO

Il n concdeaemsamingod for purifying and analyzing ¢
devel oped, which wil |l support the desWhem adft
comes to developing multivalent vaccines, as I

for P®nNn saonldatpmaki ngafif ec dbs treef faincdi etnitme
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4 Gener

il ¢c PS conjugation method

4. NTRIODUCTI ON

Traditio
subseque
have a r
shorter
manuf act
l'inked t
the prot

chemical

nal | y, ac @®njpurgeaptaer edachcyi nBS extraction
nt purification and Tth&Bmicae enyi ofgt
ather | arge molecul ar weight (MW), th
saccharides of defined MW range, wh o :
ur i ng raancdt eanbz8a§tti iofththle] clma bohydr at e mo
o the carrier proteinjbasedt wo ®mR&i © oa
ein through activation of t b ensoefs mé n

activation of mul tiple groups along

l inkers are often used to increase conjugati ol
conjugate components, PSigaantd otnh ec hceammirsiterry ,p rtohte
the saccharide | oading and the sacchartildee ct

i mmunoge

nicity of glycoconjugate vaccines and

gl ycoconjuy|®di ¢ f ecant s¢chamegbesn proposed to

vaccines

, Sselected on the ba¢iTabbedBhe)Xlpeci f
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Tabd.Qummary of conijeusgati on chemi str

PS
. Conjugation o
functional Reagents ' Characteristics
chemistry
groups
Random chemistry
) One stepeaction PS activatiofconjugation
CDAP Cyanylation . . . .
No isolation of intermediate.

No use of linkers
Random chemistry

Carboxyl

o o Two stepreaction carboxyl introductioron
Carbawyldiimidazole| moieties . _
-OH . . PS+ conjugation
introduction _ _ _
Isolation of intermediate.

Selective chemistry

NHs*/ NaCNBHs
End terminal| Two stes: Reductive amination on PS
reductive conjugation
ADH (linker) / g
amination Isolation of intermediate.
NaCNBH:
Use of linkers could be required
o o Two steps: oxidation ofvicinal hydroxyls to
Cis-diols Cis-diols . '
NalOq4 o generate aldehydesconjugation
sugar Oxidation _ _ _
Isolation of intermediate.
_ Random chemistry
Amide o . _
-COOH EDC/NH:R ) One step: PS activatisonjugation
formation

No isolationof intermediate.

Le¢d 93dteinf icgdxddi met hyl ami nopyridinium tetraflu

fast, s$smepecomjnegati on strategy. After BS act
the hydroxyl groups along the PS chain throug
added to the mixture without i sdl7at,i olndalofu steh e
linkers is required, thus avoiding additional

activated PS reacts with amino 4Ir).ups commonl

Activation of the PS and conjugation efficien
and requtiirmes pH redjlust ment as CDAP hydrolysis
of CDAP is hydrolyzed dauriema att henol'@af aimphxma mp@®
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mg/ mL C€DAPendarartd sombodd smM,o0 whi | ei satO .ptHL 9ImM.OHT h i
the process difficult to controils amhle cthad ¢ eg

empl oyed for the adjustment of pH.

The control of reaction conditions is import a
the activated PS as wel |l as the possible side
i midocarbonat4d ) (I MC) (Figure

Cyanate
NH
Hydrolysis ||
C
"""""""""" : / N\ _
: (0] HN—Protein
CDAP : : Protein-NH, - /J\
Polysaccharide pH 9 a Polysaccharlde b Polysaccharide
Activated polysaccharide Conjugate
(cyanoester)
o NH
\ [ |
Side
. C C
reactions / \
0] NH, 0/ \0
Polysaccharide Polysaccharide
Carbamate Imidocarbonate

FigditActivation and conjwigat CODAPpcbhbemssesy.of
conjugation pat@asnfdi c asea c g, dalnfd,s hwdwi de r eact i

in which both PS, CDAP and activated PS can b
To i mprove the manufacturability and the repr
were propo[slexds5]in 2020
1 Choice of the bas&Jse of4-Dimethylaminopyridine HCI (DMAP) asdsefor PS activation
instead otriethylamine DMAP is compatible with CDAP but considering its pKa (9196],
it has a limited buffering capacity at the target pH, so there is still the need ftinreadH
adjustment (performed with sodium hydroxid
of pH overshooting during adjustmen®everal other buffers have been tried, but all of them
resulted in lower activation efficiency, probably due to direct reaction with CDAP.
1 Temperature[195] Performing the reaction at O °C in an ice bath instead of 25 °C: as the

CDAP reaction kinetic is too fast and influenced by temperature, this method results in better
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temperature control and easier pH adjustment, as the reaction lasts 15 min instead of 3 min at
this lower temperature.
I n this work, the protocol owafCuWrAPp earchiozvemch k @ n
it more r obuMtr &wcdre crtoenesa tsitcem ctomadinp awthe godl i
attributes of welse ufdii alr tdhemjmog &t est ati sti cal
rapid design of csotnrj wogtau ressld i e ahts wdraeisl eo et it ma |

design for an increased i mmune response.
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4 . MATERI ALS AND METHODS

Reagent s

The following chemicadl, i weabi cgetdDAEROO, DNIARP a
Luti dDeaenet,r an 25 k Da and 150 k Da, AdN-pi c
mor pholino) et hanesNelt-NM ®Bliianetac | d mi(nvEPSr)opy !l ) car b
cysteine and sodi tAthdpyrcthy tSd . f Reolm§H § ividagn dUs A)
Kl eb OiAeghdrae purified a$ lBreKliOwSitglaldmascf obe@P S
were cultured-rorhaihea mgedécloyndragtaeg medi um and CP
descfilb8fhe Vi polysaccharide wWabs3|]giMbBi ddk Ba

was obtained from GSK R&D (Siena, ltaly).
CDAP solutions were ACpahedDABCQOOoImgt man i wa
M concentration in water, adding 1 M HICol d o

dilution of the solution). The 0.5 M DMAP sol

pH 9. 2 (etdhiisn rpets ufotl0d aditleut il®dn of the solutio
prepared at 0.5 M concentration in water, add
aftegrolldo di lsudli wtini @) t he

CRMowas prepared in saline with a 5 mM DABCO

buffer exchange using Amicon 10K (Merck, Darm
at 4000 rcf).

Software
Design Expert 13 (StatEase, l nc. , Mi nneapol i
el aboration; Minitab 18.1 (Minitab, LLC, St at

anal yses.

PSctivation

The PS was solubilized in water (with the eve
Under magnetic stirring (in an ice bath at O
50 mM concentration at pWiHs &d (ian t®eo mae-tLaxvpeedrbinred re
met hyl i Mimed hyllenor phol i ne, DMAP) . The CDAP 100
added to have the desired reactant quantity.
aliquot ofwashansabdlyuteidom or calculating the PS
for conjugation.

For kinetic studies, at different time points

mi xXture was anahytée gasmpthepariabed
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PScti vdetgirere bBSE@HBLEsS I s

An aliquot of the activated PS solution was Qg
ADH in water and maiExtcaeissed ff o&AfDH2 phr esten25 i AC.
with a PD10 (Cytiva, Chicago, I L, USA) -di sp
equilibrated with 2 M NaCcCl. The sample was di
| oaded on theck opmuone dwirteh asst ar eported i n the
i mmedi ately after, 1 mhobtimd ®f N2ACH mbh okathbe
column. The sampl e was fiAfattdry red mdwal woft ht Be

excess-ADHhes ampPdLe , ( WOQ h a concentration in te
15.7 nmol/mL and 156. 7 ebmof/ mkyuwase addkedt it ®
pyruvate di sAscoONaepdH i3h. &) mMiJnderi vatized sampl «
bl anklL a&@a00AbDH $#&Empl e at the same dilutienh use
of water.

The calibration curve wat)bunl thewi thanBiB360.§% 456
nmol / mL,eLamd BOGemicarbazide solution (100 mg

oAcONa 10 mL of water) was added. AlIl sampl es
and then anaBECedlL8biynjHHRLC 0on) on-Xla d&lKgmh @Dd
Bi oscience GmbH, Gri eshei m, Ger many) using 0.

containing 5% ACN as emuent at a flow rate of
Foguanti fication of the activated groups, 252
corresponding to thADWywavatermdecti echit byeduPBi
corresponding blank (i f notcane®@lni guviililhe ) esmpde cu
curve obtained-KWiOt Istaerdiac alr lpeakdar eas.

For PS quantification, a refractiADH ismadex ed bt
was measured for the quantification with resj
31.026G8y / mL .

The activation degree was then cADd#Hubatdedatca)
amount, considering the MW of the repeating ul

the ADH and saccharide rie@g$iog bet ween the A

Conjugation

After PS activatibotn dabonet Z®ohmge/dmICRIMh a sol ut
NaCl at pH 9 was added to the reactiowmtadato.0 TA
reaction mixture was kept under mi xing at the
needed (typically 25 AC for 2 h). After conju
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pH 7 was added in equal vol ume with respect
cyanoester groups, and i8heAQ eoavcetrinoing hmi.xt ur e w
For kinetic studies, at di ffieacditt itonme anoi alti
reaction mixture was quenched withi8nAQ qouvadr nvi

and analyzed.

CRMo-ADHy nt hesi s

CRMowas derivatized with [ADHIBsi @fdewaiso PR M ad &:
10 mg/mL in an 80 mM MES buffer at pH 6 wusing
10 min at 4000 rcf) wwADwH s( AaDdHY epdn att ce iaCiRtMe r 3 0 5 s
EDAC was added ( EWWC/ plrhcet eriemcst i®@.nl5vas carri ecf
reaction mixture was exchanged with 5 mM DABC(
foll owed by 5 mM DABCO 150 mM NaCcCl at pH 9 (¢

(Merck) ceevircéugation d

ConjugadedsrMWnati on
Conjugates were-SaEfadl,gdend et i dPMDC on a TSKgel !
Bi oscience GmbH) wusing 0.1 M NacCl 0.1 M sodi

el uent at a flow rate of 0.5 mL/ min. For MW
dextran MW satAdmddarcdch)( Siagmbrati on curve (50, &
used performing a |inear regression between |

(the modMWdio$t theuti on) .

O-AgMWdet er mi nati on
O-Agwas analyz&&Cbgi8@myj@cti on) onXla cIdSIKgmerl (3T0c¢
Bi oscience GmbH) wusing 0.1 M NacCl 0.1 M sodi

el uent at a flow rate of 0.5 mL/ min. For MW
dextran MW gmdnddarcd)( $alibration curve (5, 1z
performing a | inea(rMW)e gared sri etne rbteit ome etni rheo.g Da

mode &MWdikeéribution).

Par at @AbguaAti fi cati on

OAgguantification was performed by measfuaGn]g t
considering the polysaccharelL de fcroeo@ eat isrud fuwrmiitc
added eL,oobO0O@ach standard or sample. The tube:

cooled in ice for 10 min. One milliliter of
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posable cuvette, and the ABWO 4@2i7c monl iatner S 9.

of cysteine (Cys) 1 M was added to each cuve
vortexing. The cuvettes werevedlhoemmdretf,t anmd tlH0e
and 396 nm were read. FbBSewah sahodhatea@ands
formul a:

DAAN A ,A"ET Wo I ,A"ﬁ"l LR 'A’ﬁf Wo o ,A”E"I'ﬂrb )
The sample concentration was determined with
' inear regrgaB8Sioh bkbéewetandards and tGhzgi/rmbLc on c
of Rhamnose).
Profgweamti ficati on
Protgeuantification was -BEAf amsmayg WiPtilkr @ae)mi a
manufacturerdés instructions.
Free 1&BRMer mi cantji wgnat es
Conjugates wereSBOGQeaelyZrjdebdtyi 6Pl CoXLacOEKmal (TC
Bi oscience GmbHSQ@Ousli n sOodli uMn Nbahosphate at pH
of 0.3 mL/ min. Ymwasesnjquaanteidf i @RIM using a fl uc
excitation/ 336 nmo®tm rdadlrodb) awii tom & u@CRAY /i mL .t h e
Freeu®t i f iccrajtugat e
First, 1 mL of theg/cralnj (uigratteerdmd udfe dp rt ot €i0) i
pH 7.2 with 150 mM NaCcCl and 0.005% Tween 20
di sposable column (Vydac Bioselect C4, 100 mg
eluted by sapplvyei nagi ra pproessur e over the [ iquid
Then, 1 mL of 20% ACN in water with 0.05% TFA
PS recovery, and the eluate was cokl eaoteéedet @
volume coll ected was dried-swisplendedennriaf sgal
water to quantify the free sadcoO0Odri de by the
For the DoOE runs, the PS to protein ratio in
the total saccharide and the residual free sa
free;®RM not detected.
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MSanal ysi s

First,of2. 6hengcycl| ovthesx tardidne ds atnopl ®o0di um chl or i c
concentration, and then the sdfipl(ecCywasvadedalt
manufacturer s protocol . Two mgLcrodl iat ebr smgad fmLt
of -RHB i n ACN/ wat.erTh(e50r/e5s0uy,l ti ng mi xture was s
l eft to dry in the air. The mankef s p3800000 aD aw eur sei
UltrafleXtreme (Bruker Daltonics, GmbH, Br eme
calibration mixture (Bruker Daltonics, GmBH)

CRMogsampl es af caolhacwitnt ati on wer e-<Eaaat yXe enth$Bn

spectrometer (Thermofisher, Waltham, MA, USA)

with a syringe pump. Tkpesspgaowter &HMRe rmeo dacseggsii e
range meiOwmk®knand 6000 at mz20esoTheiopr ay vWol Ka
kV, capillary temperature to 320 AC and sheat

Design of Experi ment

The experiments were performed over 4 differe

of the design and three center poindt.a2nEHpblieat

4 r2eport a detailed Iist of the experiments pe
in all the ranges of CDAP concentrations tes
concentration of 100 mM. Basedi wat itdre tpirrad /i tme

protein conjugation time/temperature were fix
Al | the responses were measured for each run
DoE pl an ( anwh esna nmee ebdl eodc)k. s

To el aborate the data, forfeatbrrespenseti anl i
and the data were not t-sagef br opavtht! e €& o>me0 . OB
removed from the model using a backward el i mi
Prior to DoOE executi on, 28 Eppendor iSPaule yph?
AOAg (Go02)uti on, each with the PS quantity ne
overnight in a centrifugal evaporator.

The following solutions were prepared and ma
mg/ mIACINni ndi cated in the exp@DARPe®OdE a0 ACpredd
DABCO with 500 mMDANBGOD1 082t AGH; 91 2M( gl yscoidn eu mwi
phosphat eGlaytcljid8® AC)R2; (500 mMA AHDFH0I82nA v)at eXx 54 mM
with 5 mM DABPBGBCOB2 pAHC)Y (20 1mign mL5 A RiM Na Cl  wi
DABCO atCRpVMI2 082 AC)
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Day 1 Day 2
[
5 5@
[CDAP] [CDAP] ®,3
mg/mL mg/mL P 5
1.25 1.25 o 1 PS/CRM
25 [PS] 10
mg/mL
Day 3 Day 4
ay ay o
5 5@
[CDAP] [CDAP] ® X3
mg/mL mg/mL ® 2
1.25 1.25 @ , PSICRM
2.5 [PS] 10
mg/mL

Fi gurZeOH

ruans

rsecphreensaetnitcat i on.
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Table4.2: DOE runs conditions.

C @ o Factor 1 Factor 2 Factor 3 CalculationCDAP/ o5 535155 ngr:gi&s);n run T
& %S A:PS B.CDAP C:CRMugr sugar ring CDAP sugar ring sugar ring solution solution solution
mg/mL mg/mL PS/CRMug7 mmol/mL mmol/mL wiw mol ratio nL nL nL
1 Center 6.25 3.125 1.5 41.3 13.3 0.50 0.322 31.25 233 167
2 Factorial 10 1.25 2 66.1 5.3 0.13 0.080 12.5 200 200
3 Factorial 10 5 1 66.1 21.3 0.50 0.322 50 0 400
4 Factorial 25 5 2 16.5 21.3 2.00 1.288 50 350 50
5 Center 6.25 3.125 1.5 41.3 13.3 0.50 0.322 31.25 233 167
6 Factorial 25 1.25 1 16.5 5.3 0.50 0.321 12.5 300 100
7 Center 6.25 3.125 15 41.3 13.3 0.50 0.322 31.25 233 167
8 Center 6.25 3.125 15 41.3 13.3 0.50 0.322 31.25 233 167
9 Center 6.25 3.125 15 41.3 13.3 0.50 0.322 31.25 233 167
10 Factorial 2.5 5 1 16.5 21.3 2.00 1.288 50 300 100
11 Factorial 2.5 1.25 2 16.5 53 0.50 0.321 12.5 350 50
12 Center 6.25 3.125 15 41.3 13.3 0.50 0.322 31.25 233 167
13 Factorial 10 5 2 66.1 21.3 0.50 0.322 50 200 200
14 Factorial 10 1.25 1 66.1 53 0.13 0.080 12.5 0 400
15 Center 6.25 3.125 15 41.3 13.3 0.50 0.322 31.25 233 167
16 Center 6.25 3.125 1.5 41.3 13.3 0.50 0.322 31.25 233 167
17 Center 6.25 3.125 15 41.3 13.3 0.50 0.322 31.25 233 167
18 Factorial 25 5 2 16.5 21.3 2.00 1.288 50 350 50
19 Factorial 10 5 1 66.1 21.3 0.50 0.322 50 0 400
20 Factorial 10 1.25 2 66.1 53 0.13 0.080 12.5 200 200
21 Factorial 2.5 1.25 1 16.5 5.3 0.50 0.321 12.5 300 100
22 Center 6.25 3.125 1.5 41.3 13.3 0.50 0.322 31.25 233 167
23 Factorial 10 5 2 66.1 21.3 0.50 0.322 50 200 200
24 Factorial 25 1.25 2 16.5 5.3 0.50 0.321 12.5 350 50
25 Factorial 25 5 1 16.5 21.3 2.00 1.288 50 300 100
26 Center 6.25 3.125 1.5 41.3 13.3 0.50 0.322 31.25 233 167
27 Center 6.25 3.125 15 41.3 13.3 0.50 0.322 31.25 233 167
28 Factorial 10 1.25 1 66.1 53 0.13 0.080 12.5 0 400
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Experipnectalur e

Each day, the 7 tubes containing the dried PS
DABCO1@©0redi ssolve the PS and kept wunder stir
t hGeDAPMW®G equili brated at 0 AC, and the neede
tubfeabq.)e2 The solution was maintained under st
Next L 2®f0 each reaction mixtureLwAPH&Gd@ ean tioc
bath and then maintained under stirring at 25

activation % of the PS following the analytic

To the remaiof ngh&0@ctivated PS, t he -aeqluad e
solutions were i mme dDABiCANCRMIMDesd [ enr TsalgiReeinicse :
The reaction mixture was then maintained undEe
transferring each mixturef iGhhy&lismig uatn doensiaiconaia

overnight wun8lekCstirring at 2

Finally, each reaction mixture was desalted
with a sodium phosphate buffer 20 mM at p H
guantification of total PS amwdntdofakbepP8tdene

|l mmunog#® nidoga kibn t s

Al | ani mal sera used in this study were deriyv
the Charles RiverAnLiatadr astt adiies Wemraneceli ewed
(Project code2 0 APAF0S1 #¥3DPRZA6 v3; Date of appr
out in compliance with ani mal wel fare standar
|l od ®lgi sl ati on.

Il n det Aemal ei btw Zeal and White rabbits per gr
wit hel9@bssy @ff@ day 0 and 28 in the pre¥$jence

Il n al |l ani madnpsweusdd ecsql Ibect ed at day 28 (post
42 (post 1) . Col Ré&fcdaredded aomotda twaosn |feofrt 3a0t mi
Afterwards, sampl esrdferelé&emini auged &t 324C0O

AnOi 2 rl egp o rezymelibked immunosorbent assalzfC | SeAnd Serum Bact
Activity (SBA) were performed ac[cdCWM]ing to th

6 0



For mulprag p amrnat i on

Formul ations were prepared by adding waxeirpi €
al hydrogel , a 100 mM phosphate buffei€RKdIs pH
conjugat e.

Formul ati eOORSMowo bhhu@a®es had an e/ @L ciomctemd r @rt ¢
Al hydrogel (0.2t nme/nml aftiimal) ,AI20 mM of a phos
NaCl. I n thiCCRwMveoowj tga@anes Ow@r e adsorbed on Al Nh
protein 204 g mMtu anft i-BGCA)d. by micro

Datmal ysi s

Mul ti ple regression analysesr §ANOVAL13DOsLynOE
on t He& alneg or med EU/ mL ( edayanXxsd& oarmeda yS B4A2 )| Caébrod
to find the sur ftarcaen stfoo rcnoerdr di hananfiuen(oE bhokgS Acoagr S B A

factors or conjugate characteristics. The int
first order terms and all the interactions L
backward eli tmhnaestpoh@. ( wkstidgfnanfoincant terms was
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43RESULTS

43 .Anew HPISEX@n al y sdeg efroni oy ammgy IPdStgir cere

As reported [i1lmM4t,hecYB|ntoeesatteurrse i nt roduced al on
activation can be quantified after guenching
activated cyanyl ated hydroxyl groups with hyd
i neéemplent f r[olnD 4t]Ahfet eporH r emo v al of the excess u
di al ysi s, hydrazi de groups i ntroduced on t
Trinitrobenzenesulfonic acid) colorimetric as
by cometric phenol sul furic acid assay, and
hydrazi de geroafpidd]saccharid

Aneanfdaster anawygd ifett wWpet bohi ning the degree
SEGydrazide groups introduced on the PS chair

chromopherehydrazone) is detected by UV absor
nm. The quabnauAfiHc atsi oma def by comparison of the
standard calibration curv®eo®tman-nedMulloys ome ac tai

(KDO) with semicarbazide resultin@Bkeitrohygdspeo
(Fi duypBe0o00, B@ajhdard ADH der i vastuizteadbdwe tuls egly if
calibration curve as it produces a broad peal
(free pyruvat e, due its high concéptr ®nhi dthei o
h a ntdhkeDD-se mi carlhanddtnse s ame c¢ htr lweDdgyrh wv @enh @nfd

elutes in a cl ean.Moorneeo voefr ,t hiet chharlsemeteampmem i & b

mol ar absorption.
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\r NH, PS N\N)\

COOH HaN

/K KDO/J\N/
KDO o}

0.30 -
Pyr
0.25 -
i Pyr=ADH=Pyr

o 020
re)
N s PS—ADH=Pyr
w
m
< 0.10

0.00

8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00
Min

Fig4ar®a) Reacti o-ADBHBcwieme pyr #b6ate and of KDO w
in the formameonhofomomieore (hexgadmplgdt-86&C HRPL
chromatographic-ApHofdielre vafi zdeedkt wianh pyruvate
carrying ADH groups déADH=Ryrz)e,d rwda sihd upaylr ufvrad ee
desalted sample derivatirdednwi etikcppgsuwvwdt eyt RY
sample derivatization are evidenced.

Clear advantages of this methodaéa)oygprgoygetdhPBes
by faster analysi s, r amoovfdlfnrge ee xA DeH shiyv ed edsi aall tyis
colummufifst oi perform the analysis); (2) only a
for the test; (3) ADH i ntsi ondid ¢ egoueant St eesdB Bbiya b
t hAeebs at pgdR2aMDeRl (chr omophore quantification) a
guant i faincdat(id4on)possi bl e changes in size of the
monitored and can abpepropantifi ecde!| wiPter mamat i on

standard calibration curve.
PS activation is calculated as nmol/ mL ADH on
the | atter i s useful to understand the extent

6 3



432 . | dent i fhoivchd f fspant eorc tftaiovat i on of PS with

Sme modi fwiec &t i mtt ¢ otdluec eadr i gi nal protocol expan:
able to maintain a stable pH at 9 during the

activati on.

The use of DMAP (with a pKa of 9.7) stildl reg
target pH of 9 by promptly addi ngl 1la95 ,.q uzb &8p tf
al |l buffers having a pKa close to 9 contain a

directly wi t h t he activated PS or hydr-dxyl
di azabicyclo[2. 2. @#pecbtabseath€th| tRABGA) ve buffe
with CDAP. DABYE ritd aay amine that i's widely
pol ymerainmlaganonc. spABG6©®si ki ke DMAP, has no OH
groups that can react with CDAP or activated
of 9, havi nfg2 0 JiprK atihbifswewsa’y j ed t hat the pH is
can be avoided duriinsg atlhseo rae agcrteieonne.r DcAPBRGIS Bt r
tanDMAP, which is a highly toxic substance.

To set up the exp€DARental vaodonpgnuouawsé da2 SmokdDsa dPeS
performed in the presence|[ b95|paBEOnNngomphbr ed h
identical. The acti vatSEXCh (dbe glr¥e e ocra |DcAuBICal eadn db
showmed st ati stm= ad) dbieftfwveereem ctehe t wo pr otdoxdo!l s |
The DABCO protocol was also tested rvwistuh t1i 5@ |
similar activation degree of 7. 1%.
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95% Cl for the Mean
20

Dextran Activation %

DMAP DABCO

Figure4.4: comparison of confidence intervals for average PS (25 KDa dextran) activation degree
between reactions conducted in presence of DMAP or DABCO (4.4 mg/mL saccharide
concentrationCDAP/PS 0.5 w/w ratio (2.2 mg/mL CDAP), pH 9, 0 °C for 15 minutes).

For some PSs, pH 9 could resul't i n unwanted
decreaaseet nl &t i on) . For this rtelaastong amnwaoaveEgsr ot

alsdenti fied

Di fferent organic bases -rtelaactt i 9ene nma d hs WLiDtAsPb loea
eval uatleudt:i d2né [(DPKE-mMet. Wy2l mor phol i[n2eQ 7 [ kK T7.
met hyl imidp2¢BE (pKa 7

Wi th an initiSaPlarsactryepeahni© mg)Ouics4 n4g mdfAmL . wiv; 2 p HCD /
7, 4 h, 0 AC), t he Nanettihwd tmoormp hpeérn mment(dg e %) s iwn
Imet hyl i midazodl et { @i 8 &) (uari 2dB)Ne 2wvatk sel ected
toxicity wimeh hryd s pne dta ztod el

Al ¢dh,e formati on ofwayeinn wdadtt isg gl tete ppe oadcutcitvsat i o |
in a DABCQI9By(fR2&®gu)jbeycl odextrin (CD) was wused
being a monodi sperse cyclic oligosaccharide &
respect to polydisperse PS samples. Activatio
pH ®,orand the activated PSs were quenched wi i
adduct peaks of umizda8dtNed awndl addeextrriinn latnked
mol eculzda $ 18t ®wzlarnld7 . 5, respectivel gi e 92143y6 2i. Mi, d
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1543.5 and 1742.5,bdwhiiHngi eatoimeess pemrce i vyrel tywo wer
productd . )bFiWurhe respect to what has been rep
products were generated with CDAP chemistry i

The peak intensity ratios, proportional to qu
and the corresponding ADH derivatized c4y.)x3d ode:
Moreover, these ratios increased with the act

to) by the ratios betweewapeakdi ptedaesctseandft
i n Ta.b3d e

Table 4.3 Peakintensity ratios from MS spectra of reaction products of cyclodextrin.

DABCO DABCO DMAP/NaOH Lutidine

Peak Intensity ratio CDAP/CD CDAP/ICD CDAP/CD CDAP/CD
0.5 w/w 0.2 wiw 0.5 wiw 0.5 wiw

[CD ADH NaJ*/ [CD NaJ' 0.36 0.17 0.24 0.25
[CD ADH2NaJ"/ [CD NaJ* 0.07 - 0.04 0.04
[CD IMC NaJ*/ [CD NaJ 0.06 0.03 0.06 0.03
[CD ADH IMC NaJ*/ [CD ADH

0.60 0.30 0.46 0.40
Na]"
[CD ADH2 IMC NaJ*/ [CD

0.94 - 0.79 0.69
ADH2Na]"

6 6



X105 { 13794 x104 15185 A
T 15 49
= ] 1
8] 34
E 10 4 ]
1 2
05 ] 17175
i 1] | L 17425
I 13624 h I
UU Jy L p—— 1 I Ay lL
x1057 13194 x104]
150 4 25 1 B
] b
3‘1 25 20 g
4100 1
2 15
S0 1
] 15435
050 10 1
05 M|l |
025 1
0.00 :Ml " L»_.l:i?.g,i__ E ssannellt ||. e I
x1054 13194 x104] 15185
i 4] O
_ 104 c
2 1 3
208 A 15435
g 4
£ 08 5 ]
04 ] 17175 17425
1 I e e
021 I 13624 h h ‘k
T— e e - e
0 x10% 1518.5
19 1104 a0 ] 15785 5
10 4 25 1
Fl
= 08 A 20 ]
£ 08 | 15 1 15435
E
04 1.0
17175
I 17425
0.2 1 L 13624 05 1 h
[ S oo . Ii ek
00 1
1 13194 E
105 .4 2000 E
= 1750
3 ]
<] 1500 ]
£ 1250
1 1000 4
05
1 L 750 1
a0t L . . . , -
S0 0 0" Timso T Twado T Tiaso 1500 1550 1600 1650 1700 1750 ’
m/z

Figure4.5. MS spectra of reaction products of cyclodextrin 4.4 mg/A)LLutidine buffer pH 7 with CDAP/CD 0.5 w/w (2.2 mg/mL CDAB)
DABCO buffer pH 9 with CDAP/CD 0.2 w/w (0.88 mg/mL CDAR)) DABCO buffer pH 9 with CDAP/CD 0.5 w/w (2.2 mg/mL CDAMR))
DMAP/NaOH pH 9 with CDAP/CD 0.5 w/w (2.2 mg/mL CDAH5) underivatized cyclodextrin.
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4. 3Rar a maft fee st acng vRRS i on wi t h CDAP

Some preliminary tests wereSPanmrdtoy-pnpidc Anodred sd
identify the critical parameters affecting th

concentration, PS and CDAP concentrations wer

Il n the pr esetnhcee aocft iDvAaB G ,nwacf ed/eaxt turddre 25 elnba t
performing the reaction at 0 AC up to 30 min.

min of reaction, and the resulting actidv)abt ed

FigaarRctivation kinetic of dexwmwranDABZCOmUMEL ey
9 at 0 AC.

The conditions identwwWwiiredt { DAPe PSncatofo DABO
activation time of 1%Pani ait @Ay AGY kwerrge wap il it d
O-Agconcentrations of 4.4, 2.2 and 1.1 mg/ mL.

4.4 mg/ mL and 2.2 mg/mL PS concentrations, at

The i mpact of CDAP/PS ratio was abParanh®Ppbii g
AgTabidl)ed For both PSs, the actwivtaht ihoing hdesrg rEREAR /

6 8



Tabd4ed Activation degS.Per atoy@Ahgexst aiamedanusi ng

experi ment.al conditions
DABCO Buffer, pH
CDAP/ swwgar ( 0.20.32.51 2

PS mg/mL in actid4. 4 4.4 4. 44.3 3.8
CDAP mg/mL in acO0.8€&.42.24.3 7.7

Temperature and 0 AC I 15 min
Dextran activatiNA 6.38.111.414. ¢
OAgactivation % 3.6 4.45.89.8 NA

* DABCO concentrations were 5Wwwrmavt ifoora nGD AIPQ OP
CDAP/ ®@r @ti o (for buffering capacity). ** Ave

Studi es were then performed to verify if the
activations and therefore if the activation r
SParafApPppbwas activatea/wwat hoCDAP/ BE 0.2 foll o
60 min (&F)i.guThe 4maxi mum activation was reache:q
resulting activated pr oduatt amd 9§ ranealb It h aftora ate

ratio resulted in a | ower activation percenta

By working at pH 7, the activation kinetic at
reached aftelb, @) h ByYiignnareeasing the reaction
activation % was | ower than at 0 AC, very 1lik
temperatures. This wasSRaeratt@gghinbddy 2Wo kiDian gl elx a
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(a) S. Paratyphi A OAg
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(c) Dextran
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Figur7e (4) CDAP actBPaattit @pblkilAemg/cmLofand CDAP/ |
wwi n DABCO buffer SaPtarpH @@ béit 4A0m@LCmL (&n dwwCDAP/ |
in Lutidine buff e(rc)ata okthinvéattaito @A dr 42 gAGL de
wwin Lutidine buffer at pH 7 at OA or 25 AC. .
monosaccharides.
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I n the I|literature, CDAP activati bh tweasttedoi s
presence of 1 M NacCl i n DABCG Pmlau faft @pAlgi mpha c t €
significant di fferences were evidenced by pe
activation replicates wered4dpe&r feooremed form diofwfea
activation degree was observed by performing
conditions, thendcwasa8.idn adredgrteltee fowef fi ci en

against 3% in the presence of 1 M NaCcCl

95% CI for the Mean
20

0O:2 PS Activation %
B

Water Nad 1M

Figure4.8 comparisorof confidence intervals (n=3) for average @-Ag activation degree
between reactions conducted with or without 1M NaCl, with 4.4 mg/mL PS starting concentration,
CDAP/PS w/w 0.5 (2.2 mg/mL CDAP) at pH 9 in DABCO buffer.

Finally, the activation reaction with DABCO w

adjustment is considered an even greateb6. i mpr
Par at pbandA dextran were activated (P®w4.i4n nag |
DABCO buffer at pH 9 at 25 AC for 3 min), ar
replicates on different days) were 4.8% (CV

absence of a pH @mpdousdssne@adasimakest hdheacti vatio
about half with respect to the corresponding

variability was higher for these conditions.
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434 . C&AR vati ondi doff gfaS hforgeem s

Activation conS$RParn atn@ppelriecteademamdnel of oth
(Shi geAgSal modAdain@ll ebsi el | aO-Apgn,e uanotna iarei ng acti v
the ra6é6gpe whi d¢h are usiafbdi)eb f 8Fi gbonh) ywgdifbar ént
were applied to neg@iti VeeGmgarmiar gae dpKaheSasp sloiff lae
polysaccharides (CPSs), resulth.ng in similar

When working wi$fh s@kRgetvhet eemaochion was teste
the concomitant presence of hydroxyl and amin:
PS chains (at pH 7, amino groups are | ess re
conditteisotnesd4. )6, Tawi €h no crosslink®$BQ@ amsalvyegiid i/
49

ppppppp

— 5 sonnei DAg

—— 5 sonnei 0Az-ADH (pHT activation)

FigureomMpari son -am0G ngr HPILEe ssQ-AgRé iISndfsO-Ag e i
ADH with activation performed at pH 7 or 9

By usi®gceull gt ed S. Teyspohti hvav e Sa v avhli athl ed ohy dr
al so verified that carboxylic groups, which <c
activation was tested both at 0 AC for 15 min
CDAP/ PS 0.8 .Ww/ wgv antLi € DAP) .
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Tabd &&DAP activation applied to different PSs.

. . . . Act i ti
PS Structure * Natur eActivation Condltlons%cslu\ézrl%?nRU PS MW (

UPgi13) a UGIpqd-16) a

SParat@pgi A L 20Mam( 14 0R hp( 13 0Ga( 4] 210] N 3.7 18.3 1006
) ) UAbp(413) a UGlpg 140r 6) a
STyphi md-Ag um [ 20Mam( 14 0Rhm( 1390Ga0 1] 211 ] N 1.9 9.3 33.5
. . UTyp(413) aUGIpg140r 6) a ;
SEnt erGAg di s [ 20Map( 14 0Rhpa( 1350Ga( 1] 212 ] N 2 10. 2 92i26. 7
Kl ebsiOdO-A@ p[- 3XWGapl 13pGapt 1]n[- 3pGa{ 13 Gapl( 1].[ 130N 5 10.022.8
Kl ebsiogl@Ag p[- 3Pp-Ga{ 13 Gaph 1],[ 130] N 5.5 11.110.7

UGlpq 14) a

. f lldxm i . _ . N 1 .71

S 4OME T T R hpa( 42 YR hpa( 43 MR hpa( 43 -G IpN A 4]a[ 14 7 ° ° 3.5
) UGlpg 14) a 4.4 mg/ mL PS,wwqDDA P8/ 8P R

. f [2aDxMm . b . N 2. 14.4 41i18. 4

S SO T T L 2 UR hps( 12 YR hpe( 43 PR hps( 13 H-GIpNAL A1,[ 147 COAP). DABCO at pH 9.7 ° e
. UGlpg 143) a

. 7! 5 _ . N 2 10.1 15. 7

S Salx/nge r [- 2R hpa( 12 YR hpa( L3 YR hpa( 13 H-GIpN A€ 1]n[ 1 ¢ 0 6BLS
) UGlpgd 16) a
. f l4aDxm . _ . N 2 12.917.2
S @OXAGE T 1 YR hpa( 42 YR hpa( 43 YR hpa( 43 %-GlpN A€ 4],[ 14 7 6 o
UGlpg 13) BGlpg 13 ) a
S. f |5dxMmger i [- 2Y0Rhpa( 12 )R hpa( 13 YR hpa( 13 B-GIpN A g 1], N 1. 4 8.3 74i17. 8
[147]
. UGlpg 13) a ;

. IXeDA 5 _ . N . 4. 1% . 4
S OADE T T 5 YIR hpa( 12 Y0R he( 13 3R he( 13 H-GlpN A 4],[ 1 - 0.9 3 660l%
S. flY»Amer i [- 2YRhp( 12 YRhp( 13 YR hpa( 13 p-Glph A 1], 14 7N 1.1 4.5 6015
Klebsiella p UGIpA(413) a

y NC 5.2 20.6 256 **
CPS K2 [- 3pGlpd 14 pMam( 140GIpg 1],[ 21 3]
Kl ebsiell a pbGlpgd12HGCGlpa-(14) a
N .2 24.7 312 =+
CPS K25 [- 49Glpd 139-Gapl( 1],[ 21 4] c 6 3
Kl ebsiella UMam( 13) a NC 1.8 mg/ mL PS,W/WQ[IAFB/F4 3 21 5335 *=
CPS K62 [- 40GIpd 12 »-Glpa-( 12 Mam( 13 H-Gapl( 1], 215] CDAP), DABCO at pH 9, ° ’
-O-By-b-FHlpd 12) a
Kl ebsiella p o (6-ORy-DEIpg12)a
CPS K64 [- 4XGIpaA-(13YXMam( 13 p-Glpd 14X Mam( 1], 216 ]NC 6.1 36.5 105 **
URhpa( 130
S. fl6®Ageri [- 2YRhp( 12 YRhp( 14 H-GapA-( 13 H-GapNA€ 1],[ 1 8 NC 1.9 7.8 22.9
) _ 1.1 mg/ mL PS,wwJDAPS5P
S. sOAgei [- 4 XA IpNACc-A13HFupblAc 4N 1.[ 217] ZW CDAP). DABCO at pH 9’2.5 5.0 38.6
. - 1.1 mg/ mL PS,wwJDA P55P
S. sOAgei [- 4UAIpNACc-A13H-Fupbl Ac 4NL]n[ 217] ZW CDAP)., Lutidine at pk3'7 7.4 38.6
N : neutral, NC: negatively charged; ZWacegtwyltdtiromnpesi t*i o ms three repiort edlositt aCPemeisRepbeheadaV ot 6 v il

treated PS.
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43. 5. Parahfmetcenpggadacitoinv aotferdo tPeSi n o

The critic,alhaparceaomdtderismpkget otfh et hceh eantitciavla tleidn
protewaer e aitredessrntj ugati on temperature and ti me
were evalS3Rareadt sbgamgA t hhep rCRtMe iam ma & e |

The temperature could affect the conjugation
itself and for the stability of talced | ¥ @t ieda tPeS
evaluated at 5 AC and at 25 AC.

The activated PS was stable at 5 AC for at | e
(Fi dupl®

5%

®25°C 5°C

4%
g 306 @
S .
= ®
£ 2% S

g °
1%
0%
0 20 40 60 80 100 120 140

Time (nin) after activation
(to= 15 min activation)

Figar®Ctivated PS stSparlattgppcadl vated fusi ng t
conditions: 4.4 mg/wiwll OP88amdg/ @DAEDR®L)0i 2 a DA
at 0 AC. Activation values are reported relat

After having verifi-adtthetsetdabBPBl at ydioff ehentCDt
step ofSBatav@pbw tAh 1&FRaM per f or med at 0, 5 an

the concomitant effect of activated PS stabil
conjugat e. I n all conditions, t he r asprl dti enign
conjugated after 1 h. By i ncreasing the reac:
increased PS |l oading on the protein or higher

h at 0 AC, 4 h at 5 ACadinjughatats h5a dAQG. sAfniera
SEC ( Bi.jfidrdecepémaoennt he temperature of the conj
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Conjugation at 0°C Conjugation at 5°C Conjugation at 25°C

1800.00 — 350,00~ 180000
1600.00 ] 1600.00-
] 300.00 1
1400.00] _ A\ 1400.00-
1 /] \ 250,00+ 1
1200.00 ) AN 1200.00
] sy 72h* ] ] ]
1000.00 | / . T 200.007 (AN 1000.00-
=] E 7 A _16h 5 ) I ! > . 7£h,_
w 1 \ w 1 /f W ] !
800.00- R 6h 150000 AT AN 16h 800.00- ) 6h
] . 5h 1 /] 6h ] / \ 5h
600.00 [ — ] — /11 1 — 600.00- 5 L
1 i 4h 100.00- iy \ 5h ] 4h
; L - |, B 1 / L
400,007 . 3h ] / . 3h 400.00| _ 2h
] - | | 50.00- ol ] - T
200.00 y Lo 2h 1 _2h 200,00 Yy, 2h
] ' 1h ] / th ] \ 1h
0.00 — - 0.00- - — 0.00 - ———]
10.00 15.00 20,00 25.00 30.00 10.00 15.00 20.00 25.00 30.00 10.00 15.00 20.00 25.00 30.00
Minutes Minutes Mnutes

* Between 16- and 72-hours reaction mixture was maintained at 5°C

Fi gar®PLEEC pr ocFAgC&Moegoofnj ugates (fluorescence
at different times during52%heAtC opnH udg.a tAifotne rs tae
AC for 15 min wwwrhata o0 .(2 .QDAR//ME CDAP) in 50
mg/ MAgwas conjugatomad wWiitfH eCRMt t empegia/tlwr es
rati o.

Tabd.édbonjugated MW with respect to the conjuga

T nen) MW,(kDa) , '

0 AC 5 AC 25 AC
1 140 138 212
2 176 176 226
3 191 187 228
4 196 195 2209
5 208 198 232
6 208 20 3 234
16 242 221 2209
72 * 2509 - i

* Bet waed-hY@eaction mi xture was maintained at

At 25 AC, t he reacti on was faste

signifikianki cgoas evidencedabd.e6mAtt h® MW rtelper

conjugation

reaction was sl ower, and MW differences became
di fferent temperatur esi t( 2wahs takta t2i52 i AQd avts .2 51 6A Ch
are needed to complete the conjugation react.i

di strs.buti on
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It alaso verified that I f the conjugation nee
instability at pH 9), an overnight conjugat.i
proteins. This is due to tIse altowedr 7r eaatpiavietdy
by performing theiocA®HYy iqyddir@az i wiet ygr ©RMPs t hat
pH 7, free protein decreased fromoelr9 GRDHD 5. .
respecti vel)ly2z ( Figur e

150.00

CDAP . CRM;g; _, 100004 \ Free CRM,g7
- —_—— - —_— o \
0:2 h 0°C.pH 7 Activated O:2 oh 25°C com \ 19.4%
L —— B —
150.007
CRM197-ADH 5 100,007 Free CRM197
2h, 25°C  ®® 5.4%
00— e
18000———
CRM;g7 _, 10000 Free CRM,q;
ON,25°C % - 1.5%
0.004— — —
1800
CRM,¢7-ADH = 10000 Free CRM,g;
ON, 25°C 5004 _ 0%
0.00 P — -

T T T T T T T
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
Minutes

Figare2Act penfoomed with 4.4 mg/ mL PS and CDAI
7 for 4 h at 0O AC; conjugation was then perfo
reported IiCont hpepaifldegiumcki.cat ed by-2vieImi mwtieasnhentai
ti mewlielee Gig®&a ki g&l by ke le.d e

By setting up a reaction mixture in DABCO b
concentrationi tofwels.i 88 emg/tmlat after 15 min at
activation step), unreacted CDAP9S5mwmaassgtedl| ap
the mixtuirded % aodoutt s3G ni ti al g-OHngrbwpsand ¢thb
during the following conjugation step. A conj
and after glyci mecduamchwiarsg,rexcomales.s I n the
correspondimRmpr ¢t oetmew&&KRMr eveal ed together witdtk
to the protein derivatized with40X18 fhiysioent
that even in the worst case without PS, the pr

site fiohrn GCRMM condition tested.
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58408 [CRM197]

A
53000 4000 54000 58000 57000 6000 59000 B0000 61000 62000 63000
Mass
58432 [CRM197Na]
B
58529 [CRM19s7-glycine Na]
R L L U S A N L L L L B I AL |
53000 54000 56000 56000 57000 58000 50000 60000 61000 62000 63000
Mass

Figure4.13 CRM197 MS spectra prior4) and postB) CDAP treatment. A reaction was performed
without PS (pH 9, DABCO 50 mM, CDAP 3.6 mg/mL, 0°C, 15 min); CRMas then added (3.6
mg/mL) and after 2h at RT the reaction was quenched with glycine 1M solution. The final solution
was desalted with PD10 column in ammonium acetate and analyzed by MS, in comparison to

CRMa197 solution not treated with CDAP.
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436 Desi gn of :éxaparcit ma radzt a tviad mooof uggmedaicdn o n
t hroughch@mABt ry

Wor kinds whPhahAaOpgehnd LM model s, based on the
perfor med, activation and conjugation times &
was performed at 0 AC for 15 min and the con
effect/ sagnhevgyiom/ conjugation processes of th
PS concentratisemasThandmpP8tCRMf such f actwarss on

studi ed

1 Activation rate of the PS (as % of activated sugar ring);

1 Conjugated MW;

1 Unconjugated CRW7;

1 Unreacted PS;

1 Conjugated saccharide to protein ratio.

To do this, a design whsewpedi mbet a( DDOED &appi
design space inside thef amptexcri.f i c ranges sel ec

Design of Experi ment

A fuHlevtewo factori al design was wused, with two
of center point. The plan ensured 81% stati st
i n d afculolri al wadgel nwierlactwens. PS concentrat.i

CRMgrati o in conjugation wilrOe mgVv aiby artge dhBER m ntdh
(Wiw) respectively. Pearsonds ciorers@loatsieom nado af
response are 4.elplokE texdpiedna tifeeigituerde i1 n t he DMat gmi a
of Expeasricde)@mdFi igndrr€ . DoE runs cofdabltd oshh.s2 .ar e

3 | 13 c
HE 3 5| 2 3
2 5ol E=le 2| 5| 2 2 g
EEEEEE s| E| 85| 8| 8¢
E8=35¢ 22 E| 8| =| B8] ¢! §
R ¢ (o] T o ) g
8 v 3 ;! 3 @ = 8 Q E = 3 @
EEREER slz(8|le|2|5|3
& g0 = O a 8 O (> =S &
< & S| e S
A:PS concentration . A:PS concentration | 1.000 0.000 0.000 -0.282 0.423 0.769 -0.553
B:CDAP concentration [l [l B:CDAP concentration| 0.000 1000 0000 0944 -0.054 0434 -0.234
C:PS/CRM ratio . . . C:PS/CRM ratio I 0.000 0.000 1.000 0.021 0.811 -0.296 0.729
PS Activation H B PSActivation | -0.282 0944 0021 1.000 -0.183 0.185 -0.061
Conjugate PS:Protein . . Conjugate PS:Protein | 0.423 -0.054 0811 -0.183 1.000 0.027 0375
Conjugate MW i) Conjugate MW | 0769 0.434 -0296 0.185 0027 1.000 -0.794
Free saccharide E BB Free saccharide | -0.553 -0234 0729 -0.061 0375 -0.794 1.000

Figure4.14 Pea r s canréadion coefficients for factors and responses in DoE runs.
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PSctivatioml ywyoB®8l and CDAP concentratiodas)lShow
The model resul’0ked0i 972 n)BdhbaeeerdsRdual s were
(Ryitdoaiper 0. 100) and the | ackhp0o085) .t Iwmats pwanasodt i

demonstrated that by increasing the PS conce
However, by increasing the CDAP concentration
ANOVA for Linear model
Response 2: PS Activation
99 /
— . /;r
Source ‘Sum of Mean | £\ alue p-value gg_" &
Squares Square /,/
— 2 )
__[Block 0.6880 3 0.2293 g i'
_ |Model 177.38] 2 8869 41449 < 0.0001 significant £ 50 (’
| A-ps 1453| 1 1453 67.89 < 0.0001 g 20 2"
| B-coap 162.85 1 162.85 761.09 < 0.0001 | & A
__|Residual 471 22| 0.2140 53 >3
Lack of Fit 3.87| 14| 0.2764 2,64  0.0852 not significant 1] /i
| pureError 08372 8 0.1047
Cor Total 182.78 27 T T T T T T T
— -3.00 -200 -1.00 000 100 200 3.00
Externally Studentized Residuals
Fit Statistics ——t
4'00_357511
[l l l I | |
__|Std. Dev. 0.4626 R 0.9741 2 200
 |Mean 6.55 Adjusted R* 09718 g /‘w\
CV. % 7.07 Predicted R® 09577 ] A -
Adeq Precision  40.7551 § 000 R A i [
2
AR
§
& 2,00+
-357511
-4.00+
Tor T S o | P | LI R T
1 10 19 28
Run Number

Fi gar®s5 activation model
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Conjugat e

i nteracti
4 . 4)9, t he
signipd.ch3) .(
MWs ,

on

hi gher
t hem was
t he

i n react.i

resi

and
enhanced

on

MY, mGDAP
t er ms4 .Wkd €l hsei gmoidfeil ¢ a retdoufl R 0egdd & & (ani

dual s
Hi gher
t he

when

reduced

EON ECRMt r at i

ons as-f avetl dr

a

we iJeo i mmoerrra 1110y0 ) d iasntdr itbhuet elc

CDAP

t wo

as wel
factors
t he

t he

conjugate

I as higher

had a

MW.

wi t h

crosslinkinignggi efendibfyf e hent

ANOVA
Source ’ Sum of pean ‘ F-value | p-value
el Squares Square
__|Block 1946.11 3 648.70
__|Model 3.483E+05 6 58057.25 531.96 < 0.0001 significant
| A-PS 2.084E+05 1 2.084E+05 1909.42 < 0.0001
__| B-CDAP 66306.25 1 66306.25 607.54 < 0.0001
__| C-PS/CRM 30800.25 1 30800.25 282.21| < 0.0001
| AB 11342.25| 1 11342.25| 103.92 < 0.0001
| AC 15500.25| 1 15500.25 142.02' < 0.0001
_| BC 16002.25| 1 16002.25 146.62 < 0.0001
Residual 1964.50 18 109.14
Lack of Fit 1794.50 10 179.45 8.44  0.0030 significant
__| Pure Error 170.00 8 21.25
__|Cor Total 3.523E+05 27
Fit Statistics
[ | | | | |
_|Std. Dev.  10.45 R’ 0.9944
__|Mean 209.32 Adjusted R® 0.9925
_|CV. % 499 Predicted R’ 0.9841

Adeq Precision 78.0614

Fi gar¥eodnjugate

MW model

proteins

Normal Piot of Residuals

99
954
90-
70-
50+
204

10-
5

Normal % Probability

1

T T T T T T T
-3.00 -2.00 -1.00 0.00 1.00 200 3.00

Externally Studentized Residuals

Residuals vs. Run

4.00+ 369796

2.00+

0.00-

Externally Studentized Residuals

-2.00+

-4.00

Run Number
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Conjugate PS/ pP&teiChAPaman @Rdiet at i onsf acst ovre |
interaction terms invol vi ndgriRS Jla&do nfcheen tnroadteil o nr

an adj?wdt &0d 9BRZ. d)¥,i gtuhe residual s weileoimmmrmall
0.100) and the | ackpOaf07f3i)t. wlag hreaot PSi gminfciemd n
PS/ GBMati os in the conjugation mixture gener af
t wiobactor interaction of these parameters had
one of them was enhanced whennghe bmhthenredtaicn

concentration had a mihy mailgeffiecan({epven 1 hes:t

ANOVA
Normal Plot of Residuals
Source Sum of el F-value| p-value 99
_ Squares Square o
~ |Block 0.0489 3 0.0163 g 4
_ Model 0.8368 5 0.1674 72.09 < 0.0001 significant % 0] g "
_ | AP 0.1661 1 0.1661 71.52 < 0.0001 g ﬁﬁﬁn
B-CDAP 0.0028 1 0.0028 1.19 0.2895 ®
| C-PS/CRM | 06123 1 0.6123 26374 < 0.0001 £ = _.pép
| AB 0.0127 1 00127 545 0.0307 - b _5‘
| AC 0.0431 1 0.0431 1855 0.0004 £
~ |Residual 00441 19 0.0023 "
| Lack of Fit = 0.0352 11 0.0032 2.86 0.0730 not significant ; ; . ‘ : . .
__[ Pure Error | 0.0089] 8| 0.0011 . -2$lern;|;nstudlzzlzed ::i:osudu;son e
Cor Total 0.9298 27

Fit Statistics Residuals vs_Run

400366141

~ |std. Dev. 0.0482 R? 0.9499 2
~ |Mean 0.9268 Adjusted R? 0.9367 f\ J
GV % 5.20 Predicted R  0.8556 of 4 A R 5,

Adeq Precision 26.9777

WY

-3.66141

Extemally Studentized Residuals
P o
? 8

-4.00+

Run Number

Figar®¥dbnjugate PS/ protein model
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UnreactedPBS @DAPliapdnCRMt rati ons-fast owel il ntasr
terms involving the PS coh.0kd tTrhaet imord ewe rre ssuil gr
RZ2of 0. 9349.d)¥i gturee resi dual s weide®imerGnal d0) da rsc
l ack of fitp=awal. 2 7WQ)n.i fHicmpmar (CDAP as wel |l as

the unreacted PS, whi lo at hh® iimcntedaaes a ciactti o P

of unreacted PS.

AN OVA MNormal Plot of Residuals
‘ Sum of ‘ Mean
Source F-value| p-value 99

. Squares Square ] "
~ [Block 3302 3 11.01 . o e
__|Model 112232 4 280.58 93.43 < 0.0001 significant E oy .&.E
| A-Ps 37156 1 371.56 123.72 < 0.0001 g F
| B-CDAP 6679 1 6679 2224 0.0001 é 0. af
| C-PS/CRM 64518 1 645.18 214.84 < 0.0001 g ™ an
| BC 3880 1 3880 1292 00018 5 .
_ |Residual 60.06 20  3.00 g A
| Lack of Fit 5169 12 4.31 4.11  0.0266 significant

Pure Error 838 8 1.05 300 200 100 000 100 200 300

Cor Total 121540 27 Externally Studentized Residuals
Fit Statistics Residat s Fun

4,00—3_5292.|
] ] | | | .
_|Std. Dev. 173 R? 0.9492 E
__Mean 3291 Adjusted R* 0.9390 P ]\L A T\[‘\ 1 }\
lev.% 5.27 Predicted R*  0.8921 £ ,[ 1"\} 'SR L/F
Adeq Precision 29.4705 § \\/ V
5 -2.00
I

-3.62921

-4.00

T T T T
1 10 19 28

Run Number

Figar®hreacted Polysaccharide model
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(a)

R
Sasaan
S

=S
s
N
g
c
o
=
2
"
2
g
’d
a
10
A: PS (mg/mL)
PSICRM, ;, = 1 PS/CRM,, = 2
(b) .
\
500
1
_ _ o )
o © ©
o =] o
£ £ £
2 2 2
= = =
2 % 2
o o o
- = a
= 2 2
o o o
o o o
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A: PS (mg/mL)
(c)
3 3 3
H H H
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o @
z ; £
¢ 2 g
% K] 2
o o =
2 = 2
[} e [
o o o
o o o
(d) ., 50
40
8 g g
* » 0 o
o -8 o
- -] o
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b T 20 B
g g g
£ e e
c c 3
- = 10 —1
10 50 10
. . 5.
B: CDAP (mg/mL) & A: PS (mg/mL) B: CDAP (mg/mL) . A: PS (mg/mL) B: CDAP (mg/mL) A: PS (mg/mL)

Figdr.29(a) Mo del for activation rate; (b) mo
PS/ protein ratio; and (d) model for unreacted
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Vari abi | i toynjoufg aGD A

Reproducibility

conjugation

of PS and CDAP
in conjugation of
random factor) was

t htey

days),
i nterval

of ti me)

General Linear Model: Activation % versus Day

Method
Factor coding (-1; 0; +1)

Factor Information

Levels Values
4 Day 1;Day 2;Day 3; Day 4

Factor Type
Day Random

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Day 3 08470 02823 270 0.116
Error 8 08372 0.1047

Total 11 16842

Variance Components, using Adjusted SS

Source  Variance % of Total StDev__ % of Total
Day 0.0592224 36.14% 0.243357 60.12%
Error 0.104652 63.86% 0.323500 79.91%

Total 0.163875 0404814

General Linear Model: Conjugate MW versus Day

Method
Factor coding (-1;0; +1)

Factor Information

Levels Values
4 Day 1;Day 2; Day 3; Day 4

Factor Type
Day Random

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Day 3 2292 7639 0.36 0.784
Error 8 17000 21.250

Total 1119292

Variance Components, using Adjusted SS

Source  Variance % of Total StDev % of Total
Day -4.53704* 0.00% 0.00000 0.00%
Error 2125 100.00% 4.60977 100.00%
Total 21.25 4.60977

* Value is negative, and is estimated by zero.

Fi gar20Vari ance
unreacted PS.
= 208.5 KDa;

and
perfor med

concentratfimhs

r(edpeef a tneebdi lais t
and t

component
Average
Unreact ed

he
t he

repeatability of t

t he

rea
de
nés Beti mgl ynwL a

at center of

1.5 ANOVA variance compone
used to estimate the reproc
he variability wunder

he contri bHuROon of dif

General Linear Model: PS:protein versus Day

Method

Factor coding (-1; 0; +1)

Factor Information

Levels Values
4 Day 1;Day 2; Day 3; Day 4

Factor Type
Day Random

Analysis of Variance

Source DF Adj SS AdjMS F-Value P-Value
Day 3 0.024033 0.008011 717 0.012

Error 8 0.008933 0.001117

Total 11 0.032967

Variance Components, using Adjusted SS

Source Variance % of Total StDev__ % of Total
Day 0.0022981 67.30% 0.0479390 82.04%
Error 0.0011167 32.70% 0.0334166 57.18%

Total 0.0034148 0.0584364

General Linear Model: Unreacted PS versus Day

Method

Factor coding (-1; 0; +1)

Factor Information

Levels Values
4 Day 1;Day 2; Day 3; Day 4

Factor Type
Day Random

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Day 3 2383 07942 0.76 0.548
Error 8 8377 10471

Total 11 10759

Variance Components, using Adjusted SS

Source Variance % of Total _ StDev % of Total
Day -0.0842965* 0.00% 0.00000 0.00%
Error 1.04707 100.00% 1.02326 100.00%
Total 1.04707 1.02326

* Value is negative, and is estimated by zero.

anal ysaosnjfwgatPeSs MW ta
val ues Activati on = 6
PS = 31. 9%.
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The results obtained, reported asTahlk;é ctohed fG\s

reported include both the reaction and anal yt
Tabl& RBeprododi bepeayability.
Activati Conjug Conjug Unreac
PS/ Pro MW PS
C\bay 3.6% 5. 2% - -
CMrro 4. 7% 3.6% 2. 2% 3.2%
CVota 5. 9% 6. 3% 2.2% 3.2%

| mpact readticomdi ti one njaungdckhtag act eri stiimpunen
respomaeec ecadb b intoesn jbwganersat ed t hrough CDAP Che mi

With the aim to explore the I mpact of react
i mmunogeni cCRMogcOoNMhe@g®t s obtained with the D
Conjugates obtained using the same conditions
of nine groups for ani mal testing, corpesmona
t he DoOEThrihmeam¢gcugat es wer ei hul éym/ag raddtiveeirn zve. dv
and of fr eeas arcepiahrdi ela,B Ine

Tabdl.éBhar act er i zoantjiuogna toefs foibntaalDocEd ndsit hgnshe s:

O:-CZRMo7 PS Protein MW Free PS/Protein
eg/mL eg/mL KDa Saccaride | w/w ratio
%
1 524.12 730.93 195 8 0.72
2 659.72 729.18 183 8 0.90
3 298.20 582.40 320 5 0.51
4 799.75 781.44 102 17 1.02
5 345.43 668.66 51 8 0.52
6 414.93 648.80 151 7 0.64
7 528.37 704.64 68 9 0.75
8 646.91 667.84 241 13 0.97
9 308.92 651.49 194 3 0.47
The impact of the DoE factors (e.g., PS conce
conjugation) on the humor al response was eval

conjugation reaction facistscsoofhéhemmomnolugag
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EU/ mL and | og SBA t i4t. 21850t hweesderjetdgiatt e sl( &-wegrur @
CRMgratios in the reaction I ed to higher 1g6G
Mor eover, ser a bactericidal activity i ncr ea

concentrations in the reaction.

ANOVA and surface plot for Log EU/mL at day 28 model

sum of | .| Mean
Squares | Square .
1454 3 485 5.55 00018 significant
190 1 1.90 218 0.1449%
_| €-02to CRM 899 1 B899 1028 0.0020
8C 365 1 3.65 418 00448
Residual 5544 68 08741

’ Source ' | F-vsue% prvalue ) l

Log and-0 2 total IgG Day 28 [EUnL |
-
o

| Lackof Fit 05049 1 05049 05740 0.4513 not signficant
Pure Error 5893 67 0379
Cor Total 7398 M 2 5

14 4
02 10 CRM (ratio) COAP (mo/mL)

ANOVA and plot for Log EU/mL at day 42 model

45
7 a1

2
‘ =3
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5. GMMA as alternative carrier system

5.1 INTRODUCTION

In the latest years, GMMA have been proposed as innovative carriers for glycoconj{gf3tes.
GMMA are Outer Membrane Vesicles (OMV) naturally released by Gregative bacteria
genetically modified to increase their yields and reduce potential reactogenicity of
lipopolysaccharides displayed on their surfdd®4] GMMA have optimal size (5@00 nm) for
immunestimulation and possess salfjuvating properties due to the presence oflitadl receptor
agonists, e.g. lipopolysaccharides and lipoproteins. All this, combined with the presentation of
multiple antigen cpies on GMMA surface, has potential for a strong immune response. Moreover,
GMMA manufacturing is very simpleShigellaand SalmonellaGMMA have recently approached
clinical phase[104] It has been already shown that GMMA can be decorated with heterologous PS
through chemical conjugation, leading to a strong functionasg&8ific immune response in mice
without negative impact on the immune response induced by GMMA, supporting thepdeseto

of high-valency glycoconjugates vaccings2] Genetic engineering can also be used for the display

of PS with wanted structural features on GMMA surf§220]

Here the optimised CDAP chemistry developed during my PhD and genetic manipulation were
applied to display more PS on the same GMMA particle, opening the way to the development of
multi-valent PSbased formulations. Multiple GMMA constructs were combinadai single
formulation and their immungenicity was tested in an animal model. This allowed to evaluate possible

immuno interference among the different combined PS antigens.
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5.2 MATERIALS AND METHODS

Kp GMMA production and characterization
Kp [K62, O1vl] GMMA were produced from Kp wild type NCTC 9182 strain engineered to enhance

GMMA blebbing by removal ofolR gene. The same process was used to produce Kp [K2, O1v1]
GMMA, [K15, 04] GMMA, [K25, O3] GMMA, [K64, Ol1vl] GMMA, [O2v2] GMMA from the
corresponding wild type strains, respectively, NCTC11228, NCTC9135, NCTC9145, NCTC 8172,
NCTC11228. In the case of Kp [K602v1] GMMA, NCTC 8172 wild type strain was mutated not
only to induce hypervesiculation, but also to removentheYgene in order to induce the expression

of O2vl OGAg. GMMA producer strains were inoculated in LB medium at 30°C for 16 h, then the
culture was diluted to 0.3 OD/mL, in HTMC+glucose medium and grown for 8h at 30°C. After each
growth, bacteria were pelleted through centrifugation at $9®0r 45 minutes. Celfree
supernatants were recovered and filtered through 6r@2Stericup filters (Millipore). After
ultracentrifugation of filtered supernatants at 175,@0@x 2 hours at 4 °C, the resulting pellet,
containing GMMA, was washed with PBS, further uitentrifuged at 175,000¢for 2 hours and
finally resuspended in PBEL97] Regarding purification of GMMA [02v2], after bacteria growth
and pellet centrifugation, they were recovered from the supernatant via tangential flow filtration (TFF
Sartorius, membrane coff 300 kDa) in PBS 1x, 25 DV (# 2 bar, But O bar, TMP 1.22 bar,
permeate flow rate 15 ml/min).

GMMA size was determined by dynamic light scattering (D[&)1] and GMMA purity was
assessed by HPLSEC analysi§221]; total protein content was estimated by micro BCA using
bovine serum al bumin (BSA) as a reference fo
Scientific).

In case of [O2v1, K64] GMMA, [O1vl, K64] GMMA, [O1vl, K2] GMMA, [O2v2] GMMA, g

and OAg were quantified by direct HPAEBAD analysisas inMaterials and Methodsection 3.2
Analytical methods) because KAg and QAg were compseed of peculiar and distinct sugar
monomers.

In case of [Olvl, K62] GMMA, [0O4, K15] GMMA, KAg and QGAg are undistinguishable by
HPAEGPAD. At first, GMMA were hydrolyzed with AcOH 1% for 2h at 0°C, followed by
centrifugation at 14000 rcf at 4°C for 30 min. The supernatant, containihg &d OAg, was
isolated and fractionated via HPLEEC. G3000 PWXL columnith a TSK gel PWXL guard column

was used for fractionation, with 0.1 M NaCl, 0.1 M NBIy, pH 7.2 buffer as mobile phase at the
flow rate 0.5 mL/min. HPAEEPAD was performed on the collectedAg and OAg fractions[202]
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K2 isolation, purification, sizing and characterization

K2 Kp was isolated and purified as describedMaterials and Methodgsection 3.2 K-A g

pol ysaccharides i s Startang from 20 VdoHedrergoson plateshtoaghtihheo n ) .
CTAB based purification process, 111 mg of purified PS were obtained. The purity of this material,
in terms of DNA and protein content, was of 0.4 % and 1.1 %, respectively. The starting material
MW was estimated to be 364 kDa by HRSEC.T SK g el 6000PW (30 cm I
connected in seri s owiutnhn T(SBKO gcem x3 070. 0% Ldghdva)r da n c
column (4.0 ¢cm x 6.0 mm) was used for MW est.]i
calibrati-2000Qurkvbea rmmthge) andPQ@. 159 ANGANGI ,p H . 71.
was used as mobile phase at the flow rate of
50 mg of material were treated with AcCOH to reduce the PS size. The hydrolysis reaction was
performed with AcOH 6% at K2 concentration of 3.5 mg/mL for 19 h at 90°C in order to obtain 40
kDa average size witminimum polydispersivity according to previous DoE experiments performed

in GVGH laboratory. Fragmented K2 population was then loaded on a QFF Hi Trap column (Cytiva).
The column was equilibrated and washed after sample loading with 20 mM Tris pH 8 A)uifem

elution was performed in linear gradient up to 500 mM of NaCl, 30 DV, using 20 mM Tris pH 8 NaCl
500 mM (buffer B). Fractions eluted in the range ofl8® mM, 186250 mM, 256500 mM [NaCl]

were collected in three different pools and MW was deitezd, corresponding to 89, 43 and 13 kDa,
respectively. Buffer was exchanged by Amicon centrifugal filtersdu® kDa) with water, 10 DV.
Collected pools were characterized by HPAEED for K2 quantification and by HPL-SEC for

MW determinationG3000 PWXL column with a TSK gel PWXL guard column was used for MW
determination, using dextrans to build standard calibration curvel@ kDa range) and 0.1 M

NaCl, 0.1 M NaHPQ4, 5% ACN, pH 7.2 buffer as mobile phase at the flow rate 0.5 mL/min.

Protein concentration was measured by micro BCA, using bovine serum albumin (BSA) as a
reference following the manufacturerés instru
by measuring UV absorbance at a wavelength of 260 nm with Lambda&sogihotometer (Perkin

Elmer).

PS derivatization with ADH via CDAP chemistry
S.Paratyphi A GAg (0:2), K2 K-Ag (43 kDa), Kp [O2v2] @GAg on GMMA or S. flexnerka GAg

on GMMA were solubilized in water at the PS concentration of, respectively, 5 mg/mL O:2, 2 mg/mL
K2, 4 mg/mL[O2v2] GMMA, 3.8 mg/mLS. flexnerRa GAg GMMA and, under magnetic stirring

in ice bath at 0 °C, DABCO 0.5 M was added to reach a 50 mM concentration at pH 9. CDAP 100
mg/mL solution in ACN was added to have 2 mg/mL for K2 , 2.5 mg/mL for O:2, [O2v2] GMMA
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andsS. flexnerica GMMA. After 15 min, an equal volume of 0.5 M ADH in water was added. The
solution was maintained for 2 h at 25 °C. Excess of ADH present in the sample was removed in two
ways. In case of GMMAADH, a tangential flow filtration via Krosflo (cutff 300 kDa) in BS 1x,

30 DV, was performed. In case of K2 or O:2, ADH was removed by double desalting through a Hi
Prep 26/10 Desalting column (Cytiva), performing a first isocratic eluition at 1 mL/min in NaCl 2M

followed by a second one in water.

K2 derivatization with ADH via reductive amination

K2 (13 kDa) was solubilized in AcONa 100mM pH 4.5 in order to reach 40 mg/mL concentration.
ADH was added in order to have 1.2 ADH/PS wi/w ratio, followed by addition of NaGldBthe

same w/w ratio respect to PS. The suspension was maintained at 37°C for 5 days. Excess of ADH
was removed by a first desalting through PD10 column against NaCl 1M, followed by a second
desalting in water through a Hi Prep 26/10 Desalting (Cytp@)orming an isocratic elution at 1
mL/min. Fractions were pooled and lyophilized for the conjugation step.

PS conjugation to GMMA via CDAP chemistry
The same chemistry was used for direct conjugation of PS to underivatised GMMA and for
conjugation of PS to GMMAADH or PSADH to GMMA. Table 5.1 below summarizes the reagents

used in each type conjugation test and reaction conditions applied.
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Table 5.1. Conjugation tests performed via CDAP chemistry

Compong Compon ¢ Chemi stry Reaction co
K2 (43 [ 02V 2 K2 actlvate. K2 2.5 mg/
K-A GMMA anrdeact edowi CDAP 2 mg/ i
g GMMA prot eK2/ GMMA prot e
[ 02 v 2] ;Sfrfftf; i K2 2.5 ma!
on GMgM K2ADH react ed;owi tAH CDAP 2.5 mg
2 K2/ GMMA proae
I nked to
S f 12a S. f 12eaxAfe ro f 12eaxAe r3 .
b-A o; 0:-ADH GMMAactivateg mg/ mL, CDAP 2
GM%A ' CDAP and re| O:2/ GMMA pr ot
NRof ADH | in <1
_ . O: 2 5 mg/ nm
0: 2ag | S fl2a (Zni ?i;;cﬁihe CDAP 2.5 mg
. = 2 i
GMMAADH ADH. linked .2/GM1I\/IA prot
O: 2 activat ¢ O: 2 5 mg/ m
0: 2A® Ss GMM and reactend CDAP 2.5 mg
' O-Ag pog both GMMA pr : 2/ GMMA prot
Ss-AQ@ 1
O: 2 activat ¢ O: 2 1.25 mg
0: 2A® Ss GMM and reacted CDAP 0.63 m
' O-Ag pog both GMMA pr O: 2/ GMMA pr ot
Ss -AQ 1
) . O:2 1.25 mg
ss emM 012 activate opap 0,63 m
O: 2A® O-A ne and reacted 97 GMMA ot
g g GMMA prote P
0.5
For all c¢onjoung @ tniewas sotl@iged v watedad aspecific concentration. Under

magnetic stirring in ice bath at 0 °C, DABCO 0.5 M was added to reach a 50 mM concentration at

pH 9. CDAP 100 mg/mL solution in ACN was added to have specific concentration. After the desired

actv at i on

h at 25 °C. After conjugation time, 1 M glycine in 50 mM sodium phosphate at pH 7 was added in

ti me of

15

mi n,

66component

2060

wa s

equal volume with respect to the reaction mixture to quench eatlegetiidual cyanoester groups, and

the reaction mixture was kept at& °C overnight. Conjugates were purified by tangential flow
filtration via Krosflo KR2i (hollow fiber, cubff 300 kDa) in PBS 1x, 30 DVShigella sonnefSs)

GMMA-0O:2 conjugates were purified via diafiltration performed with Amicon centrifugal filters
(Sigma, cuioff 300 kDa) against PSB 1x, 10 DV.

97

a



Intermediates of conjugation and final conjugates characterization

Intermediates and final conjugates were fully characterized. @A2),(K2 K-Ag and Ss @Ag
guantification was performed by HPAHEAD. [189, 202]Protein concentration was measured by

mi cro BCA, using bovine serum albumin (BSA)
instructions [Thermo Scientific]. Free O:2 saccharide was evaluated by dRI via-BPCCby

running GMMA conjugates and a standatave of the unconjugated PS intherange0 € g/ mL .
[222]. An aliquote of O:2ADH/K2-ADH was analyzed by HPLESEC for determination of PS
derivatization percentage as described/lmterials and Method&ection 4.2PS activation degree

by HPLGSEC analysis

SDS page and western blot analysis were performed. In brief, samples were first mixed with LDS
Sample Buffer supplemented with reducing reagent (Thermo Fisher Scientific) and heated at 100 °C
for 3 min. Heated samples were then resolved byid42% Bs sSD&i PAGE gel ( Th
Scientific). The gel was electrophoresed at 45 mA in NuUPAGEAg&ate SDS running buffer

(20x). For SDS page, the gel was stained with ProBlue Safe Stain (Giotto Biotech) for 2 h at room
temperature with agitation, followleby three washes with deionized water to remove excess of dye.
For Western bl ot, the resolved proteins were
membrane using the iBlot (Thermo Fisher Scientific) according to the manufacturer's instructions.

In case of Kp [O2v2] GMMAK2 conjugates, the membrane was then blocked in 3% BSA diluited

in 1x PBS 0.05% TWEEN 20 for 1 h at room temperature and sequentially incubated with primary
anti bodies and HRP conjugat ed stemperatudeaFollowirgnt i b
extensive washes with 1X PBS 0.05% TWEEN 20, the membrane was incubated with-haseubl
chemil uminescent substrate (Thermo Fisher Sci
CCD camera (Chemidoc Imaging System,-BRiad). The following primary antibodies were used:
rabbit anti O2vX2(1122Q0D®O,) .r ABbistecamtdiary ant.
used (1:5000).

In case of Ss GMMAO:2 conjugates, the membrane was then blocked in 3% BSA diluted in 1x PBS
0.05% TWEEN 20 for 1.5 h at room temperature and sequentially incubated with primary antibodies
and conjugated secondary antibodies, both for 1 h at room tenmgefdiiowing extensive washes

with 1x PBS 0.05% TWEEN 20, the membrane was incubated with SIGMAFAST BCIP/NBT
substrate (Thermo Fisher Scientific). The fo
(1:2000) as primary ant ihatase glkalinea(lild00®, ras secondary s e
antibody. All antibodies were diluted in 0.1 % BSA 1X PBS 0.05% TWEEN 20.
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Immunogenicity studies in animals

Animal studies were performed @SK Animal Resources Centre in Siena under the animal project
643/2021PR approved by the Italian Ministry of Health. All animal studies were ethically reviewed
and carried out in accordance with European Directive 2010/63/EEC and the GSK policy on the Care,
Welfare and Treatment of Animals.

In the first study the constructs were tested, 70 female CD1 migavEéeks old) were immunized
intraperitoneally at day O and 28, as reported in the immunization scheme below (Table 5.2).

Table 5.2Immunization scheme for the study in mice, where 10 CD1 female mice per group were
injected intraperitoneally at day O and 28 wi
after the first injection and 14 days after the second injection.

Ss -AQ@ )
_ o:2 d Vi ddg
Gr oy Anti gen name dose
€g €g
€g

1 Ss GMMA-O:2 conjugate HD 0.5 0.36 -
2 Ss GMMA-O:2 conjugate LD 0.5 15 -
3 Ss GMMA [O-Ag neg]-0:2 conjugate LD 0.5 - -
4 Ss GMMA-O:2 conjugate HD + fMCRMz197 0.5 0.36 0.5
5 Ss GMMA +fVi-CRMjig7 + O:2CRMig7 0.5 0.36 0.5
6 Ss GMMA - 0.36 -
7 fVi-CRMzg7 - - 0.5

Sera were collected at dayis(pooled sera), 27, and 42. Individual mouse sera were tested for anti
0:2, antiSs LPS, antVi total IgG by ELISA and SBA against ParA and Ss strains as previously
described223].

In the second study Kp [Olvl, K62] and [O2vl1, K64] GMM®nstructs were tested in
monocomponent and bicomponent formulations, at two different doses in terrm&g{Xor 0.2

mg). 60 female CD1 mice {@ weeks old) were immunized intraperitoneally at day 0 and 28, as

reported in the as reported in the immutimascheme below (Table 5.3).
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Table 5.3.Immunization scheme for the study in mice, where 10 CD1 female mice per group were

injected intraperitoneally at day 0 and
after the first injection and 14 days after the second injection.
) K62 d| K64 d| O2v1 Olvil
Gr oy Antigen n
€g €g €g €g
1 [ O1v1l, K62 1 1.66
2 [ O2v1, K64 1 1.62
[ O1vi1l, K62]
3 1 1 1.62 1.66
[ O2v1, K64
4 [ O1lvl, K62 0. 0. 33
5 [ O2v1, K64 0. 0. 32
[ O1vi1l, K62]
6 0. 0. 0. 33
[ O2v1l, K64

28 wi

Sera were collected at dayis(pooled sera), 27, and 42. Individual mouse sera were tested for anti
0O2v1, antiO1vl, antiK64 and antK62 total IgG by ELISA and sera collected at day 42 were also

analysed for their ability to kill wild type bacteria iB&. [223] For SBA assay, a panel of Kp strains
expressing a combination of&y and KAg were selected: Kp [O1V1, K64] strain SSI ID 18936,
Kp [O2V2, K62] strain SSI ID HG07418777, Kp [O2V1, K102] strain SSI ID 10004, Kp [O1v2, K2]

strain SSI ID 1L02364192.

For both studies, results are reported asartigen specific IgG EU/mL. One ELISA unit is defined

as the reciprocal of the standard serum dilution that gives an absorbance value equal to 1. Bars in the

graph represent geometric mean EU/mL from eachpgamal each dot represents EU/mL from each

single animal. For SBA, results of the assay were expressed as the IC50, the reciprocal serum dilution

that resulted in a 50% reduction of luminescence and thus corresponding to 50% growth inhibition of

the bacten present in the assay.

Statistical analysis

Statistical analysis was performed using GraphPad Prism 10. Thgarametric ManftWhitney

two-tailed test and Kruskalallis analysis with posh o ¢

compare two or multiple groups. Wilcoxon matcipadrs signed rank twtailed test was used

Dunnos

to compare results from the same group at different time points.

test

wer e

Us €
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5.3 RESULTS

5.3.1 Ss GMMA as carrier forS. Paratyphi A O:2 O-Ag

Ss GMMA were selected as carrier f@almonellaParatyphi A O:2 @Ag in order to obtain a

conjugate against the two most prevalent serotyp&igellaandSalmonella[224]

CDAP chemistry was successfully applied to ¢bajugation of O:2 to Ss GMMA (Figure 5.1)

S. Paratyphi A
OAg (0:2)

L
s o o(’-‘
05! { - 1§

: l;%

Ss GMMA

CDAP

&

Ss GMMA-0:2
conjugate

Figure 5.1. Ss GMMAQO:2 conjugate targeting two different pathogens.

0O:2 at two different concentration, 5 and 1.25 mg/mL, was used in reaction for random activation
with CDAP, and directly conjugated, without use of linkers, td@positive Ss GMMA. (Table 5.4)
HPLC-SEC analysis of final conjugates was used to verifyatigence of free O:2, while HPAEC

PAD allowed to selectively quantify O:2 and SsAQ on GMMA. Modulation of O:2 concentration

in the activation mixture allowed to obtain Ss GMMNA2 conjugates with high (HD) and low density

(LD) of O:2 on GMMA surface, rgeectively, 0.42/0.3/1 and 0.12/0.36/1 O:2/SAQGMMA w/w/w

ratio (Table 5.4). SDS PAGE/Coomassie and Western Blot analyses clearly showed that, through the

chemistry selected, binding of O:2 involved both lipopolysaccharides (LPS) and proteins on GMMA
menbrane (Figure 5.2). Conjugation of O:2 at 1.25 mg/mL tAgnegative Ss GMMA was also

performed, to have a conjugate where O:2 is linked exclusively to membrane proteins.

Table 5.4 Analytical characterization of Ss GMMAZ2 conjugates. O:2, activated with CDAP with

di ffer:

0.5 w/w ratio CDAP at 0 AC for 156 at
different O:2/GMMA protein w/w ratio. Conjugations were performegatC for 2 h.
. .| O: 2/ GMMA g Final
Starting Startl in react O: 2/ &g/ GMMA p
mg/ mL .
w/ w r at w/ w/ w rat.
(
Ss GMMxg 5 1/ 1 0.42 |/ 0.3
posi ti\
MAAg (¢
Ss GMMxg 1.25 1/ 1 0. 102. 36 / 1
posi tv({
Ss GMM&g ¢ 54 1 /2 0.09 / 0
negat i\
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[WB anti-sonnei LPS SDS page coomassie )
E D C B A E D c B A

GMMA-O:2 conj HD
GMMA-O:2 conj LD
Mix GMMA + O:2
S. sonnei GMMA

\ ' J
Figure 5.2. Western blot (left) and SIPAGE (right) on Ss GMMAQO:2 conjugates HD and LD.

moow

5.3.2 Ss GMMAO:2 constructs tested in mice

These GMMA conjugates, displaying differentAg on the same GMMA particle, were tested in
mice as a bivalent vaccine covering b8thigellaandSalmonellain order to understand the ability

of such constructs to elicit an antiggpecific functional immune response in animals. Comparison
with O:2 conjugated to Ss-Bg negative GMMA allowed to detect potential negative immuno
interference when two differei@-Ag are presented on the same GMMA. Also, unconjugated Ss
GMMA were used at this scope. The S®\@positive GMMA conjugate was also combined with a
S.Typhi conjugate (FVACRMag7) vaccine to a have broader coverage ag&asnonellaA control

group with Ss GMMA physically mixed to the bivalent f€RMig7 + O:2CRM;g7 traditional
glycoconjugate vaccine was introduced in the stAgipropriate monocomponent controls were also
included.

Results from the study in mice showed no major impact of O:2 density (HD vs LD conjugate) on
anti-O-Ag specific IgG response and bactericidal activity agairistRaratyphi A reference strain.
Only at day 42 anD:2 1gG response elicited by the HD conjugate was higher than that elicited by
the LD conjugate. O:2 linkage on different moieties of Ss GMMA (LPS and proteird\qpositive
GMMA-0O:2 conjugate vs onlyrpteins in GAg negative GMMAO:2) does not seem to impact anti

0O:2 functional IgG responses avell. Also, antiO:2 IgG response elicited by the Ss GMNA2
conjugate was significantly higher than that elicited by a traditionalGRRl197 conjugate, in co
formulation with Ss GMMA and fVCRMu97, as shown both by ELISA and SBA results (Figure
5.3A)

The presence of O:2 on GMMA surface (both HD and LD conjugates) did not negatively impact anti

Ss LPSIgG response and antibody functionality without aignificant difference respect to non
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conjugated GMMA alone (Figure 5.3B). Moreoveo, megative immuno interference was observed
when O:2 and Ss-®g were presented on the same GMMA, considering a more complex formulation
with fVi-CRMae7. (Figure 5.3B)

When Ss GMMA (conjugated to O:2 or alone) were combined withClRM197, an adjuvant effect

of GMMA on anttVi IgG response elicited by 'MCRM197 was observed (Figure 5.3C)
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Figure 5.3. Graphs showing immunogenicity results in mice:@i2ilgG response (ELISA) and

serum bactericidal activity againSt Paratyphi A (A), antiSs LPS IgG response and SBA titers
against Ss strain (B), and amii IgG response (C). Geomean EU/mL (ELISA) or titers (SBA) per
each group of mice are reported (bars) together with single values (dots). Stars represent results from
the statistical analysis performed to compare the gréudps0.05 > pvalue > 0.01, ** for 0.01 >p

value > 0.001, *** for0.001> p-value> 0.0001, *** * for p-value< 0.0001. If p-value >= 0.05, no
significant difference is found.

5.3.3 Kp GMMA displaying both O-Ag and K-Ag

Kp GMMA was investigated as delivery system for botA@and KAg.

Interestingly, by producing GMMA from different Kp strains through genetic manipulation (e.g,
®Tol R mutation), some str ai nAgand&kdg Ihdeedddindome GMM
strains, the KAg can be anchored on lipid A {KPS) and displayedn GMMA surface like the ©

Ag.

A panel of GMMA, with different combination of kand GAg, was generated and characterized as
showed in Table 5.5 reporting per each GMMAAK/O-Ag/protein w/w ratio.

Table 5.5. Characterization of Kp GMMA generated from different strains

K-Ag/ Pr| O-Ag/ Pr ¢ K-Ag /-Kxg
K2:01v1 - 0.80 -
K6 4 0.39 0. 64 0.62
K6 4 0.56 1.02 0.55
K6 2 0. 44 0. 74 0.60
K15 0. 39 0. 45 0.87

All GMMA displayed both kAg and GAg with different w/w ratios in the range 0.55 for [O1v1,
K64] GMMA to 0.87 for [O4, K15] GMMA. [O1vl, K2] GMMA displayed only the-8g (with a
O-Ag/protein w/w ratio of 0.8) and n#t-LPS. PS were extrated from GMMA after boiling material
at 100 °C in the presence of AcOH 1% (Materials and Methsmittion 5.2and analysed by HPLC
SEC. The corresponding refractive index (dRI) profiles highlighted presenceAgf &d OAg
(Figure 5.4)displayed on each GMMA.
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Figure 5.4. HPLESEC TSKGel 3000 PWXL dRI profile of the extracted PS from each GMMA.
Extracted PS from [O1v1, K2] GMMA clearly showed only thé\@population.

5.3.4 Application of CDAP chemistry to GMMA for PS conjugation

Direct conjugation of K-Ag to Kp GMMA

Genetic manipulation is not the only tool to displaypAl and GAg on GMMA.

As previously described, a PS (as O:2) can be linked tGRMeIA surface through a direct reaction

with CDAP chemistry. A similar strategy was applied to link K2 on Kp GMMA. Considering the
panel of Kp GMMA (Table 5.5), the idea was to introduce a further GMMA construct presenting the
0O2v2 OAg and the missing K2 g, in order to increase the coverage of a potential multi valent
GMMA vaccine against Kp.

CDAP works by activating the hydroxyl groups along the K2 chain, which subsequently react with
aminogroups belonging to surface GMMA proteins. Direct conjugation was tested in order to obtain
[O2v2, K2] GMMA: K2 was directly activated with CDAP and mixedttw[O2v2] GMMA.
Unfortunately, direct conjugation did not work as verified by both WB and HRRED analyses

that did not detect K2 in the final conjugate. The hypotesis was that the amino groups on GMMA
surface could be masked by the presence of O2vidhgor this reason, a different conjugation

method was tried, using a linker to overcome eventual issues of steric hindrance.

Non-direct conjugation of K-Ag to Kp GMMA: use of a linker
Adipic acid dyhydrazide (ADH) was selected as linker. Since it has two hydrazide groups, it can be
used as a "bridge" among PS and GMMA. (Figure 5.5).
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Figure 5.5. Schematic representation of the use of ADH as a 'bridge' between PS and GMMA using
CDAP chemistry approach.

Preliminary tests were done by using O:2 8nflexnerka GMMA to set ugonjugation conditions.
Table 5.6 summarizes the conditions for the two tests performed and results olathedfirst
conjugation trigltherecoveryo®: 2A@® der i vati zedbacahsADbf wahbel g
met hod wused, which | eft i nsufficient materi al
detectabllddeeccrjsw@atyétmi @ epur i fi cati on met-Agd f o
to achieveanmdballt ew2@ MY erah@ ocomj ugati on step

Table 5.6. Conjugation trials with O:2 a8dflexnerka GMMA

. Conjugat
First S Second s Resul t
charact e

S. f I2eaxAfQe ro
O: 2A® deri|] GMMA acti v
with ADH VyCDAP and co

No conj
obt ained N/ A
t o HPRAEDC

O:-RDH
S. f 12eaxAfQe r Conjuga O: 2/ GMMA
| O: 22A® conj u : .g
GMMA der i formati o w/ w r at
GMMAADH vVvi a
with ADH \ by HPRED 0.12

The experimental conditions identified with O:2 &dlexnera GMMA were extended to K2 and
[O2v2] GMMA. Unfortunately, derivatization of Kp GMMA with ADH resulted in GMMA
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aggregation and precipitation. For these reasons, additional tests were done with K2 at two different
MW, 43 and 13 kDa, as indicated in Table 5.7. K2 of 43 KDa was randomly activated with ADH and
conjugated to [O2v2] Ag on GMMA, while shorter K2 of 13[Ra was terminally activated with

ADH and conjugated to GMMA. Both approaches resulted in final conjugates with similar K
Ag/Protein w/w ratios (Table 5.7).

Table 5.7 Production and characterizatiokK@A DH O2v 2] GMMA conjugates

' Conjuga
First S Second st Resul t
charact e

K2 -AKg 13 [ O2vAlg On G Conjuggq K-Ag/-Ayg !/ Pr
derivatizegactivated w|formatio w/ w r at
via NaCN conjugaiAOdH | by HPRAED 0.066 /

K2 -AKg 43 [ O2vAlg On G Conjuggq K-Ag/-Ayg !/ Pr
derivatizgactivated w|formatio w/ w r at
via CDA| conjugatA®©dH | by HPRAEAD o.o077 |/

Western Blot analyses clearly confirmed the conjugation of K2 on [O2v2pjGn both final

conjugates (Figure 5.6).

Figure 5.6. Western blot arfi2v2 and antK2 onK2-ADH- [02v2] GMMA conjugates.
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