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In the modern world, the rise of antibiotic-resistant bacteria has become a 
major threat to the health care system. A large percentage of the infections caused 
by multi-drug resistant bacteria today arises from the ESKAPE pathogens,1 which 
have been marked by WHO as high priority pathogens. The ESKAPE pathogens 
include Enterococcus faecium, Staphylococcus aureus, Klebsiella pneu-
moniae, Acinetobacter baumannii, Pseudomonas aeruginosa and Enterobac-
ter spp. All these bacteria have learned to adapt to the modern health care envi-
ronment. In the recent years much effort has been invested in finding new treat-
ment regiments for the ESKAPE pathaogens,2 including therapeutic strategies us-
ing different antibiotic combinations, bacteriophages and photodynamic thera-
pies.3,4 Staphylococcus aureus (S. aureus), is one of the ESKAPE pathogens caus-
ing hospital-acquired infections, and with the rise of antibiotic-resistant strains,5 
such as methicillin-resistant S. aureus (MRSA)6 and vancomycin-resistant S. au-
reus (VRSA)7 the development of new therapeutic strategies is urging. To face the 
problems associated with antimicrobial resistance (AMR), efforts have been di-
rected on improving clinical management, increasing the speed of diagnosis, de-
veloping (new) antimicrobial treatment,8,9 but also on active or passive vaccina-
tion strategies.4,10 S. aureus is a Gram-positive human pathogen and it is found in 
the environment, but is also part of the normal human microbiome11 and it is one 
of the most common opportunistic pathogens. It is found in human mucous mem-
branes and skin, and does normally not cause infections, but when the bacterium 
penetrates the protective skin and mucous barriers, it can cause various infections, 
ranging from minor skin abscesses to deadly bloodstream infections (bacteremia), 
heart valve infections (endocarditis), bone infections (osteomyelitis), lung infec-
tions (pneumonia), meningitis and septic shock.11,12 It especially poses a threat to 
newborns and immunocompromised pa-
tients, such as, elderly, post-surgical and 
dialysis patients.  

The cell wall of S. aureus (Figure 1) 
is complex and is composed of a pepti-
doglycan layer with different characteris-
tic glycopolymers,13–15 and cell wall pro-
teins. The cell wall glycopolymers are in-
volved in several physiological processes 
and play a key role in staphylococcal vir-
ulence. The major classes of cell wall 
glycopolymers include capsular polysac-
charides (CPs), wall teichoic acids 

 
Figure 1: A schematic representation  
of the cell wall of S. aureus. 
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(WTAs) and lipoteichoic acids (LTAs). Exopolysaccharides can be generated by 
the bacterium as part of a protective biofilm. All these glycopolymer structures 
may be used as targets for a protective immune response.16,17  

To date 13 different S. aureus CP serotypes have been identified from clinical 
isolates, but only four of the 13 serotypes have been structural characterized: sero-
type 1, 2, 5 and 8 as depicted in Table 1. Serotype 3, 4, 6, 7, 9, 10 and 11 have 
only been identified by immunological methods and no complete structural char-
acterization has been reported yet.18 The serotypes can be classified into two main 
groups depending on colony morphology. Serotype 1 and 2 belong to the mucoid-
type species as they are heavily encapsulated forming mucoid colonies, while type 
3-11 form non-mucoid colonies, generating only thin layer capsules.19,20 Serotype 
1 and 2 are rarely encountered among clinical isolates while serotype 5 and 8 are 
amongst the most abundant clinical isolates, comprising more than 80% of all 
isolates.20–23 CP type 5 and 8 can serve to target protective antibodies and are 
widely investigated as vaccine candidates for protection against S. aureus.  

Table 1: The serotypes of S. aureus capsular polysaccharides.  

Type Strain Final chemical structure of the repeating 
unit 

Established  

1 D →4)-α-D-GalNAcA-(1→4)-α-D-GalNAcA-
(1→3)-α-D-FucNAc-(1→ 

Karakawa, 
198224 

 M →4)-α-D-GalNAcA-(1→4)-α-D-GalNAcA-
(1→3)-α-D-FucNAc-(1→ (a) 

Murthy, 
198325 

2 Smith or 
K-93M  

→4)-β-D-GlcNAcA-(1→4)-β-D-GlcNAcA-
(L-alanyl) 

Hanessian, 
196426,27 

3 Mardi Unknown NA 
4 T D-ManNAcA-(1→3)-D-FucNAc (b) Wu, 197128 
 7007 ManNAcA-(1→3)-FucNAc (b) Karakawa, 

1974 29 
5 Reynold →4)-β-D-ManNAcA-(1→4)-α-L-

FucNAc(3-OAc)-(1→3)-α-D-FucNAc-(1→ 
Jones, 200530 

6 C Unknown NA 
7 207 Unknown NA 
8 Becker →3)-β-D-ManNAcA(4-OAc)-(1→4)-α-L-

FucNAc-(1→3)-α-D-FucNAc-(1→ 
Jones, 200530 

9 91 Unknown NA 
10 537 Unknown NA 
11 797 Unknown  NA 

(a) A taurine is found on every fourth α-D-GalNAcA connected through an amide bond with the 
carboxylic acid. (b) No complete structure has been published yet.  
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Biosynthesis of CP5 and CP8 
The structures of CP5 and CP8 are very similar, and they consist of the same 

three monomeric sugar residues: N-acetyl-D-fucosamine (D-FucNAc), N-acetyl-
L-fucosamine (L-FucNAc) and N-acetyl-D-mannosaminuronic acid (D-Man-
NAcA), but differ in glycosylic linkages and O-acetylation pattern as depicted in 
Figure 2.  

 
Figure 2: A schematic representation of the common repeating units of CP5 and CP8.  

The biosynthetic pathways by which CP type 5 and 8 are assembled are also 
very similar. Several of the same genes are involved in the biosynthesis of both 
polysaccharides, encoding the proteins required for polymer synthesis,31–33 O-
acetylation,34 transport and regulation of CP production.35,36 The proposed path-
way for the biosynthesis of the CPs is depicted in Figure 3 with CP5 on the left 
and CP8 on the right. The synthesis of the soluble uridine diphosphate (UDP) 
building blocks begins in the cytoplasm via three reaction cascades, wherein the 
universal precursor UDP-D-N-acetyl-glucosamine (UDP-D-N-GlcNAc) is con-
verted into the three different nucleotide-coupled sugars, UDP-D-FucNAc, UDP-
L-FucNAc and UDP-D-ManNAcA. The biosynthesis of the universal UDP-D-
FucNAc (pathway I) starts with the enzymes CapD (a dehydratase) and CapN (a 
reductase) to transform D-GlcNAc into D-FucNAc. This is followed by transfer to 
the phosphosugar onto the membrane lipid carrier undecaprenol phosphate (C55P) 
catalyzed by CapM, generating membrane-bound D-FucNAc (Lipid Icap). From 
here, both CP5 and CP8 can be generated. The CP5 pathway relies on catalysis 
by Cap5I, whereas CP8 depends on catalysis by Cap8H.18 UDP-L-FucNAc (path-
way II for both CP5 and CP8) is formed from UDP-D-N-GlcNAc by the action of 
the trifunctional enzyme CapE (having dehydratase, 3-epimerase and 5-epimerase 
activity) followed by CapG (an epimerase) and CapF (a reductase).32,37 For CP5, 
the acetyl transferase Cap5H catalyzes the O-acetylation of the UDP-L-FucNAc 
C-3-OH. The L-FucNAc is then transferred to the lipid carrier by the transferase 
CapL to give the disaccharide Lipid IIcap. For the final building block, UDP-D-
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ManNAcA (pathway III), CapP epimerizes the C-2 of D-GlcNAc and the dehy-
drogenase CapO subsequently oxidizes the C-6-OH. In the CP8 biosynthesis 
route, Cap8J acetylates the C-4-OH of UDP-D-N-ManNAcA.31,33 CapI then trans-
fers the monosaccharide to the lipid carrier to complete the trisaccharide precursor 
Lipid IIIcap.34 The modified trisaccharides are transferred to the outer surface of 
the cell membrane by the flippase CapK, after which the polymerase Cap5J (for 
CP5) or Cap8J (for CP8) generates the longer fragments.20,38 Finally, the attach-
ment of the CP precursor to the N-acetylmuramic acid of the peptidoglycan is 
achieved by an yet unknown pathway.37  

 
Figure 3: Model for the proposed biosynthetic pathway for CP5 (left) and CP8 (right) in S. 
aureus. 

 

Glycoconjugate vaccines  
As mentioned above, the cell wall components of bacteria can be used as 

targets to direct an immune response, and various bacterial CPs have been used to 
develop anti-bacterial vaccines.39 Glycoconjugate vaccines have become one of 
the most effective and safe preventive treatments to combat bacterial infections 
with successful vaccines against several bacterial pathogens, including Haemoph-
ilus influenzae type b, Streptococcus pneumoniae and Neisseria meningitidis 
serogroups A, C, W and Y.40–42 With promising results for other pathogens, and 
the high demand for new treatment strategies, developing a vaccine against S. 
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aureus is of high interest.43 When designing a vaccine using polysaccharides (PS), 
it is necessary to conjugate these to a carrier protein as the PS itself is not suffi-
ciently immunogenic and cannot elicit a strong and lasting immune response. This 
is because polysaccharides by themselves cannot engage in T-cells activation and 
are therefore generally referred to as T cell independent antigens.44 When the PSs 
are conjugated to a carrier protein, the immunogenic properties are characterized 
by the generation of high affinity IgG antibodies and the development of immu-
nological memory.39 The generally accepted immunological mechanism of a gly-
coconjugate vaccine depends on the PS and the carrier protein as illustrated in 
Figure 4. First, the conjugated polysaccharide is taken up by the B-cell receptor 
(BCR), and after internalization the glycoconjugate is processed during which the 
protein is degraded to form smaller peptides that can bind to the major histocom-
patibility complex II (MHC II) and can subsequently be presented to the T-cell. 
Cross talk between the B and T cells then leads to T cell activation and B cell 
maturation. The T cell stimulates the B cell to develop into polysaccharide spe-
cific memory B cells and plasma cells, and the development of high affinity anti-
bodies by IgM to IgG class switching.45,46 The carrier protein is especially import 
for a response in infants and toddlers, as no response against a stand-alone poly-
saccharide vaccine can be elicited. For adults, stand-alone polysaccharides can 
induce a short-term antibody response, but, because of the lack of T cell help, no 
memory effect or booster response can be achieved.44 

 
Figure 4: Schematic representation of the generally accepted immunological mechanism of a 
glycoconjugate vaccine. 

Several glycoconjugate vaccine candidates using capsular polysaccharides 
and teichoic acids of S. aureus have been developed.47 The polysaccharides used 
in these formulations are normally produced by isolation and purification from 
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bacterial sources. Generally, this leads to relatively heterogeneous material, vary-
ing in length and differences in substitution pattern of the polysaccharides, espe-
cially when labile substituents such as O-acetyl esters are present (Figure 5A).48 
When using isolated polysaccharides in combination with random conjugation 
chemistry, the resulting vaccine modalities are high molecular weight, cross-
linked, heterogeneous and ill-defined structures.46,49 Through the use of chemical 
polysaccharide sizing, often using acidic or oxidative conditions or enzymatic 
fragmentation and size exclusion chromatography, smaller polysaccharide frag-
ments with a more defined degree of polymerization (DP) can be obtained.50–52 In 
addition, the controlled site selective cleavage of the PS, often at the anomeric 
center of one of the constituting monosaccharides, can enable site selective con-
jugation chemistry to generate conjugates that are better defined. Even more con-
trol over glycoconjugate structure and composition can be achieved using mini-
mal oligosaccharide (OS), generated through chemical or enzymatic synthesis 
(Figure 5B), which also enables standardized and reproducible vaccine produc-
tion.48 While the length can impact the effectiveness of a glycoconjugate vaccine 
as the oligosaccharide has to present the active epitope and allow for B cell recep-
tor crosslinking, also the protein, the linker and type of conjugation pattern in the 
design of a vaccine candidate can make a difference.48  

Various glycoconjugate vaccines comprising isolated S. aureus CPs and dif-
ferent carrier proteins have been reported. The most notable has been the Staph-
VAX in the 1990’s, which was explored up to a phase III trial. StaphVAX, a biva-
lent conjugate vaccine generated using isolated S. aureus CP5 and CP8 polysac-
charides conjugated to the nontoxic recombinant Pseudomonas aeruginosa exo-
toxin A, was developed by Nabi Pharmaceuticals.53 StaphVAX did show preven-
tion of infections up to 10 month after one injection, however when explored in a 
phase III trial, it showed limited efficacy,54 as the vaccine was found to fail to 
reduce incidence of invasive infections in hemodialysis patients.55 StaphV, devel-
oped by GSK, combines conjugates of CP5 and CP8 polysaccharides to tetanus 
toxid (TT) carrier protein mixed with detoxified α-toxin (Hla H35L) and clumping 
factor A and was evaluated with and without adjuvant AS03B. The phase I trial 
showed to induce adequate antibody responses and no safety concerns.56 Another 
tetravalent antigen S. aureus vaccine SA4G was investigated by Pfizer using CP5 
and CP8 polysaccharides conjugated to cross-reacting material 197 (CRM197) 
with two additional protein antigens. It was shown to be safe and well tolerated 
and to induce antibody responses in healthy older adults in a phase II clinical 
trial.43,57 However SA4G failed in the phase IIb trial, conducted with recipients 
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that underwent spinal surgery as no reduction in the incidence of S. aureus blood-
stream infections were detected (NCT02388165). 

 
Figure 5: Different approaches to generate glycoconjugate vaccines. A) Traditional approach 
towards formation of glycoconjugate vaccines by bacterial fermentation, followed by extrac-
tion, purification and conjugation of the CP to a carrier protein. B) Synthetic approach towards 
glycoconjugates by chemical or enzymatic synthesis followed by purification, linker installa-
tion and then conjugation to a carrier protein.  

The vaccine candidates tested so far have not led to any successful vaccine yet, 
emphasizing the challenges associated with the development, which includes la-
bility of the linker and side-effects from impurities and non-protective epitopes 
that may hinder eliciting an adequate immune response against heterogeneous 
polysaccharides.54,58 Another reason for the lack of a vaccine has been reasoned 
to be due to the lack of successful translation of vaccine protectivity, that is ob-
served in the pre-clinical trials performed on animal subject, to human subjects.43 
The solution could include different animal models, representative in vitro models 
and ex vivo human tissue to study the pathogenicity. Currently different vaccine 
candidates that do not contain CPs are being tested in various stages of clinical 
trials and using either cell-wall proteins,59,60 antigen proteins61 or toxoids.62 Pre-
clinical research using CP5 and CP8 is still ongoing, implementing bioconjuga-
tion strategies and semisynthetic glycoconjugates.63,64 Success of vaccination has 
been hindered by lack of established correlates of protection in humans and the 
complexity of the staphylococcal pathogenesis. Vaccines against different infec-
tions using synthetic material have been already developed, including the H. in-
fluenzae type b (Hib) vaccine using a synthetic capsular polysaccharide, which 
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has been licensed in Cuba65 and a vaccine against Shigella flexneri 2a using a 
synthetic O-specific polysaccharide, which has progressed to phase II trial.66 The 
synthetic oligosaccharides have thus attracted attention as antigen candidates and 
could therefore be considered as antigen candidates in a vaccine against S. aureus.  

 

Synthetic capsular polysaccharides  
Because of their biological relevance, significant efforts have been devoted 

to the synthesis of different fragments of the capsular polysaccharides of S. au-
reus. These CPs are complex molecules consisting of different rare monosaccha-
rides, that are interconnected through linkages that are difficult to construct, and 
they carry different functional groups including a varying N- and O-acetylation 
pattern, which makes their synthesis a challenging task.67 Out of the 13 different 
serotypes only four of them (serotype 1, 2, 5 and 8, see Table 1) have been struc-
turally characterized and only the synthesis of serotype 1, 5 and 8 has been re-
ported to date. Only small fragments (trisaccharide units) or protected larger frag-
ments of CP1,68,69 CP571–75 and CP864,70,76,77 have been published, indicating the 
difficulty of the synthesis.  

In 2015, the group of Boons described the synthesis of a conjugation ready 
CP5 trisaccharide, shown in Scheme 1A.72 Their synthesis relied on the use of the 
monosaccharide building blocks 1, 2 and 5 as precursors for the L-fucosamine, D-
fucosamine and D-mannosaminuronic acid residues, respectively and the trisac-
charide was built from the reducing end towards the non-reducing end. Glycosyl-
ation between donor 1 and acceptor 2 in the presence of N-iodosuccinimide (NIS) 
and trimethylsilyl trifluoromethanesulfonate (TMSOTf) gave disaccharide 3 in a 
yield of 73% and with an α/β ratio of 4:1. The promoter was found to influence 
the yield and stereoselectivity of the reaction as the promoter systems 1-benzene-
sulfinyl piperidine (BSP) or diphenylsulfoxide (DPS) with trifluoromethanesul-
fonic anhydride (Tf2O) and 2,4,6-tri-tert-butylpyrimidine (TTBP) gave the α-
product in only 30 % yield. Removal of the O-acetyl ester gave acceptor 8. The 
protecting group on the C-3-OH of the L-FucN3 building block was found to be 
important in the glycosylation reaction towards the trisaccharide, as an electron-
withdrawing acetyl group at this position lowers the reactivity of the axial fucosyl 
C-4-OH.78,79 With the p-methoxybenzyl (PMB)-acceptor 8, the glycosylation to 
give trisaccharide 6 proceeded in 73% yield and with excellent β-selectivity, as a 
result of the stereoselective nucleophilic displacement of the in situ formed man-
nosazide α-triflate. Next, the PMB ether was exchanged for an O-acetyl ester, 
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which was followed by installation of a 5-(benzyloxycarbonyl)aminopentanol 
linker (9) using the generated imidate donor. Trisaccharide 10 was formed as the 
sole β-anomer arising from effective neighboring group participation by the tri-
chloroethyl carbamate (Troc) on the C-2-nitrogen. Next, the azides and the Troc 
carbamate were transformed into the corresponding acetamides, after which the 
benzylidene on C-4 and C-6 of the mannose residue was hydrolyzed to set the 
stage for the regioselective oxidation of the C-6-OH which gave 12 in 61% 
yield.80 This protecting/functional group manipulation scheme was implemented 
to avoid possible intramolecular lactam formation of the mannosaminuronic acid 
residue. Lastly, hydrogenation afforded trisaccharide 13. While this strategy could 
allow both for the generation of longer oligomers, and the conjugation to a carrier 
protein, no investigation towards these goals has been published.  

Demchenko and co-workers synthesized the CP8 trisaccharide 26, shown in 
Scheme 1B, having methyl groups at both the reducing and non-reducing end, in 
2015.76 They built the trisaccharide from the non-reducing end to the reducing 
end relying on building blocks 14, 15 and 19. The chemoselective glycosylation 
between donor 14 and acceptor 15 in the presence of AgOTf in 1,2-dichloroethane 
(1,2-DCE) proceeded in 73% yield and delivered the β-glucosyl product due to 
neighboring group participation. They chose to use a glucosyl precursor to gener-
ate the β-mannosamine residue, as direct mannosylation failed. Next, the C-2 po-
sition of the glucosyl residue was epimerized by first removal of the levulinoyl 
(Lev) group in 72% yield followed by installation of the triflate and azide dis-
placement81 to give disaccharide 16 in 90% over two steps. The so-formed 16 was 
used directly as a donor in the glycosylation with acceptor 19 in the presence of 
NIS and triflic acid (TfOH) in 1,2-DCE to give trisaccharide 20 in 87% yield and 
with excellent α-selectivity. Now the intermediate trisaccharide 16 was depro-
tected by reduction of the azide with propane-1,3-dithiol followed by acetylation 
to give the acetamide in 94% over two steps. The benzylidene was hydrolyzed 
and the liberated C-6-OH was subsequently selectively oxidized and esterified. 
The free C-4-OH was acetylated and finally the benzyl protecting groups were 
removed by hydrogenation yielding trisaccharide 26. Because both capping ends 
are equipped with methyl groups the trisaccharide cannot be elongated or conju-
gated.  
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Scheme 1: Literature synthetic approaches towards a trisaccharide repeating unit of CP5 from 
Boons (A) and a CP8 trisaccharide from Demchenko (B). Reaction conditions: A) a) NIS, 
TMSOTf, DCM, Et2O 4:1, -60 ºC, 72%, α/β = 4:1, b) Na (cat), MeOH, guanidine·HCl, rt, quant, 
c) DPS, Tf2O, DCM, -60 ºC to -30 ºC, 72%, d) i) DDQ, DCM/H2O 9:1, rt, ii) Ac2O, pyridine, 
DCMAP, rt, 85% over two steps, e) HF/pyridine, THF, rt, 90%, f) CF3(NPh)CCl, Cs2CO3, 
DCM, g) TMSOTf, DCM/MeCN 1:1, -78 ºC, 72% over two steps, j) zinc, THF:AcOH:Ac2O, 
63%, h) i) 80% aq. AcOH, 90%, ii) TEMPO, BAIB, DCM/H2O then NaClO2, 2-methyl-2-bu-
tene, t-BuOH, 61% over two steps, k) Pd(OH)2, MeOH, AcOH, quant. B) l) AgOTf, 1,2-DCE, 
rt, 73%, m) hydrazine acetate, DCM/MeOH 20:1, 0 ºC, 72%, n) i)Tf2O, pyridine, DCM, 0 ºC, 
ii) NaN3, DMF 60 ºC, 90%, o) NIS, TfOH, 1,2-DCE, 0 ºC, 87%, p) i) HS(CH2)3SH, Et3N, 
pyridine, H2, rt, ii) Ac2O, MeOH, rt, 94%, q) TFA aq., DCM, 92%, r) TEMPO, BAIB, aq. DCM, 
rt, s) BnBr, NaHCO3, DMF, rt, 61% over two steps, t) Ac2O, pyridine, rt, 99%, u) H2, Pd/C, aq. 
EtOH, rt, 97%.  
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Both the shown synthetic procedures,72,76 and most of the published synthetic 
strategies to date to generate CP5 and CP8 oligosaccharides,64,73,75,77,82 either use 
a glucosyl synthon or a mannosamine building block to construct the N-acetyl β-
mannosaminuronic acid, implementing a late-stage modification on larger saccha-
rides. While these procedures can be efficient on relatively small saccharides, im-
plementing them on oligomers comprising several repeating units can be more 
challenging, as this requires multiple transformations to be executed on the same 
molecule. Especially the late-stage oxidation of multiple alcohol into the corre-
sponding carboxylates, requiring two oxidation steps for each transformation, has 
been found difficult.77,83,84 In 2023, Kulkarni and co-workers implemented a pre-
glycosylation oxidation strategy using a ManN3A donor for the synthesis of a 
CP8-trisaccharide. However, because of the low reactivity of the donor, a large 
excess was needed for the glycosylation reaction. With this procedure late-stage 
modifications were minimized and the deprotection strategy only involved three 
steps.70  

Neither of the described molecules above have been used for biological eval-
uation. Adamo and co-workers reported a synthetic protocol towards a CP5 tri-
saccharide, bearing a linker for conjugation purposes in 2012.71 However, during 
the deprotection steps the amino group in the linker, intended for conjugation, was 
transformed into an acetamide, rendering the linker unsuitable for functionaliza-
tion. Therefore, the trisaccharide was only evaluated in competitive ELISA and 
dot blot studies using murine anti-CP5 serum, generated against a CP5-polysac-
charide conjugate. Recognition of the synthetic structure could be shown, but the 
interaction was significantly weaker than the natural polysaccharide indicating 
that larger structures are likely needed as potential vaccine candidates. Hu et al. 
reached the same conclusion in their report on a synthetic CP8 trisaccharide pro-
tein conjugate.64 Mice immunization with their CP8-trisaccharide conjugate did 
lead to the production of anti-CP8 antibodies as revealed by glycan micro array, 
but longer structures were deemed necessary to generate a more potent vaccine 
candidate.  
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Outline of the thesis  
In this Thesis synthetic chemistry has been developed to generate well-de-

fined fragments of three different S. aureus serotype capsular polysaccharides. All 
of the synthetic saccharides are equipped with an aminoalkyl linker to conjugate 
them to a carrier protein to generate synthetic vaccine modalities. Chapter 2 de-
scribes the synthesis of fragments of the capsular polysaccharide type 8, with the 
oligosaccharides ranging in length from a trisaccharide to a dodecasaccharide. 
The synthetic approach developed relies on a [3+3n] strategy and a pre-glycosyl-
ation oxidation and O-acetylation strategy has been implemented to simplify the 
deprotection at the end of the synthesis. The four generated saccharides are con-
jugated to a carrier protein, and their binding to monoclonal and polyclonal anti-
bodies is described using Western Blot and ELISA. Conformational investigations 
and NMR interaction studies have revealed the epitopes recognized by the anti-
bodies. Immunization studies are reported showing the longer synthetic fragments 
to serve as potent analogues of the natural polysaccharide. In Chapter 3 the syn-
thesis of fragments of capsular polysaccharide type 5 are described. The assembly 
of tri- hexa- and nonasaccharides is presented and again a pre-glycosylation oxi-
dation and [3+3n] glycosylation strategy is implemented to obtain the saccharides. 
The synthetic saccharides were conjugated to a carrier protein and tested for bind-
ing with monoclonal and polyclonal antibodies using Western Blot and Surface 
plasmon Resonance (SPR). Conformational studies have revealed the three-di-
mensional structure of the oligosaccharides. In Chapter 4 the synthesis of four 
frameshifted CP5 and CP8 trisaccharides is presented, complementing the trisac-
charides generated in Chapter 2 and Chapter 3. Again, the saccharides are inves-
tigated for interaction with monoclonal antibodies raised against native CP5 and 
CP8, and quite surprisingly one of the CP5 trisaccharides was revealed to be a 
potent binder for anti-CP5 antibodies. Chapter 5 describes the synthesis of oli-
gosaccharides derived from CP type 1. Four different trisaccharides with a differ-
ent taurine substitution pattern is presented together with a non-taurinated hexa-
saccharide. In contrast to the work of CP5 and CP8, now post-glycosylation mod-
ifications are implemented to be able to tune the taurination pattern. In Chapter 
6 the work in Chapter 2-5 is summarized and an outline for potential future direc-
tions is presented. 
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