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Abstract: Streptococcus pneumoniae causes serious diseases such as pneumoniae and meningitis
in humans. Capsular polysaccharides (CPSs) surrounding bacteria are not only key virulence
factors but also major antigens. Therefore, CPSs have been prepared into polysaccharide vaccines
and polysaccharide conjugate vaccines, which have greatly reduced the infection of pneumococci.
CPSs are formed by polymerization of oligosaccharide repeating units which generally have 2—8
monosaccharides. CPSs present complex structures with diverse antigenic epitopes, being the basis
of bacterial serotyping. Currently, 107 serotypes of S pneumoniae have been identified. Each
serotype has a unique CPS structure, a stable genetic basis, and specific serological characteristics.
The diversity and constant changes of CPS structures explain the difficulty in the eradication of
pneumococci. This review summarizes the known chemical structures of 95 CPSs and discusses
the genetic basis, biosynthesis mechanism, and purification methods of CPSs. This review aims to
enrich the knowledge about CPS diversity and provide a reference for probing into the functions
and evolution of CPSs as well as for preparing polysaccharide vaccines.

Sreptococcus  pneumoniae;
mechanism; purification method
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Table 1  The serotypes of Sreptococcus pneumoniae and the biochemical structures of capsular
polysaccharides

Type  Structure References
1 —3)-a-AATGalp-(1—4)-a-p-GalpA2 3,39 3A¢,-(1—3)-0-p-GalpA-(1— [47]
2 —4)-B-p-Glep-(1—3)-a--Rhap-(1—3)-a-.-Rhap-(1—3)-B--Rhap-(1— [48]
2
T
1
a-p-GlcpA-(1—6)-a-b-Glep
—3)-B-p-GlcpA-(1—4)-p-p-Glep-(1— [49]
4 —3)-pB-p-ManpNAc-(1—3)-a-.-FucpNAc-(1—3)-a-p-GalpNAc(1—4)-a-p-Galp2,3(S)Pyr-(1— [50]
—4)-B-p-Glep-(1—4)-a--FucpNAc-(1—3)-p-p-Sugp-(1— [51]
3
T
1
a-.-PnepNAc-(1—2)-B-p-GlcpA
6A —2)-0-p-Galp-(1—3)-a-p-Glep-(1—3)-a-.-Rhap-(1—3)-p-Rib-ol-(5—P— [52]
6B —2)-0-p-Galp-(1—3)-a-p-Glep-(1—3)-a-.-Rhap-(1—4)-p-Rib-ol-(5—P— [53]
6C —2)-0-p-Glep-(1—3)-a-p-Glep-(1—3)-a--Rhap-(1—3)-p-Rib-ol-(5—P— [54]
6D —2)-a-p-Glep-(1—3)-a-p-Glep-(1—3)-a-.-Rhap-(1—4)-p-Rib-ol-(5—>P— [54]
6E —2)-0-p-Galp-(1—3)-a-p-Glep-(1—3)-a-.-Rhap-(1—4)-p-Rib-ol-(5—P— [55]
6F 6F has both 6A and 6C repeating units [56]
6G 6G has both 6B and 6D repeating units [54]
6H 6H has both 6A and 6B repeating units [12]
61 61 has both 6C and 6D repeating units [12]
7F —6)-a-p-Galp-(1—3)-B-.-Rhap2 Ac-(1—4)-B-p-Glep-(1—3)-p-p-GalpNAc-(1 — [57]
2 4
T T
1 1
B-p-Galp 0-p-GlcpNAc-(1—2)-0-.-Rhap
TA —6)-a-p-Galp-(1—3)-B-.-Rhap2 Ac-(1—4)-B-p-Glep-(1—3)-p-p-GalpNAc-(1 — [58]
4
T
1
a-D-GlcpNAc-(1—2)-a-.-Rhap
7B —6)-a-p-GlcpNAc-(1—2)-a-1-Rhap-(1—2)-B-.-Rhap-(1—4)-p-p-Glcp-(1—4)-a-p-Glep-(1 - P— [59]
3
T

1
B-p-Ribf-(1—4)-a--Rhap
7C —6)-0-D-GlcpNAc-(1—2)-a-.-Rhap-(1—2)-B-.-Rhap-(1—4)-p-b-Glep-(1—4)-a-p-GalpNAc-(1—-P— [60]
3
T
1
B-p-Ribf-(1—4)-0-L-Rhap

<l actamicro@im.ac.cn, & 010-64807516
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Ex32))
Type  Structure References
7D 1X—6)-0-p-GlcpNAc-(1—2)-a-L-Rhap-(1—2)-B-L-Rhap-(1—4)-B-p-Glcp-(1—4)-a-p-Glep-(1 - P— [60]
3
T
1
B-p-Ribf-(1—4)-a-.-Rhap
5%—6)-0-p-GlcpNAc-(1—2)-0--Rhap-(1—2)-B-.-Rhap-(1—4)-p-p-Glep-(1—4)-a-p-GalpNAc-(1-P—
3
1
1
B-p-Ribf-(1—4)-a--Rhap
8 —4)-B-p-GlcpA-(1—4)-p-p-Glep-(1—4)-a-p-Glep-(1—4)-0-p-Galp-(1— [61]
9A —4)-0-p-GlcpPA2 17,30, 61AC-(1—3)-a-p-Galp-(1—3)-f-pD-ManpNAc4Ac, 3-(1—4)-p-p-Glep-(1—4)-a-p- [62]
Glep-(1—
9L —4)-0-p-GlcpA-(1—3)-a-p-Galp-(1—3)-B-p-ManpNAc-(1—4)-B-p-Glep-(1—4)-0-p-GlcpNAc-(1— [63]
IN —4)-a-p-GlcpA-(1—3)-a-p-Glep-(1—3)-f-p-ManpNAc-(1—4)-B-p-Glcp-(1—4)-a-p-GlcpNAc-(1— [64]
A% —4)-0-D-GlcpA2 55,3055A¢5-(1—3)-a-D-Galp-(1—3)-B-p-ManpNAcé 09,61.04ACs-(1—4)-B-p-Glep-(1—4  [62]
)-0-p-Glep-(1—
10F B-p-Galf [44]
1
i
6
—5)-B-p-Galf-(1—3)-p-p-Galp-(1—4)-p-p-GalpNAc-(1—3)-a-p-Galp-(1—4)-p-Rib-ol-(5—P—
10A B-p-Galp [65]
1
!
6
—5)-B-p-Galf-(1—3)-B-p-Galp-(1—4)-p-p-GalpNAc-(1—3)-a-p-Galp-(1—2)-p-Rib-ol-(5—P—
3
T
1
B-p-Galf
10B —5)-B-p-Galf-(1—3)-p-p-Galp-(1—4)-p-p-GalpNAc-(1—3)-a-p-Galp-(1—4)-p-Rib-ol-(5—P— [45]
3
T
1
B-p-Galf
10C B-p-Galf [45]
1
!
6
—5)-B-p-Galf-(1—3)-B-p-Galp-(1—4)-p-p-GalpNAc-(1—3)-a-p-Galp-(1—2)-p-Rib-ol-(5—P—
10D B-p-Galp [13]
1
!
6
—6)-a-p-Glep-(1—3)-a-p-Glep-(1—4)-p-p-GalpNAc-(1—3)-a-p-Galp-(1—1)-p-Rib-0l-(5—>P—
3
T
1
B-p-Galf

(TF4E)
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Ez2))
Type  Structure References
11F —6)-a-D-GlcpNAc3 Ac-(1—4)-a-p-Galp-(1—3)-B-p-Galp4 3,60 ¢Acr-(1—4)-B-p-Glcp-(1— [10]
4
T
Rib-ol-(1—P
11A —6)-a-p-Glcp2 6,30.5A¢,-(1—4)-0-p-Galp-(1—3)-B-p-Galp4,6, sAc,-(1—4)-B-b-Glep-(1— [10]
4
T
Gro-(1—-P
11B —6)-0-D-GlcpNAc3Acg g-(1—4)-a-p-Galp2Acg 4-(1—3)-B-p-Galp-(1—4)-B-p-Glep-(1— [10]
4
T
Rib-o0l-(1—-P
11C —6)-0-D-GlcpNAc3Acy o-(1—4)-a-p-Galp2Acg 3-(1—3)-B-p-Galp-(1—4)-B-p-Glep-(1— [10]
4
T
Gro-(1—-P
11D Gro-(1—-P [66]
!
4
—6)-0-p-GlcpNAc3 Ac g-(1—4)-a-p-Galp-(1—3)-B-p-Galp4,6¢ sAc,-(1—4)-B-p-Glep-(1—
Or/And
Gro-(1—-P
!
4
—6)-a-D-Glcp2 6,30.5A¢,-(1—4)-0-p-Galp-(1—3)-B-p-Galp4,6 sAc,-(1—4)-B-p-Glep-(1—
11E —6)-a-p-Glcp2,3( 3Ac,-(1—4)-0-p-Galp-(1—3)-B-p-Galpd Acg 3-(1—4)-B-p-Glep-(1— [67]
4
T
Gro-(1—-P
12F 75%: [68]
—4)-0-.-FucpNAc-(1—3)-B-p-GalpNAc-(1—4)-B-p-ManpNAcA-(1—
3 3
1 T
1 1
o-p-Galp a-p-Glep-(1—2)-a-p-Glep
25%:
—4)-0-.-FucpNAc-(1—3)-B-Sugp-(1—4)-B-p-ManpNAcA-(1—
3 3
i T
1 1
a-p-Galp a-p-Glep-(1—2)-a-p-Glep
12A —4)-0-L-FucpNAc-(1—3)-B-p-GlcpNAc-(1—4)-B-p-ManpNAcA-(1— [69]
3 3
T T
1 1
o-p-GalpNAc a-p-Glep-(1—2)-a-p-Glep
12B No information [41]
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BRSO SF | UZEY2EA, 2024, 64(9) 3175

Bk 1)
Type  Structure References
13 —4)-B-p-Galp-(1—4)-B-p-Glcp2,3 Acy-(1—3)-B-p-Galf-(1—4)-B-p-GlcpNAc-(1 —4)-p-Rib-0l-(5—-P—  [70]
14 —6)-B-p-GlcpNAc-(1—3)-p-p-Galp-(1—4)-p-b-Glep-(1— [71]
4
T
1
B-D-Galp
15F —3)-0-p-Galp6Ac-(1—2)-B-p-Galp-(1—4)-B-p-GlcpNAc-(1—3)-p-p-Galp6 Ac-(1—4)-B-p-Glcp-(1— [72]
3
T
Ch0042-P
15A —3)-0-p-Galp-(1—2)-p-p-Galp-(1—4)-B-p-GlcpNAc-(1—3)-B-p-Galp-(1—4)-B-p-Glep-(1— [72]
3
T
Gr00.7—(2—>P
15B —6)-B-p-GlcpNAc-(1—3)-p-p-Galp-(1—4)-p-p-Glep-(1— [73]
4
T
1
a-p-Galp2o.06,30.12,40.12:60.55AC4-(1—>2)-B-p-Galp
3
T
Gr00.7-(2—>P
15C —6)-p-p-GlcpNAc-(1—3)-p-p-Galp-(1—4)-B-p-Glcp-(1— [73]
4
i
1
a-p-Galp-(1—2)-p-p-Galp
3
i
Grog ,-2—P
15D —3)-0-p-Galp6Ac -(1—2)-B-p-Galp-(1—4)-B-p-GlcpNAc-(1—3)-B-p-Galp-(1—4)-p-p-Glcp-(1— [72]
3
T
Ch0042-P
16F —3)-0--Rhap-(1-3)-a-p-Glcp- (1-3)-B-.-Rhap2Ac-(1-4)-B-p-Glep-(1— [74]
4 6
i T

Gro-(1-P Gro-(1—-P
16A —3)-B-p-Galf2 ;Ac-(1-3)-a-.-Rhap-(1-2)-a-.-Rhap-(1-3)-a-p-Galp-(1-3)-B-b-Galp-(1-4)-B-p-Glep-(1—  [74]

6
T

Gro-(1—-P

17F —3)-B-.-Rhap-(1—4)-p-p-Glcp-(1—3)-a-p-Galp-(1—3)--.-Rhap2 Ac-(1 —4)-a-.-Rhap-(1 —2)-p-Ara-ol- [75]
(1-P—

4

T

1

a-p-Galp

(k)

http://journals.im.ac.cn/actamicrocn
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% 1)

Type  Structure References

17A —3)-B-Glep-(1—3)-a-Galp-(1—3)-p-t-Rhap2 Ac-(1—4)-a-.-Rhap-(1—4)-B-GlcpA-(1—3)-B-p-Galf-(1— [76]
4 2
T T
1 1
B-p-Galp a-p-Glep
18F Gro-(1—P [77]
i
3
—4)-p-p-Glep-(1—4)-p-p-Galp-(1—4)-a-p-Glep-(1—3)-B-L-Rhap2 Ac-(1—
2
T
1
a-p-GlecpbAc
18A Gro-(1-P [78]
!
3
—4)-B-p-Glep-(1—4)-B-p-Galp-(1—4)-a-p-GlcpNAc-(1—3)-B-.-Rhap-(1—
2
T
1
a-p-Glep
18B Gro-(1—P [79]
’
3
—4)-B-p-Glep-(1—4)-p-p-Galp-(1—4)-a-p-Glep-(1—3)-B-1-Rhap-(1—
2
T
1
a-p-Glep
18C Gro-(1—P [80]
i
3
—4)-B-p-Glep-(1—4)-p-p-Galp-(1—4)-a-p-Glep-(1—3)-B--Rhap-(1—
2
T
1
a-p-GlcpbAc ;
19F —4)-p-p-ManpNAc-(1—4)-a-p-Glep-(1—2)-a-.-Rhap-(1-P— [81]
19A —4)-p-p-ManpNAc-(1—4)-a-p-Glep-(1—3)-a-.-Rhap-(1-P— [82]
19B —4)-B-p-ManpNAc-(1—4)-B-p-Glcp-(1—4)-p-p-ManpNAc-(1—4)-a-.-Rhap-(1 -P— [83]
3

1
1

B-p-Ribf-(1—4)-0-.-Rhap
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Bk 1
Type  Structure References
19C B-p-Glcp [83]
1
l
6
—4)-B-p-ManpNAc-(1—4)-p-b-Glcp-(1—4)-f-b-ManpNAc-(1—4)-a-.-Rhap-(1 -P—
3
T
1
B-p-Ribf-(1—4)-a-.-Rhap
20A B-p-Galf2Acy [34]
1
l
4
—3)-a-p-GlcpNAc-(1-P-6)-a-p-Glep-(1—6)-B-p-Glep-(1—3)-B-p-Galf5; 964 9 Acy-(1—3)-B-b-Glep-(1—
20B B-p-Galf2Acy o [84]
1
l
4
—3)-0-p-GlcpNAc-(1-P-6)-a-p-Glep-(1—6)-p-b-Glep-(1—3)-B-p-Galf5 96 9Ac,-(1—3)-p-b-Glep-(1—
6
T
1
a-p-Glep
21 Constituents: Glc, Gal, and GIcN [85]
22F —4)-B-p-GlcpA-(1—4)-p-L-Rhap2 Acg 3-(1—4)-a-p-Glep-(1—3)-a-p-Galf-(1 —2)-a-.-Rhap-(1— [86]
3
1
1
a-p-Glep
22A No information
23F Gro-(2—P [87]
l
3
—4)-B-p-Glep-(1—4)-p-p-Galp-(1—4)-B-.-Rhap-(1—
2
T
1
a-.-Rhap
23A —4)-B-p-Glep-(1—3)-B-t-Rhap-(1— [88]
4
T
1
a-.-Rhap-(1—2)-p-p-Galp
3
T
Gro-(2—P
(frk)
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G2 1)
Type  Structure References
23B —4)-B-p-Glep-(1—4)-p-p-Galp-(1—4)-p-.-Rhap-(1— [88]
3
7
Gro-(2—P
24F —4)-B-p-GlcpNAc-(1—4)-B-.-Rhap-(1—4)-B-p-Glep-(1— [89]
3 3
T T
1 1
B-p-Ribf-(1—4)-a-p-Rhap Ara-ol-P
24A Cho—P [89]
1
1
6
—4)-B-p-GlcpNAc-(1—4)-B-.-Rhap-(1—4)-p-p-Glcp-(1—
3 3
1 1
1 1
o-p-Rhap Ara-ol-P
24B —4)-B-p-GlcpNAc-(1—4)-B-.-Rhap-(1—4)-p-p-Glep-(1— [89]
3 3
T T
1 1
B-p-Ribf-(1—4)-a-p-Rhap Rib-o0l-P
24C —4)-B-p-GlcpNAc-(1—4)-p-.-Rhap-(1—4)-p-p-Glep-(1— [89]
3 3
T T
1 1
B-p-Ribf-(1—4)-a-p-Rhap Ara-ol-P
and
—4)-B-p-GlcpNAc-(1—4)-B-.-Rhap-(1—4)-p-p-Glep-(1—
3 3
T T
1 1
B-p-Ribf-(1—4)-a-p-Rhap Rib-ol-P
25F Constituents: Glc, Rha, GIcN, Rib, and Rib-ol-P [41]
25A  No information [41]
26 —2)-a-p-Galp-(1—3)-a-p-Glep-(1—3)-a-.-Rhap-(1—4)-p-Rib-ol-(5—P— [53]
27 —3)-B-p-GlcpNAc4,6(SPyr-(1—3)-a-p-Galp-(1—4)-p-.-Rhap-(1—4)-p-p-Glep-(1— [90]
2
T
Cho—P
28F Cho—P [91]
!
6
—4)-a-.-Rhap-(1—3)-0-p-Glcp-(1—3)-p-.-Rhap2 Ac-(1—4)-B-p-Glep-(1—
4
T
Gro-(2—P)
(T%8)
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(LR 1)
Type  Structure References
28A Cho—P [91]
!
6
—4)-a--Rhap-(1—3)-a-p-GlcpNAc-(1—3)-.-Rhap2 Ac-(1—4)-B-p-Glep-(1—
4
T
Gro-(2—P)
29 —4)-B-p-GalpNAc-(1—6)-p-p-Galf-(1—3)-p-p-Galp-(1—6)-p-p-Galf-(1 —1)-p-Rib-0l-(5—>P— [92]
31 —3)-B-p-Galf5,6Ac,-(1—3)-p-p-Galp-(1—3)-p-.-Rhap2 Ac-(1—2)-a-.-Rhap-(1—4)-B-p-GlcpA-(1— [93]
32F —4)-B-p-Glep-(1—3)-a-p-Glep-(1—4)-p-1-Rhap2 Ac-(1— [94]
2 3
T T
o-L-Rhap-(1—-P Cho—P
32A  —4)-B-p-Glep-(1—3)-a-p-GlepdAc -(1—4)-B-.-Rhap2 Ac-(1— [94]
2 3
T T
o-.-Rhap-(1—-P Cho—P
33F —3)-B-p-Galp-(1—3)-a-p-Galp-(1—3)-B-p-Galf-(1—3)-B-p-Glep-(1—5)-B-p-Galf2 Acy s-(1 — [95]
2
T
1
a-p-Galp
33A —3)-B-p-Galp-(1—3)-a-p-Galp-(1—3)-B-p-Galf5,6 Acy-(1—3)-B-p-Glep-(1—5)-B-p-Galf2Ac-(1— [96]
2
T
1
a-p-Galp
33B —6)-B-Galf2Ac-(1—3)-B-GalpNAc-(1—3)-a-Galp-(1—4)-Rib-0l-(5—-P—2)-a-Glcp-(1—-3)-p-Glep-(1— [43]
2
T
1
o-p-Galp
33C —6)-p-Galf2Ac-(1—3)-B-GalpNAc-(1—3)-a-Galp-(1—3)-Rib-0l-(5—P—3)-a-Galp-(1—3)-B-Galp-(1— [43]
2
T
1
a-p-Galp
33D —6)-B-Galf2Ac-(1—3)-B-GalpNAc-(1—3)-a-Galp-(1 —4)-Rib-0l-(5—P—2)-a-Galp-(1—3)-B-Glcp-(1— [43]
2
T
1
o-p-Galp
(1548)
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(=8
Type  Structure References
33E —3)-B-p-Galp-(1—3)-a-p-Galp-(1—3)-p-p-Galf-(1—3)-B-pp-Glep-(1—5)-p-p-Galf2Acy s-(1— [97]
33G —6)-B-p-Galf2Ac-(1—3)-B-p-GalpNAc-(1—3)-a-p-Galp-(1 —4)-Rib-0l-(5—P—5)-B-p-Galf-(1 —3)-B-p- [98]
Glep-(1—
34 —3)-B-p-Galf-(1—3)-0-p-Glep-(1—2)--p-Galfo Acy 5-(1 —3)-a-p-Galp-(1—2)-Rib-ol-(5—P— [41]
35F —6)-B-p-Galf2Ac-(1—3)-a-p-Galp-(1—2)-Rib-ol-(5—P—3)-B-p-Galf-(1—3)-p-p-Galp-(1— [46]
35A —3)-B-p-Galp-(1—3)-B-p-Galf5,6 Ac,-(1—3)-p-p-Glep-(1—6)-p-p-Galf2Ac-(1—1)-Man-ol-(6—P— [96]
35B —4)-B-p-GalpNAc-(1—6)-p-p-Galf-(1—3)-p-p-Glep-(1—6)-p-p-Galf2Ac ;-(1—1)-Rib-ol-(5—P— [99]
35C —3)-B-p-Galp-(1—3)-B-p-Galf5 7,69 3A¢,-(1—3)-p-p-Glep-(1—6)-p-p-Galf2 Ac-(1—1)-Man-ol-(6—P— [46,100]
2
T
1
a-p-Glep
35D —4)-B-p-GalpNAc-(1—6)-p-p-Galf-(1—3)-p-p-Glep-(1—6)-p-p-Galf-(1 —1)-Rib-0l-(5—>P— [101]
36 No information [41]
37 —3)-B-p-Glep-(1— [102]
2
T
1
B-p-Glcp
38 No information [41]
39 B-p-Galp [103]
1
!
6
—6)-B-p-Galf-(1—3)-p-p-Galp-(1—4)-B-p-GalpNAc-(1—3)-a-p-Galp-(1—1)- p-Rib-ol-(5—P—
3
T
1
B-p-Galf3 35,60 65AC,
40 No information [41]
41F —4)-B-p-GlcpA-(1—3)-p-p-Galf-(1—3)-p-p-Glep-(1—3)-a-p-Rhap-(1— [104]
2 2
T T
1 1
a-p-Glep B-p-Rhap2g 4,3¢.35,40.15AC3
41A —4)-B-p-GlepA-(1—3)-B-p-Galf-(1—3)-p-p-Glep-(1—3)-a-p-Rhap-(1— [104]
2 2
1 1
1 1
a-p-Glep B-L-Rhap
42 —3)-B-p-Galp-(1—3)-B-p-Galf5 7,60 3A¢,-(1—3)-B-p-Glep-(1—6)-p-p-Galf-(1—1)-p-Man-ol-(6—P—  [100,103]
2
T
1
a-p-Glcp

E=-8))
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43R0
Type  Structure Reference
43 No information [41]
44 No information [41]
45 Gro-(1—-P—6)-p-p-GlcpNAc [105]
1
!
4
—3)-a-p-Galp-(1—3)-a-L-FucpNAc-(1—3)-p-p-GalpNAc-(1—2)-a-L-Rhap-(1—
6
7
1
a-p-Galp
46 Constituents: Gal, GalNAc, GlcNAc, and FucNAc [41]
47F —6)-p-p-Galf3,5Ac,-(1—3)-B-p-Galp-(1—6)-B-p-Galf2 Ac-(1—3)-a-p-Galp-(1—-2)-p-Rib-0l-(5—P— [103]
47A B-p-Glep [106]
1
!
6
—6)-B-p-Galf3,5Ac,-(1—3)-p-p-Galp-(1—4)-0-p-GlcpNAc-(1—4)-a-p-Galp-(1—2)-p-Rib-o0l-(5—P—
3
T
1
B-p-Glep
48 No information [41]
CWPS Cho-P [41]
1 !
6
—6)-B-p-Glep-(1—3)-a-AATGalp-(1—4)-a-p-GalpNAc-(1—3)-B-p-GalpNAc-(1—1)-p-Rib-0l-(5—P—
CWPS Cho-P Cho-P [41]
2 ! !
6 6
—6)-p-p-Glep-(1—3)-a-AATGalp-(1—4)-0-p-GalpNAc-(1—3)-p-p-GalpNAc-(1—1)-p-Rib-0l-(5—P—
CWPS Cho-P Cho-P [41]
3 ! !
6 6

—6)-p-p-Galp-(1—3)-a-AATGalp-(1—4)-0-p-GalpNAc-(1—3)-p-p-GalpNAc-(1—1)- p-Rib-ol-(5—-P—

AATGal: 2-acetamido-4-amino-2,4,6-trideoxy-p-galactose; Ac: Acetate; Ara-ol: Arabinitol; Cho: Choline; Fuc: Fucose; FucNAc:
N-acetylfucosamine; Gal: Galactose; GalA: Galacturonic acid; GalN: Galactosamine; GalNAc: N-acetylgalactosamine; Glc:
Glucose; GlcA: Glucuronic acid; GlecN:  Glucosamine; GIcNAc: N-acetylglucosamine; Gro: Glycerol; ManNAc:
N-acetylmannosamine; ManNAcA: N-acetylmannosaminuronic acid; Man-ol: Mannitol; P: Phosphate; PneNAc:
N-acetylpneumosamine (2-acetamido-2,6-dideoxytalose); Pyr: Pyruvate; Rha: Rhamnose; Rib: Ribose; Rib-ol: Ribitol; Sug:
2-acetamido-2,6-dideoxy-xylo-hexos-4-ulose; f: Furanose; p: Pyranose; ND: Not defined; CWPS: Cell wall polysaccharide,
C-polysaccharide or teichoic acid.

XSRS 2 2—8 AN BB A A Y R Bl 25 B (o/B-L-thamnose) . N- Z [t #i %9 B fiie
A B (repeat unit) AT, A H UL A b (N-acetyl-a/B-p-glucosamine) . N-Z, ik 2 F B Bz
£ #% BE(o/p-p-glucose) . - FLBH(o/p-p-galactose),  (N-acetyl-o/B-p-galactosamine) . N-Z. 15k H &5 bl i
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(N-acetyl-a/B-p-mannosamine) . N-Z, [t 7 B bk i
(N-acetyl-a-i-fucosamine) A1 % %5 M B MR
(a/B-p-glucuronic acid). AN, ADEUMIERSA
H EEHE (a--fucose) . HHH(B-p-ribose) . - FLAHEE
P (a-p-galacturonic acid). A [ MLIEBYIAE 5 A H¢
PROGBLRE, WmyER 1 M 2-2 B a3 -4- 5
3 -2,4,6- = i % - ¥ #L ¥ (2-acetamido-4-amino-
2,4,6-trideoxy-a-p-galactose, AAT-Gal), [fil7& 7! 5
1 2- 2 I 24 5L -2,6- XU 4R ) A (2-acetamido-
2,6-dideoxy-p-xylo-hexos-4-ulose, Sug)Fil 2-Z it
o A -2,6- W A B B M (2-acetamido-2,6-
dideoxytalose, PneNAc), & I ¥, JERE 2 4h
L B 3 FhRERE, R AR (p-ribitol) |
Ba]hi7 471 B % (p-arabinitol) Fll H &% % (p-mannitol)
A ZHE S ARG, Xxeegityrh, 38 A2k
B O-ZMEAIE, 50 2 hEmiiR ik, 2 4>
ZWER NI TOE eI 1 A B AL T 32 5%,
A REALT S8 Bl - BB Y ZKF-
fEZMERE, flan, mEN oV Eiha
2 NN O- S MEALAB M, 4 ) 2 7 2 A T
2 (glucuronic acid, GlepA)RJEE 2 MMRA 25%H0
WAL, 25 3 NRA S5%H) LA ;
N- & Wt H # ¥ M (N-acetylmannosamine,
ManpNAC) 5 4 Mk 9% LWL B, 4
6 NRA 104%M SBEAb B, X LRI T £
WE LG B S AP R 22

T34, [~ L3 R e AN ) a3 28 ) 22
SEAARARMRL BN, IMIERE 10 &A 4 A
(10F . 10A . 10B Al 10C), A% %E T 10F ., 10B,
10C L EEEH, KL 10F F 10C ZHEH)
ME— X2 85 B — B EORE] s 10F A0
10B Z20 1) i — DXl 2 S LM 55 32 Bl ik 4
O R NN 1 U M5 N (B9
TIMIERE 10 B A R R i Shig , o1n
WAL RE I WerD 1 5% 5 U I 2 0
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B1-3Galf SZHE, WL REM WerG T 37 & 2 b
- B1-6Galp SZEEM, SR, AL B1-6Galp
A RE B B T B BUIARTRU , FR WX A S A A
ZHMBIERERE; BRI LW
Galfp1-6GalNAcB1-3Gal 45 LR FHIR 454
BIALE, B Galfpl-6 AbT ki, 405
RNEERARELS M, X iR, 200
(1) 2 BELE AR HAT SR A 4 ThRg . 734, Bl
WHFFE T IIE R 35F, 35C Al 42 AR £ sk
¥y, RBLMEER 35C F1 42 ) ZHEEER) I LF 584
—Ff, ME—R X FE MR 35C 208 6-B-Galf
A O-Z A&, MR 42 28R REAE
XAMEME, FECE AT MLE 2E AR LT —FF, 1R
MEFH Quellung J B X430, FefiTgk— £ %@ T
O-Z I RSB WeiG, & B wei G LR 7E 1ML
A 42 RS EER LT O-L WA,
[l 25 T BT & I 35a AR N, 2R
JENEZZHE Y O- 2 T AR AE 1 th J2 40 7 2 2 A B e
NS

(EAR R, AR BRI INTEE 6 3R
MiEA 6F, 6G. 6H. 61 FIMIERE 7 Fhgrii
BAL 7D MIERE MR 2 PR E A Al
BT, g 1 R ETR, IMERY 7D R AR i i R
7B IR = Mg R 7C B IEE L,
AT ELFE 1:5, X 8e & BRI, Ml 5 4 Bk A
JTENHT AL, ATRE SRR R AE )
12 A R B R T, LS Rk ) R ok
] F 5N A A=Ak

2 FREERERE L RN A

B IR Z ) BE e L I A B B HES
FRA cps locus. B T IMIE A 37 b, HAh A I
T8 B 1 I MR 22 W R DXL R AN, T v JEE AR ST 1Y
dexB F aliA FEK Z ] . 2006 4F, Sanger #f 5% Fr
e T 90 NI RS e 81, A EATH
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KBESMATE 13-30 kb Z[H], Hi 10-20 ZA45EH
B, FFER — e S TR 8 JA B FRIEHTTR
P TR e FEI T XA § B PR,
SRR G A7 AL T2 — A R B AR 4R 2% 65 - |
Ji# 20-30 AL T T 72% MRS
fiff(glycosyltransferase, GT)FJIHEMLTEILAARH |
SAABEVL e AT 2 B T R, JE X 88 AN IfiL i
RS KA 1 AL AT, #7s 1 A [R] il i U 7E
WA B R U, [l A BT & Sk BR R S £
BRI T J i R R T 32 Ak 22 W 1 G U TR 7

GIAHALL , 2 B it 2 FE 3ok T P A A DA 1 i il 3o T
PR sketO, S5y 4 1h B B T 9% S R R
JEE M Z2 RV 5 A A
2.1 XERZHEESRERK

F T SRR ZHE G I R TR R, A

E\Q:& \)\&\\\Q \,{ﬁ’ , c;
Serotype 4 ‘ £>
&
@‘& ‘}\8:I .\\\Q & P f.‘$ & "‘

Serotype 6B

®
&

AR g S
Serotype 9V ‘

4 C
& S o o 8¢ &
Serotype 14

&g’&&\q P o Q

Serotype 18C

P > \\0 ‘(8
0%0\8’ \\\\ & 0 TR S GO I

Serotype 19F*:>

T '\ & .i,\ g “\\x@ » ¥ \‘\\C

»a—»-»—»»—»#-»”i»'-»:> |
w—»-»-»—»—»—»-»-» ERENENY

T PCV7 1 7 A I3
Fl7n o

£~ cps locus AR A VAP IER | ML HS
U527 SRS IR e e g 52 PN N = 2 A2 PN PP
B A, A ILE AR Aﬁl@%%ﬁ%%@@ﬁ
R HIMBERR L B il SR IR 26 R 22 5k R
H A AR Tl R DR (tnp) , HEIN G 18IS 22 ) i A
552 e DA HL At by 3 3 Ak 1 e RS R AR SR oz
TR 5wn 4 DR wzg. wzh, wzd,
wze, fRFRN cpsA. cpsB. cpsC. cpsD, &
JELRSFREEDA AN 37 2 vh e S AR PR 5
T DT I TN 2 W BE 0 & UL TS SR 5 5
A Wi R M L 4% 72 1 (phosphoglycosyl transferase,
PGT)AE, 17 50K 2 — > BbE LABE IR B 1 JE X
IR 2R (lipid-carrier) b2 ih 2005 5.

) cpslocus, WA 1

@SS

V

s SESE g

i —»»-»—»-»-»-&—» =

3 ; K 1S
& & & a\o & \_\‘g} \Qc.\g) o &

AR

\\ B \(ﬁ & 0-\\?*

)

\ O
A ‘,{& \\ 0\

R -’

& & & i o\t‘

)

( > 09 © M
\@\0 &S @

ERLL LALLM

& i & o @ 5 Y (‘\\\%

SS9

Serotype 23F L’

Gene key: mummm— Flaking genes
C— Pseudogene

s Phosphoglycosyl transferase
I Glycosyl transferase

I Polymerase
Transposase Flippase

I
Regulatory genes | Acetyl transferase
L Thioester-containing pmtem— Glycerol phosphate transferase

UDP-ManNAc pathway genes
s UDP-L-FucNAc pathway genes

dTDP-L-rhamnose pathway genes
I UDP-Galf pathway genes

NDP-2-glycerol pathway genes

1 PCV7 ZEHH 7 N IERASERE % 08 & B E E %
Figure 1 Capsule biosynthesis gene clusters of PCV7 serotypes. The genes are presented on the forward and
reverse strands by boxes which are colored according to the different functions.
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A K ZHUM TR PGT K& wehA, & iz
WAL RSN TEMIEA 33C A 47A P2
WeiG, TEIMIFH 29, 35F. 39, 47F HJ& wejH,
R TG B IR UL AL TRV 2Y 4.
5. 12F, 12A. 45 P02 weil, & BUBERR-N-Z Tk
HANEE N-C WU M . vE— Ay
SMSEIMTERL 1 AL PGT 26N, RONE
A B B (A AT-Gal) 2 20 M BE rh i RE IR ) — A
73, AT RE th BERERR & R AR P Y Spri655 K H:
B e FUY S — S i A R
Tt B — I AH N FRWE RE R RS i 1 DT e RS L B RERE A%
Wb D] 0 S PR sy, A DR R B R Il
B DRI il 4 B 3K T I R 22 W 22 o 22 4 1) 35t 1
ittt AR AR BE AL AL Wi 90 AL S g AL A
T R 454, CAZy #U¥% F%E (carbohydrate-active
enzyme database)¥ EA 1 A ARIH, 4R%
B o8 B PR T AOWE SEFE RO B 0 A 7E GT2 Hl GT4
AU S AL ARSI AT B A it
(W) MR B WL I (wazy) , AH AT TR AN ] T 37
U AR I AN Ry, R M B S B [
1 PRI TS 9V A 18C MY BRI FE il A ANl Y
O- LR IEFEAL Mg HL LA, X Z2 W rp AN [] 1Y) BRI 7
O-Z Wtk &t , HmEREESHZHEdE, O0-2
BEAL G 7R SCHR 11310 B 2Rt A

Z WG TR AR R AR S A
o FEALLISE N 18 Fhatlich, 7 FhRH
U, B B Hh 40 R Y 4 KA i 42 (house-keeping
pathway) & i, 9 FiELIE LSO B 1R A H b i
FRHRT 4 cps locus WA RYIEE G AL, WA 2
NS
2.2 EEZPENE RALE
2.2.1  Wzx/Wzy- 1K 8 8 & % i 1§ (Wzx/Wzy-
dependent pathway)

o R ZHOINELZWEHMA T Wzx/Wzy R4z
AR ARSC A S R 14 A MR A R
(18 3).
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MRS 14 SRR ZHE S 4 D0, AHE
EHE RO 3 AR 1A S EEEFURE(E 3B),
AN CPS14 BREIN R A 13 I (8 3A),
2 AR RS L A (wehN L wel Y) R AR 2k
ZINEE, THMEHR 4 ADWERE SR R e
(1, A TIRE . ZHAE R A LI P 00 i) s 28 4
(lipid-carrier) BP #% B + = W & [
(undecaprenyl-phosphate, Und-P) | #E17& A (
3C). 55 140 W BB AL T ZWEIR SR 1t
RSB 2)0 55 2 2D e BT ) 4 0 5L 74 il
WchA BIVEF ¥ UDP-% %) B (UDP-glucose,
UDP-Glc) ) %] %5 B -1-B% i (glucose-1-phosphate,
Glc-1-P)i#E 2R /A Und-P &5 Und-PP-#
W BEISTEREEE B Il WehK A4 TR Rt
UDP-}-F M (UDP-galactose, UDP-Gal)f¥)>-F B
R A AL Und-PP-XUBY ; SR 5 FERHIE
R mE WehL HOAE T K UDP-N- 219 7 4 Bl i
(UDP-N-acetylglucosamine, UDP-GIcNAc)FJ N-
Tt 2 W I 4 3 ~F LB B 45 A Und-PP-—
W e AR SR RS I WehM (194 T R UDP-
2 FUBE A FUBEE N SRR R N- L ToE A 4
& b5 BT Und-PP-DO0HE, 1EA—ASEMEHIC,
553 0 SR EL N Wzx B SRR LT AN
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l FniA  (UDP-KDQNAc) [intemediate 1]

UDP-2-acetamido-2,6-dideoxy-b-L-arabino-4-hexulose [intermediate 2]
} FniB
UDP-2-acetamido-2,6-dideoxy-b-L-/yxo--hexulose (intermediate 3)
FnlB

UDP-2-acetamido-2,6-dideoxy-L-talose or UDP-N-acetyl-L-pneumosamine
\L FnlC (UDP-L-PnepNAc)

UDP-2-acetamido-2,6-dideoxy-L-galactose or UDP-N-acetyl-L-fucosamine
(UDP-L-FucpNAc)

Glucose-1P  RmIA RmIB RmIC RmID dTDP-L-rhamnose

(Gle-1P) (dTDP-Rhap)
Fructose-6P Mnpl, Mnp2  NDP-p-mannitol
(Fru-6P) ~~~77TTTTTTTTT > (NDP-p-man-ol)
. Rpe* Abpl, Abp2 NDP-p-arabinitol
Ribulose-5P --------- > D-xylulose-5P------------- > m
RbsF .
Ribose-1P  -----eu-u- > NDP-Ribf

Get
Glycerol-1P -coccco- > CDP-glycerol

Glyceraldehyde ? -- Gipl, Gtp2, Gtp3 > NDP-2-glycerol

B2 BhRHEREXE SRR A S HERigE!""

Figure 2 Biosynthetic pathways of CPS-specific components of Sreptococcus pneumoniae'®. Putative
pathways are denoted by a dotted line, and the constituents of the repeat units are underlined. All gene products
are encoded within the cps loci, except for ribulose phosphate 3-epimerase (Rpe), which is chromosomally
encoded and marked by an asterisk. Ugd: UDP-glucose 6-dehydrogenase; Gla: UDP-galacturonate 4-epimerase;
GIf: UDP-galactopyranose mutase; MnaA: UDP-N-acetylglucosamine-2-epimerase; MnaB:
UDP-N-acetylmannosamine dehydrogenase; FnlA: Steps 1 and 2 of UDP-FucNAc synthesis; FnlB: Steps 3 and
4 of UDP-FucNAc synthesis; FnlC: Step 5 of UDP-FucNAc synthesis; RmlA: Glucose-1-phosphate
thymidylyltransferase; RmlB:  dTDP-D-glucose  4,6-dehydratase; RmlC:  dTDP-4-keto-6-deoxy-D-
glucose3,5-epimerase; RmlD: dTDP-4-keto-L-rhamnose reductase; Mnpl: Putative nucleotidyl-transferase;
Mnp2: Putative reductase; RbsF: Putative epimerase/dehydratase; Gcet: CDP-glycerol biosynthetic protein;
Gtpl-3: NDP-2-glycerol pathway; Abpl: Putative nucleotidyltransferase; Abp2: Putative reductase.
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Figure 3 Representation of the Wzx/Wzy-dependent pathway for biosynthesis of capsular polysaccharide of

serotype 14. A hypothetical model based on experimental evidence and theoretical speculation. A: cpsl4 locus.
*: Pseudogene. B: CPS14 structure. C: Biosynthesis of CPS14.
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Figure 4 Representation of the synthase-dependent pathway for biosynthesis of capsular polysaccharide of
serotype 3 (modified from reference [109]). A hypothetical model based on experimental evidence and
theoretical speculation. A: cps3 locus. *: Pseudogene. B: CPS3 structure. C: Biosynthesis of CPS3.

http://journals.im.ac.cn/actamicrocn



3188

ZHAO Wenxu et al. | Acta Microbiologica Snica, 2024, 64(9)

3 EREZEMAA

50 401 1) SIS 22 W T TR K 2 MR R
A28 G e B2 B R T oy S SR, Alifh e
JREZBH 2 LRSI MERY , bR T 2 KBRS AR
BT, i A R A 22 0 T I 2 2 Jif BE 22 h
(CWPS)i54 . CWPS & ZEMEi i i BN R4S
MR 2, ARG, XFRh C-Zh
EEERR, A 3 B (R 1), fEMIEE 4, TF,
14 i miReE . SRS —F, CWPS Wiy
AT, R e I B A B B RS |, A
ILARXMER: CWPS &bk, FEZAaifb 25k
ARl A HG g H R 20 7 A 2R D D
o HABRY TS G )ia G B BT RR , A5
AU B, BRI T Yy g AR o
SHMET 3% 2%, B, BRI Ll
P T2 R R el b 2 rh 2 B
IS 2 4k TR TR I B 22 A 0 Al Ak 2 T A0 5 40
ROIVE  BUE . BT BT IATIENT . BER
VBT R R A A v PR E AR A
[Fi) 11375 5L R R AE N 2 2 4 R TR
3.1 REMFEESELELSE

NN G 55 IR TR P 4l Al e I 22 2 T
AN A L IERRZ AR 2. 1980 45, Cano 451"
R T S R aifb R, mEE S
W) T RUTTE, T 75bidk — H BL IR 24 (cetyl
trimethylammonium bromide, CTAB)JJLiE 2k I
HHE AR, FTEE R 20,
BT RBR/INGS TP X e B R bR T K& s
e, IR ER T = a0 e I o SR, i
AR E L, B S GRERT, T H oA e sk Al
A RIA ST . 1979 4F, BRye /A w1 & A1
BT M2t T2, GO SR
VUMV DTE , 8 B FAX TR B PR RS T, i
JE N 14 L B FRPhiICT 035 g (1 B)ZE 46 ¢

<l actamicro@im.ac.cn, & 010-64807516

(2 BOAL AT A . 1981 4F, g BLIRAFSE i
(Institut Mérieux)>h 5 — Pl il 5 4% 2K TR JE R 22 Mk
Ak 7 B BE TR RO, AT A R 7R
REFEMi RAEERTE , FH 0.1%J1i S AH AR (deoxycholic
acid, DOC)Zf@ANNE, G CBEDiRE . KE
e eGSR IR, &9 11 Balife,
JE MR R 1. 2. 4 BYIEREZHE R 2 512 0.4
0.3, 0.1 g/L. ZEFIRIE T HFRIEXT T2 hh20
JER M, 1998 4E, Arnold™'hy 23 ALy
SEME 2R AL Ik s TR, B RIEM,
BRIMIERL 7F . 14 A1 33F P2 il ep i 2 hi4h, H
Bt 24 5 1%—4%09 CTAB ULiE )5 F it
it g, e RS KA sk T aifh, K
Kigm T ZHEaiE .

X AL 255y 2 e i B
PEIRF, U T A e 40 M2 bR 5
DOC 2 fiff 41 A o) L 240 b P R A% o R 8 1 5
PR B IR 58, S malifb A R V) 22 BRrix sy
Py, RAFEOTRBEACRBRAS . B, &
KRB T —H i FE R 2 AL i, B AR
b al AL R I = F AL
3.2 DUERERE SRS E

Suédrez S5 T IR HEESE ORI
4k M VE T 14 IR, [IRT4 25T R
FEEALFRRE i 5 %0 Ik UAR G alifb Jr vk s,
ST ET 99%M AR . SR Iy % 04y B i
IR FILZ e EE 0, T HEEE R & 5, R
P KA 7 A 2R ) . Gongalves 25133 PR 1k
Bt g FIE W4 G CREUTIE AL I VS B 23F
Ml 6B MFREZ M. RN T, TR
A0 30 kDa B 100 kDa Ft#3 I8 IRk 4 FE 5
FRTR R BE (1) 5y BAUTVE, SEI T 89%IH 2
BRI, 2R TR IR TS G/ 291
Jung ZEUNE AL T MR 19A itk 208, fufh
PEY A0 R SLR I pH E 4.5 LLUTTE RTEEE



BRSO SF | UZEY2EA, 2024, 64(9)

3189

Fra HA AT AR 5y, ARG 50%-80% 54y
RUELHE, AP T 75%M EISCEFT 97%
PIZIRE L SR, W5 0GE T 1ii R 2 B . Macha
SEIOVRI ] DOC 244, SRJ5 i 30 kDa #
IR T U8, CREDTVE I A TRERRAD B, 2
WEIE R 65%-80%, Z2T/NT 1.5%, XFPI7ik
(RO A2 B IR 40 A0 T 2R W LA A% T8 g A
TGO . I Ah, Zanardo 251754 T oM i 7
14 WBaifb T2, s A 2455573 (chemical
medium, CDM)BEFRANTR, 5.0 bR 25 40 7 -2 U
I, ARG 50 kDa R UE IR IE 4R I
FH 30 kDa M EMIETE | B I GRBRENAA7E T UE T
BUELBR T%ME A 68%MI%ER; FIH 5%
=R H L EREAT, H 20%H 60%4
BE o % UTVE 2 0% Ik S5 BEIR B IR
(Q-Sepharose FF resin)if4 7 [H &5+ s At )2 b4l
b2, Z 2P NGRS 65%, IR &
H/NT 2% ME S 8/N T 3%, Ak, Gaikwad
Ui R 2 JEREZ AR, =
FRACPE M, i mpkiise, [WiE CPS Mok
ff B AH RSO PR, alifb ok py 28T L E
RN A

h T U0 CWPS 55, Lee 251 ha id i
PEBIER CTAB Ui TR, WIE/E MM IS
M CTRUTTE RBREE AT, TEIE)E H 20 AT
B4l TS R RE i , FFoKE CTAB ¥ MJER 1) 0.7%
PEmE] 2.0%, BEFEK T IMER 5 SRS
B CWPS {54, XRS5 RWATH] T oss, X
J5 At By b N T A 14 APl s, SR,
B alifb i Z IR P T e, Prikl
Y, A alifb i) 2 0 B B R Y e
JEPEN guAh, K ZRRERTE R R
T TRER AL B AT DL 22 CWPS!MO, ] 3% Ak A
IR Jil A BT LA 2 BofE 22 W v 1 2 11 Jo A
BR V5 g%, 2y vk aliAb i JE IR 2 S ] T B I

FEW AN O T RN 2 AR, A Tt
0T ZAME RS2 0 . @ THB #5575k
BRI, B0 BRI 0.22 pmol/L I8 AR
g B, SR 100 kDa g nE e 4E
TR o PR I R B (1 B B A A R RN B 5,
75 1% T & (mutanolysin) B fif JEJE Z B F1 CWPS
DA 2 R ok SR 2 ) (A T e, — R R 2
B R R R 2 . 485 F DEAE BHE
TS AL Z MRS AR R 2 0, 1 — 20
S300 stk 28, e a iEm R L/ NV,
PAFE AL TR s . B AR 1 7%
HAVINF 1%; CWPS B /N T 5%, Z4iEn]
DU NMR J5 5 HERf S5 12 22k 01001400,

4 REERE

ARSCILE T HFTE RIA Al R BEER T 95 1M
TH LSRR 2 WA, TR T SR i LR
AN B AiAL T 10 o TR A W2 MR 3515 | 45
F RN A=Wy SHRERIBIE T | 20 W23 ) 1) 24 47 1
— R RAE TR AP0 {5 B o B e
IR DR 23 ) 1) 3 P A Eh R, (DR, WAREA £
WA, R ) i B e P P M S A R T 1 6 )
INREARMEREE . RN AT O- LI EEFE A I 5L
N H IR PR e 8 ), B REIF AR,
HG HTE Z2 W25 A6 A RE A 1 K 28 BE DR R 15 R 4
RE. L, Mt 222t i 2 4 1 T TR Y
LN INRERY 2 T B Wi TR EOR Rt i 15 A5 24
1 Z2 WA BURH TR AT, I B 5 DR B S TR R )
G, RJa B A R ok M R I 2
AE o H AL IZHAR AT A0 T BRI h 20
SLELRE RN LA RS RGO AR, L IEAE
WIFTE S 22 0 SRS AT O- L IBE A A i -5 4
WEESIIR R . 75—, KRZHHEDUR, £
BESSHDRE T A0 R A LT ARk . 22 Bl 5k 4G
oy SCHELEH . LIEALAG i RN BAE R T AB G S T

http://journals.im.ac.cn/actamicrocn



3190

ZHAO Wenxu et al. | Acta Microbiologica Snica, 2024, 64(9)

REAE S Bt pe i R g 2 AR AN RGP A
HARIEZHEE, A Befan 2 Wit ERAL,
2 IR 35 A% FE Al - T S 2R A - MLV 27 e AR 22 ] A %
Wi FR , LA R Z2 WE AR 20 185 20 TR P B0 P 18 2
Fo B, AN Z 451X T BAR L ) Be
REEL, BTN B 5T 25 0 LAl

SIE I 22 Wl 8 25 4 5 il 8 5% BR A 1 7 ) % 1)
G WFSE R B, i R BEEK TR IR 2 Wl n 45 1 52
M S ) JEE 2, T SV R J 52 A A 1) 3 il 4% 5 1R 7
E SR rh BIEALAR S SR i
FEL i T BEL L I 0 40 U P 7 e R RV P T Bk 4
WA, SRR 22 M %) ZH s 52 i 200 TR A SRR g, o
7 19A/19F F1 6A/6B 1M 20l h #8 3 A Hi
% B -al-2- Bl 2% B¥ (glucose-al-2-rhamnose,
Gleal-2Rha) Y454, BATTHE S E B A= 9
PRIBE Y RE T 5 , SEKC T 20 R L S MR 3 v B A7 3 )
], FRATT A F 5%t 3% B JE R 22 0 St % 45 4 A
O- & Tt A AE M 52 W Z2 4 1 BT J5t 14 0 A 92 Tt
PEESA01000 2022 4 An SER B, TERKEEAE /N
e JHAE ) B A B Kupffer 20 B REUS A 3L
BRI AL 7F A 14, PR EATT R SERE 2 251
Al LABE Kupffer 40 F A9 2<% R 0% 25 11 32 14
(sialic acid glycoprotein receptors, ASGR)IH 5|1,
2023 4 Chun SEUSIHGHE , JEREZWE L5652 M
it 98 FE BR TR FE NP T b Bz 40 A3 58 5 Al ] %
s & 0SB 2 B AL e R EE Y 2 b RE

S M) 40 T X PG T 4 PR 2R 5 i IS Y 2

31 MRS A Z A R, MR 14
() SIEREE 22 W 235 44 JLF- FN N i 22 1k e i % LB -N-
B VUM (lacto-N-neotetraose, nLC4)Z54)—FE, X
118 LT 2 75 2 e M B R A0 i O 5 i
RIEN o 1% LEHTTTER 1 7R M E R 3 4l A
(glycomotif) 75 21 B 250 1 49 1 B A 0,

Py A ) S A AATTAR 25 5 375 By
A TR RIS TR K 1) 2 JIE 22 W s B R 2 A B

<l actamicro@im.ac.cn, & 010-64807516

S IR P L SRR BT 2 B 2 A 1 ) 45
EERMERZ, ME1RE . HITR 2 e A
1 NMR Fi a4 R 20 HE20 70 4R & SR A
K MIHAR T2 = 2l W Z A REHER AR AT RS
ZHEEER SR sl D IR B 2 2 4, )
b Z W aifl 1T 2 R B Rk 2 s BT R R 2
WEEEAGWT ST A ) — AR o) — 7 TR B2 o b 4
R ZERENEDEA o FEUNA T 43 185 4 Ak £ Bl
T 5 78 AN TR R R 2 WA S5 . B TR B 2k
FEri, ARMER X-SRHZATs ot ZHRHIE . 4R
K BRI E 2% NMR (solid-state NMR, ssNMR)$
RAERE 3 AT AR TR F T an e B d it . A= Mol ik
W Z A R AR, KB HES) T 2 h
gEf AR, H AR A2 NMR
BORTE 20T 4 40 M b B3 5B T 40 B RE ik 3R b
(ZERU S BT T SE R 2 25T TETS
)8 T AT EC TR DA R e B A A 2 b LR A
T AN RE R 2B R0 A NMR HiAR
ISR AE R e EH , METERNZE R, REAS
I FH NI 8 4% B AT H L R T 2% TR SR R 2 i 4
) H ¥R .

S 5 22 W 1) i A T T T A s 8 S 3K T 1
2 OCH B AR BRI S 2 A
PR R ai i R, DARRIREE W As , (i 20
P22 Vi AR AR 45 5 B Re g e IR A L R
R N o e B R 0, B T DN
FE IR R A, AR TR R, Sk
BHIZE B 0 2H BT SN B 50T, DU ACE A T vk )
JeWEZ WG, b, BEE TR BEES RN, A
T 06 G T i Ak 5 AN AE 6 B 4l
fiRiE, HATC &2 PG LT i A
1.2.3.4,5,6,7F. 8 9V, 12F, 14, 17F,
19F . 22F . 23F WMIRRZENE, JF0H TR n A4
77 (BT AEME DL T 27 25 R R SRR 1) B
DL R B Ze A it ™t 2022 4, Jbat kit



BRSO SF | UZEY2EA, 2024, 64(9)

3191

AT A B =0k T RO AR A 3h &
AL, FEA % B & UG T 2 245 5E
BRI o3 A BT RIS B AL G
I AR B AT A | IR 22 Wt 1 A A
T FTH) G R o A5 U SR 2 B 0AT
TH R ZHEE Y, WRgH T 2R R
REDTIE

ARG AL 4 D JrimiEIr. (1) f#
ProelZhn4hita . A ssNMR $ARSE & HoAh
ARG T T3 05  TEA IR AL 264 T e 2
HE 2 R A 2 TR AR 5 5 WIS BB AR D5 i PR Ak
Zh. (2) BERNHER AR IREFIFFE . Al i
RDBE TR AR S R R I D e, T
FOBMALAE R MEIEIN , 5 IR 2 r Wl sz AR
WAL A A 3 W R T B A 6 Wl R e T 4 2
REUT; AR R ik 22 1 il % S R TR 4 DR 201 Bk
MRy, S T A D RE B T 26 1F, (HR b bR
Z R A L % i B0 £ JE A T e i 22 it 2
7. (3) HEZ LS MINBERI KL TR . WS
SIS 20 W PR 235 K AL RIS T X 240 TR 2 0 R R
183 715 A T A TR A R A T A 0L T TR A AL
(4) JEPBEZHH 05 RN LZERL ] o 20 7 2 A A
{R YA F2 2 e v i PR3 1) SO 9 LS
Z WG R, PR LR SRS D Ay A [ 4
P 2R G b A e TR AE 4 T I bl
X Tl 9 A BR TR B 7 B B, S A
PEERL AR IE 5 AT AR B TR TR S I A A 1

SE MK

[1] WEISER JN, FERREIRA DM, PATON JC.
Sreptococcus pneumoniae: transmission, colonization
and invasion[J]. Nature Reviews Microbiology, 2018,
16(6): 355-367.

[2] IKUTA KS, SWETSCHINSKI LR, AGUILAR GR,
SHARARA F, MESTROVIC T, AUTHIA P GRAY,
WEAVER ND. Global mortality associated with 33
bacterial pathogens in 2019: a systematic analysis for

[10]

(1]

[12]

[13]

the global burden of disease study 2019[J]. The Lancet,
2022, 400(10369): 2221-2248.

RUDNIC E. Actual considerations in pneumococcal
meningitis[J]. Revista Medico-Chirurgicala a Societatii
de Medici si Naturalisti Din Iasi, 2000, 104(3): 37-42.
DOCHEZ AR, AVERY OT. The elaboration of specific
soluble substance by pneumococcus during growth[J].
The Journal of Experimental Medicine, 1917, 26(4):
477-493.

AVERY OT, MORGAN HJ. Immunological reactions
of the carbohydrate
pneumococcus[J]. The Journal
Medicine, 1925, 42(3): 347-353.
KAUFFMANN F, M@RCH E, SCHMITH K. On the
serology of the pneumococcus-group[J].
Immunology, 1940, 39(5): 397-426.
LUND E. On the nomenclature of the pneumococcal
types[J]. International Journal of
Bacteriology, 1970, 20(3): 321-323.
BECKLER E, MACLEOD P. The neufeld method of

pneumococcus type determination as carried out in a

isolated and protein of

of Experimental

Journal of

Systematic

public health laboratory: a study of 760 typings[J].
Journal of Clinical Investigation, 1934, 13(6): 901-907.
BRATCHER PE, KIM KH, KANG JH, HONG Y,
NAHM MH. Identification of natural pneumococcal
isolates  expressing serotype 6D by  genetic,
biochemical and serological characterization[J].
Microbiology (Reading), 2010, 156(Pt 2): 555-560.
CALIX JJ, NAHM MH, ZARTLER ER. Elucidation of
structural and antigenic properties of pneumococcal
serotype 11A, 11B, 11C, and 11F polysaccharide
capsules[J]. Journal of Bacteriology, 2011, 193(19):
5271-5278.

CAMILLI R, VESCIO MF, GIUFRE M, DAPRAI L,
GARLASCHI ML, CERQUETTI M, PANTOSTI A.
Carriage of haemophilus influenzae is associated with
pneumococcal vaccination in Italian children[J].
Vaccine, 2015, 33(36): 4559-4564.

PARK IH, GENO KA, YU JG, OLIVER MB, KIM KH,
NAHM MH. Genetic, biochemical, and serological
characterization of a new pneumococcal serotype, 6H,
and generation of a pneumococcal strain producing
three different capsular repeat units[J]. Clinical and
Vaccine Immunology, 2015, 22(3): 313-318.

GANAIE F, SAAD JS, MCGEE L, van TONDER AJ,
BENTLEY SD, LO SW, GLADSTONE RA, TURNER
P, KEENAN JD, BREIMAN RF, NAHM MH. A new

pneumococcal capsule type, 10D, is the 100th serotype

http://journals.im.ac.cn/actamicrocn



3192

ZHAO Wenxu et al. | Acta Microbiologica Snica, 2024, 64(9)

[16]

[19]

(21]

and has a large cps fragment from an oral
Sreptococcus[J]. mBio, 2020, 11(3): €00937-20.
ROBBINS JB, AUSTRIAN R, LEE CJ, RASTOGI SC,
SCHIFFMAN G, HENRICHSEN J, MAKELA PH,
BROOME CV, FACKLAM RR, TIESJEMA RH,
PARKE JC. Considerations the
second-generation pneumococcal capsular
with the
cross-reactive types within groups[J]. The Journal of
Infectious Diseases, 1983, 148(6): 1136-1159.

CHEN KL, ZHANG XY, SHAN W, ZHAO GM,
ZHANG T. Serotype distribution of Sreptococcus

for formulating

polysaccharide vaccine emphasis on

pneumoniae and potential impact of pneumococcal
conjugate vaccines in China: a systematic review and
meta-analysis[J]. Human Vaccines &
Immunotherapeutics, 2018, 14(6): 1453-1463.
HAUSDORFF WP, BRYANT J, PARADISO PR,
SIBER GR. Which pneumococcal serogroups cause the
most invasive disease: implications for conjugate
part I[J].
an Official Publication of the
Infectious Diseases Society of America, 2000, 30(1):
100-121.

KELLER LE, ROBINSON DA, MCDANIEL LS.
Nonencapsulated Sreptococcus pneumoniae: emergence
and pathogenesis[J]. mBio, 2016, 7(2): e01792.
WEINBERGER DM, TRZCINSKI K, LU YI,
BOGAERT D, BRANDES A, GALAGAN 1,
ANDERSON PW, MALLEY R, LIPSITCH M.

Pneumococcal

vaccine formulation and use, Clinical

Infectious Diseases:

polysaccharide structure
PLoS Pathogens,

capsular
predicts serotype prevalence[J].
2009, 5(6): €1000476.

DOMENECH M, ARAUJO-BAZAN
MOSCOSO M. In vitro biofilm
Sreptococcus pneumoniae  as  a
post-vaccination emerging serotypes

L, GARCIiA E,
formation by
predictor  of
colonizing the
human nasopharynx[J]. Environmental Microbiology,
2014, 16(4): 1193-1201.
ZAFAR MA, HAMAGUCHI S, ZANGARI T,
CAMMER M, WEISER JN. Capsule type and amount
affect shedding and transmission of Streptococcus
pneumoniae[J]. mBio, 2017, 8(4): ¢00989-17.
SIOSTROM K, SPINDLER C, ORTQVIST A, KALIN
M, SANDGREN A, KUHLMANN-BERENZON S,
HENRIQUES-NORMARK BH. Clonal and capsular
types decide whether pneumococci will act as a
primary or opportunistic pathogen[J]. Clinical
Infectious Diseases, 2006, 42(4): 451-459.

P4 actamicro@im.ac.cn, 7 010-64807516

[22]

[24]

(28]

[29]

[30]

AN HR, QIAN CY, HUANG YJ, LI J, TIAN XB,
FENG JY, HU J, FANG YJ, JIAO FF, ZENG YN,
HUANG XT, MENG XB, LIU X, LIN X, ZENG ZT,
GUILLIAMS M, BESCHIN A, CHEN YW, WU YZ,
WANG J, et al. Functional vulnerability of liver
macrophages to capsules defines virulence of
blood-borne bacteria[J]. The Journal of Experimental
Medicine, 2022, 219(4): €20212032.

BRILES DE, CRAIN MJ, GRAY BM, FORMAN C,
YOTHER J. Strong association between capsular type
and virulence for mice among human isolates of
Sreptococcus pneumoniaelJ]. Infection and Immunity,
1992, 60(1): 111-116.
AUSTRIAN R.

pneumococcus

the
status  of

observations  on
the
pneumococcal disease and its prevention[J]. Reviews
of Infectious Diseases, 1981, 3(supplement_1): S1-S17.
YOTHER J. Capsules of Sreptococcus pneumoniae
and other bacteria:

Some

and on current

paradigms for polysaccharide
biosynthesis and regulation[J]. Annual Review of
Microbiology, 2011, 65: 563-581.

PATON JC, TRAPPETTI C. Sreptococcus pneumoniae
capsular polysaccharide[J]. Microbiology Spectrum,
2019, 7(2): 30977464.

BEITER K, WARTHA F, ALBIGER B, NORMARK S,
ZYCHLINSKY A, HENRIQUES-NORMARK B. An
endonuclease allows Streptococcus pneumoniae to
escape from neutrophil extracellular traps[J]. Current
Biology, 2006, 16(4): 401-407.

WARTHA F, BEITER K, ALBIGER B, FERNEBRO J,
ZYCHLINSKY A, NORMARK S,
HENRIQUES-NORMARK B. Capsule
D-alanylated lipoteichoic acids protect Sreptococcus
pneumoniae against neutrophil extracellular traps[J].
Cellular Microbiology, 2007, 9(5): 1162-1171.

de VOS AF, DESSING MC, LAMMERS AlJ, de
PORTO APNA, FLORQUIN 8§, de BOER 0OJ, de BEER
R, TERPSTRA S, BOOTSMA HJ, HERMANS PW,
van’t VEER C, van der POLL T. The polysaccharide
capsule of Sreptococcus pneumonia partially impedes
MyD88-mediated immunity during pneumonia in
mice[J]. PLoS One, 2015, 10(2): e0118181.

SKOV SORENSEN UB, BLOM I,
BIRCH-ANDERSEN A, HENRICHSEN J.
Ultrastructural localization of capsules,

and

cell wall
polysaccharide, cell wall proteins, and F antigen in
pneumococci[J]. Infection and Immunity, 1988, 56(8):
1890-1896.



BRSO SF | UZEY2EA, 2024, 64(9)

3193

(31]

[33]

[34]

[36]

[38]

[39]

WEISER JN, AUSTRIAN R, SREENIVASAN PK,
MASURE HR. Phase variation
opacity: relationship between colonial morphology and

in pneumococcal

nasopharyngeal  colonization[J].  Infection  and
Immunity, 1994, 62(6): 2582-2589.

KIM JO, ROMERO-STEINER S, SORENSEN UB,
BLOM J, CARVALHO M, BARNARD S, CARLONE
G, WEISER JN. Relationship between cell surface
carbohydrates
opsonophagocytosis of Sreptococcus pneumoniae[J].
Infection and Immunity, 1999, 67(5): 2327-2333.

COLE R. Treatment of pneumonia by means of

and intrastrain variation on

specific serums[J]. Journal of the American Medical
Association, 1913, 61(9): 663-666.

DOMINGUES CMAS, VERANI JR, MONTENEGRO
RENOINER EI, de CUNTO BRANDILEONE MC,
FLANNERY B, de OLIVEIRA LH, SANTOS JB, de
MORAES JC, Brazilian Pneumococcal Conjugate
Vaccine Effectiveness Study Group. Effectiveness of
ten-valent pneumococcal conjugate vaccine against
invasive pneumococcal disease in Brazil: a matched
case-control  study[J]. The
Medicine, 2014, 2(6): 464-471.
JAIN S, WILLIAMS DJ, ARNOLD SR, AMPOFO K,
BRAMLEY AM, REED C, STOCKMANN C,
ANDERSON EJ, GRIJALVA CG, SELF WH, ZHU
YW, PATEL A, HYMAS W, CHAPPELL JD,
KAUFMAN RA, KAN JH, DANSIE D, LENNY N,

Lancet Respiratory

HILLYARD DR, HAYNES LM, et al.
Community-acquired pneumonia requiring
hospitalization among U.S. children[J]. The New

England Journal of Medicine, 2015, 372(9): 835-845.

JONES C. Vaccines the cell surface
carbohydrates of pathogenic bacteria[J]. Anais Da
2005, 77(2):

based on
Academia Brasileira De Ciencias,
293-324.

DURANDO P, FAUST SN, FLETCHER M, KRIZOVA
P, TORRES A, WELTE T. Experience with
pneumococcal polysaccharide conjugate vaccine
(conjugated to CRM197 carrier protein) in children and
adults[J]. Clinical Microbiology and Infection, 2013,
19(Suppl 1): 1-9.

ESPOSITO S, PRINCIPI N. Pneumococcal vaccines
the
pneumonia[J]. Pulmonary
Therapeutics, 2015, 32: 124-129.
BOSCH A, van HOUTEN MA, BRUIN JP,

WIJMENGA-MONSUUR ~ AJ, TRZCINSKI K,

and prevention of  community-acquired

Pharmacology &

[41]

[42]

[45]

[46]

BOGAERT D, ROTS NY, SANDERS EAM.
Nasopharyngeal carriage of Sreptococcus pneumoniae
and other bacteria in the 7th year after implementation
of the pneumococcal conjugate vaccine in the
Netherlands[J]. Vaccine, 2016, 34(4): 531-539.
WEINBERGER DM, MALLEY R, LIPSITCH M.
Serotype replacement in disease after pneumococcal
vaccination[J].  The 2011, 378(9807):
1962-1973.

KAMERLING JP.  Sreptococcus pneumoniae:
Molecular Biology and Mechanisms of Disease[M].
Larchmont, NewYork: Mary Ann Liebert,
Publishers, 2000: 88-114.

PARK IH, PRITCHARD DG, CARTEE R, BRANDAO
A, BRANDILEONE MCC, NAHM MH. Discovery of
a new capsular serotype (6C) within serogroup 6 of
Sreptococcus pneumoniae[J]. Journal of Clinical
Microbiology, 2007, 45(4): 1225-1233.

LIN FL, VINOGRADOV E, DENG C, ZELLER S,
PHELAN L, GREEN BA, JANSEN KU, PAVLIAK V.
Structure elucidation of capsular polysaccharides from
Sreptococcus pneumoniae serotype 33C, 33D, and

Carbohydrate

Lancet,

Inc.

revised structure of serotype 33B[J].
Research, 2014, 383: 97-104.

YANG JH, SHELAT NY, BUSH CA, CISAR JO.
Structure and  molecular  characterization  of
Sreptococcus pneumoniae capsular polysaccharide
10F by carbohydrate engineering in Streptococcus
oralis[J]. The Journal of Biological Chemistry, 2010,
285(31): 24217-24227.

YANG JH, NAHM MH, BUSH CA, CISAR JO.
Comparative structural and molecular characterization
of Sreptococcus pneumoniae capsular polysaccharide
serogroup 10[J]. The Journal of Biological Chemistry,
2011, 286(41): 35813-35822.

BUSH CA, CISAR JO, YANG JH. Structures of
capsular polysaccharide serotypes 35f and 35c¢ of
Sreptococcus pneumoniae determined by nuclear
their

Journal of Bacteriology,

magnetic resonance and relation to other
cross-reactive serotypes[J].
2015, 197(17): 2762-2769.
STROOP CJM, XU QW, RETZLAFF M,
ABEYGUNAWARDANA C, BUSH CA. Structural
analysis and chemical depolymerization of the capsular
polysaccharide of Sreptococcus pneumoniae type 1[J].
Carbohydrate Research, 2002, 337(4): 335-344.

JANSSON PE, LINDBERG B, ANDERSON M,

LINDQUIST U, HENRICHSEN 1J. Structural studies of

http://journals.im.ac.cn/actamicrocn



3194 ZHAO Wenxu et al. | Acta Microbiologica Snica, 2024, 64(9)
the capsular polysaccharide from Sreptococcus [58] BACKMAN-MARKLUND I, JANSSON PE,
pneumoniae type 2, a reinvestigation[J]. Carbohydrate LINDBERG B, HENRICHSEN J. Structural studies of
Research, 1988, 182(1): 111-117. the capsular polysaccharide from Sreptococcus

[49] AVERY OT, GOEBEL WF. Chemoimmunological pneumoniae type 7A[J]. Carbohydrate Research, 1990,
studies on the soluble specific substance of 198(1): 67-77.
pneumococcus: i. The isolation and properties of the [59] JANSSON PE, LINDBERG J, WIMALASIRI KM,
acetyl polysaccharide of pneumococcus type i[J]. The HENRICHSEN J. The structure of the capsular
Journal of Experimental Medicine, 1933, 58(6): 731-755. polysaccharide from Streptococcus pneumoniae type

[50] JONES C, CURRIE F, FORSTER MJ. N.m.r. and 7B[J]. Carbohydrate Research, 1991, 217: 171-180.
conformational analysis of the capsular polysaccharide [60] KIELDSEN C, SLOTT S, ELVERDAL PL,
from  Streptococcus  pneumoniae  type  4[J]. SHEPPARD CL, KAPATAI G, FRY NK, SKOVSTED
Carbohydrate Research, 1991, 221: 95-121. IC, DUUS J@. Discovery and description of a new

[51] JANSSON PE, LINDBERG B, LINDQUIST U. serogroup 7 Streptococcus pneumoniae serotype, 7D,
Structural studies of the capsular polysaccharide from and structural analysis of 7C and 7D[J]. Carbohydrate
Sreptococcus pneumoniae type 5[J]. Carbohydrate Research, 2018, 463: 24-31.

Research, 1985, 140(1): 101-110. [61] SAKSOUK N, PELOSI L, COLIN-MOREL P,

[52] REBERS PA, HEIDELBERGER M. The specific BOUMEDIENNE M, ABDIAN PL, GEREMIA RA.
polysaccharide of type VI Pneumococcus. II.1 the The capsular polysaccharide biosynthesis of
repeating Unit2[J]. Journal of the American Chemical Sreptococcus pneumoniae serotype 8: functional
Society, 1961, 83(14): 3056-3059. identification of the glycosyltransferase WciS

[53] KENNE L, LINDBERG B, MADDEN JK. Structural (Cap8H)[J]. The Biochemical Journal, 2005, 389(Pt 1):
studies of the capsular antigen from Streptococcus 63-72.
pneumoniae type 26[J]. Carbohydrate Research, 1979, [62] CALIX JJ, SAAD JS, BRADY AM, NAHM MH.
73:175-182. Structural characterization of Sreptococcus

[54] OLIVER MB, van der LINDEN MPG, KUNTZEL SA, pneumoniae serotype 9A capsule polysaccharide
SAAD JS, NAHM MH. Discovery of Streptococcus reveals role of glycosyl 6-O-acetyltransferase wcjE in
pneumoniae serotype 6 variants with serotype 9V capsule biosynthesis and
glycosyltransferases  synthesizing two  differing immunogenicity[J]. The Journal of Biological
repeating units[J]. The Journal of Biological Chemistry, 2012, 287(17): 13996-14003.

Chemistry, 2013, 288(36): 25976-25985. [63] RICHARDS JC, PERRY MB, KNISKERN PIJ.

[55] BURTON RL, GENO KA, SAAD JS, NAHM MH. Structural analysis of the specific polysaccharide of
Pneumococcus with the “6E” cps locus produces Sreptococcus pneumoniae type 9L (American type
serotype 6b capsular polysaccharide[J]. Journal of 49)[J]. Canadian Journal of Biochemistry and Cell
Clinical Microbiology, 2016, 54(4): 967-971. Biology, 1984, 62(12): 1309-1320.

[56] WERREN JP, TROXLER LJ, OYEWOLE ORA, [64] RUTHERFORD TJ, JONES C, DAVIES DB,
RAMETTE A, BRUGGER SD, BRUGGMANN R, van ELLIOTT AC. NMR assignment and conformational
der LINDEN M, NAHM MH, GJUROSKI I, analysis of the antigenic capsular polysaccharide from
CASANOVA C, FURRER J, HILTY M. Carbon Sreptococcus pneumoniae type 9N in aqueous
source-dependent changes of the structure of solution[J]. Carbohydrate Research, 1994, 265(1): 79-96.
Sreptococcus pneumoniae capsular polysaccharide [65] JONES C. Full assignment of the NMR spectrum of the
with serotype 6F[J]. International Journal of Molecular capsular polysaccharide from Sreptococcus
Sciences, 2021, 22(9): 4580. pneumoniae serotype 10A[J]. Carbohydrate Research,

[571 MOREAU M, RICHARDS JC, PERRY MB, 1995, 269(1): 175-181.

KNISKERN PJ. Application of high-resolution n.m.r.
spectroscopy to the elucidation of the structure of the
specific capsular polysaccharide of Sreptococcus
pneumoniae type 7F[J]. Carbohydrate research, 1988,
182(1): 79-99.

P4 actamicro@im.ac.cn, 7 010-64807516

OLIVER MB, JONES C, LARSON TR, CALIX JJ,
ZARTLER ER, YOTHER J, NAHM MH.
Sreptococcus pneumoniae 11D has a
bispecific and expresses

serotype
glycosyltransferase two

different capsular polysaccharide repeating units[J].



BRSO SF | UZEY2EA, 2024, 64(9)

3195

[69]

(73]

[75]

The Journal of Biological Chemistry, 2013, 288(30):
21945-21954.

CALIX JJ, NAHM MH. A new pneumococcal
serotype, 11E, has a variably inactivated WcjE gene[J].
Journal of Infectious Diseases, 2010, 202(1): 29-38.
SACKETT K, BROWN P, DUTTA K, SCULLY IL,
GANGOLLI S, LOOI K, NEMANI S, YU AYH,
KLEVEN M, XIE J, MORAN J, PRIDE MW,
ANDERSON AS, LOTVIN J. Identification of a novel
keto sugar component in Streptococcus pneumoniae
serotype 12F capsular polysaccharide and impact on
vaccine  immunogenicity[J].  The
Immunology, 2023, 210(6): 764-773.
LEONTEIN K, LINDBERG B, LONNGREN ],
CARLO DIJ. of the capsular
polysaccharide from Sreptococcus pneumoniae type
12A[J]. Carbohydrate Research, 1983, 114(2): 257-266.
WATSON MJ, TYLER JM, BUCHANAN JG,
BADDILEY J. The type-specific substance from
Pneumococcus type 13[J]. The Biochemical Journal,
1972, 130(1): 45-54.

Journal  of

Structural studies

LINDBERG B, LONNGREN J, POWELL DA.
Structural ~ studies on the specific type-14
pneumococcal polysaccharide[J]. Carbohydrate

Research, 1977, 58(1): 177-186.
LI CX, ANDERSEN KB, ELVERDAL PL,
SKOVSTED IC, DUUS J@, KJELDSEN C. Full NMR
assignment, revised structure and biosynthetic analysis
for the capsular polysaccharide from Streptococcus
pneumoniae serotype 15F[J]. Carbohydrate Research,
2021, 508: 108418.
JANSSON PE, LINDBERG B, LINDQUIST U,
LJUNGBERG J. Structural studies of the capsular
polysaccharide from Sreptococcus pneumoniae types
15B and 15C[J]. Carbohydrate Research, 1987, 162(1):
111-116.
LI C, DUDA KA, ELVERDAL PL, SKOVSTED IC,
KJELDSEN C, DUUS J. Structural, biosynthetic, and
serological cross-reactive elucidation of capsular
from Sreptococcus pneumoniae
Journal 2019,

polysaccharides
serogroup 16[J].
201(20): e00453-19.

JONES C, AGUILERA B, van BOOM JH,
BUCHANAN JG. Confirmation of the D configuration
of the 2-substituted arabinitol 1-phosphate residue in
the capsular polysaccharide from Sreptococcus
pneumoniae type 17F[J]. Carbohydrate Research,
2002, 337(21/22/23): 2353-2358.

of Bacteriology,

[76]

[78]

[79]

[80]

[81]

[83]

JANSSON PE, LINDBERG B, LINDQUIST U.
Structural studies of the capsular polysaccharide from
Sreptococcus pneumoniae type 17A[J]. Carbohydrate
Research, 1981, 95(1): 73-80.

JANSSON PE, KUMAR NS, LINDBERG B,
WIDMALM G, HENRICHSEN J. Structural studies of
the capsular polysaccharide from Streptococcus
pneumoniae type 18F[J]. Carbohydrate Research,
1988, 173(2): 217-225.

JANSSON PE, SAVITRI N, KUMAR, BENGT,
LINDBERG, GGORAN. studies of the
polysaccharide Sreptococcus
pneumoniae type 18a[J]. Carbohydrate Research, 1988,
172(2): 227-233.

KARLSSON C, JANSSON PE, WIDMALM G, SKOV
SeRENSEN UB. Structural elucidation of the capsular
polysaccharide from Streptococcus pneumoniae type
18B[J]. Carbohydrate Research, 1997, 304(2): 165-172.
LUGOWSKI C, JENNINGS HIJ.
determination of the capsular polysaccharide of
Sreptococcus  pneumoniae  type  18C  (56)[J].
Carbohydrate Research, 1984, 131(1): 119-129.
JENNINGS HJ, ROSELL KG, CARLO DJ. Structural
determination of the capsular

Structural

capsular from

Structural

polysaccharide of
Sreptococcus pneumoniae type-19 (19F)[J]. Canadian
Journal of Chemistry, 1980, 58(11): 1069-1074.

LEE CJ, FRASER BA, BOYKINS RA, LI JP. Effect of
culture conditions on the structure of Sreptococcus
pneumoniae type 19A(57) capsular polysaccharide[J].
Infection and Immunity, 1987, 55(8): 1819-1823.
BEYNON LM, RICHARDS JC, PERRY MB,
KNISKERN PJ. Antigenic and structural relationships
within group 19 Sreptococcus pneumoniae: chemical
the
polysaccharides of types 19B and 19C[J]. Canadian
Journal of Chemistry, 1992, 70(1): 218-232.

CALIX JJ, PORAMBO RJ, BRADY AM, LARSON
TR, YOTHER J, ABEYGUNWARDANA C, NAHM
MH.
characterization of two capsule
Sreptococcus  pneumoniae

characterization of specific capsular

Biochemical, genetic, and  serological

subtypes among
serotype 20 strains:
discovery of a new pneumococcal serotype[J]. The
Journal of Biological 2012, 287(33):
27885-27894.

SHABAROVA ZA, BUCHANAN JG, BADDILEY J.
The
substances containing phosphorus[J]. Biochimica et

Biophysica Acta, 1962, 57: 146-148.

Chemistry,

composition of pneumococcus type-specific

http://journals.im.ac.cn/actamicrocn



3196

ZHAO Wenxu et al. | Acta Microbiologica Snica, 2024, 64(9)

[86]

[89]

[92]

RICHARDS JC, PERRY MB, KNISKERN PJ.
Structural analysis of the specific capsular polysaccharide
of Sreptococcus pneumoniae type 22F[J].
Journal of Chemistry, 1989, 67(6): 1038-1050.
RICHARDS JC, PERRY MB. Structure of the specific
capsular polysaccharide of Streptococcus pneumoniae

Canadian

type 23F (American type 23)[J]. Biochemistry and Cell
Biology, 1988, 66(7): 758-771.

RAVENSCROFT N, OMAR A, HLOZEK 1,
EDMONDS-SMITH C, FOLLADOR R, SERVENTI F,
LIPOWSKY G, KUTTEL MM, CESCUTTI P,
FARIDMOAYER A. Genetic and structural elucidation
from Streptococcus
pneumoniae serotype 23A and 23B, and comparison to
serotype 23F[J]. Carbohydrate Research, 2017, 450:
19-29.

GANAIE F, MARUHN K, LI C, PORAMBO RJ,
ELVERDAL PL, ABEYGUNWARDANA C, van der
LINDEN M, DUUS J, SHEPPARD CL, NAHM MH.
Structural, genetic, and serological elucidation of
Sreptococcus pneumoniae serogroup 24 serotypes:
discovery of a new serotype, 24c, with a variable

of capsular polysaccharides

capsule structure[J]. Journal of Clinical Microbiology,
2021, 59(7): e0054021.

BENNETT LG, BISHOP CT. Structure of the type
XXVII Sreptococcus pneumoniae (pneumococcal)
capsular polysaccharide[J]. of
Chemistry, 1977, 55(1): 8-16.

LI CX, DUDA KA, ELVERDAL PL, SKOVSTED IC,
KJELDSEN C, TEZE D, DUUS J@. Structural,
biosynthetic and serological cross-reactive elucidation
from Streptococcus
pneumoniae serogroup 28[J]. Carbohydrate Polymers,
2021, 254(1): 117323.

KENNE L, LINDBERG B. The structure of the
Sreptococcus pneumoniae type 29 polysaccharide: a
re-examination[J]. Carbohydrate Research, 1988, 184:
288-291.

SUN TT, MAI SY, MAO HZ, LI HT, DUAN YY,
MENG S, BAO JL, DING N, ZONG CL. Conjugate of
structurally reassigned pneumococcal serotype 31

Canadian Journal

of capsular polysaccharides

polysaccharide with CRM197 elicited potent immune
response[J]. Carbohydrate Polymers, 2022, 289: 119414.
KARLSSON C, JANSSON PE, SORENSEN UB. The
chemical structures of the capsular polysaccharides
from Streptococcus pneumoniae types 32F and 32A[J].
European Journal of Biochemistry, 1998, 255(1):
296-302.

P4 actamicro@im.ac.cn, 7 010-64807516

[95]

[96]

[97]

(98]

[100]

[101]

[102]

[103]

LEMERCINIER X, JONES C. Full assignment of the
1H and 13C spectra and revision of the O-acetylation
site of the capsular polysaccharide of Sreptococcus
pneumoniae type 33F, a component of the current
pneumococcal polysaccharide vaccine[J].
Carbohydrate Research, 2006, 341(1): 68-74.

LIN FL, VINOGRADOV E, DENG C, ZELLER S,
GREEN BA, JANSEN KU, PAVLIAK V. Identification
of the common antigenic determinant shared by
Sreptococcus pneumoniae serotypes 33A, 35A, and 20
capsular polysaccharides[J]. Carbohydrate Research,
2013, 380: 101-107.

GANAIE FA, SAAD JS, LO SW, MCGEE L, van
TONDER AJ, HAWKINS PA, CALIX JJ, BENTLEY
SD, NAHM MH. Novel pneumococcal capsule type
33E results from the inactivation of glycosyltransferase
WciE in vaccine type 33F[J]. Journal of Biological
Chemistry, 2023, 299(9): 105085.

MANNA S, WERREN JP, ORTIKA BD, BELLICH B,
PELL CL, NIKOLAOU E, GJUROSKI I, LO S,
HINDS J, TUNDEV O, DUNNE EM, GESSNER BD,
BENTLEY SD, RUSSELL FM, MULHOLLAND EK,
MUNGUN T, von MOLLENDORF C, LICCIARDI PV,
CESCUTTI P, RAVENSCROFT N, et al. Sreptococcus
pneumoniae serotype 33G: genetic, serological, and
structural analysis of a new capsule type[J]. Microbiol
Spectr, 2024, 12(1): e0357923.

BEYNON LM, RICHARDS JC, PERRY MB,
KNISKERN PJ. Characterization of the capsular
antigen of Sreptococcus pneumoniae serotype 35B[J].
Canadian Journal of Chemistry, 1995, 73(1): 41-48.
GENO KA, BUSH CA, WANG MN, JIN C, NAHM
MH, YANG JH.
functionality differentiates pneumococcal serotypes
35C and 42[J]. Journal of Clinical Microbiology, 2017,
55(9): 2775-2784.

GENO KA, SAAD JS, NAHM MH. Discovery of novel
pneumococcal serotype 35D, a natural WciG-deficient
variant of serotype 35B[J]. Journal
Microbiology, 2017, 55(5): 1416-1425.
LARSSON EA, SJOBERG M, WIDMALM G.
Synthesis of oligosaccharides related to the repeating
unit of the capsular polysaccharide from Sreptococcus
pneumoniae type 37[J]. Carbohydrate Research, 2005,
340(1): 7-13.

PETERSEN BO, MEIER S, PAULSEN BS,
REDONDO AR, SKOVSTED IC. Determination of
of

WciG  O-acetyltransferase

of Clinical

native  capsular  polysaccharide  structures



BRSO SF | UZEY2EA, 2024, 64(9)

3197

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

Sreptococcus pneumoniae serotypes 39, 42, and 47F
and comparison to genetically or serologically related
strains[J]. Carbohydrate Research, 2014, 395: 38-46.
PETERSEN BO, SKOVSTED IC, PAULSEN BS,
REDONDO AR, MEIER S. Structural determination of
Sreptococcus pneumoniae repeat units in serotype 41A
and 41F capsular polysaccharides to probe gene
functions in the corresponding capsular biosynthetic
loci[J]. Carbohydrate Research, 2014, 400: 26-32.
MOREAU M, RICHARDS JC, PERRY MB,
KNISKERN PJ. Structural analysis of the specific
capsular polysaccharide of Streptococcus pneumoniae
type 45 (American type 72)[J]. Biochemistry, 1988,
27(18): 6820-6829.

PETERSEN BO, HINDSGAUL O, PAULSEN BS,
REDONDO AR, SKOVSTED IC.
elucidation of the capsular
Sreptococcus pneumoniae serotype 47A by NMR
spectroscopy[J].  Carbohydrate 2014,
386(complete): 62-67.

BENTLEY SD, AANENSEN DM, MAVROIDI A,
SAUNDERS D, RABBINOWITSCH E, COLLINS M,
DONOHOE K, HARRIS D, MURPHY L, QUAIL MA,
SAMUEL G, SKOVSTED IC, KALTOFT MS,
BARRELL B, REEVES PR, PARKHILL J, SPRATT
BG. Genetic analysis of the capsular biosynthetic locus

Structural
polysaccharide from

Research,

from all 90 pneumococcal serotypes[J]. PLoS Genetics,
2006, 2(3): e31.
MUNOZ R, MOLLERACH M, LOPEZ R, GARCIA E.
Molecular organization of the genes required for the
synthesis of type 1 capsular polysaccharide of
Streptococcus  pneumoniae:
encapsulated pneumococci and identification of cryptic
dTDP-rhamnose biosynthesis
Microbiology, 1997, 25(1): 79-92
AANENSEN DM, MAVROIDI A, BENTLEY SD,
REEVES PR, SPRATT BG. Predicted functions and
the the
capsular  biosynthetic

2007, 189(21):

formation of binary

genes[J]. Molecular

linkage specificities of
Sreptococcus  pneumoniae
loci[J]. Journal of Bacteriology,
7856-7876.

MAVROIDI A, AANENSEN DM, GODOY D,
SKOVSTED IC, KALTOFT MS, REEVES PR,
BENTLEY SD, SPRATT BG. Genetic relatedness of
the Sreptococcus pneumoniae capsular biosynthetic
loci[J]. 2007, 189(21):
7841-7855.

DENAPAITE D, BRUCKNER R, HAKENBECK R,

products  of

Journal of Bacteriology,

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

VOLLMER W. Biosynthesis of teichoic acids in
Sreptococcus pneumoniae and closely related species:
lessons from genomes[J]. Microbial Drug Resistance,
2012, 18(3): 344-358.

SU T, NAKAMOTO R, CHUN YY, CHUA WZ, CHEN
JH, ZIK JJ, SHAM LT. Decoding capsule synthesis in
Sreptococcus  pneumoniae[J]. FEMS Microbiology
Reviews, 2021, 45(4): fuaa067.

FERIE, WEBL, MEEKEK, JTTE%E, e il
REEIREIELEZNE O- LA B MR AR 7T SR (7], 3L
MR, 2021, 61(61): 2316-2337.

WANG CX, CAO YQ, CAIYIN ZL, QIAO JJ, YANG
JH. Research progress in O-acetylation of capsular
polysaccharide of Sreptococcus pneumoniae[J]. Acta
Microbiologica Sinica, 2021, 61(61): 2316-2337 (in
Chinese).

GENO KA, GILBERT GL, SONG JY, SKOVSTED IC,
KLUGMAN KP, JONES C, KONRADSEN HB,
NAHM MH. Pneumococcal capsules and their types:
past, present, and future[J]. Clinical Microbiology
Reviews, 2015, 28(3): 871-899.

WHITFIELD C, WEAR SS, SANDE C. Assembly of
bacterial and

capsular polysaccharides

exopolysaccharides[J]. Annual Review of
Microbiology, 2020, 74: 521-543.

NAKAMOTO R, KWAN JMC, CHIN JFL, ONG HT,
FLORES-KIM J, MIDONET C, VANNIEUWENHZE
MS, GUAN XL, SHAM LT. The bacterial tyrosine
kinase system CpsBCD governs the length of capsule
polymers[J]. Proceedings of the National Academy of
Sciences of the United States of America, 2021,
118(45): €2103377118.

EBERHARDT A, HOYLAND CN, VOLLMER D,
BISLE S, CLEVERLEY RM, JOHNSBORG O,
HAVARSTEIN LS, LEWIS RJ, VOLLMER W.
Attachment of capsular polysaccharide to the cell wall
in Sreptococcus pneumoniae[J]. Microbial
Resistance, 2012, 18(3): 240-255.

LARSON TR, YOTHER J. Sreptococcus pneumoniae
capsular polysaccharide is linked to peptidoglycan via
bond to
the
National Academy of Sciences of the United States of
America, 2017, 114(22): 5695-5700.

DILLARD JP, YOTHER J. Genetic and molecular
characterization of

Drug

a direct glycosidic

B-D-N-acetylglucosamine[J]. Proceedings of

capsular
biosynthesis in Streptococcus pneumoniae type 3[J].
Molecular Microbiology, 1994, 12(6): 959-972.

polysaccharide

http://journals.im.ac.cn/actamicrocn



3198 ZHAO Wenxu et al. | Acta Microbiologica Snica, 2024, 64(9)

[120] KELLY T, DILLARD JP, YOTHER 1J. Effect of genetic =~ [131] ARNOLD  FSM.  Alcohol-free = pneumococcal

switching of capsular type on virulence of polysaccharide purification process: patent US
Sreptococcus pneumoniaelJ]. Infection and Immunity, 5714354A[P]. 1998-02-03.

1994, 62(5): 1813-1819. [132] SUAREZ N, FRAGUAS LF, TEXEIRA E,

[121] ARRECUBIETA C, GARCIA E, LOPEZ R. Sequence MASSALDI H, BATISTA-VIERA F, FERREIRA F.
and transcriptional analysis of a DNA region involved Production of capsular polysaccharide of Streptococcus
in the production of capsular polysaccharide in pneumoniae type 14 and its purification by affinity
Sreptococcus pneumoniae type 3[J]. Gene, 1995, chromatography[J]. Applied and Environmental
167(1/2): 1-7. Microbiology, 2001, 67(2): 969-971.

[122] DILLARD JP, VANDERSEA MW, YOTHER J. [133] GON¢ALVES VM, TAKAGI M, LIMA RB,
Characterization of the cassette containing genes for MASSALDI H, GIORDANO RC, TANIZAKI MM.
type 3 capsular polysaccharide biosynthesis in Purification of capsular polysaccharide from
Sreptococcus  pneumoniae[J].  The Journal of Streptococcus  pneumoniae  serotype 23F by a
Experimental Medicine, 1995, 181(3): 973-983. procedure suitable for scale-up[J]. Biotechnology and

[123] CAIMANO MJ, HARDY GG, YOTHER J. Capsule Applied Biochemistry, 2003, 37(Pt 3): 283-287.
genetics in Sreptococcus pneumoniae and a possible [134] GON¢ALVES VM, TAKAGI M, CARMO TS,
role for transposition in the generation of the type 3 BARBOSA RM, ALBANI SM, PINTO JV,
locus[J]. Microbial Drug Resistance, 1998, 4(1): 11-23. GIORDANO RDC, TANIZAKI MM. Simple and

[124] HARDY GG, CAIMANO MJ, YOTHER J. Capsule efficient method of Dbacterial polysaccharides
biosynthesis and basic metabolism in Sreptococcus purification for vaccines production using hydrolytic
pneumoniae are linked through the cellular enzymes and tangential flow ultrafiltration[J].
phosphoglucomutase[J]. Journal of Bacteriology, 2000, Communicating Current Research and Educational
182(7): 1854-1863. Topics and Trends in Applied Microbiology, 2007:

[125] HARDY GG, MAGEE AD, VENTURA CL, 450-457.

CAIMANO MJ, YOTHER J. Essential role for cellular ~ [135] JUNG SJ, SEO ES, YUN SI, MINH BN, JIN SD, RYU
phosphoglucomutase in  virulence of type 3 HJ, KIM D. Purification of capsular polysaccharide
Sreptococcus pneumoniae[J]. Infection and Immunity, produced by Sreptococcus pneumoniae serotype
2001, 69(4): 2309-2317. 19A[J]. Journal of Microbiology and Biotechnology,
[126] MORONA JK, PATON JC, MILLER DC, MORONA 2011, 21(7): 734-738.
R. Tyrosine phosphorylation of CpsD negatively [136] MACHA C, LAVANYA A, NANNA R. Purification of
regulates capsular polysaccharide biosynthesis in Sreptococcus pneumoniae capsular polysaccharides
Sreptococcus pneumoniae[J]. Molecular using  aluminium  phosphate and  ethanol[J].
Microbiology, 2000, 35(6): 1431-1442. International Journal of Pharmacy & Pharmaceutical

[127] World Health Organization. Recommendations for the Sciences, 2014, 6: 385-387.
production and control of pneumococcal conjugate [137] ZANARDO RT, FERRI ALS, FIGUEIREDO DB,
vaccines[J]. World Health Organization Technical KRASCHOWETZ S, CABRERA-CRESPO J,
Report Series, 2005, 927(2): 64-98. GONCALVES VM. Development of a new process for

[128] CANO FKJ, QUERRY M. Purification of purification of capsular polysaccharide from
pneumococcal capsular polysaccharides: patent US Sreptococcus pneumoniae serotype 14[J]. Brazilian
4242501A[P]. 1980-12-30. Journal of Chemical Engineering, 2016, 33(3):

[129] CARLO DINKH, STOUDT TH, WALTON RB, 435-443.

ZELTNER JY. Pneumococcal vaccine and a process for  [138] GAIKWAD WK, KODAM KM, DHERE RM, JANA
its preparation: patent EP0002404A1[P]. 1979-06-13. SK, GAUTAM M, MALLYA AD, SONI D,
[130] MERIEUX SIAF, DONIKIAN R. Procede de BHAGADE S, GULAHNE A. Simultaneous

purification de polyosydes de  Sreptococcus

pneumoniae et vaccin a base de polyosides ainsi
purifies:  WIPO  (PCT) WO1982001995A1[P].

1982-06-24.

P4 actamicro@im.ac.cn, 7 010-64807516

purification and depolymerization of Sreptococcus
pneumoniae serotype 2 capsular polysaccharides by
trifluoroacetic acid[J]. Carbohydrate Polymers, 2021,
261: 117859.



BRSO SF | UZEY2EA, 2024, 64(9)

3199

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

LEE C, CHUN HJ, PARK M, KIM RK, WHANG YH,
CHOI SK, BAIK YO, PARK SS, LEE I. Quality
improvement  of
Sreptococcus pneumoniae by purification process
optimization[J]. Frontiers
Biotechnology, 2020, 8: 39.
ZOU W, L11JJ, VINOGRADOV E, COX A. Removal of

cell wall polysaccharide in pneumococcal capsular

capsular  polysaccharide in

in Bioengineering and

polysaccharides by selective degradation via
deamination[J]. Carbohydrate Polymers, 2019, 218:
199-207.

BUSH CA, YANG JH, YU BW, CISAR JO. Chemical
of Sreptococcus pneumoniae capsular
polysaccharide type 39 (CPS39), CPS47F, and CPS34

characterized by

structures

nuclear ~magnetic resonance
spectroscopy and their relation to CPS10A[J]. Journal
of Bacteriology, 2014, 196(18): 3271-3278.

YANG JH, RITCHEY M, YOSHIDA Y, BUSH CA,
CISAR JO. Comparative structural and molecular
characterization  of
Sreptococcus oralis
polysaccharides[J].
191(6): 1891-1900.
HATHAWAY LJ, BRUGGER SD, MORAND B,
BANGERT M, ROTZETTER JU, HAUSER C,
GRABER WA, GORE S, KADIOGLU A,
MUHLEMANN K. Capsule type of Streptococcus
pneumoniae determines growth phenotype[J]. PLoS
Pathogens, 2012, 8(3): €1002574.

LI Y, WEINBERGER DM, THOMPSON CM,
TRZCINSKI K, LIPSITCH M. Surface charge of
Sreptococcus  pneumoniae
distribution[J]. Infection and Immunity, 2013, 81(12):
4519-4524.

CHUN YY, TAN KS, YU LS, PANG M, WONG
MHM, NAKAMOTO R, CHUA WZ, HUEE-PING
WONG A, LEW ZZR, ONG HH, CHOW VT, TRAN T,
YUN WANG DY, SHAM LT. Influence of glycan
the
pneumoniae on human respiratory epithelial cells[J].

ribitol-5-phosphate-containing
coaggregation receptor

Journal of Bacteriology, 2009,

predicts serotype

structure on colonization of Sreptococcus
Proceedings of the National Academy of Sciences of
the United States 2023, 120(13):
€2213584120.

CANADA FJ, CANALES A, VALVERDE P, de TORO
BF, MARTINEZ-ORTS M, PHILLIPS PO, PEREDA
A. Conformational and structural characterization of

their studied by

of America,

carbohydrates and interactions

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

NMR[J]. Current Medicinal Chemistry, 2022, 29(7):
1147-1172.

FERNANDO LD, ZHAO WC, GAUTAM I, ANKUR
A, WANG T. Polysaccharide assemblies in fungal and
plant cell walls explored by solid-state NMR[J].
Structure, 2023, 31(11): 1375-1385.

ROMANIUK JAH, CEGELSKI L. Bacterial cell wall
composition and the influence of antibiotics by
NMR[J].
Transactions of the Royal Society of London Series B,
Biological Sciences, 2015, 370(1679): 20150024.
LAGURI C, SILIPO A, MARTORANA AM,
SCHANDA P, MARCHETTI R, POLISSI A,
MOLINARO A, SIMORRE JP. Solid state NMR
studies of intact lipopolysaccharide endotoxin[J]. ACS
Chemical Biology, 2018, 13(8): 2106-2113.

LIU XY, BRCIC J, CASSELL GH, CEGELSKI L.
CPMAS NMR platform for direct compositional
analysis of mycobacterial cell-wall complexes and

cell-wall and whole-cell Philosophical

whole cells[J]. Journal of Magnetic Resonance Open,
2023, 16/17: 100127.

GENING ML, KURBATOVA EA, NIFANTIEV NE.
Synthetic analogs of Sreptococcus pheumoniae
capsular polysaccharides and immunogenic activities
of glycoconjugates[J]. Russian Journal of Bioorganic
Chemistry, 2021, 47(1): 1-25.

YAO WL, XIONG DC, YANG Y, GENG CM, CONG
ZS, LI FF, L1 BH, QIN XJ, WANG LN, XUE WY, YU
NF, ZHANG HY, WU X, LIU M, YE XS. Automated
solution-phase multiplicative synthesis of complex
glycans up to a 1 080 mer[J]. Nature Synthesis, 2022,
1(11): 854-863.

HECHT ML, STALLFORTH P, SILVA DV,
ADIBEKIAN A, SEEBERGER PH. Recent advances in
carbohydrate-based vaccines[J]. Current Opinion in
Chemical Biology, 2009, 13(3): 354-359.

HEVEY R, LING CC. Recent advances in developing
synthetic carbohydrate-based vaccines
immunotherapies[J]. Medicinal Chemistry, 2012, 4(4):
545-584.

MUSUMECI MA, HUG I, SCOTT NE, IELMINI MV,
FOSTER LJ, WANG PG, FELDMAN MF. In vitro
Neisseria PglL
O-oligosaccharyltransferase with diverse synthetic
lipid donors and a UDP-activated sugar[J]. The
Journal of Biological Chemistry, 2013, 288(15):
10578-10587.

for cancer

activity of meningitidis

http://journals.im.ac.cn/actamicrocn



