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Glycans on the surface of bacteria have diverse and essential biological functions and have widely been employed
for treating various bacterial infectious diseases. Furthermore, these glycans comprise various functional groups,
such as O-, N-, and carboxyl-modified, which significantly increase the diversity of glycan structures. These
functional groups are not only crucial for glycans’ structural identity but are also essential for their biological
functions. Therefore, a clear understanding of the biological functions of these modified groups in corresponding

bacterial glycans is crucial for their medical applications.

bacteria glycans functional groups O-modified N-modified carboxyl-linked

| 1. Introduction

Carbohydrates are the crucial constituent on the surface of many bacterial species, mainly present as capsular
polysaccharides (CPSs), glycoproteins, and glycolipids (like lipopolysaccharide, LPS) . These molecules have
unique characteristics attributed to specific bacteria and different bacterial serotypes (STs) [&. Moreover, these
molecules play a fundamental immunomodulation role in the host after a pathogen attack and have been widely
used in the immune response to protect against pathogenic bacterial infectious diseases [l. With the progress of
immunological evaluation and structural identification of bacterial surface polysaccharides (PSs), various
carbohydrate-based vaccines have been developed against infectious diseases [l Currently, these carbohydrate
vaccines require a fundamental understanding of the immune epitopes of glycan antigens. To produce a robust
antibody response against bacterial surface glycans (BSGs), the identification of key epitopes is essential for
developing carbohydrate-based vaccines [2l. The epitope characteristics of BSGs are suggested to be substantially
associated with the frameshifts, length, terminal sugars, sequence, and side-chain constituents . It is well-known
that bacterial PSs often include various non-carbohydrate constituents, including phosphate, acetyl, pyruvate ketal,
and amino acids, which increase the structural diversity of BSGs BBl Although the biomedical activities of most
functional groups in BSGs have not yet been identified, they are considered crucial immunological determinants,
constituting an essential part of the immunodominant epitopes. Previous studies have shown that some functional
groups in BSGs are essential immunological determinants RIEIE& while others may mask crucial epitopes from the
immune system, thus inhibiting the antibody response and facilitating immune evasion B Therefore, it is
urgent to clarify the biomedical importance of functional groups in more BSGs, which can provide strong guidance
for their medical application. The primary reason for the lack of research on the activities of BSG functional groups

is the difficulty of obtaining well-defined sugar chains with and without functional groups. Only O-acetyl-modified
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bacterial glycans have been widely studied, as they can be easily removed under alkaline conditions . With the
advancements in structural identification and modern synthetic methods, it is easier to acquire well-defined
bacterial glycans with or without these non-carbohydrate constituents, providing a means to investigate the
biomedical role of these functional groups QL2 Moreover, the development of analytical techniques, for
instance, nuclear magnetic resonance (NMR) spectroscopy and X-ray crystallography, has significantly improved
the discovery and identification of non-carbohydrate functional groups and allows the exploration of structure—

activity relationships.

Multiple functional groups in BSGs can be linked to sugars in different ways, mainly as O-modified, N-modified, and
carboxy-modified substituents by ester, acetal, ether, and amidic linkages. Identification of the structures and types

of these functional groups will allow a better understanding of their biomedical activity.

2. Bacterial Glycans’ O-Modified Side-Chain Functional
Groups

The O-acetyl moieties are frequently observed and have been determined as targets for many PS antigens B[22l
(Table 1). On the other hand, various rare O-linked acyl groups have been found in some BSGs; for instance, in V.
anguillarum O-antigen, an O-linked propanoyl group has been identified 14 (Table 1). O-Methylation is also a
frequent modification, and parent polymers’ structural and compositional profile revealed that the O-methylation is
either partial, stoichiometric, or, in some cases, confined to the non-reducing terminus unit 23, Ethers with (S)- and
(R)-lactic acids, generating 1-carboxyethyl derivatives were observed in O-antigens from multiple enterobacteria,
such as 4-O-[(R)-1-carboxyethyl]-D-glucose from Shigella dysenteriae 18, while 2-NAc-3-O-[(S)-1-carboxyethyl]-2-
deoxy-D-glucose has been determined as an O-PS component of Proteus penneri 4. In the structure of the O-
antigen of Providencia alcalifaciens, stereoisomeric 2,4-dihydroxypentanoic acids were found to be linked to
different monosaccharides via ether linkages 8. Cyclic (R)- or (S)-pyruvate ketals are common in BSGs, e.g.,
CPS and LPS. Pyruvate groups are usually present as 4,6-O-ketals which modify the 4-OH and 6-OH of various
monosaccharides 19, 3,4-O-Pyruvate ketal isomeric forms have been found on 3-OH and 4-OH of both D-
galactose and L-rhamnose in some BSGs 2%, However, 2,3-O-pyruvate ketal-containing sugar residues have been
identified only in a few cases; for example, a 2,3-O-pyruvate ketal-o-D-galactose was identified in the CPS of
Streptococcus pneumoniae ST4 [l Phosphoric esters are frequently observed in BSGs, mainly interlinking
monosaccharides in the PS chain [2223], Conversely, they may also attach as substitutes or add an amino alcohol
or alcohol to the main chain. Glycerol, 2-aminoethanol, and ribitol are the most frequent phosphate-linked non-
sugar parts. There are also some uncommon compounds, such as choline 24! in Morganella morganii O-antigens
and arabinitol in H. alvei 1191 [25],

Table 1. The known O-modified functional groups in bacterial PS antigens.
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O-Modified Groups Polysaccharides Glycan References
Flavobacterium
acetyl F;?SAE;‘S: ’le\lA(;?F;AD(lSL 4)__((7;'_ columnare ATCC 43622 [13]
P op O-antigen
B-L-Quip3NAc-(1-[ - 4)-B-L-Quip3NAc- L . )
propanoyl (1 - 4)-[a-D-QuipNAc3/4R-(1 - 2)]-B-L- Vibrio Z’;‘Ci:"girum © [14]
Quip3NACc-(1-] ~ g
Klebsiella O5 and
methyl o B0 SR SRR EaR Ll 2 Escherichia coli 08 O- [15]
(1-2)-a-D-Manp-(1 - 2)-a-D-Manp-(1-] - .
antigen
- 3)-B-D-GlcpNAc60Ac-(1 - 6)-B-D- Proteus penneri 62 O- [17]
(S)-1-carboxyethyl GlcpNAC30R-(1 - 3)-a-D-Galp-(1 - antigen
2,4-dihydroxypentanoic = 4)-B-D-GalpNAC-(1 = 3)-5-D-GalpNAC- Providencia alcalifaciens 18]
. (1 - 3)-[3-D-Manp40OR-(1 - 4)]-a-D-Galp- .
acid 2-ethers (1- 031 O-antigen
- 3)-a-D-QuipNAc-(1 - 4)-[a-D- . ..
4,6-O-pyruvate ketal GalpNAc4,6R-(1 - 6)]-a-D-GalpNAc- Acmetotl)ja708teéggumannu [19]
(1-4)-a-D-GalpNAcA-(1 -
- 3)-B-D-GlcpNAc-(1 - 4)-[3-D- -
3,4-O-pyruvate ketal  Galp3,4R-(1 — 3)]-B-D-GalpNAc-(1 - 4)-B- Fmir Zﬁ’t’i’se?z“ © 201
D-GlcpNAc-(1 - 9
- 3)-B-D-ManpNAc-(1 - 3)-a-L-FucpNAc-
2,3-O-pyruvate ketal (1 - 3)-a-D-GalpNAC-(1 - 4)-a-D- nefggﬁfggogzscp < [21]
Galp2,3R-(1 - P
- 6)-a-D-Glcp-(1 - 2)-B-D-Glcp-(1 - 3)-6-
phosphoric ester D-GlcpNAc-(1 - 3)-[B-L-Rhap-(1 - 4)]-a- E. coli 0152 O-antigen [23]
D-GlcpNAc-(1-PO3H -
glycerol-P- and choline- ~CJHPHDHER NHEL =) FER0: Morganella morganii O- [24]

P-

Representative Bacterial

Galp2PCho-(1 - 3)-8-D-GalpNAc60Ac-
(1-3)-Gro-1-P-(O -~

antigen

1. Rohokale, R.; Guo, Z. Development in the concept of bacterial polysaccharide repeating unit-
based antibacterial conjugate vaccines. ACS Infect. Dis. 2023, 9, 178-212.

2. Lorenzo, F.D.; Duda, K.A.; Lanzetta, R.; Silipo, A.; Castro, C.D.; Molinaro, A. A journey from
3rBacterialo-Glyeans’iNc-MedifiedsSide-ChainFunctionab2L.

@J&H&$ P.H. Discovery of semi- and fully-synthetic carbohydrate vaccines against bacterial
infecti ' icinal chemi h. Chem. Rev, 2021, 12 —3626.
Themster)&gtgpa |\S/g} |t§/‘ pr)rr]g\fljtljcelg %ycva%gugt%?r%psrgggrs ir? ngs, ssgh ag CPS, g i/g)scgﬁjuggte,6 LPS, and other
ékogellaabddhdRaes,iDfuGhet oconpsgdtaefivacriomsitéing piletee Bxpert DpattBiat [Table 2)1kbiebfijcaBOr- of
nurbd®us amino sugar structures indicates that amino function is mostly linked with various acyl group

substituents and is rarely free-form. The 2-acetamido-4-amino-D-fucose was first observed in the O-antigen of S.
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polysaccharide vaccines. ules
acids in Treponema medium ATCC 700293 B and Proteus spp. 22, glycine in S. dysenteriae D7 12, L-serine in E.
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(351 2G8redfSr, some 5-oxoproline derivatives have been revealed as amino sugars’ N-acyl substituents (28371381,
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am'@HgﬁH%%rﬁﬁ%{ qﬂﬁvgpg?gp_i%%%pnar_%@ﬂs i‘f@glgs’!i._ﬁ@e_ng them, the most abundant are (R)- and (S)-3-

hydroxybutanoic acids that exist in various BSGs (391491 while 3,5-dihydroxyhexanoic acid was found in
FlaSoBaRIEAN ReDbn ot BRQRReR o 4R3-S ULk SRl Madiied NS MMAMIgS A NG A 896124
121 SRGondary. cell wall polysaccharide of Bacillus anthracis is the anchoring residue for its surfage |

carboxylictactds riave also been observed, sUch” as malonic an malic in’ P mirabilis
Pselgygerzl%rrgtn%%séfs‘]fﬁ)rrg' @leFQSp%%ﬁvégl%’ %ﬁgti%r? ggﬁ%7Rlé—3a50'yl derivatives, the less common N-linked

1ubstitieoh nethilugnogp Quas. ;aRarlidpnEfied; ik lastaiskigli.carsi Soo IR @ &triivtiz &-dativing dtdtieseoresidue
thatesigts © thetrigivebetabpislpdaperiasisie [ Stetntevnjagaethyaneielz skEffeenvicuactopkltisouorithe

nature of the protective epitope. Dev. Biol. 2000, 103, 151-160.
Table 2. The known N-modified functional groups in bacterial PS antigens.

11. Fusco, P.C.; Farley, E.K.; Huang, C.H.; Moore, S.; Michon, F. Protective meningococcal capsular

. Representative Bacterial 77-584.
N-Modified Groups Polysaccharides Glycan References

1 free amino - 4)-a-L-AltpNAcA-(1 - 3)-B-D- Shigella sonnei phase | 26] ical
FucpNAc4N-(1 - O-antigen

- 4)-a-D-GalpNR-(1 - 4)-3-D-
acetyl GlcpNR3NRA-D-(1 - 3)-a-D-FucpNR-
(1 - 3)-a-D-QuipNR-(1 -

Pseudomonas [46]
aeruginosa O1 O-antigen

- 4)-a-Psep4OACSNAC7NR-(2 - 4)-(3- Pseudomonas [46] C

Uiy D-Xylp-(1 - 3)-a-D-FucpNAc-(1 - aeruginosa O8 O-antigen

- 4)-B-D-ManpNAC3NRA-(1 - 4)-3-D-

1 acetimidoyl ManpNAC3NACA-(1 - 3)-a-D- eru ;S;sédgg%qj';ti on (46] ria. Il.
FucpNAc-(1 - g 9
- 8)-a-Legp5NAC7NR-(2 - 4)-3-D- . .
1 . i [29] O-
D-alanyl GICpA-(1 — 3)-B-D-GlcpNAC-(1 — E. coli 0161 O-antigen
145,
- 4)-3-D-GlcpA-(1 - 3)-B-D-GlcpNAc- .
L-alanyl (1 - 6)-[a-D-GIcpA-(1 — 4)]-B-D- proteus penneri 25 O (301
GlcpNR-(1 - antigen
1 P R
- 4)-B-D-GlcpNAC3NACA-(1 - 4)-B-D- Treponema medium 27—
D-aspartyl ManpNAc3NA(L-ornithine)-(1 - 3)-B8-D- ATCC 700293 (31]
GlcpNAc-(1 - 3)-a-D-Fucp4NR(1 - glycoconjugate

1/. Knirel, Y.A.; Paramonov, N.A.; Vinogradov, E.V.; Shashkov, A.S.; Kochetkov, N.K.; Sidorczyk, Z.;
Swierzko, A. Structure of the O-specific polysaccharide of Proteus penneri 62 containing 2-
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N)

N-Modified Groups

N-acetyl-glycyl

N-acetyl-D-aspartyl

N-acetyl-L-aspartyl

N-acetyl-L-seryl

N-acetyl-L-threonyl

N-acetyl-L-allothreonyl

(25,4S)-N-[1-
carboxyethyl]-alanyl

N-[(S)-3-hydroxybutyryl]-
D-alanyl

2,4-dihydroxy-3,3,4-
trimethylpyroglutamoy!l

3-hydroxy-2,3-dimethyl-5-
oxoprolyl

(R,R)-3-hydroxy-3-
Methyl-5-oxoprolyl

(R)-3-hydroxybutyryl

(S)-3-hydroxybutyryl

Representative Bacterial 5. C19—
Polysaccharides Glycan References
~ 3)-B-D-Quip4NR-(1 - 4)-a-D- . )
GalpNAC3OACAN-(1 - 4)--D- S dy Seaﬁ; o 7o 5]
GalpNAcA-(1 - 3)-a-D-GlcpNAc-(1 -
p ( ) P ( Prod.
- 6)-a-D-GlcpNAc-(1 - 4)-a-D-GalpA- . . ..
(1~ 3)-a-D-GlcpNAc-(1 - 3)-B-D- Frovi deg_C; tisé‘éi”” 033 411
Quip4NR-(1 - ular
- 3)-B-D-GlcpNAc-(1 - 3)-[3-D- ) . L
QUIDANR-(L -~ 4)}B-D-Galp-(1 ~6).p-  'OV0o7Cla aleallaciens [22]
D-GlcpNAc-(1 - 3)-3-D-Galp-(1 — 9
ka, E.;
- 3)-a-D-GlcpNAc-(1 - 4)-3-D- . .
QUIP3NR-(1~3)-B-D-Ribf-(1 - 4)p-D-  -oCeMeNa colOLL4 0 sy 19 3,4-
antigen
Gal-(1-
- 3)-a-D-FucpNR-(1 - 3)-[3-D- Pseudoalteromonas
ManpNACcA-(1 - 4)]-a-D-GalpNAc- agarivorans KMM 232 O- (34] 21
(1-3)-a-L-Rhap-(1 - antigen ’
. hate
~ 3)-8-D-Quip4NR-(1 - 3)-a-D- ] P
GalpNACA-(1 — 4)-a-D-GalpNAc- v Cho;’t?eeg“s © (351
(1~ 3)-a-D-QuUipNAc-(L — g
e O-
- 4)-[B-D-Quip4NR-(1 - 6)]-a-D- L _
GalpNAc-(1-6)-0-D-Glop-(1 - 4)}-D- '~ alca’”:’rft’i‘;’; 0320 8]
GlcpA-(1 - 3)-B-D-GalpNAc-(1 -
paEs P ( Ictural
~ 3)-B-D-Quip4NR-(1 - 6)-a-D- in
GlcpNAc-(1 - 3)-a-L-QuipNAc-(1 - 3)- E. coli 0123 O-antigen [49]
a-D-GlcpNAc30Ac-(1 -
=~ CADRERTAN BN Ao Vibrio anguillarum V-123 ed
GalpNFoA-(1 - 3)-a-D-QuipNAc- O?an o (361
(1~ 3)-B-D-ViopNR-(1 — g
studies
- 2)-B-D-Quip3NR-(1 - 3)-a-L- P. shigelloides O74 O- [37] 'R
Rhap20Ac-(1 - 3)-a-D-FucpNAc-(1 - antigen - RES.
- 3)--D-QuipNAc4NAc-(1 - 4)-[a-D- Vibrio cholerae O5 O- [38]
Fucp3NR-(1 - 3)]-B-D-ManpNAcA-(1 - antigen
~4)-B-D-GIcoNACSNRA(L ~ 4)-a-L- P. shigelloides 051 O- 20
FucpNAM30Ac-(1 - 3)-a-D-QuipNAc- - shigeior (391
(1- antigen
- 3)-a-L-PnepNAc40Ac-(1 - 4)-a-L- Plesiomonas shigelloides
FucpNAc-(1 - 4)-a-L-FucpNAc-(1 - 4)- 01 O-antigen
ashkov,

A.S.; Chen, W.; Wany, L. suucwiai anu yernieuc ciiaracterization of the O-antigen of Escherichia

coli 0161 containing a derivative of a higher acidic diamino sugar, legionaminic acid. Carbohydr.
Res. 2010, 345, 1581-1587.
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3 e Representative Bacterial e of the
N-Modified Groups Polysaccharides Glycan References2 o
a-L-FucpNAc-(1 - 3)-B-D- il
QUIpNACANR(1 -
. .
3 (35,55):3,5- - 4)-a-L-FucpNAc-(1 - 3)-a-D- . Cﬁj"ﬁﬁjﬁ‘zgg’?g3 o wy Onof
dihydroxyhexanoyl QUIP2NACANR-(1 - 2)-a-L-Rhap-(1—~ P pan figen chem.
D-alvcerovl - 3)-a-L-FucpNAc-(1 - 3)-a-L- Pragia fontium 97U124 [42]
3 gy y FucpNAc-(1 - 3)-3-D-QuipNAC4ANR-( - O-antigen
L-malovl - 4)-a-L-GalpNAM3OACcA-(1 - 3)-a- Pseudoalteromonas rubra [44]
y Sugp-(1 - 4)-B-D-GlcpNAc3NRA-(1 - ATCC 29570T O-antigen
3 a-D-GlcpNAc-(1 - 4)-B-D-
methyl ManZNAC3ACA-(1 = 3)--L- Bordetella pertussis LPS (431 r. J.

Fucp2NACc4NR-(1 - 6)-[a-LD-Hepp-
(1-4)]-a-D-GlcpNAc-(1 -

34. Komandrova, N.A.; Isakov, V.V.; Tomshich, S.V.; Romanenko, L.A.; Shashkov, A.S. Structure of an
acidic O-specific polysaccharide of the marine bacterium Pseudoalteromonas agarivorans KMM

A BACIBrAIC G AN CafboXyl-Linked Side-Chain Functional
@ElTaupsAV Kocharova, N.A.; Knirel, Y.A.; Jansson, P.E.; Weintraub, A. Structure of the O-
polysaccharide of Vibrio cholerae O43 containing a new monosaccharide derivative, 4-(N-acetyl-

VarjougIBRFESRYIRAraIEIRBcREEsRFSgIiteBEn e sy sieuperrllinked to s argino group of amino
compounds by forming amides 22 (Table 3). The difference in carboxyl-linked substitutes significantly improves the
3G Sl MR R oy QImE: N tnf R8s bt HEL R e QR oy ARsael Ao kA L 8l
as ttfbee éi—ggggm%%gf—%ggye—g%z;(/:itkt)ﬂ)onaarﬂ eilrleasr%rl?e\l/ﬁ]F?%ércLzlgl%%%gy(%' ggﬁfi&egn%.zﬁwlé %—Sa?n_ir%l'(?pgrbpane—l,&
foNiedzieks at Daige Sith thasmeborgy, groupziéciatkiovaskss, iM S. Japiintek OVetigag GRisRiheCattice meyn
amide@okapésterkjopodgsaiticizrideiod Biespsmbvamshigeliwicdes§) itikbnsiralarGNGTE déd2yelype
d BStrudysiral mnalysismistee iy saimpnobioiipoiisl@eaceh aritesimiteding.theh@eantiyeAT @€ 17023
3] hipkdigibed areipe irtiHg alvet, 121@6 ¢t eLotigiibmech afi des i ATE Grilige HEHyglyninhémE Biothemhand
L-gROD6ic4ts)d D4RREIOABBE82 CPS 57 The NE-[(S)-1-carboxyethyl]-L-lysine, a derivative of L-lysine, has been

identified in P. rustigianii 014 O-antigen 22!, . o
Sg. I—‘ermansson,qf; f]ansson,nlg{gﬁ.; Holme, T.; Gustavsson, B. Structural studies of the Vibrio

gholeras O: EFQBFE@IQI%% Er?cll\évsnaggrrl])%yﬂSi'nge%’?uonryigrrfa gergua'sg |% a%?e%ia}gg_azn%%éns.
39. Maciejewska, A.; Lukasiewicz, J.; Niedziela, T.; Szewczuk, Z.; Lugowski, C. Structural analysis of

Carboxyl-Modified Representative Bacterial

Groups Polysaccharides Glycan Referencesride.

- 3)-a-L-Rhap-(1 - 4)-a-D-
carboxamide GalpNACc30ACAR-(1 - 4)-a-D- P. aeruginosa O6 O-antigen (51]

4 GalpN(formyl)A-(1 - 3)-a-D-QuipNAc-(1 -
—73
. ] - 3)-B-D-GlcpNAc-(1 - 2)-B-D- . R
Zamnopropane Galp30AC40ACABNR-(1 - 3)-B-D- Sh’ge”z r:’t?y:r’]’ 080 1501
4 ’ GalpNAc-(1 — 4)-3-D-GlcpA-(1 - g

lipopolysaccharide O-antigen produced by Flavobacterium psychrophilum (259-93). Eur. J.
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Carboxyl-Modified Representative Bacterial Glvean References
Groups Polysaccharides y
4 -alanine/L- rel, Y.A.
serhslli-rllf?ri/(l)_nine - 4)-B-D-GlcpNAc-(1 - 3)-3-D- Haemophilus influenzae [52] |
- ManpNACABNR-(1 — type d CPS do-
(2:2:1)
B . B - 3)-[B-D-GlcpNAc-(1 - 4)]-B-D- L _
4 Ri= LL g;:r?e Re = GICPAGNR;~(1 — 3)-a-D-GalpAGNRy- Proteus Zr’]rt?bé’f 0270 5y aca, W
(1 3)-B-D-GlcpNAc-(1 g t 4.
ucose.
_ . _ - 4)-a-D-GalpA6NR-(1 - 4)-a-D-Galp- S
R1 = Ilee;lir;: Ry = (1-3)-a-D-Galp4OACABNR;-B-D- Proteus ’:rlﬁbél;}s 028 O [54]
y GlcpNAc-(1 - g
4 g
Rhodopseudomonas
L-threonine B 4)_G_D(_1G lCZ)A C?I\IIDRG(It : )(_10{ ;D-Glcp A sphaeroides ATCC 17023 55 >ofthe
P LPS yohydr.

- 4)-a-D-GalpA6NR-(1 - 2)-a-L-Rhap-
D-allothreonine (1 - 2)-B-D-Ribf-(1 - 4)-B-D-Galp-(1 - 3)-3-  Hafni. alvei 1206 O-antigen [23]

4 D-GalpNAc-(1 - 4
- 4)--D-GlcpNAc3NACA-(1 - 4)-3-D- .
4 L-ornithine ManpNAC3NABNR-(1 - 3)-3-D-GlcpNAc- Trsggggyﬂ ’Zgi’)’j\”; A;Cec (311
(1~ 3)-a-D-Fucp4NAsp(L - glycoconjug
4 - 4)-a-D-Quip3NAcyl-(1 - 4)-3-D-Galp- AS-
glycine (1 - 4)-B-D-GlcpNAc-(1 - 4)-B-D- E. coli 091 O-antigen 28] LA
GlcpABNR-(1 - 3)-B-D-GlcpNAc-(1 — f the
. 3)-B-D-Glcp-(1 - 3)-[3-D-GlcpAGNR- P
L-glutamic acid (1~ 4)]-B-D-Galp20Ac-(l - 3)-a-D-Galp- Klebsiella K82 CPS 7]
(-
4 otni, A.;
NE-[(S)-1- . . -
b thvil-L - 4)-a-D-GalpNAc-(1 - 3)-a-D-GlcpNAc- Providencia rustigianii 014 (58] l
] ‘:ys’fney o (1 - 3)-a-D-GalpABNR-(1 - O-antigen

aigeoxygiucose. carponydr. Res. ZU13, 315, (3—(3.
49. Perepelov, A.V,; Liu, B.; Shevelev, S.D.; Senchenkova, S.N.; Shashkov, A.S.; Lu, F.; Knirel, Y.A;
Lei, W. Relatedness of the O-polysaccharide structures of Escherichia coli 0123 and Salmonella

enterica O58, both containing 4,6-dideoxy-4-{N--D-alanyl}amino-D-glucose; revision of the E. coli
0123 O-polysaccharide structure. Carbohydr. Res. 2010, 345, 825-829.

50. Lindberg, B. Components of bacterial polysaccharides. Adv. Carbohydr. Chem. Biochem. 1990,
48, 279-318.

51. Knirel, Y.A.; Vinogradov, E.V.; Shashkov, A.S.; Dmitriev, B.A.; Kochetkov, N.K.; Stanislavsky, E.S.;
Mashilova, G.M. Somatic antigens of Pseudomonas aeruginosa. The structure of the O-specific
polysaccharide chains of lipopolysaccharides of P. aeruginosa serogroup O4 (Lanyi) and related
serotype O6 (Habs) and immunotype 1 (Fisher). Eur. J. Biochem. 1985, 150, 541-550.
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