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Abstract Helicobacter pylori (Hp) is responsible for chronic gastritis, peptic ulcers, and even gastric cancers.
Currently, there is no vaccine to prevent or treat Hp infections. Here, we described the chemical synthesis of a-
1,6-glucans with different lengths (di- to hexasaccharide), which are present in the core oligosaccharide of Hp
lipopolysaccharide (LPS). The 1,2-cis-glucosidic bonds were constructed successfully using a synergistic
glycosylation strategy based on acyl remote participation and solvent effects. The results of glycan microarrays
indicated that all synthesized a-1,6-glucan fragments possessed a strong binding to IgG antibodies in both rabbit
serum immunized with Hp O1 LPS and patient serum infected with Hp. The a-1,6-linked trisaccharide exhibited
strong binding affinity to anti-LPS rabbit IgG antibodies. The a-1,6-glucan trisaccharide and pentasaccharide
elicited a strong response to IgG antibodies in sera of most Hp-infected patients. Some patients’ sera exhibited
strong binding activity with o-1,6-linked disaccharide. The results suggest that the a-1,6-glucan disaccharide,
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trisaccharide and pentasaccharide could be important carbohydrate antigen fragments in Hp lipopolysaccharide.
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| THEFT 18 ( Helicobacter pylori, Hp ) J&:—FjiZ
TS MR 55 A7 22 45 MR 10 2 == QB T8, 38 8
T AZREE LA, 423k 44 {200 BN
T Hp, Bt 50%, KMWEYL Hp 2 502
PEE R IV . R DGR 2L (MALT) ik
EURE, o 2 B AR HUPE 1994 4, S TR
HAFF Hp & SO0 1 B0y, 2021 4F, £
TSN AR TAES 15 REUE Y IS SOK
Hp 58 IR B0EY™ . BRIGYT Hp B 3 2d H
DE7IRE S NN Tl I ATIE NN e 1
FI(PPL) 1 5e iy Ry 2 58 FH A ] 3875 B0k 500 A DU B
J7 ik (PP, HE A, B FIOA )™, B THiER
)z A T B A T 25 PR A RS s, PR R
28R Hp PIRURE K KFEAR, 75— L 2 5 A X 5 1
DX, Hp ARBRR T R 80% LA R, H L5
Hp B 4L iy & A7 1+ 4038 80, JF & Hp 2 H9A
R — A A AT R B AR YT Hp iR rY T
B LR, 45 2R TE Hp FE T Aot
FH T2 TR S T E R . HET Hp 2%
AR PRI R TERKIG 2 L KR

B (Ure) , 2517 R (VacA ), BERAICHE T A(CagA).

PR H (Hsp) . KL LSO 29 (NAP) | AR
R KRR e sh ) S T R B A
T B PR RICR, (BT I PRI P R RE SR AT 2L £
FAERY. Zeng % BT T — RS A R EEE B W
ST P FE 2 B B Y 1 il F 4 2 v, A
TG PR R 71.8% RO 07, FE T
5 3ARRIRREEE R . IR, A0 WA T By
FNATTHY Hp P i,

240 T 2 T ) I 20 i e M A 7
1, BERE T A i A S SO E, SR T B0 4 Bt )
JHE 2 T AN ARSI ST, AN BEAENLIA H (5
BIEW S LUR B4 0) 51 kA7 22 1 S 5 J v M
GBEICAL . g 22 Bl k3 Sl i o L i A
REE [ NEFHER(TT) . [WREE R LK

CRM197 55 1B HEH 8- (T ZE 9 T 401
WAGPEDTIR, P51 R MU A 5 AR 1Y) 1gG BriA I
PG TCACARMER 2 B X i 5 % BR TR (Streptococcus
pneumoniae) . TR 5 43 5 ( Neisseria meningitidis )
H1 b B3 IR 1L AT B ( Haemophilus influenzae type
b, Hib) W28 & W% 1 C e e w3 Soph 2%
G W A AR G T A L A LR I
i S I R A

H i, Ko 2 45 A bR AR
T DA TR % T 42 HUAS 3], 77 20 B 355 R TR L DG
YR RN by TR KRB WE G F AN 8 — 25 [R]
RELR TR S B R A B AN AT DA
il 2 AR I . 34— R B0 TR 3R T S/ 2L, R
HE— R AIRIT G 5 G 1 P 22 [A] 1 OC ZR 1t
Py A, i VBB S A TN R A R AT
I, 4 AR R M S e e TR PR,

Hp MR8 2 b 5 HAh 5 = [ PR AR, fH2E
BB AL G5 RSF 1A% O SERE R O-BLJiE 3 #8432 1k
( 1-A), HA 0 S0 5 — 5% a-1,6-7 R bHEE,
AN TR R B o-1,6-1 58 BE 4E K BN [A], SF 3
3~4 A % A AR L Monteiro 45 P IE B 4 B
i) Hp BEZ 085 4 1035 85 111 (BSA) 45 & il U e 4
AT LA/ R g | A s B S I N, 5 5 R
(9 1gG 1 TgM P AT 5 15 22850 25 4 b Atk
5 RG22 057 A A8 ORI . Harrison 58 il 25 1
Pt a-1,6-HRAERFCEDUAR, KINHXTEH o-1,6-4
FMEHE R Hp A5 2 0 2R 90 WA ) e S PR 45 5 R
J1o i3] Altman S50 3@ LA BHE A LT a-1,6-
RS Y, ¥ S BSA B TT 2K H F
S5 AE /N BRI ik s 5 T HAs 38 LR fE 1 Y
IgG Piik . 2022 4F, A PRI AL E kAT
Hp R ZBEESH R BAZO L SMZG B L M
O T WO =8 BRI N AZ O = & a-1,6-
IR W, IO D R BOARXS & BUSEME B iAo
AT VAL o SCER A RR T a-1,6-11 5 — WX K
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Figure 1 Helicobacter pylori (Hp) lipopolysaccharide (LPS) and target oligosaccharides

A: General structure of Hp LPS( P: phosphate group; AEP: 2-aminoethylphosphate; Glc: glucose; Gal: galactose; D,D-Hep: D-glycero-D-manno-

heptose; L,D-Hep: L-glycero-D-manno-heptose; Kdo: 3-deoxy-D-manno-octulosonic acid; n = 3—4 (average); B: Target a-1,6-glucans 1-5
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SIS 8 MHTHERE R AR BB 9. FEHIEE
WVERTT LG 9 i 2 C° S i A H mE I, 2 i
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1.2 B 1~5 696 %
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MIA B T H BN 250, BEBR 0% 11 JER R
Ui A CO R R, 15 8 T2k 12, 7EA
] AL 25 1 T AR 7 5 2 AR EA TR K, 15 2]



648

V-‘r @% 41‘/\";“ 2  Journal of China Pharmaceutical University 2024, 55(5): 645 — 656

5 55 4

M4k A Pk 22 5 W B By B R C° Ao 4 HE i 35
A RS R AT, £ FEBE 14, 16, 18,
20, WL 2-B R, ff FHH RS DU, KA S
FRAE AT, 722 SMARER (PA/C) AR A/E TR
BREEHE LA R R U RS 21 H AR S0 1~5.

2 SCIGERS

2.1 KA EAE
2110 X A ARSI R 0t aE N A S
bl (e ot —2alifh; Brak s A Ui,
N TR B A ECR AR T #EAT, KON A Y
AASr T P i e A s A, AR RN O PR <R
S 28R AL S T T RERCH: (i, S k. LTk,
N,N- 35 Y P e S SR 20 70 T R e A B
Fo A 2 sk (TLC) M s b #E 2, TLC 7
254 nm YEAMDET RIS, H CAM R 655147 i
1, 200~300 HEBH T RERFE AT

RER AR . AR (75 S 1AL TABRA R ; &
B AcH g CE R A B R R 240 13
HECEERE YRR RA A ; bS R 8k
F (Surmodics 23 7] ) 5 48 6% £ 1L 5] . Sephadex LH-
20 HEE . Cy3 B L =FPT A 1gG Pk . Alexa
Flour 532 51 1L 251 % 1gG Bk (Sigma-Aldrich
YNCID
2.12 AL % MBraun MB-SPS 800 %7l 14 &
4 (4% [E Mbraun 2y 7] ) ; Avance [l 400 MHz,
Avance Il 600 MHz #% #% 3£ 9% {X (£ [E Bruker &
F)); Agilent 6220 = 43 HF i 154X (3£ [E Agilent 24
) ) ; ultrafleXtreme G BT L 25 H3 15 AT I [1] J52
#41% (3% [# Bruker 22 7]); UniPol L 1000 4= H 3liE
Y64 (7 E Schmidt & Haensch A&l ) ; ZR-3 F1E A
A (A 3 A 4 BB B A BR 23 7)) 5 FreeZone 6

1) NIS, H,0, acetone,
rt,1h

OBz OBz

plus ¥ % T #: AL ( 35 [E Labconco 23 ) ) 5 Electro-
X ZYIREA Y A SR (T 955 B A= M RLH A R
/3 ) )5 LuxScan 10K/B #FF51 s 7 3 #85 CRL#f 1
B EYIRHEA RA R .

22 FA R

221 #HTHESR KA 6(4.71 g, 713
mmol) I TP ER-7K (10:1, 71 mL) IEH +, A
NIS(4.81 g, 21.4 mmol) H-FAEZ I FHitt: 1 h, i
SR e Xt KN AT AR BT 0.1 g/mL BRACHR R
VRV, A HUAH 2 J0 K G R 40 T 08 e el 1 ke 4, AL
P I R R 8 (£ T k- R R, 60 1) 4lifk,
FH3 4E B Fh [R] A (3.56 g, 6.42 mmol) . BF -4 s
1B 4 (500 mg, 0.90 mmol) & T 54 H 5E(9.0 mL)
LB HIE 0 °C IR, A 2,2,2-= 3 -N-Z8 T & ¢
Z M 5(0.7 mL, 4.50 mmol) Al DBU(0.4 mL, 2.70
mmol ), ¥ 5 K A 2 = IR ARSI PE S5 h, Wi TS
it FAE AR (233 (A it - 2R 216, 30: 1 ibf74lifk
53 [ a5k A A 7(653 mg, 0.90 mmol), P45 i
R 90%. 45 4 B 5 s SOk — 30

222 EHIMGE R AT, KK
7(1.50 g, 2.07 mmol) FI%EHAF 8(1.02 g, 3.11 mmol)
T IoK S BE-ToK Bk (1:3, 69 mL) 1, A
ALY A5 T FNBEMY (2.5 mL, 31.1 mmol), )
WAEZ MR FHEPE 0.5 he R HIZE 0 °C, i TMSOTS
(56 pL, 0.31 mmol), 4KZE7E 0 °C FHiHk 4 ho fHiH]
= ORI Y, etk e g, S B
TR TR0 i 2 S M 7K I MR R U, 8 T /K L TR M T
Je VB M 4 o KL= 3 Ao A 3 (I k-2
2 Mg, 12:1) 2lifk, 1530 H @R 9(1.50 g, 1.74
mmol), YH(84%, a:f=9:1). Zity% &5 54k
T SCHR— 30,

223 B 10694 KA 9(2.07 g, 2.40

TMSOTT, Thiophene,

DCM:Et,0=1:3, 4A MS, OBz

2) CF;NPhCI, DBU, DCM, NPh
BnO O stol rt.Sh BnO o) )L rt—=0C,5h BnO 0
(§)
BnO 90% over two steps BnO 0" cr, 84% (a:f=9:1) BnO
BnO BnO BnO NBnCbz
-k
6 7 9 5
HO., , NBnCbz
A
OH 8
MeONa, MeOH, THF,
rt.4h BnO
0, BnO
e BnOG_ \ NBnCb
hAvA -
10 5

Scheme 1 Synthesis of building blocks 7 and 10
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OBz OH

OR

; BnO
TMSOTT{, Thiophene, Bno/*
B

NPh DCM:Et,0=1:3, 4A MS, n0)
Bnoégﬁ Ao+ Bnoég L
BnO 0" CF, BnO 88% (a only) BnO

BnO BnOO\H;NBanz
7 10

OR

BnO
BnO
BnO 1)

7, TMSOTT, Thiophene,

BnO
BnO
(o) NBnCbz
Ay
THF, MeOH, 11, R=Bz
MeONa, r.t., 4 h 12, R=H
92%
OR

BnO
BnO
BnO 1)

7, TMSOTT, Thiophene,

DCM :E,0=1:3, 4A MS, BnO DCM :E,0=1:3, 4A MS, BnO
rt—0°C,5h BnO rt—0C,5h BnO
86% (a only) B0 90% (a only) BnO;2
BnO BnO
BnO BnO
BnO BnO
0O, NBnCbz 0O, NBnCbz
A A
THF, MeOH, 13, R=Bz THF, MeOH, 15, R=Bz
MeONa, r.t., 4 h 14, R=H MeONa, r.t., 4 h 16, R=H
91% 87%
OR OR
BnO BnO
BnO BnO
. BnO 0 X BnO 0
7, TMSOTHT, Thiophene, 7, TMSOTHT, Thiophene,
DCM:Et,0=1:3, 4A MS, BnO DCM:Et,0=1:3, 4A MS, BnO
rt-0°C,5h BnO r.t—0°C,5h BnO
88% (a only) Bn0o3 79% (a only) BnO%4
BnO BnO
BnO BnO
BnO BnO
0O+, NBnCbz O+, NBnCbz
A K
THF, MeOH, 17,R=Bz THF, MeOH, 19, R=Bz
MeONa, r.t., 4 h 18. R=H MeONa, r.t., 4 h 20. R=H
89% 84%
BT ol
OH OH
L 10%Pd/C, H,, HO =
0 MeOH, THF, H,0, AcOH, o
BnO r.t.,48h HO
BnO HO
BnOO n HOO n
12, n=0 BnO 1, n=0 (90%) HO
14, n=1 BnO 2, n=1 (88%) HO
16, n=2 BnOG_ | NBnCbz 3, n=2 (90%) HOG NH
18, n=3 % 4, n=3 (92%) R
20, n=4 5, n=4 (39%)
Scheme 2 Synthesis of oligosaccharides 1-5
R =1 = . R > Lop 34
mmol) ¥ fif 76 Y B -DU S Wk (101, 24 mL) S, 1l SCEk—20,

T 2404 (64.8 mg, 1.20 mmol), 767 i T 14k 4
h J&, VRS 1 3C e IR 985 SO i vk pH 28 7 A2 A,
T Y08 el e 4 I, R A3 e e A i (A il
k-2, B8, 52D B T alifl, 53] A R 10
(1.78 g, 2.35 mmol), Y% 98%. 44 % e Bdi 54

224 FAE11,13,15,17,19 496 AR
T, B2 (1.0 eq) AL 7(1.5 eq) i T Ik 4%
He-JE /K £k (1:3, 0.03 mmol/L) 1, JA I AL Y
ALY TR AIBEWS (15 eq), 76230 FHEHE 0.5 h 5,
WHIZ 0 °C JH I TMSOTR(0.15 eq), 76 0 °C L J
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4 h 5, A = SRR RN I ek Lk, IR &
Wy (i P G FH e A e AR A i T S B /K VR R T T4
WA A TR FH TS /K B R A 448 0 -l s e 44, e ot
RERCAE (5 (A mBE- R LR, 8:1-5: 1) #1404k
GEIE 78

=811 BB, R 88%, [al =
+45.32° (¢ 1.00, CHCl;) 1H NMR (600 MHz,
CDCly) o: 7.99~7.95 (2H, m, Ar-H), 7.55~7.50 (1H,
m, Ar-H), 7.39 (2H, dd, J = 7.6, 7.6 Hz, Ar-H),
7.36~7.26 (23H, m, Ar-H), 7.25~7.18 (17H, m, Ar-H),
5.15 (2H, d, J = 16.6 Hz, CH,-Cbz), 4.99 (1H, d, J =
3.4 Hz, H-1b), 4.97~4.94 (2H, m, CH,-Bn), 4.93~4.87
(2H, m, CH,-Bn), 4.81~4.76 (2H, m, CH,-Bn), 4.68
(1H, d, J = 12.0 Hz, CH,-Bn), 4.66~4.61 (4H, m, H-
la, CH,-Bn), 4.59 (1H, d, J = 11.0 Hz, CH,-Bn),
4.53~4.43 (4H, m, H-6b, CH,-Bn), 4.39 (1H, dd, J =
11.9, 4.4 Hz, H-6b"), 4.02~3.93 (3H, m, H-3b, H-5b,
H-3a), 3.85~3.80 (1H, m, H-6a), 3.79~3.73 (1H, m,
H-5a), 3.71~3.63 (2H, m, H-6a', H-4b), 3.61~3.52
(3H, m, H-4a, H-2b, CH,-Linker), 3.37 (1H, dd, J =
9.6, 3.6 Hz, H-2a), 3.35~3.26 (1H, m, CH,-Linker),
3.25~3.11 (2H, m, CH,-Linker), 1.61~1.44 (4H, m,
CH,-Linker), 1.33~1.22 (2H, m, CH,-Linker), "C
NMR (151 MHz, CDCl;) d: 166.19, 138.94, 138.51,
138.35, 138.33, 137.98, 133.03, 129.97, 129.64,
128.53, 128.42, 128.41, 128.38, 128.35, 128.19,
127.95, 127.94, 127.85, 127.82, 127.81, 127.77,
127.71, 127.64, 127.55, 96.95 (C-1b), 96.62 (C-1a),
82.07, 81.76, 80.39, 80.19, 77.81, 77.51, 75.77, 75.62,
75.12, 75.06, 73.07, 72.31, 70.54, 68.88, 67.89, 67.13,
65.87, 63.42, 50.25, 46.31, 29.11, 28.05, 23.50.
HRMS(ESI) m/z Calcd. for Cq;HgsNO,4,Na [M+Na]
1318.5862, Found 1318.5856.

ZHE 13 EROR, IR 86%. [P =
+83.25° (¢ 2.00, CHCl;); 'H NMR (600 MHz,
CDClLy) d: 7.96 (2H, d, J = 7.7 Hz, Ar-H), 7.52 (1H,
dd, J =74, 7.4 Hz, Ar-H), 7.38 (2H, dd, J = 7.7,
7.7Hz, Ar-H), 7.35~7.26 (27H, m, Ar-H), 7.26~7.10
(28H, m, Ar-H), 5.15 (2H, d, J = 16.9 Hz, CH,-Cbz),
5.04 (1H, d, J = 3.5 Hz, H-1¢), 4.97~4.87 (7H, m, H-
1b, CH,-Bn), 4.81~4.73 (3H, m, CH,-Bn), 4.70~4.53
(8H, m, H-la, CH,-Bn), 4.52~4.42 (5H, m, H-6c,
CH,-Bn), 4.38 (1H, dd, J = 12.0, 4.2 Hz, H-6c"), 4.01

(1H, dd, J = 9.2, 9.2Hz, H-3c), 3.98~3.89 (3H, m, H-
3a, H-3b, H-5¢), 3.86~3.79 (2H, m, H-6a, H-6b),
3.79~3.64 (6H, m, H-4a, H-4b, H-5a, H-5b, H-6a', H-
6b"), 3.63~3.50 (3H, m, H-2c¢, H-4c, CH,-Linker),
3.41~3.34 (2H, m, H-2a, H-2b), 3.34~3.25 (1H, m,
CH,-Linker), 3.24~3.11 (2H, m, CH,-Linker), 1.60~
1.45 (4H, m, CH,-Linker), 1.35~1.28 (2H, m, CH,-
Linker), "C NMR (151 MHz, CDCly) J: 166.18,
138.99, 138.85, 138.59, 138.55, 138.51, 138.48,
138.40, 137.98, 133.01, 129.98, 129.64, 128.52,
128.44, 128.41, 128.38, 128.36, 128.34, 128.31,
128.28, 128.19, 128.04, 127.96, 127.90, 127.86,
127.82, 127.79, 127.73, 127.66, 127.58, 127.55,
127.50, 127.48, 127.38, 97.15 (C-1b), 96.95 (C-1c¢),
96.71 (C-1a), 82.07, 81.68, 81.65, 80.44, 80.35, 80.26,
77.77,77.49, 75.73, 75.58, 75.46, 75.06, 74.97, 73.09,
72.26, 72.18, 70.75, 70.68, 68.89, 67.86, 67.12, 65.77,
65.55, 63.38, 50.58, 50.27, 46.25,29.13, 27.61, 23.52,
HRMS(ESI) m/z Calcd. for CyoygH;;3NO,oNa [M+Na]"
1750.7799, Found 1750.7794.

WS B OR, K 90%., [P =
+82.11° (¢ 1.0, CHCl3). 'H NMR (600 MHz, CDCls)
0: 7.98~7.95 (2H, m, Ar-H), 7.54~7.49 (1H, m, Ar-H),
7.38 (2H, dd, J= 7.7, 7.7 Hz, Ar-H), 7.35~7.26 (31H,
m, Ar-H), 7.25~7.10 (39H, m, Ar-H), 5.14 2H, d, J =
13.9 Hz, CH,-Cbz), 5.04 (1H, d, J = 3.5 Hz, H-1d),
4.97~4.86 (10H, m, H-1b, H-1¢, CH,-Bn), 4.80~4.72
(4H, m, CH,-Bn), 4.69~4.56 (8H, m, H-1a, CH,-Bn),
4.56~4.52 (2H, m, CH,-Bn), 4.50~4.42 (6H, m, H-6d,
CH,-Bn), 4.38 (1H, dd, J = 11.9, 4.2 Hz, H-6d"), 4.00
(1H, dd, J = 9.2, 9.2Hz, H-3d), 3.97~3.91 (3H, m, H-
3a, H-3b, H-3¢), 3.91~3.87 (1H, m, H-5d), 3.85~3.65
(10H, m, H-4a, H-4b, H-4¢c, H-5a, H-5b, H-5¢, H-6a,
H-6b, H-6a', H-6b"), 3.64~3.51 (5H, m, H-2d, H-4d,
H-6¢, H-6¢', CH,-Linker), 3.39~3.33 (3H, m, H-2a, H-
2b, H-2¢), 3.33~3.24 (1H, m, CH,-Linker), 3.23~3.10
(2H, m, CH,-Linker), 1.57~1.42 (4H, m, CH,-Linker),
1.35~1.27 (2H, m, CH,-Linker), "“C NMR (151
MHz, CDCl;) J: 166.18, 138.85, 138.65, 138.53,
138.37, 137.94, 133.02, 129.94, 129.63, 128.52,
128.41, 128.33, 128.27, 128.21, 128.03, 127.98,
127.90, 127.82, 127.73, 127.66, 127.50, 127.46,
127.41, 127.34, 97.19 (C-1b, C-1c), 96.98 (C-1d),
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96.70 (C-1a), 82.05, 81.64, 80.35, 80.24, 77.71, 75.73,
75.57, 75.43, 75.08, 74.97, 73.09, 72.29, 72.16, 70.77,
68.86, 67.83, 67.12, 65.71, 65.52, 65.44, 63.35, 50.56,
46.33, 29.12, 28.21, 23.52, MS (MALDI-TOF)
Calcd. for C35H, 4, NO,,Na[M+Na]*2 182.973 6, Found
2182.847,

ANE 1T BEWROR, R 8%, [alY) =
+92.29° (¢ 1.0, CHCIl3). 'H NMR (600 MHz, CDCl5)
0: 796 (2H, d, J = 7.7 Hz, Ar-H), 7.51 (1H, dd, J =
7.4, 7.4 Hz, Ar-H), 7.38 (2H, dd, J = 7.7, 7.7 Hz, Ar-
H), 7.34~7.26 (40H, m, Ar-H), 7.25~7.10 (45H, m,
Ar-H), 5.14 (2H, d, J = 13.7 Hz, CH,-Cbz), 5.03 (1H,
d, J=3.5 Hz, H-1e), 4.97~4.86 (13H, m, H-1b, H-1c,
H-1d, CH,-Bn), 4.80~4.71 (5H, m, CH,-Bn),
4.68~4.57 (9H, m, H-1a, CH,-Bn), 4.55~4.50 (3H, m,
CH,-Bn), 4.49~4.42 (7H, m, H-6e, CH,-Bn), 4.38
(1H, dd, J = 12.0, 4.1 Hz, H-6¢"), 4.00 (1H, dd, J =
9.2, 9.2Hz, H-3e), 3.97~3.91 (4H, m, H-3a, H-3b, H-
3¢, H-3d), 3.91~3.87 (1H, m, H-5¢), 3.84~3.65 (13H,
m, H-4a, H-4b, H-4c, H-4d, H-5a, H-5b, H-5¢, H-5d,
H-6a, H-6a', H-6b, H-6b', H-6d), 3.64~3.51 (6H, m,
H-2e, H-4e, H-6¢, H-6¢', H-6d', CH,-Linker),
3.39~3.33 (4H, m, H-2a, H-2b, H-2c¢c, H-2d),
3.32~3.23 (1H, m, CH,-Linker), 3.23~3.10 (2H, m,
CH,-Linker), 1.54~1.41 (4H, m, CH,-Linker), 1.35~
1.28 (2H, m, CH,-Linker). "“C NMR (151 MHz,
CDCly) o: 166.18, 138.98, 138.86, 138.67, 138.65,
138.59, 138.56, 138.53, 138.38, 137.95, 133.03,
129.94, 129.64, 128.52, 128.41, 128.38, 128.35,
128.32, 128.30, 128.27, 128.26, 128.21, 128.05,
128.02, 127.98, 12791, 127.86, 127.82, 127.79,
127.73, 127.67, 127.65, 127.57, 127.54, 127.51,
127.49, 127.46, 127.44, 127.40, 127.38, 127.34,
127.32, 127.30, 97.28 (C-1d), 97.23 (C-1b, C-lc),
96.98 (C-1e), 96.68 (C-1a), 82.05, 81.66, 81.63, 81.57,
80.43, 80.36, 80.25, 77.71, 77.46, 77.37, 75.73, 75.58,
75.42,75.40, 75.08, 74.98, 74.93, 74.91, 73.08, 72.29,
72.14, 70.87, 70.82, 70.77, 70.70, 68.87, 67.12, 65.73,
65.54, 65.43, 63.35, 46.27, 29.12, 28.05, 23.52, MS
(MALDI-TOF) Calcd. for CsH;4NOsgNa [M+Na]"
2615.1672, Found 2615.072,

NAE19 BROR, BOR 79%. [aY =
+83.60° (¢ 1.0, CHCIl3). 'H NMR (600 MHz, CDCl5)

5:7.98~7.95 (2H, m, Ar-H), 7.53~7.49 (1H, m, Ar-H),
7.37 (2H, dd, J = 7.8, 7.8 Hz, Ar-H), 7.33~7.26 (21H,
m, Ar-H), 7.26~7.09 (79H, m, Ar-H), 5.14 (2H, d, J =
14.0 Hz, CH,-Cbz), 5.04 (1H, d, J = 3.5 Hz, H-1f),
4.97~4.85 (16H, m, H-1b, H-1c, H-1d, H-le, CH,-
Bn), 4.80~4.70 (6H, m, CH,-Bn), 4.68~4.56 (10H, m,
H-la, CH,-Bn), 4.55~4.50 (4H, m, CH,-Bn),
4.48~4.41 (8H, m, H-6f, CH,-Bn), 4.38 (1H, dd, J =
12.0, 4.1 Hz, H-6f), 4.00 (1H, dd, J = 9.2, 9.2Hz, H-
3f), 3.96~3.91 (5H, m, H-3a, H-3b, H-3c, H-3d, H-
3e), 3.90~3.87 (1H, m, H-5f), 3.85~3.50 (23H, m, H-
2f, H-4f, H-4a, H-4b, H-4c, H-4d, H-4e, H-5a, H-5b,
H-5¢, H-5d, H-5e, H-6a, H-6a', H-6b, H-6b", H-6¢, H-
6¢', H-6d, H-6d", H-6¢, H-6¢', CH,-Linker), 3.38~3.32
(5H, m, H-2a, H-2b, H-2¢, H-2d, H-2¢), 3.31~3.23
(1H, m, CH,-Linker), 3.23~3.09 (2H, m, CH,-Linker),
1.57~1.42 (4H, m, CH,-Linker), 1.36~1.28 (2H, m,
CH,-Linker), "C NMR (151 MHz, CDCL;) 8: 166.17,
138.97, 138.87, 138.66, 138.59, 138.53, 138.37,
137.95, 133.02, 129.94, 129.63, 128.51, 128.45,
128.40, 128.39, 128.34, 128.31, 128.29, 128.26,
128.25, 128.20, 128.04, 128.02, 127.97, 127.90,
127.86, 127.81, 127.78, 127.72, 127.67, 127.64,
127.57,127.53,127.51,127.48,127.45,127.42,127.39,
127.35, 127.32, 127.30, 127.29, 127.26, 97.33 (C-1e¢),
97.31 (C-1d), 97.24 (C-1b, C-1c), 96.97 (C-1f), 96.68
(C-1a), 82.04, 81.65, 81.61, 81.56, 80.43, 80.38, 80.35,
80.24, 77.70, 77.45, 77.37, 77.33, 75.72, 75.56, 75.42,
75.38, 75.07, 74.98, 74.91, 73.07, 72.26, 72.13, 72.10,
70.85, 70.80, 70.77, 70.71, 68.86, 67.11, 65.70, 65.55,
65.42, 63.35, 50.24, 46.21, 29.10, 27.61, 23.51, MS
(MALDI-TOF) Caled. for CgoH;9;NO3,Na [M+Na]"
3047.3609, Found 3047.261.,

225 CCRWBLAMBLIL G & BERHAM T H
it -0 S R (1:1, 0.1 mol/L) Hr, i A P94 (0.5
eq) IFFEE I FIEFE 4 he FHEE F 3 g H A0
TG W Ia Uk, D8V 8 i, RH b A P R e A 0 3%
aif (CAMEE-C R O BE, 3:1), R E Y 12
(92%), 14(91%) , 16(87%) , 18(89%) , 20(84%) .
SRS BE 5 R SCk— 3,

22.6 AR E a-1,6-F) FAE 1~5 B JFRHA R
T H - U S /K-S R (10:5:2.5: 1, 4.0 mmol/L)
IR PA/C(10%), 7E% i T 1 15 min, 42
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PO SN s o, SV E R R
R =R FEZE T [N 48 he XHEGW 4708
I 4R, i Sephadex LH-20 B HE41K

o-lL6-T R =1 BEWIRK, SR 90%,
'H NMR (600 MHz, D,0) 6: 4.95 (1H, d, J = 3.0 Hz,
H-1b), 4.93 (1H, d, J = 3.2 Hz, H-1a), 4.01~3.96 (1H,
m, H-6), 3.88~3.83 (2H, m, H-5, H-6), 3.80~3.66 (6H,
m, 2 x H-3, H-5, 2 x H-6, CH,-Linker), 3.60~3.49
(4H, m, 2 x H-2, H-4, CH,-Linker), 3.44 (1H, dd, J =
9.5, 9.5Hz, H-4), 3.02 (2H, dd, J= 7.7, 7.7 Hz, CH,-
Linker), 1.74~1.65 (4H, m, CH,-Linker), 1.52~1.42
(2H, m, CH,-Linker), "“C NMR (151 MHz, D,0) ¢:
98.12 (C-l1a), 97.82 (C-1b), 73.41, 73.07, 71.81,
71.41, 71.17,70.22, 69.47, 69.44, 67.90, 65.52, 60.43,
39.36, 28.01, 26.51, 22.42, HRMS (ESI) m/z Calcd.
for C;;H34,NO; [M+H] 428.2126, Found 428.2122,

o-1,6-%] & = 4% 2 7 WURE, A 88%.
SR M R 4l SR — 30

o-1L6-H Rz 3 BRI, IR 90%.
'H NMR (600 MHz, D,0) 6: 5.00~4.95 (3H, m, H-1b,
H-1c, H-1d), 493 (1H, d, J = 3.8 Hz, H-la),
4.03~3.95 (3H, m, 3 x H-6), 3.95~3.89 (2H, m, 2 x H-
5), 3.88~3.83 (2H, m, H-5, H-6), 3.79~3.67 (10H, m,
4 x H-3, H-5, 4 x H-6, CH,-Linker), 3.62~3.49 (8H,
m, 4 x H-2, 3 x H-4, CH,-Linker), 3.43 (1H, dd, J =
10.0, 9.1 Hz, H-4), 3.02 (2H, dd, J= 7.6, 7.6 Hz, CH,-
Linker), 1.74~1.65 (4H, m, CH,-Linker), 1.52~1.42
(2H, m, CH,-Linker), “C NMR (151 MHz, D,0) 6
98.12 (C-1a), 97.76 (C-1b), 97.72 (C-1c¢), 97.65 (C-
1d), 73.44, 73.38, 73.34, 73.06, 71.81, 71.45, 71.35,
71.31, 71.17, 70.23, 70.13, 69.53, 69.47, 67.90, 65.56,
65.49, 60.44, 39.36, 28.02, 26.50, 22.42, HRMS
(ESI) m/z Caled. for C,oHs4NO,[M+H]" 752.318 3,
Found 752.3185,

o-16-W R A4 BWIR, SR 92%.
'H NMR (600 MHz, D,0) d: 4.99~4.96 (4H, m, H-1b,
H-1c, H-1d, H-le), 4.93 (1H, d, J = 3.8 Hz, H-1a),
4.02~3.96 (4H, m, 4 x H-6), 3.94~3.90 (3H, m, 3 x H-
5), 3.87~3.83 (2H, m, H-5, H-6), 3.79~3.67 (12H, m,
5 x H-3, H-5, 5 x H-6, CH,-Linker), 3.61~3.50 (10H,
m, 5 x H-2, 4 x H-4, CH,-Linker), 3.44 (1H, dd, J =
10.0, 9.0 Hz, H-4), 3.02 (2H, dd, J= 7.6, 7.6 Hz, CH,-
Linker), 1.75~1.65 (4H, m, CH,-Linker), 1.53~1.42

(2H, m, CH,-Linker), "“C NMR (151 MHz, D,0) ¢:
98.12 (C-1a), 97.76 (C-1b), 97.72 (C-1c), 97.67 (C-1d),
97.64 (C-1e), 73.44, 73.36, 73.34, 73.06, 71.81, 71.45,
71.36, 71.31, 71.17, 70.23, 70.13, 69.51, 69.47, 67.90,
65.56, 60.44, 39.36, 28.02, 26.50, 22.43, HRMS
(ESI) m/z Caled. for C35HgNO,s [M+H]" 914.3711,
Found 914.3707,

0-1,6-H KN4 S 7 BB, WOF 89%.
'"H NMR (600 MHz, D,0) d: 5.00~4.96 (5H, m, H-1b,
H-1c, H-1d, H-1e, H-11), 4.94 (1H, d, J = 3.8 Hz, H-
la), 4.03~3.96 (5H, m, 5 x H-6), 3.95~3.90 (4H, m,
4 x H-5), 3.86 (2H, m, H-5, H-6), 3.80~3.67 (14H, m,
6 x H-3, H-5, 6 x H-6, CH,-Linker), 3.62~3.50 (12H,
m, 6 x H-2, 5 x H-4, CH,-Linker), 3.44 (1H, dd, J =
9.5, 9.5Hz, H-4), 3.02 (2H, dd, J = 7.6, 7.6 Hz, CH,-
Linker), 1.76~1.66 (4H, m, CH,-Linker), 1.53~1.44
(2H, m, CH,-Linker), "“C NMR (151 MHz, D,0) ¢:
98.10 (C-1a), 97.74 (C-1b), 97.70 (C-1c, C1-d), 97.65
(C-le, C1-f), 73.41, 73.34, 73.03, 71.78, 71.43, 71.34,
71.14,70.21, 70.11, 69.45, 67.88, 65.51, 60.41, 39.34,
28.00, 26.48, 22.40, HRMS (ESI) m/z Calcd. for
C,4H7,NO;,[M+H]" 1076.4239, Found 1076.4232.
23 el E A &
23.1 Hp B F & FHhiFlsRHFAGKE W
VLR KGRI ST A0 B 22 A s HEHER AN AR
2 5% [ PR BRME I ) (CIOMS) (it #E 4R INU
202103 18IRB09) X A ML 85 I AR FE A 14 7 ig A
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Figure 2 Antibody affinity evaluation of synthetic a-1,6-glucans by glycan microarrays with Hp (serotype O1, O2, and O6) LPS immunized rabbit

sera

A: Printing pattern. Samples: 1-5 (di- to hexasaccharide). Negative control: Cb (a synthetic Clostridium bolteae disaccharide, a-D-Manp-(1—4)-p-D-

Rhap). Positive control: O1 LPS. Blank control: buffer. B-D: Representative array scan of Hp LPS immunized rabbit sera (dilution 1:50) and

quantification of mean fluorescence intensity (MFI) values of each oligosaccharide fragment. Error bars represent standard error of the mean (SEM) of

two spots of two separate arrays. a, b, ¢ and d represent the difference level between oligosaccharides 1-5 (P< 0.05). Different lowercase letters at the

same concentration indicate significant differences
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Figure 3 Antibody affinity evaluation of synthetic a-1,6-glucans by glycan microarrays with Hp-infected patient sera

A: Printing pattern. Samples: 1-5 (di- to hexasaccharide). Negative control: Cb (a synthetic Clostridium bolteae disaccharide, a-D-Manp-(1—4)-B-D-

Rhap). Positive control: O1 LPS. Blank control: buffer. B-D: Representative array scan of Hp-infected patient sera (dilution 1:20) and quantification of

MEFI values of each oligosaccharide fragment. Error bars represent SEM of two spots of two separate arrays. a, b, ¢ and d represent the difference level

between oligosaccharides 1-5 (P< 0.05). Different lowercase letters at the same concentration indicate significant differences
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