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Bordetella hinzii is a zoonotic pathogen, which can cause brain abscess, pneumonia, bacteremia, and urinary tract
infection. Vaccines are economical and effective means for combating infectious diseases. Herein, we present the first total synthesis
of the highly functionalized mono- and oligosaccharides of B. hinzii O-antigen for vaccine development. The rare 2,3-
diacetamidopyranoses were generated from 3-O-acetyl-2-nitroglycals via an organocatalyzed one-pot relay glycosylation method. The
postglycosylation oxidation strategy was used to overcome the poor reactivity of 2,3-diacetamido-aldouronic acid building blocks in
glycosylation reactions. Direct amidation of alduronic acid with NH; in the late stage reduced the protecting group operation and
increased the synthetic efficiency. Di-tert-butylsilylidene-directed a-galactosylation method was used to construct challenging 1,2-cis-
glycosidic bond. Six oligosaccharides of B. hinzii O-antigen were obtained and further conjugated to human serum albumin for
antigenicity evaluation (the sera antibodies were obtained from vaccinated mouse via inactivated B. hinzii). The terminal
tetrasaccharide of B. hinzii O-antigen has been identified as a potential glycol-epitope and might be useful for vaccine development
against B. hinzii.

Bordetella hinzii, carbohydrate-based vaccines, rare oligosaccharide, 2,3-diacetamido-alduronic acids,
stereoselective glycosylation

. . 8,12-27 .
carriers has aroused great interests. The O-specific

Bordetella hinzii (B. hinzii) is a Gram-negative zoonotic polysaccharide chain of B. hinzii consists of a [—4(-f-
bacterial pathogen, which can cause many diseases including GlcpNAc3NACAN-(1—4)-f-GlcpNAc3NACAN-(1—4)-a-

brain abscess, pneumonia, bacteremia, and urinary tract GalpNAc3NACAN-)1-] trisaccharide repeating unit with a 4-
infection.' ™ To avoid the problem of antibiotic resistance, O-methylated GaINAc3NACAN residue as the terminal sugar
vaccination is a good option against B. hinzii infection. Cell (Figure 1).**° Up to now, synthesis of B. hinzii O-antigen has

surface carbohydrates have been proven as effective antigens,
which can be conjugated to carrier protein for generatin§ long-
lasting glycoconjugate vaccines with broad application.”™” To
date, there are some commercially available glycoconjugate
vaccines to prevent Streptococcus pneumoniae, Neisseria
meningitidis, Haemophilus influenzae, and Salmonella typhi
infections.”'”'" With the advances of oligosaccharide synthesis
and glycoimmunology, development of synthetic carbohydrate-
based vaccines with rational, well-defined epitopes and suitable

not been reported, owing to its structure complexity and
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(A) Representative structures of bacterial glycans containing 2,3-diacetamido-2,3-dideoxy-Alduronic acid

MeO coNH, i
AcHN 0 1 Structure features and synthetic challenges:
AcHN CONH, ' ¢ All rare 2,3-diacetamido-2,3-dideoxy-Alduronic acid
¢ 1) 0 CONH, & Amidation of 2,3-diacetamido-2,3-dideoxy-Alduronic acid
AcHN O (0] ' + Highly poor reactivity of diacetamido-Alduronic acid as glycosyl donor/acceptor
AcHN  AcHN 0 CONH,\ | ¢ 1.2-cis-glycosidic linkages
AcHN L\ o 7] T 7 7 T T
AcHN 5 HO
Bordetella hinzii O-specific polysaccharide AcHN - HO
synthesis, conjugation and antigenic evaluation Ounn
This work 5 OH
HOOC AcHN
HO o) o
HOOC NHAc HO H AcHN
HO o Hooc NHAc ‘o NHAG ,
HN o) HO o)
AcHN HO (0] n
HO © O(CH2)sNH;
NHAc

Pseudomonas aeruginosa O5 O-antigen
synthesis and immunization
J. Am. Chem. Soc. 2024

Acinetobacter baumannii ATCC 17961 O-antigen
synthesis
Angew. Chem. Int. Ed. 2023

HO
HO
OH
o) HO 0 0
Hooe  AcHN HH%&% W
RO 0
A2, 0 Aok | HOOG NHAG Mett ]
OW
_ NHAC o) AcHN
R=Ac/H HO O(CH2)3NH;
HO
HO
o o HO NHAc
HO&/O O(CH3)sNH HO
HO™™" “on NHAc
Acinetobacter baumannii ATCC 17978 Bordetella pertussis LPS terminal pentasaccharide
synthesis, conjugation and immunization synthesis and immunization
Angew. Chem. Int. Ed. 2022 Angew. Chem. Int. Ed. 2020
(B) Synthetic target molecules CONH
HO conH, HO 20 Ho— 2o CH,OH
ACHN A= AcHN o 1 GONH AcHN o % o
AcHN ¢ AcHN  AcHN CH,OH
O(CH2)5NH2 AcHN AcHN
1 2 AcHN O(CHa)sNH, 3 AcHN e
HO coNH, N O(CH,)sNH,
0
COOH CONH Ak CONH
HO o COOH HO o CONH, AcHN o o CONH,
AcHN’ﬁN/O/ﬁONO AcHN’ﬁN/O/ﬁONO AcHN/ﬁN/O/%O
AcHN  AchHN COOH AcHN  AchN CONH, AcHN  AcHN CONH,
AcHN 0 AcHN 0 Acl 0
AcHN AcHN AcHN
4 ACHN O(CH )sNH, 5 ACHN §(GH,)sNH, 6 ACHN 5(GH,)sNH,
(C) Building blocks
fBu
gy S10 ACO HOCoNHBN OAc AcO ~OAc _ AcO
0 o ] TBSO
TBSO NPh  TrocHN AcO
(0} NPh TrocHN /U\ TrocHN TrocHN
TrocHN TrocHN CF (e} CH NHCbZ TFOCHN
TrocHN 07 “CF,4 0o 3 ( O(CHy) 5NCbz
7 8 9

Figure 1. (A) Representative structure of bacteria glycan containing 2,3-diacetamido-galacturonic acid. (B) Synthetic target molecules. (C)

Synthetic building blocks.

1904

https://doi.org/10.1021/jacsau.5c00113

JACS Au 2025, 5, 1903-1913


https://pubs.acs.org/doi/10.1021/jacsau.5c00113?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.5c00113?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.5c00113?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.5c00113?fig=fig1&ref=pdf
pubs.acs.org/jacsau?ref=pdf
https://doi.org/10.1021/jacsau.5c00113?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Scheme 1. (A) Synthesis of Monosaccharide Donors 7-8. (B) Synthesis of Monosaccharide Acceptors 9-10. (C) Synthesis of
Monosaccharide Target 1
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synthetic challenges. First, all sugar fragments are rare 2,3-
diacetamido-2,3-dideoxy-alduronic acids which are difficult to

obtain and their reactivities are very poor as both glycosyl

bacter baumannii ATCC 17961/17978*7% and Bordetella

.2
pertussis.

> Second, the amidation of 2,3-diacetamido-2,3-

34,35

032 . i dideoxy-alduronic acid increases synthetic difficulty.
donor and acceptor.” It is noting that the rare sugar 2,3-

diacetamido-2,3-dideoxy-alduronic acids, which plays an Third, the nucleophilicity of the 4-hydroxyl group of the

36,37

diacetamido-galacturonic acid residue is extremely poor. In

important role in the antigenicity, is also present in many

other strains such as Pseudomonas aeruginosa 05, Acineto- addition, the construction of 1,2-cis-glycosidic bonds of

1905 https://doi.org/10.1021/jacsau.5c00113
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Table 1. Screening of Conditions for the Glycosylation of Monosaccharide Donors and Acceptors
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entry donor acceptor activator product yield
1 8 9 TMSOTf 32 trace
2 8 9 TBSOTf 32 trace
3 8 9 TfOH 32 trace
4 8’ 9 Ph;PAuNTf, 32 trace
s 8" 9 Tf,0, Ph,SO, TTBP 32 trace
6 8 9’ TBSOTf 33 20%
7 8 9” TBSOTf 34 27%
8 8 9” TMSOTf 35 21%
9 8 9 TBSOTf 36 62%

aminosugars remains challenging, especially in highly func-
tional complex oligosaccharides.”®™*

Herein, we report the total synthesis and antigenic
evaluation of the B. hinzii O-antigen terminal tetrasaccharide
6, trisaccharide S (one repeating unit), trisaccharide derivatives
3—4 and fragments 1—2. To overcome the poor reactivity of
2,3-diacetamido-galacturonic acid building blocks in glyco-
sylation reactions when used either as a donor or as an
acceptor, we chose the post-glycosylation oxidation strategy for
glycan assembly (oxidation stage adjustment): The introduc-
tion of the carboxylic acids was postponed after the glycan
backbone was fabricated. This strategy allowed the use of a 4,6-
di-tert-butylsilylidene-protected 2,3-diacylamidogalactose
donor to stereoselectively construct the 1,2-cis-glycosidic
bonds, even though a neighboring participation group existed
at the C2 position of the donor;*”****~*> meanwhile the silyl
protecting group could increase the reactivity of the
donor.**™® Furthermore, the amidation of the uronic acids
could be arranged at a late stage of the synthesis so as to
minimize the steps of protecting group manipulations on
advanced intermediates. The rare 2,3-diamino-2,3-dideoxy-
sugars could be obtained from the corresponding 3-O-acetyl-2-

1906

nitroglycals using organocatalyzed one-pot relay glycosylation
method.””* Thus, the target compounds 1—6 could be
synthesized from building blocks 7—12, which were further
conjugated to carrier protein for antigenic evaluation (Figure

1).

The synthesis of 4,6-O-silylidene-protected 2,3-diaminogalac-
tose donor 7 started with 3,4,6-tri-O-acetyl-p-2-nitrogalacal 11
(Scheme 1A). The desired intermediate allyl 2-nitro-3-azide-
galactoside 13 was obtained in 76% yield with excellent
stereoselectivity from 3-O-acetyl-2-nitrogalacal 11 using 4-
pyrrolidinopyridine (PPY) mediated one-pot relay glycosyla-
tion.””* Deacetylation in 13 with acetyl chloride/methanol
afforded the corresponding 4,6-diol, which was followed by di-
tert-butylsilylene protection to furnish 14 in 72% yield over
two steps. Reduction of the nitro and azide groups in 14 with
Zn/HCl/CuSO, gave free amines, which was subjected to N-
acylation using 2,2,2-trichloroethoxycarbonyl chloride
(TrocCl)/E;N to generate compound 15 in 93% yield over

https://doi.org/10.1021/jacsau.5c00113
JACS Au 2025, 5, 1903—-1913
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Scheme 2. Synthesis of Target Disaccharide 2
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two steps.27 Removal of the allyl group in 1§ using PdCl,/
MeOH gave the corresponding hemiacetal, which was
subsequently transformed into the desired N-phenyl trifluor-
oacetimidate donor 7 in 50% yield over two steps.’’ The
monosaccharide donor 8 was generated from glucal 16 in nine
steps. Glucal 16 was efficiently transformed into 3,6-di-O-
acetyl-glucal under lipase-catalyzed reaction,”’ and the C4—
OH was then masked by the tert-butyldimethylsilyl group to
give protected glucal 18 in 87% yield over two steps.
Treatment of 18 with "Bu,NNO;/Tf,0/DTBMP in dichloro-
methane at =70 °C afforded 12 in 60% yield, which was
smoothly transformed into the desiredintermediate 2-nitro-3-
azide-glucose 19 in 65% yield using PPY-mediated one-pot
relay glycosylation.”” Following the similar procedures from 14
to donor 7, the desired monosaccharide donor 8 was smoothly
obtained from compound 19 in four steps. The acceptor 9 was
synthesized from 2-nitroglactal 11 in seven steps (Scheme 1B).
Stereoselective installation of the spacer on the anomeric
position and azide group on the C3 position in 11 afforded
desired 21 in 59% vyield via one-pot relay glycosylation.
Removal of the acetyl group, reduction of the nitro and azide
groups, and selective protection of free amines furnished 22 in
78% over three steps. The diol 22 was subjected to selective
oxidation at C6 hydroxy group using 2,2,6,6-tetramethylpiper-
idinyl-1-oxide (TEMPO)/diacetoxyiodobenzene (BAIB) oxi-
dation method to furnish the corresponding carboxylic acid,
which was amidated using BnNH,/HATU/DIPEA to afford
acceptor 9 in 64% yield over two steps. Following the similar
procedures from 11 to 22, compound 25 was obtained from
11 in § steps with good yield, which was selectively protected
at the C6 position with acetyl group to give acceptor 10 under
the catalysis of 2-aminoethyl diphenylborinate in 86% yield.>*
To synthesize target monosaccharide 1, reduction-acetylation
in 23 produced 26 in 73% yield (Scheme 1C). Removal of the
O-acetyl group using K,CO3;/MeOH furnished diol 27 in a
90% yield. Subsequent oxidation of the C6 hydroxy group of
27 via TEMPO/BAIB oxidation generated corresponding
carboxylic acid, which was amidated using BaANH2/HATU/
DIPEA to afford 28 in 67% yield over two steps.”
Unfortunately, the deprotection of the benzyl group on
amide 28 failed. Hydrogenation of 28 gave byproduct 29 in
72% vyield rather than the target 1. The newly developed mild
debenzylation method via visible-light-induced mesolytic
fragmentation also did not work in this case.”* To our delight,
amide 31 without any protecting group on the amide, which
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Bn

was obtained from diol 27 in 59% yield via selective oxidation
and direct coupling with NH;, was successfully transformed
into the desired monosaccharide 1 through Pd(OH),/C-
catalyzed hydrogenolysis of benzyl ether and benzyl carbamate
in 83% yleld (5 Hl(l—diacetamidoGaIAN = 4.94 ppm (S),
Cla-diacetamidoGalAN = 966 PPm)

With the monosaccharide donor 7 and 8, as well as
monosaccharide acceptor 9 and 10 in hand, we started the
synthesis of target disaccharide 2. The glycosylation of N-
phenyl trifluoroacetimidate donor 7 with acceptor 9 under
many activated conditions did not generate the desired
disaccharide product (Table 1, entries 1—3). Gold(I)-catalyzed
glycosylation with glycosyl o-alkynylbenzoate 8" as donor and
preactivation glycosylation with glycosyl hemiacetal 8" as
donor could not work as well (Table 1, entries 4—5).>”°° The
possible reason was that the nucleophilicity of the C4 axial
hydroxyl group of 2,3-diacylamidogalacturonic amide 9 was
highly poor. To increase the nucleophilicity, we adjusted the
group at the CS position of acceptor 9 to —COOMe (9’),
—CH,0Ac (9”), and —CH,OAIl (9”). The glycosylation of
donor 8 with acceptor 9'/9"/9" gave disaccharide products
33—35 in 20—27% vyields (Table 1 entries 6—8). To our
delight, acceptor 10 with a fully masked spacer was coupled
with donor 8 catalyzed by TBSOTT to furnish disaccharide 36
in 62% yield (Table 1 entry 9). Removal of the Troc groups in
36 followed by in situ acetylation by Ac,O afforded 37 in 72%
yield over two steps (Scheme 2). Selective removal of the O-
acetyl group in 37 using K,CO;/MeOH furnished diol 38 in
80% yield, which was smoothly transformed into amidated
disaccharide 39 via TEMPO/BAIB oxidation and amidation in
72% yield over two steps. Desilylation in 39 with HF/pyridine
gave disaccharide 40 in 82% yield, which was then converted
into target disaccharide 2 via Pd(OH),/C-catalyzed hydro-
genOIYSiS in 86% Yleld (5 Hl(l—diacetamidoGalAN = 494 ppm (dr ] =
3.3 HZ)) ClafdiacetamidoGalAN = 96.6 ppm; HlﬂfdiacetamidoGluAN =
4.40 ppm (d’ ] =75 HZ)! Cl/}-diacetamidoG[uAN =100.7 ppm)

The target trisaccharides 3—5 could be obtained from the key
trisaccharide intermediate 44 through a diversity-oriented
synthesis (Scheme 3A). Removal of the TBS protecting group
in 36 with HF/pyridine afforded disaccharide acceptor 41 in
92% yield, which was glycosylated with monosaccharide donor
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Scheme 3. (A) Synthesis of Target Trisaccharides 3-5. (B) Synthesis of Targettetrasaccharide 6

(A) Synthesis of target trisaccharides 3-5
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8 catalyzed by TBSOTS to furnish trisaccharide 42 in 71%
yield. Removal of the Troc group in 42 using Zn/AcOH,
followed by in situ acetylation with Ac,O generated 43. Then
selective deacetylation of O-Ac with K,CO3;/MeOH produced
44 in 94% yield. The trisaccharide 44 was smoothly
transformed into trisaccharide 3 through desilylation and
hydrogenation in 87% yield. The trisaccharide derivative 4 was
generated from trisaccharide 44 via selective TEMPO/BAIB
oxidation, benzylation with BnBr/KHCO;, desilylation with
HF/pyridine, and Pd(OH),/C-catalyzed hydrogenolysis in
75% yield over four steps. The trisaccharide § with one
repeating unit of B. hinzii O-antigen was synthesized from
trisaccharide 44 through selective TEMPO/BAIB oxidation,
amidation with HATU/NH,;/DIPEA, desilylation and Pd-
(OH),/C-catalyzed hydrogenolysis in 49% yield over four
steps (6 lex-diacetamidoGalAN = 493 (d) ] = 32 HZ))
ClafdiacetamidoGalAN = 96.6 ppm; HlﬂfdiacetamidoGluAN = 4.67

Ppm; Cl/}’—diacetamidoGluAN = 101.1 PPm) Hl, p-diacetamidoGIuAN =
4.55 ppm (d) ] =83 HZ)J Cl/ﬁ-diacetamidoGIuAN = 101.6 PPm)
The synthesis of target tetrasaccharide 6 started from
trisaccharide 42 (Scheme 3B). Desilylation in 42 using HF/
pyridine furnished trisaccharide acceptor 47 in 98% yield,
which was coupled with monosaccharide donor 7 activated by
TBSOT( to give the desired tetrasaccharide 48 in 78% yield as
a single anomer. Removal of eight NHTroc groups in 48 via
Zn/AcOH/THF reduction, followed by in situ acetylation
afforded desired per-O,N-acetylated product in 57% yield over
two steps, which was selectively de-O-acetylated with K,CO;/
MeOH to provide 49 in 78% yield. Another challenging point
is selective oxidation of the multiple hydroxyl groups in the
complex tetrasaccharide. After numerous attempts, the
tetrasaccharide 49 was successfully converted to amidated
tetrasaccharide 50 through desilylation, selective oxidation of
the primary hydroxyl groups using the two-step sequence
(TEMPO/NaOCl/NaBr,57 then Pinnick oxidationss), and
amidation with HATU/NH,/DIPEA in 45% vyield over four
steps. Finally, removal of the benzyl and benzyl carbamate
groups on the spacer of 50 with Pd(OH),/C-catalyzed
hydrogenolysis afforded the desired tetrasaccharide 6 in 89%
Yleld (5 Hl(z—diacetamidoGalAN = 495 ppm (dl ] = 34 HZ))
Cla»diacetamidoGalAN = 96.6 ppm; Hlﬁ»diacetamidoGluAN = 4.68 ppm,
ClﬂfdiacetamidoGluAN =101.1 ppm; Hl/ﬂfdiacetamidoGluAN =4.60 ppm
(d) ] = 83 HZ)I Cl/ﬂ—diacetamidoGluAN = 101.4 PPm;
Hl/a—diacetamichalAN = 5.21 ppm (d) ] = 3.5 HZ))
Cl/a»diacetamidoGalAN =96.8 PPm)

To screen out the optimal epitope of the synthetic B. hinzii O-
antigens 1—6, synthesis of the corresponding conjugates HSA-
1-HSA-6 was carried out (Figure 2A). By employing the
bifunctional di(N-succinimidyl) glutarate (DSG) as the linker,
the six B. hinzii O-antigens were first reacted with the DSG to
obtain the desired activated monoesters, followed by covalent
coupling with human serum albumin (HSA) to produce
conjugates HSA-1—HSA-6, respectively (Figures S1—S6 and
Table S1; see the Supporting Information for details).”*
Although the carbohydrate loadings of HSA-4 and HSA-6 were
relatively low, presumably due to the structural complexity of
the oligosaccharides, analysis of the SDS-PAGE and matrix-
assisted laser desorption/ionization time-of-flight (MALDI-
TOF) results indicated that the glycoconjugates were indeed
formed. To evaluate the antigenicity of the mono- and
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Figure 2. Synthesis of the glycoconjugates and their antigenicity
evaluation. (A) Preparation of the six conjugates HSA-1—HSA-6. (B,
C) Immunization schedule and recognition of the six glycoconjugates
by pooled sera (1:4000 dilution) from mice immunized with
inactivated B. hinzii formulated with Freund’s adjuvant (FA) on day
35 as determined by an ELISA. The P/N ratio means the ratio of the
OD450 nm value of positive immune mice sera to the OD450 nm
value of negative nonimmune mice sera. Which was calculated to
account for plate-to-plate variability in optical density (OD).>”¢">
The P/N ratios were measured in triplicate and are plotted as mean +
the standard deviation.

oligosaccharides, HSA was used as a negative control and the
synthetic conjugates HSA-1—HSA-6 were used as the coating
antigens for enzyme-linked immunosorbent assays (ELISAs).
The BALB/c mice were subcutaneously immunized with a
mixture of inactivated B. hinzii and Freund’s adjuvant (FA) as
the positive immune group. The mice in the negative
nonimmune group received only PBS. The positive immune
group received one priming vaccine on day 0 and received
booster dose on days 14 and 28 (Figure 2B). On day 35, the
sera of mice in the positive immune group and the negative
nonimmune group were extracted for ELISAs.

As shown in Figure 2C, the day 35 sera from mice
immunized with inactivated B. hinzii barely bound to the HSA.
Among the six synthetic glycoconjugates, HSA-6 bearing the
tetrasaccharide was best recognized by day 35 sera from the
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positive immune group. It was interesting that the conjugates
HSA-1-HSA-4 of monosaccharide and disaccharide fragments
1-2, as well as trisaccharide derivatives 3—4, had a similar
binding affinity with the conjugate HSA-S containing one
repeating unit of B. hinzii O-antigen. Owing to HSA could not
be recognized by the serum antibodies, the terminal amidated
2,3-diacetamido-galacturonic acid and the 2,3-diacetamido-
pyranoses may play an important role for their antigenicity,
and the tetrasaccharide 6 was found to be a key epitope for
further vaccine development against B. hinzii. It should be
noted that the carbohydrate loading and the glycan orientation
on the protein might affect recognition by the serum
antibodies in the positive immune group. Thus, further
immunization studies to confirm the immunogenicity and
establish the epitope profile are underway.””*’

We have achieved the first total synthesis of highly function-
alized mono- and oligosaccharides 1—6 from B. hinzii the O-
antigen. All of the rare 2,3-diacetamidopyranoside building
blocks were obtained from 2-nitroglycals through a novel
organocatalyzed one-pot relay glycosylation method. The
combination of postglycosylation oxidation strategy and di-
tert-butylsilylidene directed a-galactosylation method has
proven effective to assemble these complex oligosaccharides.
During the synthetic process, installation and functionalization
of multiple amines, selective oxidation of multiple hydroxyl
groups, and direct amidation in the late stage were achieved.
These synthetic methods and strategies may find further
applications in the assembly of other complex oligosaccharides
and glycoconjugates. In addition, through screening of the
synthetic B. hinzii O-antigen glycans with the mouse sera
antibodies, the terminal tetrasaccharide of B. hinzii O-antigen
was identified as a potential glycol-epitope for the development
of vaccine against B. hinzii.

The 2-nitroglycal (1.0 equiv), PPY (0.1 equiv), and TMSN; (1.2
equiv) were dissolved in dry DCM (0.1 M). The reaction mixture was
stirred for 30 min at room temperature and monitored by TLC
analysis. When the reaction was finished, the next step reaction was
carried out without workup and purification. PivOH (0.2 equiv) and
acceptor (1.4 equiv) was added to the reaction mixture. The reaction
mixture was stirred for 2 days at room temperature and monitored by
TLC analysis. When the reaction was complete, the mixture was
concentrated under reduced pressure. The residue was purified by
silica gel flash chromatography (petroleum ether/ethyl acetate) to
give the corresponding 2-nitro-3-azido-2,3-dideoxyglycoside.

To a suspension of substrate, zinc powder and copper sulfate in THF/
H,O were added HCI (12 M) at ice bath. The reaction mixture was
warmed to room temperature and monitored by a TLC analysis.
When the reaction was finished, it was filtered with Celite and washed
with THF. The resulting organic solution was concentrated in vacuo
and was directly used for the next step without further purification.
The obtained residue in THF was added NaHCO; and TrocCl at ice
bath and stirred at room temperature. When the reaction was finished,
it was filtered by Celite, washed with THF, and then concentrated in
vacuo. The obtained residue was purified by silica gel column
chromatography to afford the corresponding product.
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To a suspension of substrate and zinc powder in THF were added
acetic acid at ice bath. The reaction mixture was warmed to room
temperature and monitored by TLC analysis. When the reaction was
finished, it was filtered by Celite and washed with THF. The resulting
organic solution was concentrated in vacuo, which was directly used
for the next step without further purification. The obtained residue in
THEF was added to pyridine and acetic anhydride and stirred at room
temperature. When the reaction was finished, the reaction was
quenched with MeOH and concentrated in vacuo. The obtained
residue was purified by silica gel column chromatography to afford the
corresponding product.

To a suspension of substrate in DCM/'BuOH/H,0 was added
TEMPO and BAIB, stirred at room temperature, and monitored by
TLC analysis. When the reaction was finished, the mixture was
concentrated in vacuo. The obtained residue was roughly purified by
gel column chromatography (Sephadex LH-20, eluent: 1:1, MeOH-
H,0) to give corresponding crude product. To the solution of the
resulting residue in DMF was added HATU, DIPEA, and NH; (in
1,4-dioxane), and then stirred at room temperature. When the
reaction was finished, it was concentrated in vacuo. The obtained
residue was purified by silica gel column chromatography to afford the
corresponding product.

To a solution of substrate in ‘BuOH/H,0 (7:3, v/v, 10 mL) was
added Pd(OH),/C (20% on carbon (wetted with ca.50% water)) and
stirred under an atmosphere of H,. When the reaction was finished,
the reaction mixture was filtered by Celite and 0.45 pm filtration
membrane, and the filtrate was concentrated in vacuo. The obtained
residue was purified by gel column chromatography (Sephadex LH-
20, eluent: 1:1, MeOH-H,0O) to afford the corresponding target.

To a solution of di(N-succinimidyl) glutarate (DSG; 9.06 mg, 27.8
pmol; 5.28 mg, 16.2 umol; 3.72 mg, 11.4 umol; 3.72 mg, 11.4 umol;
3.91 mg, 12 umol; 2.87 mg, 8.8 ymol) and triethylamine (9; 6; 4; 4;
4; 3 pL) in anhydrous DMSO (160 uL) was added dropwise a
solution of glycans (1:1 mg, 2.78 ymol; 2:1 mg, 1.62 ymol; 3:1 mg,
1.2 ymol; 4:1 mg, 1.14 ymol; S:1 mg, 1.14 umol; 6:1 mg, 0.88 ymol)
in anhydrous DMSO (160 pL) at room temperature. After being
stirred at room temperature for 2 h, the solution was treated with
phosphate buffer saline (PBS; 100 mM, pH = 7.4, 1 mL). The mixture
was then extracted with chloroform (S mL) and separated by
centrifugation (2 min, 1800g). The aqueous layer was separated by
centrifugation (1 min, 14,500g) in a 1.5 mL Eppendorf tube and
added to a solution of HSA (0.73 mg, 11 nmol; 0.4 mg, 6 nmol; 0.33
mg, S nmol; 0.33 mg, S nmol; 0.33 mg, S nmol; 0.27 mg, 4 nmol,
MKBio) in PBS (100 mM, pH = 7.4, 1 mL). The mixture was stirred
at room temperature for 18 h and dialyzed against water and PBS
three times using a centrifugal filter (30 kDa MWCO, Millipore).

Bacterial strains: B. hinzii (LMG14052) bacteria were purchased from
BeNa Culture Collection (BNCC). Animals: six to 8 weeks old female
BALB/c mice were purchased from Yuxiu, Shanghai, China. The in
vivo experiments were conducted with mice under the ethics
certificate ECUST-2022—032 of East China University of Science
and Technology. All mice were kept under specific pathogen-free
conditions.

Immunization of 6 week old female BALB/c mice (n = 4) was carried
out subcutaneously (s.c.) with the inactivated B. hinzii (LMG14052).
Each mouse was immunized with the inactivated bacteria (80 ug)
emulsified with 1:1 (v/v) complete Freund’s adjuvant (CFA, Sigma)
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on day 0 and boosted twice with the inactivated bacteria (80 ug)
emulsified with 1:1 (v/v) incomplete Freund’s adjuvant (IFA, Sigma)
on days 14 and 28. The control mice received only PBS. Mouse blood
samples were collected via the mice eye socket vein on days 35.
Antisera were prepared from the clotted blood samples

Costar high-binding polystyrene 96-well plates (Corning) were coated
with the HSA-1, HSA-2, HSA-3, HSA-4, HSA-5, HSA-6, and HSA at
a concentration of 10 pg/mL in sodium carbonate-sodium hydro-
gencarbonate buffer solution (0.05 M, pH = 9.6) at 4 °C for 20 h. The
plates were washed three times with PBS containing 0.1% Tween-20
(PBS-T) and blocked with 2% BSA-PBS at 37 °C for 1 h. After
washing with PBS-T for three times, primary antiserum dilutions
(1:4000 dilution) in 1% BSA-PBS were added, and the plates were
incubated at 37 °C for 2 h. The plates were washed with PBS-T three
times and incubated with 1:10,000 diluted solution of horseradish
peroxidase (HRP) conjugated goat antimouse IgG antibody in 1%
BSA-PBS at 37 °C for one h in dark. The plates were washed with
PBS-T three times, developed with TMB substrate at 37 °C for 20
min, and stopped with 2% sulfuric acid. The absorbance values were
recorded at a wavelength of 450 nm with an ELISA reader.

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/jacsau.5c¢00113.
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