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Phylogenetic placement of Bacillus sp. G2112
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Figure S1: Neighbour-joining tree [1] of Bacillus sp. G2112 and other bacilli. The sequence of
Pseudomonas fluorescens PFO8 obtained from GenBank served as outgroup. Sequences used to
construct the tree were aligned using the muscle algorithm [2]. Bootstrap (1000 replications)
values [3] are given at the branching points. Phylogenetic analysis was performed using Mega
11 [4]. The tree was drawn to scale, with branch lengths in the same units as those of the
evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were
computed using the Maximum Composite Likelihood method and are in the units of the

number of base substitutions per site (scale bar).



Phylogenetic placement of Pseudomonas sp. G124
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Figure S2: Neighbour-joining tree [1] of Pseudomonas sp. G124 and other Pseudomonas spp. The
sequences of Bacillus amyloliquefaciens ALB69 and Streptomyces theromosacchari LLJ-05 served as
outgroup. Sequences to construct the tree were aligned using the muscle algorithm [2].
Bootstrap (1000 replications) values [3] are given at the branching points. Phylogenetic
analysis was performed using Mega 11 [4]. The tree is drawn to scale, with branch lengths in
the same units as those of the evolutionary distances used to infer the phylogenetic tree. The
evolutionary distances were computed using the Maximum Composite Likelihood method

and are in the units of the number of base substitutions per site (scale bar).



Activity of Bacillus sp. G2112 against plant pathogens

Figure S3: Bioassays of Bacillus sp. G2112 against (A) Fusarium equiseti and (B) Erwinia
tracheiphila (Bacillus sp. G2112 below, sterile medium control above). Images taken after 2 d

incubation at 28 °C.

Activity of Pseudomonas sp. G124 against plant pathogens

Figure S4: Bioassays of Pseudomonas sp. G124 against (A) Fusarium equiseti and (B) Erwinia
tracheiphila (Pseudomonas sp. G124 below, sterile medium control above). Images taken after 2

d incubation at 28 °C.



Conditions for red pigment formation

Figure S5: Condition for red pigment formation: The red pigment was not formed
when (A) Pseudomonas sp. G124 and (B) Bacillus sp. G2112 were grown in single culture
on agar plates, and (C) when Pseudomonas sp. G124 and Bacillus sp. G2112 were
cultivated together in different compartments of a three-compartment plate. (D) The
red pigment was produced only in co-culture without partition.

Figure S6: Effect of the distance between Pseudomonas sp. G124 and Bacillus sp. G2112 colonies
on the pigment production on 5b agar. The red pigment was clearly visible after 7 d when both
strains were 2 cm apart but when the colonies were 4 cm apart the pigment was only

observable after 9 d of growth.



Formation of red pigments by different Pseudomonas and Bacillus strains in co-

culture

Table S1: Red pigment formation in Bacillus and Pseudomonas strains in co-culture

Test organisms Co-cultured with Pigment produced?
Pseudomonas sp. G124 Bacillus sp. K13A Yes

Bacillus sp. K13B Yes

Bacillus sp. K29B Yes

B. pumilus DSM27 Yes

B. subtilis DSM10 Yes

B. thuringensis DSM2046 Yes

B. amyloliquefaciens DSM7 Yes
Bacillus sp. G2112 P. syingae pv. syringae 22d/93 No

P. syringae pv. glycinea 1a/96 No
P. fluorescens DSM6506 No




Phenazine-1-carboxylic acid (1) as precursor for red pigments

Differential metabolite profiling of the compound causing red pigmentation
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Figure S7: Comparison of the metabolite profiles (base peak ion traces and UV traces) of (A)
Pseudomonas sp. G124 which caused red pigmentation around Bacillus sp. G2112 colonies and
(B) Pseudomonas syingae pv. syringae 22d/93 which did not cause red pigmentation around
Bacillus sp. G2112. At 370 nm there is a peak only present in Pseudomonas sp. G124 with an
[M+H]* of m/z 225 corresponding to phenazine-1-carboxylic acid (1)



UV-Vis spectrum of phenazine-1-carboxylic acid (1)
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Figure S8: UV-Vis spectrum of phenazine-1-carboxylic acid (1)

HR-ESI-MS of phenazine-1-carboxylic acid (1)
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Figure S9: HR-ESI-MS of phenazine-1-carboxylic acid (1)



'H-NMR of phenazine-1-carboxylic acid (1) at 600 MHz in CDCls
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Figure S10: '"H-NMR of phenazine-1-carboxylic acid (1)

BBC-NMR of phenazine-1-carboxylic acid (1) at 151 MHz in CDCls
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Figure S11: ®*C-NMR of phenazine-1-carboxylic acid (1) at 151 MHz in CDCls



'H-'H-COSY NMR of phenazine-1-carboxylic acid (1) at 600 MHz in CDCls
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Figure S12: 'H-'H-COSY NMR of phenazine-1-carboxylic acid (1) at 600 MHz in CDCls
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TH-13C-HSQC NMR of phenazine-1-carboxylic acid (1) at 600 MHz in CDCls
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Figure S13: 'H-*C-HSQC NMR of phenazine-1-carboxylic acid (1) at 600 MHz in CDCls
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'H-3C-HMBC NMR of phenazine-1-carboxylic acid (1) at 600 MHz in CDCls

I | I —

- @® & o -125
. B
o=
— ==
] - 135
—_— [rw =) oD
= = o = =y~ -140
] —_
— = o O E
145 &
=]
o)
[
-150
-155
-160
-165
— =1

90 89 88 87 86 85 84 83 82 81 80 7.9
f2 (ppm)

Figure S14: 'H-*C-HMBC NMR of phenazine-1-carboxylic acid (1) at 600 MHz in CDCls
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Bacillus sp. G2112 growth and pigment production in response to phenazine-1-
carboxylic acid (PCA,1)

25 pg/hole 30 ug/hole 100 ug/hole 150 pg/hole

+H,0 < - ! 1
_’ 1 A (|
_—i;:'.-:‘_- _;:: .
1 \ _ :
) 1 2 3 6

Figure S15: Effect of different PCA (1) concentrations on the growth of Bacillus sp. G2112 and

+ 30 ug/ml PCA

its production of red pigments. (A) With increasing concentration of PCA (1) from 1.8 - 18 mM
in the medium, the colony size of Bacillus sp. G2112 decreased. At 180 mM (40 ug/ml) PCA (1),
Bacillus sp. G2112 did not grow. (B) The red pigmentation increased with increasing amount
of PCA (1) from 25 - 150 ug per hole. All agar assays were performed using 5b glycerol
medium. (C) Conversion of PCA (1) (134 uM) to red pigments in 5b+Gly liquid medium over

time. Red coloration of the cultures became obvious at day 3.
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Conversion of phenazine-1-carboxylic acid (1) to imino-5N-(1"B-D-glucosyl)-
dihydrophenazine-1-carboxylic acids 2 and 3
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Figure S16: Conversion of PCA (1) to red pigments 2 and 3 by Bacillus sp. G2112. The
concentration of PCA (1) decreased and concentration of two red pigments 2 (orange) and 3
(green) increased with time. Plots represent mean values and standard deviation (error bars)
calculated as log of area under curve for LC-MS peaks of the individual compounds. Three

biological replicates were measured.
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Structure elucidation of 7-imino-5N-(1'B-D-glucosyl)-5,7-dihydrophenazine-1-
carboxylic acid (2)

UV-Vis spectrum of 7-imino-5N-(1'B-D-glucosyl)-5,7-dihydrophenazine-1-carboxylic
acid (2)
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Figure S17: UV-Vis spectrum of 7-imino-5N-(1"p-D-glucopyranosyl)-5,7-dihydrophenazine-
1-carboxylic acid (2).

HR-ESI-MS of 7-imino-5N-(1’-D-glucopyranosyl)-5,7-dihydrophenazine-1-
carboxylic acid (2)
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Figure S18: HR-ESI-MS spectrum of 7-imino-5N-(1’3-D-glucopyranosyl)-5,7-
dihydrophenazine-1-carboxylic acid (2).
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HR-ESI-MS/MS of 7-imino-5N-(1"3-D-glucopyranosyl)-5,7-dihydrophenazine-1-
carboxylic acid (2)
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Figure S19: HR-ESI-MS/MS spectrum of 7-imino-5N-(1’3-D-glucopyranosyl)-5,7-
dihydrophenazine-1-carboxylic acid (2).

H-NMR of 7-imino-5N-(1"3-D-glucosyl)-5,7-dihydrophenazine-1-carboxylic acid (2)
at 600 MHz in CDsOD
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Figure S20: '"H-NMR spectrum of 7-imino-5N-(1'3-D-glucopyranosyl)-5,7-dihydrophenazine-
1-carboxylic acid (2). Atom numbers of major isomer (2a) are shown in green and atom
numbers of the minor isomer (2b) in purple.
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BC-NMR of 7-imino-5N-(1"B3-D-glucopyranosyl)-5,7-dihydrophenazine-1-carboxylic
acid (2) at 151 MHz in CDsOD
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Figure 521: ®*C-NMR spectrum of 7-imino-5N-(1’3-D-glucopyranosyl)-5,7-dihydro-
phenazine-1-carboxylic acid (2).
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'H-'H-COSY NMR of 7-imino-5N-(1"B-D-glucosyl)-phenazine-1-carboxylic acid (2) at

600 MHz in CDsOD

__Ll_]Jl_J_J__A_Jn

JU

EL
- —era -

JUN

4.0

4.5

-5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

85 8.0

65 6.0

f2 (ppm)

Figure S22: 'H-'H-COSY NMR spectrum of 7-imino-5N-(1’3-D-glucopyranosyl)-5,7-

dihydrophenazine-1-carboxylic acid (2).
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Figure S23: 'H-'H-COSY NMR spectrum of the aromatic region of 7-imino-5N-(1'3-D-
glucopyranosyl)-5,7-dihydrophenazine-1-carboxylic acid (2).
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TH-13C-HSQC NMR of 7-imino-5N-(1"-D-glucopyranosyl)-5,7-dihydrophenazine-1-

carboxylic acid (2) at 600 MHz in CDsOD
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Figure 524: 'H-C-HSQC NMR spectrum of the aromatic region of 7-imino-5N-(1"B-D-
glucopyranosyl)-5,7-dihydrophenazine-1-carboxylic acid (2).
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'H-13C-HMBC NMR of 7-imino-5N-(1"B-D-glucopyranosyl)-5,7-dihydrophenazine-1-

carboxylic acid (2) at 600 MHz in CDsOD
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Figure 525: 'H-*C HMBC NMR spectrum of the aromatic region of 7-imino-5N-(1'3-D-

glucopyranosyl)-5,7-dihydrophenazine-1-carboxylic acid (2).
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'H-'H-COSY and 'H-3C-HMBC correlations of 7-imino-5N-(1"3-D-glucopyranosyl)-
5,7-dihydrophenazine-1-carboxylic acid (2)
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Figure S26: Structure of 7-imino-5N-(1"B-D-glucopyranosyl)-5,7-dihydrophenazine-1-
carboxylic acid (2). 'H-'H-COSY correlations are indicated by thick bonds and 'H-*C-HMBC

correlations are indicated by blue arrows.
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NMR data of 7-imino-5N-(1"B-D-glucopyranosyl)-5,7-dihydrophenazine-1-carboxylic

acid (2)

Table S2: 'H-NMR (600 MHz, CDsOD) data for 7-imino-5N-(1'3-D-glucopyranosyl)-5,7-

dihydrophenazine-1-carboxylic acid (2a and 2b).

Position 'H-NMR of 2a BC-NMR 'H-NMR of 2b BC-NMR of
shift (ppm) of 2a shift (ppm) 2b
/multiplicity/coupling shift /multiplicity/coupling shift (ppm)
constant | (Hertz) (ppm) constant | (Hertz)

COOH 175.2 qC 175.2qC

1 146.0 qC 146.1 qC

2 7.66,d,7.0 1242,CH 7.66,d,7.1 124.5, CH

3 7.95,dd, 9.0,7.1 136.4,CH 7.90,dd, 8.9,7.1 135.5, CH

4 8.30,d,9.0 116.3,CH 8.45,d,8.9 119.3, CH

4a 133.2,qC 130.4, qC

5a 137.1, qC 140.1, qC

6 7.47,d,2.2 975,CH 7.19,d,20 94.6, CH

7 - 162.1,qC - 163.1, qC

8 7.50,dd, 94,2.2 127.3,CH 7.52,dd,9.4,1.9 127.4, CH

9 8.06,d, 9.4 138.3, CH 8.05,d,9.4 137.9, CH

9a 146.8, qC 146.1, qC

10a 136.2, qC 136.8, qC

1 6.60, d, 9.4 90.7,CH  6.25,d,94 91.2, CH

2' 4.47,t,89 69.4,CH  447,t,89 72.2,CH

3 3.74-3.78, m? 785 CH  3.70-3.73, m? 78.9, CH

4' 3.78-3.83, m? 70.3,CH  3.75-3.78, m? 70.5, CH

5' 3.83-3.87, m? 81.7,CH  3.77-3.80, m? 82.5,CH

6 3.92-4.01, m? 62.1, CH2  3.88-3.94, m* 62.2, CH:

aoverlap between signal of both isomers, range determined by 'H-'H-COSY cross signals.
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Structure elucidation of 3-imino-5N-(1'B-D-glucopyranosyl)-3,5-dihydro-
phenazine-1-carboxylic acid (3)

UV-Vis spectrum of 3-imino-5N-(1’B-D-glucopyranosyl)-3,5-dihydrophenazine-1-
carboxylic acid (3)

100y 93¢ 238
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Figure 527: UV-Vis spectrum of 3-imino-5N-(1"3-D-glucopyranosyl)-3,5-dihydrophenazine-
1-carboxylic acid (3).

HR-ESI-MS of 3-imino-5N-(1"B-D-glucopyranosyl)-3,5-dihydrophenazine-1-
carboxylic acid (3)
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Figure 528: HR-ESI-MS of 3-imino-5N-(1"B-D-glucopyranosyl)-3,5-dihydrophenazine-1-
carboxylic acid (3).
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HR-ESI-MS/MS of 3-imino-5N-(1"3-D-glucopyranosyl)-3,5-dihydrophenazine-1-

carboxylic acid (3)
m/z Theo. Mass Delta (ppm) RDB equiv. Composition
240.07664 240.07675 -0.47 10.5 Cy3 Hyg O, N,
240.07664
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Figure $29: HR-ESI-MS/MS of 3-imino-5N-(1"3-D-glucopyranosyl)-3,5-dihydrophenazine-1-
carboxylic acid (3).

H-NMR of 3-imino-5N-(1"-D-glucopyranosyl)-3,5-dihydrophenazine-1-carboxylic
acid (3) at 600 MHz in CDsOD
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Figure S30: '"H-NMR spectrum of 3-imino-5N-(1'3-D-glucopyranosyl)-3,5-dihydrophenazine-
1-carboxylic acid (3). Atom numbers of major isomer (3a) are shown in green and atom
numbers of the minor isomer (3b) in purple.
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H-'H-COSY NMR of 3-imino-5N-(1"B-D-glucopyranosyl)-3,5-dihydrophenazine-1-

carboxylic acid (3) at 600 MHz in CDsOD
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Figure S31: 'H-'"H-COSY NMR spectrum of 3-imino-5N-(1’(3-D-glucopyranosyl)-3,5-
dihydrophenazine-1-carboxylic acid (3)
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Figure S32: 'H-'"H-COSY NMR spectrum of the aromatic region of 3-imino-5N-(1"3-D-
glucopyranosyl)-3,5-dihydrophenazine-1-carboxylic acid (3)
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TH-13C-HSQC NMR of 3-imino-5N-(1"3-D-glucopyranosyl)-3,5-dihydrophenazine-1-

carboxylic acid (3) at 600 MHz in CDsOD
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Figure S33: 'H-C-HSQC NMR spectrum of 3-imino-5N-(1"B-D-glucopyranosyl)-3,5-

dihydrophenazine-1-carboxylic acid (3)

30



'H-13C-HMBC NMR of 3-imino-5N-(1"B-D-glucopyranosyl)-3,5-dihydrophenazine-1-

carboxylic acid (3) at 600 MHz in CDsOD
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Figure S34: 'H-C-HMBC NMR (600 MHz, CDs0OD) spectrum of 3-imino-5N-(1"3-D-

glucopyranosyl)-3,5-dihydrophenazine-1-carboxylic acid (3)

f1 (ppm)
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'H-'H-COSY and 'H-3C-HMBC correlations of 3-imino-5N-(1"3-D-glucopyranosyl)-
3,5-dihydrophenazine-1-carboxylic acid (3)

O OH

Figure S35: Structure of 3-imino-5N-(1'B-D-glucopyranosyl)-3,5-dihydrophenazine-1-
carboxylic acid (3). '"H-'H COSY correlations are indicated by thick bonds and 'H-*C HMBC

correlations are indicated by blue arrows.
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NMR data of 3-imino-5N-(1"B-D-glucopyranosyl)-3,5-dihydrophenazine-1-carboxylic

acid (3)

Table S3: 'H-NMR (600 MHz, CDsOD) data for 3-imino-5N-(1’3-D-glucopyranosyl)-3,5-

dihydrophenazine-1-carboxylic acid (3a and 3b)

Position 'H-NMR of 3a BC-NMR 'H-NMR of 3b BC-NMR
shift (ppm) of 3a shift (ppm) of 3b
/multiplicity/coupling shift /multiplicity/coupling shift
constant | (Hertz) (ppm) constant | (Hertz) (ppm)

COOH 172.6, qC 172.6, qC

1

2 7.35,d,2.2 1216 CH 7.38,d,2.0 121.6, CH

3 - -

4 7.40,d,2.2 %.7,CH 7.14,4d, 21 93.9, CH

4a 136.8, qC 139.6, qC

5a 133.4, qC 130.8, qC

6 8.38,d,9.0 117.3,CH 8.53,d,9.0 120.3, CH

7 7.99,ddd, 8.7,7.0,1.7 136.4,CH 7.94,ddd, 8.7,7.0,1.7 135.2, CH

8 7.72-7.76, m? 127.7,CH 7.72-7.76, m? 128.0, CH

9 8.28,dd, 9.0, 1.7 133.6,CH 8.29,td, 17.3, 8.6, 1.6 133.9, CH

9a 139.0, qC 139.7, qC

10a 145.3, qC 144.7, qC

1 6.58,d,9.3 90.6,CH 6.26,d,94 91.1, CH

2' 4.48,t,89 69.3,CH 448,89 72.2,CH

3 3.63-4.01, m? 788, CH  3.63-4.01, m* 78.6, CH

4' 3.63-4.01, m? 702,CH  3.63-4.01, m* 70.2, CH

5' 3.63-4.01, m? 81.7,CH  3.63-4.01, m? 82.4, CH

6 3.63-4.01, m? 62.1, CH2  3.63-4.01, m 2 62.1, CH:

aoverlap between signal of both isomers, range determined by 'H-'H-COSY cross signals.
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Structure elucidation of 7-amino-phenazine-1-carboxylic acid (4)

7-Amino-phenazine-1-carboxylic acid (4) from purification of spent Bacillus sp. G2112
medium  and  after  hydrolysis from = 7-imino-5N-(1"B-D-glucosyl)-5,7-
dihydrophenazine-1-carboxylic acid (2)

A 100 -
4 purified from spent medium
50 7
L m/z 240
0 P~
B 1007
%
4 obtained after
50 hydrolysis of 2
L» mi/z 240
0 T T T T T T T AI_ T 1

6 8 10 12 14 1I6 18 20 22 24 26 28
t'min —mmm

Figure S36: HPLC identification of 7- amino-phenazine-1-carboxylic acid (4). (A) 7-Amino-
phenazine-1-carboxylic acid (4) obtained from purification of spent Bacillus sp. G2112 medium
(believed to have been generated from hydrolysis of 2 during purification) and B) 7-amino-
phenazine-1-carboxylic acid (4) after hydrolysis of purified 7-imino-5N-(1"B-D-
glucopyranosyl)-5,7-dihydrophenazine-1-carboxylic acid (2)
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UV-Vis spectrum of 7-amino-phenazine-1-carboxylic acid (4)
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Figure S37: UV-Vis 7-amino-phenazine-1-carboxylic acid (4)

HR-ESI-MS of 7-amino-phenazine-1-carboxylic acid (4)
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Figure S38: HR-ESI-MS of 7-amino-phenazine-1-carboxylic acid (4)
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HR-ESI-MS/MS of 7-amino-phenazine-1-carboxylic acid (4)
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Figure S39: HR-ESI-MS/MS of 7-amino-phenazine-1-carboxylic acid (4)
'"H-NMR of 7-amino-phenazine-1-carboxylic acid (4) at 600 MHz in DO
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Figure S40: '"H-NMR of 7-amino-phenazine-1-carboxylic acid (4) at 600 MHz in D-O
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'H-'H-COSY NMR of 7-amino-phenazine-1-carboxylic acid (4) at 600 MHz in DO
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Figure S41: 'H-'"H-COSY NMR of 7-amino-phenazine-1-carboxylic acid (4) at 600 MHz in
D20
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'H-13C-HSQC NMR 7-amino-phenazine-1-carboxylic acid (4) at 600 MHz in DO
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Figure S42: 'H-*C-HSQC NMR of 7-amino-phenazine-1-carboxylic acid (4) at 600 MHz in DO
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TH-13C-HMBC NMR of 7-amino-phenazine-1-carboxylic acid (4) at 600 MHz in DO
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Figure S$43: 'H-*C HMBC NMR spectrum of 7-amino-phenazine-1-carboxylic acid (4) at 600

MHz in D20
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H-'H COSY and 'H-3C HMBC correlations of 7-aminophenazine-1-carboxylic acid

4)
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Figure S44: Structure of 7-aminophenazine-1-carboxylic acid (4). '"H-'H COSY correlations
are indicated by thick bonds and 'H-3C-HMBC correlations are highlighted by blue arrows.

NMR data of 7-aminophenazine-1-carboxylic acid (4)

Table S4: 'H-NMR (600 MHz, D20) data for 7-aminophenazine-1-carboxylic acid (4)

Position 'H-NMR of 4 BBC-NMR of 4
shift (ppm) /multiplicity/coupling constant | (Hertz) shift (ppm)
COOH - 176.6, qC
1 - 142.0, qC
2 7.71,dd, 6.8, 1.4 125.2, CH
3 7.82,dd, 8.8, 6.8 130.5, CH
4 7.98,dd, 8.8,1.4 127.1, CH
4a - 1394, qC
5a - 144.5, qC
6 7.07,d,2.5 102.7, CH
7 - 150.7, qC
8 7.52,dd, 9.6, 2.5 127.0, CH
9 8.03,d, 9.6 130.3, CH
9a - 140.1, qC
10a - 136.7, qC
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Identification of the sugar moiety of imino-5N-(1"B-D-glucopyranosyl)-
dihyrophenazine-1-carboxylic acids 2 and 3

A 18.88
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from methanolysisand acetylation of 2

1-O-Methyl-2,3,4,6-tetra-O-acetyl-glucopyranose
from methanolysis and acetylation of maltose
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Figure 545: GC-MS identification of sugar moieties of 7-imino-5N-(1"p-D-glucopyranosyl)-
5,7-dihydrophenazine-1-carboxylic acid (2) and 3-imino-5N-(1"B-D-glucopyranosyl)-3,5-
dihydrophenazine-1-carboxylic acid (3).

GC-MS total ion current chromatograms of the sugar moieties after methanolysis and
subsequent tetraacetylation [5] of 3-imino-5N-(1"3-D-glucopyranosyl)-3,5-dihydrophenazine-
1-carboxylic acid (3) and 7-imino-5N-(1"B-D-glucopyranosyl)-5,7-dihydrophenazine-1-
carboxylic acid (2) in comparison to maltose and lactose standards obtained by methanolysis
and subsequent tetraacetylation. (A) Peak of 1-O-methyl-2,3,4,6-tetra-O-acetyl-glucopyranose
obtained from degradation of 2. (B) Peak of 1-O-methyl-2,3,4,6-tetra-O-acetyl-glucopyranose
obtained from degradation of 3. (C) Peak of 1-O-methyl-2,3,4,6-tetra-O-acetyl-glucopyranose
obtained from degradation of maltose. (D) Peaks of 1-O-methyl-2,3,4,6-tetra-O-acetyl-
galactopyranose and methyl-2,3,4,6-tetra-O-acetyl-glucopyranose obtained from degradation
of lactose.
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Determination of the stereochemistry of the sugar moiety of imino-5N-(1"B-D-
glucopyranosyl)-dihyrophenazine-1-carboxylic acids 2 and 3
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Figure 546: Determination of the stereochemistry of the glucose moiety of 7-imino-5N-(1"f3-

D-glucopyranosyl)-5,7-dihydrophenazine-1-carboxylic acid (2). LC-MS ion traces of the
quasimolecular ion m/z 465 of the glucose derivative. Comparison to L-glucose and D-
glucose standards to the glucose obtained after acid hydrolysis and derivatisation with L-
cysteine methyl ester and 4-fluorobenzyl isothiocyanate of 2 [6].
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Atropisomers of the imino-5N-(1’B-D-glucopyranosyl)-dihydrophenazine-1-

carboxylic acids 2 and 3

NOESY NMR spectrum of 7-imino-5N-(1-D-glucopyranosyl)-5,7-
dihydrophenazine-1-carboxylic acid (2)
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Figure S47: NOESY NMR spectrum of 7-imino-5N-(1'p-D-glucopyranosyl)-5,7-
dihydrophenazine-1-carboxylic acid (2) and structures of its atropisomers 2a and 2b. The

relevant NOESY correlations are highlighted by arrows. Atom numbers of the major isomer

2a are shown in green and atom numbers of the minor isomer 2b in purple.
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Figure S48: Suggested 3-dimensional structures of the atropisomers of 7-imino-5N-(1"3-D-
glucopyranosyl)-5,7-dihydrophenazine-1-carboxylic acid (2a and 2b) fitting to the NOESY
NMR correlations: 2a exhibits NOESY correlations between H1” and H4 and between H2" and
Hé6. 2b exhibits NOESY correlations between H1” and H6 and between H2” and H4. Moreover,
the 5N nitrogen of 2 is chiral due to its lone electron pair. Only one of the possible
stereoisomers is depicted. It was not possible for us to address the stereochemistry at N5 with

the current experiments.
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NOESY NMR spectrum of 3-imino-5N-(1"3-D-glucopyranosyl)-3,5-
dihydrophenazine-1-carboxylic acid (3)
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Figure S$49: NOESY NMR spectrum of 3-imino-5N-(1'-D-glucopyranosyl)-3,5-
dihydrophenazine-1-carboxylic acid (3) and structures of its atropisomers 3a and 3b. The
relevant NOESY correlations are highlighted by arrows. Atom numbers of the major isomer
(3a) are shown in green and atom numbers of the minor isomer (3b) in purple.
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Figure S50: Suggested 3-dimensional structures of the atropisomers of 3-imino-5N-(1"33-D-
glucopyranosyl)-3,5-dihydrophenazine-1-carboxylic acid (3a and 3b) fitting to the NOESY-
NMR correlations. 3a exhibits NOESY correlations between H1” and H6 and between H2" and
H4. 3b exhibits NOESY correlations between H1” and H4 and between H2” and H6. Moreover,
the 5N nitrogen of 3 is chiral due to its lone electron pair. Only one of the possible
stereoisomers is depicted. It was not possible for us to address the stereochemistry at N5 with
the current experiments.

Toxicity assays of phenazine-1-carboxylic acid (1) and 3-imino-5N-(1"B-D-
glucopyranosyl)-3,5-dihydrophenazine-1-carboxylic acid (3)

Control PCA (1 3-imino-5N-(1'B-D-glucopyranosyl)-
(MeOH) 3 5-d|hydrophenazme-1 -carboxylic acid

©)

Figure S51: Agar diffusion bioassays with PCA (1) and 3-imino-5N-(1"3-D-glucopyranosyl)-
3,5-dihydrophenazine-1-carboxylic acid (3) against Bacillus sp. G2112. 20 pL of 20 mM PCA (1)
inhibited the growth of Bacillus sp. G2112, whereas 20 pL of 20 mM 3-imino-5N-(1'$-D-
glucopyranosyl)-3,5-dihydrophenazine-1-carboxylic acid (3) did not inhibit the growth of
Bacillus sp. G2112.
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Structures of all known glycosylated phenazines
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Figure S52: Structures of known glycosylated phenazines. Except for one group of phenazine
O-glycoside (highlighted red) which are detoxification products of 1-phenazinol from C.
elegans [7], all compounds constitute secondary metabolites produced by Streptomyces [8-14]
or Kitasatospora [15] strains. No 5N functionalized glycosides have been reported.
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