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Synthesis of oligosaccharides to identify an
immunologically active epitope against Candida
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Candida auris (C. auris) is an emerging multidrug-resistant fungal pathogen that represents a significant
public health challenge as it can spread rapidly and result in high mortality rates. The mannans on the C.
auris cell surface are potent immunogens and attractive targets for developing a glycoconjugate vaccine.

We synthesized the oligosaccharides resembling cell surface mannans of C. auris and printed them onto

microarray slides that were used to screen plasma from mice infected with C. auris. IgM antibodies in
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mouse plasma recognize the B-1,2 linkage present in C. auris surface mannans. Disaccharide 19

emerged from glycan array screening as a lead for developing a vaccine against C. auris, as the
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Introduction

Candida auris (C. auris) is a species of yeast that was first re-
ported* in 2009 and is now on the World Health Organization
(WHO) list as a “critical priority group” pathogen.” The fungus
causes multidrug-resistant and potentially life-threatening
infections that can result in sepsis, meningitis, and other
serious conditions if left untreated. C. auris infections spread
most commonly in healthcare settings from person to person
through contact with contaminated surfaces or medical equip-
ment.> C. auris infections are typically diagnosed by a combi-
nation of laboratory testing and medical history.* Treatment of
C. auris infections is often difficult as resistance to anti-fungal
drugs such as fluconazole, amphotericin, voriconazole and
caspofungin is emerging.”® Anti-fungal vaccines are urgently
needed.

The outer membrane of the fungus contains a variety of
proteins, including outer membrane proteins, lipoproteins, and
glycoproteins. The polysaccharide-rich cell membrane is
composed of chitin and B-glucans in the inner layer, and
mannoprotein in the outer layer of cell wall.® C. auris
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majority of patient plasma samples showed antibodies against this glycan.

The synthetic

oligosaccharides can be used for the early detection of C. auris infections.
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Fig. 1 (A) Structure of C. auris mannans; (B) structure of synthetic
mannans resembling the C. auris cell surface.
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Fig. 2 Glycan microarray analysis of Candida auris mannans. (A)
Printing pattern of glycan microarray. (B) Exemplary binding pattern of
mice plasma to immobilized synthetic glycans. (C) Mean fluorescence
intensity of IgM antibody binding to synthetic glycans. A plasma dilu-
tion of 1:50 was used. Values represent mean + SEM. Differences
were tested for significance using one-way ANOVA followed by
Tukey's post hoc test with (***%) p < 0.0001.

mannoproteins are composed of O- and N-linked mannans with
a-1,2-, 0-1,3-, a-1,6- and B-1,2-linked mannopyranose units as
well as phosphodiester-linked mannopyranose residues
(Fig. 1).°® The cell membrane is important for protecting the
fungus from environmental stress, providing a barrier to the
entry of antimicrobial agents, and aiding in the adherence to
surfaces. The cell membrane polysaccharides are recognized by
pattern recognition receptors (PRRs) on the surface of the
immune cell and in some cases may contribute to the patho-
genicity of C. auris by allowing it to evade the host immune
system.’

Isolated mixtures of Candida mannans and mannoproteins
were explored as potential vaccine antigens in animal models
of candidiasis two decades ago without follow-up.'®'* Rather
than using isolated mixtures of glycans, defined, synthetic
antigens resembling cell surface mannans may constitute
attractive vaccine candidates. As a first step in the vaccine
design and development process, we report the synthesis of
a series of conjugate-ready glycans related to the C. auris
mannans (Fig. 1) that were used to screen plasma of infected
mice for antibodies on glycan microarrays (Fig. 2) to identify
a minimal epitope.*

Results and discussion

Glycan assembly is based on orthogonally protected building
blocks. H-phosphonate building block 13 (Scheme 1), was
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Scheme 1 Synthesis of H-phosphonate building block 13.

prepared by the formation of a Nap ether at the C-2 hydroxyl of
commercially available thioglycoside 5 to form 7 in 96% yield.*
The benzylidene acetal in 7 was hydrolysed using ethanethiol
and camphorsulfonic acid (CSA) to give dihydroxyl mannose
thioglycoside 8. Dibenzylation of 8 afforded fully protected
thioglycoside 9 in 91% yield. Oxidative removal of naphthyl
ether using DDQ afforded thioglycoside' 10 in 76% yield. Lev-
ulinoylation of the C2-OH in 10 using 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride (EDC-HCI)
and DMAP produced 11 in 86% yield.”'® Hydrolysis of thio-
glycoside 11 using N-bromosuccinimide (NBS) and subsequent
treatment of hemiacetal*® 11 with diphenyl phosphite provided
H-phosphonate 13."

Union of p-thiomannoside' 15 and aminopentyl linker* 14
promoted by NIS/TfOH afforded desired a-linked glycoside 16
in 85% yield (Scheme 2). The linker is placed in anticipation of
the conjugation to a carrier protein or a microarray surface.
Benzoyl ester cleavage using sodium methoxide gave differen-
tially protected monosaccharide 17.>° The synthesis of B-(1—
2)-linked disaccharide mannan®' 19 began with the activation
of thioglycoside*® 6 by addition of 1-benzene-sulfonyl piperi-
dine (BSP), 2,4,6-tri-tert-butylpyrimidine (TTBP) and triflic
anhydride (Tf,0) at —60 °C followed by addition of acceptor 17
at —70 °C to get exclusively fully protected B-(1— 2)-linked
mannan 18. The newly formed f-glycosidic bond was
confirmed by coupled HSQC NMR. The global deprotection® of
protected mannan 18 using Pd/C provided B-(1— 2)-linked
disaccharide 19 with 70% yield. Glycosylation of mono-
saccharide 17 with building block 15 using NIS/TfOH followed
by cleavage of the benzoyl ester using sodium methoxide
provided disaccharide 21. Hydrogenation of disaccharide 21
using Pd/Cyielded 64% of deprotected disaccharide 24. For the
synthesis of trisaccharide 23, disaccharide acceptor 21 was
glycosylated with building block 6 using BSP, TTBP, and triflic
anhydride to afford B-(1— 2)-linked trisaccharide 22 in 84%
yield. Hydrogenation of trisaccharide 22 furnished deprotected
trisaccharide 23 in 70% yield. Synthesis of tetrasaccharide 28
began with the union of disaccharide 21 with donor 15 using

© 2023 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3sc01242e

Open Access Article. Published on 23 Juni 2023. Downloaded on 01.11.2025 22:11:24.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

View Article Online

Edge Article Chemical Science
HO_ _NBnCbz 14
TR
OB
0Bz NIS, TMSOTf ,DCM Ph—\-0 n Ho— §H
BnO -20°C, 20 min. Bno— OH o o o Ho%
E;goo§ﬁj 85% Bo o 6, BSP,TTBP, Tf,0 BnO Ha, PdIC Ho 0
n - .
2. DCM/MeOH, NaOMe Bno DCM, -60 to -70 °C, 3 h oo e EtOAC/t-BUOH/H,0 Ho o)
SEt 0°C,3h OyyNCbzBn 80% e 24 "o
15 95% 17 \9/5 18 O, NCbzBn 76% 19 Oy NH
2
Y5 Vs
1. 15, NIS, TIOH, DCM
-20 °C, 20 min
98%
2. DCM/MeOH, NaOMe
0°C,3h 0Bn
93% Ph/%(%g/ Ho— OH
OH BnO ? HO&R/O
OH BnO BnO HO
HO 0 Q HO
HO- -1 s B3 Hy, PAIC HO L0
HO Ha, PAIC BnO 6, BSP,TTBP, TF,0 ) 2. o
~ 2 o —_
Ho— § EtOAGtBUOHH,0 ~ B'ON\ T pem, -60t0-70°C, 3h Bno EtOAGIt BUOH/H,0 Ho— ©
o) nO o BnO n,24h
HO it 12h BnO 84% BnO: HO Q
HO 64% " 70% HO
Oy NCbzBn 0O, NCbzBn
Oy NH, AvA 0., NH
24 \Hls 21 ‘(\?’5 22 A 23 \9,5 A
1. 15, NIS, TFOH, DCM
-20 °C, 20 min.
89%
2. DCM/MeOH, NaOMe
0°C,3h
98% OBn HO OH
0
HO BnO 800 Ho
HO Q BnO Q BnO HO
Ho BnO BnO 0, HO Q
Ho © Hy, PIC Bro— © 6, BSP,TTBP, TH0 BnO Ha. PdIC HO
HO Q EtOAC/t-BUOH/H,0  BnO QO DCM, 60t0-70°C,3h Bno— ¢ EtOAC/t-BUOH/H,0 Ho— ¢
HO it 12h BnO 87% BnO o 1,24 h HO Q
Ho— © 72% B0 BnO 61% HO
HO! Q BnO O Bho— ¢ Ho— ¢
HO BnO BnO 0 HO Q
Oy NHz Oy NCbzBn BnO HO
5 5 Oy NCbzBn Oy NHz
29 26 27 5 28 5

Scheme 2 Synthesis of oligosaccharides mannans resembling the cell surface of C. auris.

NIS/TfOH, followed by debenzoylation using sodium meth-
oxide to yield protected tetrasaccharide 26. Trisaccharide 26
was glycosylated with thioglycoside donor 6 to produce pro-
tected tetrasaccharide 27 in 87% yield. Tetrasaccharide 27 was
freed from all protective groups using Pd/C to yield tetra-
saccharide 28. Similarly, 26 was converted to trisaccharide 29
in 72% yield.

Oligosaccharides containing a phosphodiester linkage are
essential for immunological studies aimed at identifying the
minimal glycan epitope (Scheme 3). Glycosylation of the
aminopentyl linker with 6 using BSP, TTBP and triflic anhy-
dride provided exclusively B-linked, fully protected mono-
saccharide 30 in 84% yield (confirmed by coupled HSQC
NMR). The benzylidene ring in monosaccharide 30 was
opened using dichlorophenyl borane and TMSOTI to yield
79% of the 6-OH containing 31. Coupling of H-phosphonate
13 and monosaccharide 31 using pivaloyl chloride as
coupling reagent followed by iodine/H,0 assisted oxidation of
the newly formed H-phosphonate diester, levulinoyl (Lev)
ester cleavage using hydrazine acetate and hydrogenation
provided phosphate diester disaccharide 1. The stereochem-
istry of the newly formed linkage was confirmed by coupled
HSQC NMR. For the synthesis of trisaccharide 2, the benzy-
lidene ring in 18 was opened to obtain disaccharide 33 in 86%
yield. Coupling of H-phosphonate 13 with disaccharide 33,
followed by oxidation wusing iodine/H,O and global

© 2023 The Author(s). Published by the Royal Society of Chemistry

deprotection provided trisaccharide 2 containing a phospho-
diester linkage in 27% yield over three steps. The synthesis of
tetrasaccharide 3 started with benzylidene ring opening in
trisaccharide 22 using dichlorophenyl borane and TMSOTf to
obtain trisaccharide 34 in 92% yield. Reaction of H-
phosphonate 13 with trisaccharide 34, oxidation of the
newly formed H-phosphonate diester followed by global
deprotection provided tetrasaccharide 3. Similarly, penta-
saccharide 4, containing a phosphodiester linkage, was
synthesized from tetrasaccharide 27.

Glycan microarrays are useful tools for screening plasma
samples in order to identify minimal glycan epitopes.*
Synthetic glycans 1-4, 19, 23, 24, 28, 29 and 32 were immobi-
lized in triplicates on glass slides to detect antibody binding to
the glycans in plasma samples derived from mice three days
after infection (Fig. 2).

IgM antibodies from infected mice specifically bound to
structures 19, 23, 28 and 32. All these synthetic glycans contain
the B-(1—2)linked mannan. Five of six animals produced
antibodies to disaccharide 19 that emerged as a vaccine lead for
incorporation into a glycoconjugate. No IgM antibodies were
detected against glycans 1-4 possibly be due to shielding of the
phosphodiester linker. Since antibodies against the synthetic
glycans were detected already after three days of infection,
oligosaccharides 19, 23, 28 and 32 serve for early detection of
infection.

Chem. Sci., 2023, 14, 7559-7563 | 7561
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Scheme 3 Synthesis of oligosaccharides having phosphodiester linkage.

glycan microarray experiments. R. K. S. and E. E. R. wrote the
original draft of the manuscript which was edited by all authors.

Conclusions

We synthesized a library of oligosaccharides resembling the cell
surface mannans of C. auris. The challenging phosphodiester
linkage was synthesized using H-phosphonate building block
13. Glycan array analysis of plasma from mice infected with C.
auris for three days were screened for antibodies to the synthetic
glycans. Disaccharide 19 is recognized by IgM and appears to be
a promising vaccine lead for further development of a glyco-
conjugate vaccine candidate.

Conflicts of interest

There are no conflicts to declare.

Acknowledgements

We thank the Max-Planck Society for generous financial
support. Open Access funding provided by the Max Planck
Society.

Data availability

Data supporting this article have been uploaded as ESI{ Notes and references

Author contributions

P. H. S. conceived and supervised this project. R. K. S. synthe-
sized all the target compounds. E. E. R. performed glycan
microarray experiments. M. B. and M. G. N. provided plasma for

7562 | Chem. Sci, 2023, 14, 7559-7563

1 K. Satoh, K. Makimura, Y. Hasumi, Y. Nishiyama, K. Uchida
and H. Yamaguchi, Microbiol. Immunol., 2009, 53, 41-44.

2 P. Beyer, V. Gigante and H. Getahun, WHO fungal priority
pathogens list to guide research, development and public
health action, World Health Organization, Geneva, p. 2022.

© 2023 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3sc01242e

Open Access Article. Published on 23 Juni 2023. Downloaded on 01.11.2025 22:11:24.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Edge Article

3 G. Tronchin, M. Pihet, L. M. Lopes-Bezerra and
J.-P. Bouchara, Med. Mycol., 2008, 46, 749-772.

4 C. Keighley, K. Garnham, S. A. J. Harch, M. Robertson,
K. Chaw, J. C. Teng and S. C. A. Chen, Curr. Fungal Infect.
Rep., 2021, 15, 116-126.

5 M. G. Frias-De-Le6n, R. Hernandez-Castro, T. Vite-Garin,
R. Arenas, A. Bonifaz, L. Castainon-Olivares, G. Acosta-
Altamirano and E. Martinez-Herrera, Antibiotics, 2020, 9,
568.

6 L. Yan, K. Xia, Y. Yu, A. Miliakos, S. Chaturvedi, F. Zhang,
S. Chen, V. Chaturvedi and R. J. Linhardt, ACS Infect. Dis.,
2020, 6, 1018-1031.

7 M. Bruno, S. Kersten, J. M. Bain, M. Jaeger, D. Rosati,
M. D. Kruppa, D. W. Lowman, P. ]J. Rice, B. Graves, Z. Ma,
Y. N. Jiao, A. Chowdhary, G. Renieris, F. L. van de
Veerdonk, B.-J. Kullberg, E. J. Giamarellos-Bourboulis,
A. Hoischen, N. A. R. Gow, A. J. P. Brown, ]J. F. Meis,
D. L. Williams and M. G. Netea, Nat. Microbiol., 2020, 5,
1516-1531.

8 N. Shibata, H. Kobayashi and S. Suzuki, Proc. Jpn. Acad., Ser.
B, 2012, 88, 250-265.

9 Y. Wang, Y. Zou, X. Chen, H. Li, Z. Yin, B. Zhang, Y. Xu,
Y. Zhang, R. Zhang, X. Huang, W. Yang, C. Xu, T. Jiang,
Q. Tang, Z. Zhou, Y. Ji, Y. Liu, L. Hu, J. Zhou, Y. Zhou,
J. Zhao, N. Liu, G. Huang, H. Chang, W. Fang, C. Chen and
D. Zhou, Nat. Commun., 2022, 13, 3553.

10 B. Sendid, J. L. Poirot, M. Tabouret, A. Bonnin, D. Caillot,
D. Camus and D. Poulain, J. Med. Microbiol., 2002, 51, 433—
442.

© 2023 The Author(s). Published by the Royal Society of Chemistry

View Article Online

Chemical Science

11 M. H. Weiner and W. J. Yount, J. Clin. Invest., 1976, 58, 1045-
1053.

12 P. H. Seeberger, Chem. Rev., 2021, 121, 3598-3626.

13 M. P. Lisboa, N. Khan, C. Martin, F.-F. Xu, K. Reppe,
A. Geissner, S. Govindan, M. Witzenrath, C. L. Pereira and
P. H. Seeberger, Proc. Natl. Acad. Sci., 2017, 114, 11063—
11068.

14 M. Rajesh, E. Mathias, B. Afshan, F. Timmy, K. Peter, N. Sofie
and H. Per, Biochim. Biophys. Acta, Proteins Proteomics, 2019,
1867, 909-921.

15 R. K. Singh, J. Sianturi and P. H. Seeberger, Org. Lett., 2022,
24, 2371-2375.

16 J. Wu and Z. Guo, J. Org. Chem., 2006, 71, 7067-7070.

17 S. R. Sanapala, B. M. S. Seco, J. Y. Baek, S. I. Awan,
C. L. Pereira and P. H. Seeberger, Chem. Sci., 2020, 11,
7401-7407.

18 P. Karen, Carbohydr. Res., 2003, 338, 1441-1454.

19 R. Castelli, H. S. Overkleeft, G. A. van der Marel and
J. D. C. Codée, Org. Lett., 2013, 15, 2270-2273.

20 C. E. Martin, M. W. Weishaupt and P. H. Seeberger, Chem.
Commun., 2011, 47, 10260-10262.

21 D. Crich and S. Sun, J. Org. Chem., 1997, 62, 1198-1199.

22 C.]J. Capicciotti, J. D. R. Kurach, T. R. Turner, R. S. Mancini,
J. P. Acker and R. N. Ben, Sci. Rep., 2015, 5, 9692.

23 C. J. Crawford, Y. Qiao, Y. Liu, D. Huang, W. Yan,
P. H. Seeberger, S. Oscarson and S. Chen, Org. Process Res.
Dev., 2021, 25, 1573-1578.

24 F. Broecker and P. H. Seeberger, Small molecule microarrays:
methods and protocols, 2017, pp. 227-240.

Chem. Sci., 2023, 14, 7559-7563 | 7563


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3sc01242e

	Synthesis of oligosaccharides to identify an immunologically active epitope against Candida auris infectionElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d3sc01242e
	Synthesis of oligosaccharides to identify an immunologically active epitope against Candida auris infectionElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d3sc01242e
	Synthesis of oligosaccharides to identify an immunologically active epitope against Candida auris infectionElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d3sc01242e
	Synthesis of oligosaccharides to identify an immunologically active epitope against Candida auris infectionElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d3sc01242e
	Synthesis of oligosaccharides to identify an immunologically active epitope against Candida auris infectionElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d3sc01242e
	Synthesis of oligosaccharides to identify an immunologically active epitope against Candida auris infectionElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d3sc01242e
	Synthesis of oligosaccharides to identify an immunologically active epitope against Candida auris infectionElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d3sc01242e
	Synthesis of oligosaccharides to identify an immunologically active epitope against Candida auris infectionElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d3sc01242e


