SUPPLEMENT


The data of 13C NMR spectra of teichuronic and teichulosonic acids are listed in two tables and are arranged in the same order as in the text. The usage of these data allows identification of the main fragments of various anionic glycopolymers without recourse to labor-consuming chemical analyses.


Listed in the tables are chemical shifts (C of Me of acetone is 31.45 ppm), coupling constants (J, Hz), and multiplicities of the signals (s, singlet; d, doublet; t, triplet; m, multiplet; b, broadened signal).

Table 1. 13C NMR data of cell wall teichuronic acids of actinomycetes
Residue
Chemical shifts, 



C-1
C-2
C-3
C-4
C-5
C-6


TUA 1 (Streptomyces sp. VKM Ac-2124 and S. flavogriseus VKM Ac-1325T)

4)--ManpNAc3NAcA-(1

6)--Glcp-(1
101.3

100.4
52.2a)

75.2
53.9b)

72.5
72.3

70.2
78.3

73.9
174.6

69.7

a) C 23.4 (CH3) and C 176.7 (CO); b) C 23.4 (CH3) and C 175.7 (CO)



TUA 2 (S. griseus ssp. griseus VKM Ac-800T; Streptomyces spp. VKM Ac-2117; VKM Ac-2561; 

VKM Ac-2558; VKM Ac-2559; VKM Ac-2560; VKM Ac-841; VKM Ac-2277

→4)-β-D-ManpNAc3NAcA-(1→

→3)-α- D-GalpNAc-(1→
100.95

98.4
53.3a)

49.05a)
54.8 a)

79.1
71.7

68.2
79.3

71.7
175.1

62.1


a) CH3CON at C 23.4; 23.3, and 23.2; CH3CON at C 175.6 and 176.1

TUA 3 (Streptomyces sp. VKM Ac-2534)

→3)-α-D-GalpNAc-(1→                    (А)

→4)-β-D-ManpNAc3NAcA-(1→

→4)-β-D-ManpNAc3NGluA-(1→     (B)

 |

HOOC-CH2-CH2-CHNHAc-C=O
98.7

98.9a)

101.3

101.4

175.8


48.95

48.9b)

52.6

52.5

53.35


79.1

54.6

54.8

27.85


68.45

71.6

72.2

32.9


72.05

77.05

77.5

176.0


61.7

173.5

173.5

a) CH3CON at 23.2-23.4 and 175.3-176.3, respectively; b) for the residue (A), which glycosylates the residue (B)

TUA 4 (Streptomyces sp. VKM Ac-2528)


4)--ManpNAc3NAcA-(1 

6)--GlcpNAc-(1 
101.3

98.2
52.2а)

54.9в)
54.8б)

71.8
71.8

70.9
78.0

72.5
174.4

69.8

TUA 5 (Streptomyces sp. VKM Ac-2528)

4)--GlcpNAc3NAcA-(1 

6)--GlcpNAc-(1 
102.3

98.2
55.8

55.0
56.3

71.8
74.3

70.9
77.0

72.5
174.0

69.8

NAc: a) C 23.5 (CH3) and C 176.6 (CO); b) C 23.3, (CH3) and C 175.3 (CO); c) C 23.4, (CH3) and C 175.9 (CO)

TUA 6 (Streptomyces sp. VKM Ac-2537)


→3)-α-D-GalpNAc-(1→ 

→4)-β-D-GlcpNAc3NAcA-(1→ 
98.1

103.3

(+7.1)
49.1

55.9


78.4

(+9.7)a)

56.4


69.1

(-0.8)

73.9

(+3.1)
71.4

78.5


62.0

175.0



a) The glycosylation effects in the 13C NMR spectra are given in parentheses
TUA 7 (Kribbella sp. VKM Ac-2538, Kribbella sp. VKM Ac-2540, pH 6)


→4)-β-ManpNAc3NAcA-(1→

→6)-α-GlcpNAc3NAc-(1→
101.4

97.5
52.9a)

53.1a)
54.9a)

53.2a)
72.1

68.2
80.1

72.6
176.5

69.4


TUA 7 (Kribbella sp. VKM Ac-2538, Kribbella sp. VKM Ac-2540, pH 2)


→4)-β-ManpNAc3NAcA-(1→

→6)-α-Glcp2,3NAc-(1→
101.6

97.8
52.2b)

53.0b)
54.4b)

52.9b)
71.8

68.5
77.0

73.0
173.4

        69.9

a) CH3CON at C 23.5, 23.45, 23.4, 23.3 and C 176.8, 176.3, 175.4, 175.1

b) CH3CON at C 23.5, 23.4, 23.3, 23.2 and C 176.5, 176.3, 175.4, 175.2

TUA 8 (Kribbella sp. VKM Ac-2539, pH 3)


→4)-β-ManpNAcA-(1→

→6)-α-GlcpNAc3NAc-(1→

→6)-α-GlcpNAc3NAc4OAc-(1→
101.4

98.8

98.6
54.4a)

53.4b)

52.5b)
73.2

53.3b)

51.2b)
76.9

68.6

70.1c)
76.2

72.9

70.6
174.7

69.8

69.5


a) CH3CON at C 23.6 and C 177.0.

b) CH3CON at C 23.4, 23.2 and C 176.8, 176.3, 175.6, 175.5.

c) CH3COO at C 21.6 and C 174.2.


TUA 9 (Actinoplanes brasiliensis INA 3802)

→6)-α-D-Glcp-(1→

→4)--D-GlcpNAc3NAcA-(1→

→4)-α-D-GlcpNAc3NAc-(1→

→4)--D-ManpNAc3NAcA-(1 


99.6

d

J1,2 3.5

102.8

d

J1,2 8.5

97.3

d

J1,2 3.5

100.8

bs

J1,2< 2
72.4

dd

J2,3 9.5

55.6

dd

J2,3 11

52.9

dd

J2,3 10

52.15

bd

J2,3 4
73.8

t

J3,4 9.5

55.4

(+0.4)

t

J3,4 11

51.9

(–1.9)

bt

J3,410

54.2

(–0.2)

dd

J3,4 10
70.0

t

J4,5 9.5

75.55

t

J4,5 11

76.75

m

72.85

t

J4,5 10
72.1

ddd

J5,6 2.5

79.3a)

d

72.5

m

79.35b)

d


69.1

dd, dd

J6,6’ 12

J5,6’ 4.5

60.85

m



Data from the 13C NMR spectra at pH 8; the glycosylation effects in the 13C NMR spectra are given in parentheses; C CH3CON at 23.05-23.5 and C CONH and COOH 174.6-176.4; at pH 2: C CONH at 175.0-176.0 and C COOH at 168.0 and168.9; a) pH 2: C 78.6; b) pH 2: C 78.1

Table 2. 13C NMR spectra of cell wall teichulosonic acids of actinomycetes
Residue
Chemical shifts, 


C-1
C-2
C-3
C-4
C-5
C-6
C-7
C-8
C-9

TULA 1 (S. endus VKM Ac-129, S. violaceusniger VKM Ac-583T, S. hygroscopicus ssp. hygroscopicus VKM Ac-831T, S. castelarensis VKM Ac-832T, 

S. endus VKM Ac-1331T, S. melanosporofaciens VKM Ac-1864T)

→4)-β-Kdn-(2→

9

↑

  β-D-Galp-(1
174.57

104.8
96.1

72.25
39.9

74.0
70.4

70.0
71.7

76.4
72.8

62.3
69.3


71.0


73.0

6



TULA 2a (Streptomyces spp. VKM Ac-304, VKM Ac-305, VKM Ac-306)

4)--Kdn-(2
9)


-D-Galp-(1


 -D-Galp3OMe-(1
176.0

104.7

104.7
97.7

72.2

71.6
40.4

73.9

83.0a)
70.4

69.9

65.4
72.0

76.4

76.4
72.7

62.3

62.3
68.9
72.2
73.0

a) C OMe 57.4
TULA 2b (Streptomyces sp. VKM Ac-2274)

β-D-Galp3OMe-(1

β-D-Galp-(1

9)-β-Kdn

4)

↑

 9)-α-Kdn-(2
104.8

104.8

174.7

–
71.4

72.1

96.6

98.3
83.0

73.9

40.3

39.9
65.4

69.9

70.1

70.6
76.3

76.3

71.6

71.0
62.3

62.3

72.9

73.9
OMe: 57.4

69.5

69.5
70.8

70.2
73.0

72.4

TULA 3 (S. griseus ssp. cretosus VKM Ac-712T, S. macrosporus VKM Ac-777 T, S. griseus ssp. griseus VKM Ac-800T, Streptomyces sp. VKM Ac-2009, VKM Ac-2117, VKM Ac-2124, VKM Ac-2277, VKM Ac-2537, VKM Ac-2558, VKM Ac-2558, VKM Ac-2560, VKM Ac-2561, Ac-2562; A. protophormiae VKM Ac-2104T

→4)-β-Kdn-(2→

8

↑

  β-D-Glcp-(1
176.0

102.8
97.6

74.6
40.4

77.0
70.35

71.0
71.6

77.1
72.6

61.9
68.0


79.4


61.9



TULA 4 (Arthrobacter spp. VKM Ac-2549, VKM Ac-2550)

   →4)-β-Kdn-(2→

 8)

 ↑

  β-GlcpNAc-(1
175.7

101.9
97.2

57.4a)
40.3

75.4
70.3

71.6
71.8

77.1
72.8

62.1
68.1
79.8
62.5

 a) NAc: C = 23.7; 176.2
TULA 5 (Brevibacterium casei VKM Ac-2114T)

   -D-Glcp-(1

 
 9)

4)--Kdn-(2
 8)

 
  -D-Glcp-(1
104.2

176.1

102.8
74.6

97.2

74.7
77.2

40.3

76.9
71.1

70.3

71.2
76.9

71.1

77.1
62.2

72.2

62.0
68.3


78.2


71.1



TULA 6 (Kribbella sp. VKM Ac-2541)

     →OCH2CH2CH2CO

│ 

  β-Pse5NAc7N-(2→

      →OCH2CH2CH2CO

│ 

  β-Pse5NAc7N-(2→

4)

↑

  α-Galp3OMe-(1

or

↑

α-Galp2,3OMe-(1
176.9

172.5

176.9

172.4

97.9

  95.2
33.8

101.2

33.8

101.2

68.5

77.5c)
26.7

36.3

26.7

33.9

80.1b)

79.2d)
65.6

67.4

65.6

71.6

66.7 

66.5
49.6a)

48.6a)

72.7 

72.5
74.5

74.7

63.0 

63.0
54.7

54.7
68.9

68.9
17.3

17.3


a) CH3CON at C 23.6 and C 176.0 or 175.3; b) OMe at C 57.7; c) OMe at C 58.2; d) OMe at C 57.4


Structural fragment I of TULA 7 and TULA 8 (Kribbella sp. VKM Ac-2500, VKM Ac-2527, VKM Ac-2568, VKM Ac-2572 and VKM Ac-2575)


→3)-β-D-Galp-(1→

           →OCH2CH2CH2CO

│ 

  β-Pse5NAc7N-(2→

4)

↑

 α-D-Galp2,3OMe-(1

or

↑

  α-Galp3OMe-(1
104.0

176.9

173.8

94.9

97.9
70.9

34.0

101.5

77.4b)

68.5
76.9

26.7

34.5

79.1c)

80.1d)
68.4

70.9

72.0

66.5

66.7
76.3

48.6a)

72.4

72.7
62.4

75.2

63.0

63.0
54.8


70.1


18.1




Structural fragment II of TULA 7 and TULA 8 (Kribbella sp. VKM Ac-2500, VKM Ac-2527, VKM Ac-2568, VKM Ac-2572, and VKM Ac-2575)


           →OCH2CH2CH2CO

│

  β-Pse5NAc7N-(2→
176.8

174.3
34.0

101.8
26.8

36.8
65.5

67.4
49.7a)
74.6
55.0
69.8
18.1


Structural fragment III of TULA 8 (Kribbella sp. VKM Ac-2527)


→3)-β-D-Galp-(1→

     →OCH2CH2CH2CO

│

  β-Pse5NAc7N-(2→

4)

↑

 β-L-Rhap-(1
104.0

176.9

173.8

97.8
70.9

34.0

101.3

71.9
76.8

26.7

34.6

74.1
67.8

70.9

72.9

73.5
76.3

48.4a)

73.7
62.5

75.2

18.2
54.8
69.8
17.9

a) CH3CON at C 23.5 and 23.4, 175.9 and 175.1; b) OMe at C 58.3; c) OMe at C 57.3; d) OMe at C 57.7


Structural fragment I of TULA 9 following de-O-acetylation (Actinoplanes utahensis VKM Ac 674)

→3)-β-D-Glcp-(1→

 →OCH2CH(OH)CH2CO
│

  β-Pse5NAc7N-(2→

4)

↑

 α-D-Galp-(1
103.8

174.4

172.1

98.0
73.7

41.4

101.6

69.4
80.6

69.0b)

34.3

70.7d)
70.1a)

74.9

72.0

70.9
77.0

48.4c)

72.8
62.1

75.3

63.0
55.0


68.9


17.5



Structural fragment II of TULA 9 (Actinoplanes utahensis VKM Ac 674)

  →OCH2CH(OH)CH2CO

                                        │

                β-Pse5NAc7N-(2→
174.4

173.0


41.4

101.2
68.5

36.6
69.1

67.7
49.2c
75.2
55.0
69.3
17.5

a) For the 4-O-acetylated (100%) residue of the original polymer: C-3,4,5 at C 78.2, 70.6, and 75.1, respectively; b) For the 3-O-acetylated (90%) residue of the original polymer: C-2,3,4 at C 38.6, 71.8, and 72.2, respectively; c) CH3CON at C 23.5, 175.5; d) For the 3-O-acetylated (30%) residue of the original polymer: C-2,3,4 at C 67.3, 73.9, and 68.9, respectively.

