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Table S1. Bacteria strains used in this study.

Strains Description Reference
Gram-positive bacteria
Staphylococcus aureus ATCC [1]
29213 MSSA
S. aureus T144 MRSA [mecA, tet(4)] [1]
S. aureus 65322 MRSA This study
Enterococcus faecium CAU 382 VREfm This study
E. faecium CAU 383 VREfm This study
E. faecium CAU 369 VREfm This study
Gram-negative bacteria
Acinetobacter baumannii 17 mcr-1 [2]
Acinetobacter baumannii 7-2 Wildtype This study
Acinetobacter baumannii 7-2 LPS-  LPS deficient; colistin This study
resistant
Citrobacter freumdii 2-4 mcr-1 [2]
Escherichia coli ATCC 25922 [2]
E. coli B2 mcr-1, b|aND|\/|.5, bIaTEM. [2]
18, blaoxa-10, blacTx-m-14,
tet(A), aadA, ahp(4),
0gxAB, mdfA, fosA3
E. coli G6 bIaNDM_5, tet(A) [2]
E. coli 15-1x Wildtype This study
E. coli 6-2x Wildtype This study
E. coli ZJ134 mcr-1, aac3, aadA2, [2-3]
aph(3), ampC, blactx-m-
14, dfrA, fosA, mphA,
StrA, |, tet(A), flo®
E. coli ZJ33 mcr-1, aac3, aadA2, [2-3]
aph(3), aph(4), ampC,
blacTx-m-64, blatem-ss,
mphA, oxa-10, fosA,
tet(A)
E. coli ZJ478 mcr-1, aac3, aadA5, [2-3]

ampC, blacrx-m-ss,
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blangm-s, MphA, tet(A)

Enterobacter cloacae 16-15 mcr-1 [2]
Klebsiella pneumoniae ATCC [4]
43816

K. pneumoniae 43816 AwaaC waaC knockout This study
K. pneumoniae 4-20 mcr-1 [2]
Pseudomonas aeruginosa PAO1 [5]
Providencia alcalifaciens 16-1 mcr-1 [2]
Raoultella ornithinolytica 16-8 mcr-1 [2]
Raoultella planticola 16-15 mcr-1 [2]
Serratia marcescens16-99 mcr-1 [2]
Salmonella enteritidis SH30 mcr-1 [2]

ATCC, American Type Culture Collection; MRSA, methicillin-resistant
Staphylococcus aureus; MSSA, methicillin-sensitive Staphylococcus aureus; VRE,
vancomycin-resistant Enterococcus faecium; mcr-1, mobile colistin resistance gene;
tetA, tetracyclines resistant gene; blanpwm-s, carbapenems resistant gene; blatem-1g,
penicillins resistant gene; blapgxa-10, Carbapenems resistant gene; blactx-m-14, f-
lactams especially cefotaxim resistant gene; aadA, aminoglycosides resistant gene;
ahp(4), hygromycin B resistant gene; 0qxAB, quinolones resistant gene; mdfA,
cationic or zwitterionic lipophilic compounds resistant gene; fosA3, fosfomycin
resistant gene.
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Table S2. Antibacterial activities and prenylation characteristics of 85 flavonoids.

Compound Prenylation LogP" MIC (ug mL™) Colistin® FICI"  Plant origin
n Position MSSA MRSA E. coli
ATCC 29213 TI144 B2

Flavones

Albanin A* 1 3 396 32 32 >128 4 0.53  Artocarpus styracifolius, Artocarpus
heterophyllus, Morus nigra,
Artocarpus nitidus, Artocarpus
gomezianus, Brosimopsis
oblongifolia®**!

Artocarpin® 2 3,6 6.28 1 2 >128 0.25 0.06  Artocarpus heterophyllus, Artocarpus
gomezianus, Artocarpus nitidus!® 4

Broussoflavonol 2 3,8 6.67 16 16 >128 4 0.53 Macaranga indica, Macaranga barteri,

F¢ Macaranga recurvata, Broussonetia
papyrifera, Formosan Broussonrtia
papyrifera, Tetragonula affbiroi™>%"!

Corylifol C* 1 8 452 16 64 >128 8 1.03  Psoralea corylifolia, Ershen pill?*#!

Isolicoflavonol® 1 3' 442  >128 >128 >128 8 1.03 Glycyrrhiza uralensis, Daphne giraldii,

Trollius chinensis, Scutellaria
baicalensis, Macaranga indica,
Engelhardtia roxburghiana,
Glycyrrhiza glabra, Morus cathayana,
Morus australis, Broussonetia
papyrifera, Macatanga conifer,
Platanus acerifolia*¥?*2]

5'-Geranyl- 2 5.5 627 2 2 >128  0.50 0.09  Morus Ihou, Morus nigral®*

5,7,2'4'-
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Tetrahydroxy-

flavone*

Gancaonin O° 1 6 4.22 4 4 >128 2 0.28 Chemical synthesis

5,7,4'-Trihy- 2 35 6.29 64 32 >128 8 1.03 Dodonaea viscosa, Dodonaea

droxy-3,6-di- polyandral®**?]

methoxy-3',5'-

diprenylflavone®

8,3'-Diprenyl- 2 3,8 696  >128 >128 >128 4 0.53 Epimedium koreanum, Epimedium

apigenin® agittatum, Morus alba, Epimedium
btevicornum!3*¢!

3'-Geranyl-3- 33,33 754 4 4 >128 1 0.16  Morus albal*"!

prenyl-5,7,2'4'-

Tetrahydroxy-

flavone®

Kuwanon A 2 3.3 584 4 8 >128 0.25 0.06 Psoralea corylifolia, Morus
atropurpurea, Morus australis, Morus
irll]ou, Morus multicaulis, Morus albal®®

Licoflavone A 1 6 500  >128 >128  >128 4 0.53  Glycyrrhiza inflata, Glycyrrhiza
uralensist?4!

Licoflavone B 2 3.6 726 32 32 >128 4 0.53  Glycyrrhiza inflatal**°!

Licoflavone C* 1 8 4.71 32 64 >128 8 1.03 Morus alba, Retama raetam, Mori
Cortex, Genista morisii, Genista
glp]Jhedroides, Glycyrrhiza inflatat*3#47

Licoflavonol® 1 6 4.42 8 8 >128 1 0.16  Glycyrrhiza uralensis, Maclura
tinctoria®*>°!

Morin’ 0o — 188 64 32 >128 16 2.03  Cortex Mori®**"!

Morusin? 2 3,8 5.64 8 8 >128  0.25 0.06 Morus alba, Cortex Mori, Morus
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at]ropUerFea, Mori Cortex!?8:4048:50.57-
59

N

Mulberrin® 3,8 621 1 1 >128  0.25 0.06  Morus alba, Morus atropurpureal®”®!

Oroxylin A 0o — 296  >128 >128 >128 8 1.03 Scutellaria baicalensis, Oroxylum
indicum, Phyllodium pulchellum,
Ligularia sagittal, Scutellaria luzonica,
Scorzonera divaricata, Scutellaria
intermedia, Lawsonia inermis,
Astragalus membranaceus,
Scutellariae radix, Scutellaria
adenostegia, Kalimeris indica,
Centaurea scoparia, Evodia lepta,
Ornithogalum thyrsoides,
Dichrocephala benthamii, Scutellaria
regeliana, Centaurea omphalotricha,
Scutellaria lateriflora, Lagochilus
leiacanthus, Ardisia crispa, Eucommia
ulmoides!®*7?

6-Prenylapigenin® 1 6 4.71 32 32 >128 4 0.53  Cudrania tricuspidata, Artocarpus
heterophyllus, Garcinia xanthochymus,
Dorstenia barteri, Dorstenia convexa,
Dorstenia ciliata, Dorstenia dinklagei,
Cannabis satival®"*"

6-Prenyl- 1 6 4.21 32 64 >128 8 1.03 Hypericum japonicum, Glyyrrhiza

quercetin-3- uralensis, Sinopodophyllum emodi,

methylether® Hypericum ightianum, Glycyrrhiza
glabral®3#

8-Prenyl- 1 8 4.42 32 32 >128 8 1.03 Macaranga barteri, Sophora

kaempferol® flavescens, Epimedium koreanum!®!%!
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5,7,2' 4'-Tetra- 2 3,3 580 8 8 >128 8 1.03  Broussonetia papyrifera'®”!
hydroxy-3-

geranylflavone®

Isoflavones

Eurycarpin A€ 1 3' 452 8 8 >128 1 0.16  Chemical synthesis
Wighteone® 1 6 4.52 8 8 >128 2 0.28 Pueraria peduncularis, Lotus

japonicus, Erythrina stricta, Erythrina
suberosa, Lupinus angustifolius,
Pueraria mirifica, Glycyrrhiza
uralensis, Maclura tinctoria, Cudrania
tricuspidata, Ficus tikoua, Erythrina
fusca, Erythrina poeppigiana, Psoralea
corylifolia, Erythrina variegate,
Cudrania fruticosa, Lipinus mutabilis,
Bolusanthus speciosus, Cudrania
cochinchinensis, Sicilian Glycyrrhiza,
Erythrina lysistemon, Erythrina indica,
Erythrina arborescens, Genista
ephedroides, Anthyllis hermanniae,
Erythrina orientalis, Laburnum
anagyroidst®28-10°!

Luteone® 1 6 4.23 64 64 >128 4 0.53 Erythrina stricta, Lupinus
angustifolius, Lupinus reflexus,
Laburnum anagyroids®®°%:10%.1071

Sophora- 13 387 32 32 >128 4 0.53  Sophora mooracrotianal'®®+%!
isoflavone A*
8-Prenyldaidzein® 1 8 4.81 32 32 >128 4 0.53 Psoralea corylifolia, Erythrina fusca,

Bituminaria morisiana, Bituminaria
bituminosa, Erythrina indica,
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Erythrina sigmoidea, Erythrina
eriotrichal™* !

Lupiwighteone® 1 8 4.52 32 >128 >128 8 1.03 Vatairea guianensis, Glycyrrhiza
glabra, Lotus pedunculatus, Ficus
tikoua, Erythrina sigmoidea, Erythrina
variegate, Glycyrrhiza glabra,
Bolusanthus speciosus, Anthyllis

hermanniael®11¢-121

Isowighteone* 1 3 452 16 16 >128 4 0.53  Lupinus albus, Psoralea corylifolial***!

6,8-Diprenyl- 2 6,8 5.61 16 8 >128 8 1.03 Cudrania tricuspidata, Flemingia

orobol® philippinensis, Millettia pachycarpa,
Glycyrrhiza uralensis, Maclura
ti nctori a[104,123-126]

Isoneobava- 0 439 4 4 >128 0.5 0.09 Psoralea corylifolia, Erythrina

isoflavone® sigmoideal?"1?8

8-Prenylluteone® 2 6,8 580 8 8 >128 4 0.53 Erythrina senegalensis, Erythrina
burttiit*?!

Gancaonin M* 1 8 505 8 8 >128 8 1.03  Deguelia costata!**"!

Corylin® 1 3 424  >128 >128 >128 4 0.53 Psoralea corylifolia, Psoraleae fructus,
Eragrostis ferru?inea, Erythrina
sigmoideal™ ™1

Isoflavone® 0 3.54 >128 >128 >128 8 1.03 Ormosia henryi, Anaxagorea

luzonensis, Dalbergia velutina,
Peltophorum pterocarpum,
Camphorosma lessingii, Pterocarpus
marsupium, Milettia ferruginea,
Pueraria lobata, Trifolium
riograndense, Maclura tricuspidata,
Ficus hispidal**¢14%



2,3-Dehydro-
kievitone*
Warangalone®

Lupalbigenin®

6,8-Diprenyl-
genistein®

6,7,4'-Tri-
hydroxy-
isoflavone®

Licoisoflavone AY

6,8

4.23

5.73

6.77

6.09

2.07

4.23

>128

64

32

>128

16

32

10

>128

>128

>128

>128

>128

>128

0.5

0.53

0.53

0.09

0.28

1.03

0.16
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Maackia fauriei, Erythrina
sacleuxiil*344]

Erythrina senegalensis, Cudrania
tricuspidata, Maclura pomifera,
Erythrina addisoniae, Erythrina
sigmoidea, Millettia taiwaniana,
Derris scandens!4>15!]

Atalantia monophylla, Derris
scandens, Cudrania tricuspidata, Ulex
jussiaei, Sophora flavescens, Sophora
microphylla, Anthyllis
hermanniagl**4152-158]

Erythrina excelsa, Erythrina
senegalensis, Cudrania tricuspidata,
Streptococcus mutans, Glycyrrhiza
uralensis, Erythrina caffra, Erythrina
variegate, Erythrina sigmoidea,
Erythrina eriotrichal*?:1%%-167]

Taxus media, Taxus mairei, Caragana
changduensis, Bear bile, Soybean
miso, Euchresta formosana, Fermented
soybeans!*6171!

Glycyrrhiza uralensis, Glycyrrhiza
inflata, Azorella madreporica,
Glycyrrhiza glabra, Lupinus texensis,
Glycyrrhiza eurycarpa, Glycyrrhiza
aspera, Echinosophora koreensis,
Pueraria mirifica, Lupinus

angustifolius, Phaseolus coccineus’®



Neobava-
isoflavone®

Flavanones
Bavachin®

Bavachinin A¢

Glabrol®

Isobavachin®

Liquiritigenin®

3,8

4.81

4.45

4.52

6.70

4.45

2.20

128

32

128

>128

128

64

128

>128

11

>128

>128

>128

>128

>128

>128

16

0.12

1

4

2.06

0.16

0.16

0.06

0.16

0.53
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179]

Psoralea corylifolia, Erythrina
sigmoidea, Erythrina excels, Erythrina
senegalensis, Psoraleae fructus, Hedan
tablet, Lespedeza cyrtobotrya,
Erythrina abyssinica, Erythrina
latissimi, Sopubia delphinifolia*®**4

Psoralea corylifolia, Psoralea fructus,
Millettia speciosa, Piper longum!&®!
Psoralea corylifolia, Psoralea
fructus!*®”

Glycyrrhiza uralensis, Vernonia
cinerea, Glycyrrhiza glabra,
Glycyrrhiza inflata, Sophora
tonkinensis, Astragalus monbeigii,
Pistacia lentiscus, Pseudosophora
alopecuroides, Sophora tonkinensis,
Erythrina subumbrans, Euchresta
formosana, Sophora prostrate,
Euchresta japonica, Euchresta
?gg]rsfieldii, Glycyrrhiza eurycarpal'®
Psoralea corylifolia, Psoralea fructus,
Sanicula lamelligera, Erythrina
sigmoidea[53,ll7,l 1,193]

Erinacea anthyllis, Dalbergia
tonkinensis, Erythrina caffra, Curcuma
rotunda, Praxelis clematidea, Physails
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alkekengi, Gansuibanxia decoction,
Spatholobus suberectus, Milettia
dielsiana, Areca catechu, Millettia
speciosa, Glycyrrhiza uralensis, Vigna
luteola, Bauhinia forficata, Endocomia
macrocoma,
Licorice residues, Pongamia
pinnata[53’194'203]
6-Prenyl- 1 6 416 8 8 >128 0.5 0.09  Glycyrrhiza uralensis, Mallotus
naringenin® conspurcatus, Cudrania tricuspidata,
Humulus lupulus, Glycyrrhiza inflata,
Aspergillus fumigatus, Psoralea

corylifolia (31204209
Cudra- 1 6 408 >128 >128 >128 8 1.03 Cudrania tricuspidata, Cudrania
flavanone B cochinchinensist?”
3,7,4"-Tri- 1 8 3.52  >128 >128  >128 8 1.03  Sophora flavescens!?*!!
hydroxy-5-
methoxy-8-
prenylflavanone*
Euchresta- 2 3.8 6.62 2 2 >128 2 0.28 Azadirachta indica, Euchresta
flavanone A° formosana, Sophora species,

Macaranga pleiostemona, yellow
|upin[78,212-215]

Sophora- 2 8,8 6.13 2 2 >128 1 0.16 Drynaria fortune, Sophora tomentosa,
flavanone C° Echinosophora koreensis*’3216:2!7]
Leachianone G* 1 8 428 32 32 >128 4 0.53 Podocarpium podocarpum,

Desmodium caudatum, Desmodium
caudatum, Cudrania tricuspidata,
Sophora flavescens, Lespedeza

12



Licoflavanone®
Sophoranone*

Chalcone
Isobavachalcone®
Xanthohumol?

4-Hydroxy-
derricin®
Desmethyl-
xantholhumol®
Kanzonol C¢

Licochalcone AY
Licochalcone C¢

Licochalcone D?
Licochalcone E¢
Xanthoangelol®

Xanthones
a-Mangostin?

N —

3'
3,58

5!
5!
5!
3!

5,5

3!

5,5

2,8

4.71
8.24

4.81

4.80

4.88

4.73

7.06

4.85
4.91

4.65
4.75
6.66

6.32

32
>128

~ B~

16

~ B~

16

32

32
>128

~ B~

16

~ B~

32

>128

13

>128
>128

>128

>128

>128

>128

>128

>128
>128

>128
>128
128

>128

B

0.06
0.12

0.5

0.25

0.5

0.5

0.12
>38

0.06

0.53
0.53

0.04

0.06

0.09

0.28

0.06

0.09
0.09

1.03
0.06
2.03

0.04
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cyrtobotrya, Morua alba, Sophora
leachiana?8-2%2
Glycyrrhiza glabral
Sophora tonkinensis, Sophara
subprostratal*®”:?222%]

[223]

Dorstenia barteri 7376226228
Sophora flavescens, Hunulus
lupulust®!

Angelica keiskei, Bifidobacterium
dolescentis?023!]

Humulus lupulus!®22%!

Glycyrrhiza inflata, Dorstenia barteri,
Dorstenia turbinata, Glycyrrhiza
eurycarpa[43’236’237]

Glycyrrhiza glabra **!

Glycyrrhiza uralensis, Glycyrrhiza
radix, Glg/cg/rrhiza inflata, Glycyrrhiza
glabra[17 ,238,239]

Glycyrrhiza inflata
Glycyrrhiza inflatal®*!!

Angelica keiskei, Amorpha fruticosa,
Psoralea corylifolia, Lespedeza

CyI’tObOtrya, Al’tocal‘pus
nobilis[227,242,243]

1240]

Cratoxylum cochinchinense, Garcinia
travancorica, Garcinia mangostana,



y-Mangostin®

1,3,7-Trihydroxy-
2-prenylxanthone*
1,4,5,6-Tetra-
hydroxy-7,8-
diprenyl-
xanthone*
1,4,5,6-Tetra-
hydroxy-7-
prenyl-xanthone®
1,4,6-Trihydroxy-
5-methoxy-7-
prenylxanthone®

1

2

1

1

2

7,8

6.05

4.52

6.07

4.29

4.56

16

>128

128

128

16

>128

16

128

14

>128

>128

>128

>128

>128

1.03

0.28

1.03

1.03

1.03
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Calphyllum tetrapterum, Garcinia
tetrandra, Mangifera indica, Inula
viscosa, Garcinia cowa, Garcinia
fusca, Garcinia iowar, Garcinia
oblongifolia, Tetranula laeviceps,
Garcinia pedunculata, Comastoma
pedunculatum, Cratoxylum
arborescens, Garcinia hombroniana,
Calophyllum brasiliense, Mesua
ferrea, Mesua congestifloral#42%"!
Garcinia travancorica, Garcinia
angostana, Hypericum perforatum,
Garcinia esculenta, Garcinia cowa,
Cratoxylum cochinchinense, Garcinia
xipshuanbannaensis, Garcinia costata,
Cratoxylum formosum, Hypericum
androsaemum[23:261-268

Cudrania cochinchinensis!“®®!

Garcinia xanthochymus!*®®!

Garcinia bracteata, Garcinia
xanthochymus!?®°%4

Garcinia xanthochymus, Morus
tropurpurea, Comastoma
pulmonarium, Garcinia oblongifolia,



8-Deoxygartanin®

9-Hydroxy-
calabaxanthone®
Garcinia-
xanthone E¢
Gartanin®

Isogarcinia-
xanthone E*
Nujiangxanthone
Ie
Nujiangxanthone
De

Isojacareubin®

Nujiangxanthone

2,4

2,8
7,7, 8

2,4

4,7,8
4,7,8

4,8

4,7,8

6.33

5.75

7.65

6.07

8.06

6.71

5.82

3.69

6.98

>128

>128

>128

16

64

16

>128

>128

128

16

16

15

>128

>128

>128

>128

>128

>128

>128

>128

>128

1.03

0.53

1.03

1.03

1.03

1.03

1.03

1.03

1.03
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Garcinia bracteata, Garcinia
dulcis[270,272-276]

Garcinia mangostin, Endodesmia
calophylloides, Garcinia
merguensis[27l,277-281]

Garcinia mangostin, Garcinia
multiflora, Garcinia cowa!?®>2%8!
Garcinia subelliptical?®®!

Garcinia mangostana, Garcinia
bracteata, Garcinia propinqua,
Garcinia achachairu, Tetragonula
laeviceps, Tetrigona melanoleuca,
Garcinia nobilis, Garcinia staudtii,
Garcinia dulcis, Maclura
tinctoria[l57,290-297]

Calophyllum elatum!#%*!

Garcinia nujiangensis!*®!

Garcinia nujiangensis!*®!

Garcinia nujiangensis, Hypericum
stellatum, Garcinia fusca, Garcinia
livingstonei, Hypericum japonicum,
Hyperium roeperanum, Garcinia
schomburgkiana, Garcinia cowa,
Garcinia xipshuanbannaensis!®*-2%8-3!
Garcinia nujiangensis!®®!



WILEY-VCH

Ne

Buchana- 0o — 2.81 8 16 >128 8 1.03 Garcinia nujiangensis, Garcinia

xanthone® tetralata!?®>%4

6-Deoxy- 1 4 419  >128 >128 >128 8 1.03 Garcinia nujiangensis, Clusia

isojacareubin® burlemarxii, Garcinia nervosa,
Hypericum laricifolium, Garcinia
livingstonei, Allanblackia gabonensis,
Vismia laurentii, Garcinia merguensis,
Hypericum japonicum, Cudrania
tricuspidata, Anaxagorea luzonensis,
Cudrania tricuspidata, Allanblackia
floribunda, Garcinia bracteate,
Garcinia speciose, Garcinia celebica,
Arenaria serpyllifolia, Garcinia
amplexicaulis, Calophyllum thorelii,
Garcinia xanthochymus, Vismia
guineensis, Garcinia ni?rolineata,
Hypericum wightianum!281:2%:305-312]

Nujiangxanthone 3 4,7,8 784 2 8 >128 8 1.03  Garcinia nujiangensis!*®!

Ae

Nujiangxanthone 3 4,7,8 8.11 64 16 >128 8 1.03  Garcinia nujiangensis!*®!

Be

*MIC (ug mL™") of colistin against E. coli B2 under 8 pg mL"" flavonoids. ° FICI of colistin and flavonoids (8 ug mL™") against E. coli B2 were
shown. ¢ Compounds were purchased from Shanghai Universal Biotech Company with a purity of > 95% (Shanghai, China). ¢ Compounds were
purchased from Chengdu Biopurify Phytochemicals Ltd. with a purity of > 95% (Chengdu, China). © Compounds were donated by Professor Hua
Huiming of Shenyang Pharmaceutical University (Shenyang, China), Which were isolated from the twigs and leaves of Garcinia nujiangensis

with a purity of > 95%2%] T The values of LogP were calculated using software Molinspiration.
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Table S3. SAR-based molecular signatures of prenylated flavonoids and antimicrobial

potency against Gram-positive bacteria.

Lead compound Prenylation MIC (ng mL™)
n Position MSSA MRSA T144  VRE;, CAU
ATCC 29213 369

Mulberrin 2 3,8 1 1 2
Lupalbigenin 2 6,3 1 1 2
Glabrol 2 8,3" 1 1 2
Isobavachalcone 1 5' 4 4 1
a-Mangostin 2 2,8 1 1 2
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Table S4. Synergy between lead compounds and colistin against Gram-negative

bacteria.
Selected Prenylation  MIC (ug mL™)
compound n position K. pneumoniae A. baumannii P.aeruginosa E.coli Flavonoids® FICI®
ATCC 43816 7-2 PAO1 B2

Mulberrin 2 3,8 >128 >128 >128 >128 0.25 0.06
Lupalbigenin 2 6,3° >128 >128 >128 >128 0.50 0.09
Glabrol 2 83" >128 >128 >128 >128 0.12 0.05
Isobavachalcone 1 5° >128 >128 >128 >128 0.06 0.04
a-Mangostin 2 2,8 >128 >128 >128 >128 0.06 0.04

* The MIC of colistin under 4 ug mL™" of flavonoids against E. coli B2.

® The FICI of flavonoids and colistin under 4 ng mL" of flavonoids against E. coli B2.
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Table S5. Antibacterial activities of AMG/IBC against 23 clinical MRSA isolates.

Clinical MRSA isolates MIC (pug/mL)
AMG IBC
Human Origin (n =7)
03044 0.5 4
65322 0.5 4
65339 0.5 4
65543 0.5 4
6559 0.5 4
70675 0.5 1
70678 0.5 4
Animal Origin (n = 16)
1518 0.5 4
1530 0.5 4
AB18 0.5 4
EF-2 0.5 4
HN3 0.5 4
L26 0.5 4
M7 0.5 8
NB61 0.5 4
NX-75 0.5 4
SB14 0.5 8
SB-27 0.5 4
T144 0.5 4
T182 0.5 4
T50 0.5 4
T52 0.5 4
ZS7 0.5 4
MICs 0.5 4
MICgy 0.5 4
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Table S6. Antibacterial activities of AMG/IBC against 50 clinical VRE isolates.

Clinical VREg, isolates MIC (ug mL 1) -
AMG IBC Vancomycin
CAU379 0.5 8 > 128
CAU380 0.5 4 > 128
CAU381 0.5 8 > 128
CAU382 0.5 8 > 128
CAU383 0.5 4 > 128
CAU384 0.5 8 > 128
CAU385 0.5 2 > 128
CAU386 0.5 4 > 128
CAU387 0.5 2 > 128
CAU388 0.5 8 > 128
CAU389 0.5 4 > 128
CAU393 0.5 8 > 128
CAU39%4 0.5 2 > 128
CAU399 0.5 2 > 128
CAU401 1 2 > 128
CAU402 1 2 > 128
CAU403 1 8 > 128
CAU404 1 4 > 128
CAU405 0.25 4 > 128
CAU406 0.5 8 > 128
CAU407 0.5 4 > 128
CAU408 0.25 4 > 128
CAU409 0.25 8 > 128
CAU410 0.5 4 > 128
CAU411 0.25 8 > 128
CAU412 0.5 8 > 128
CAU414 0.5 8 > 128
continued

Table S6 continued

CAU415 0.5 8 > 128
CAU416 0.5 8 > 128
CAU417 0.5 8 > 128
CAU421 0.5 4 > 128
CAU422 0.5 4 > 128
CAU424 0.5 8 > 128
CAU431 0.5 8 > 128
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CAU433 0.5 8 > 128
CAU434 0.25 4 > 128
CAU436 0.5 8 > 128
CAU438 0.5 8 > 128
CAU442 0.5 4 > 128
CAU443 0.5 8 > 128
CAU445 0.5 4 > 128
CAU446 0.5 8 > 128
CAU447 0.5 8 > 128
CAU450 0.5 8 > 128
CAU454 0.5 8 > 128
CAU455 0.5 8 > 128
CAU456 0.5 8 > 128
CAU453 0.5 8 > 128
CAU457 0.5 8 > 128
CAU458 0.5 8 > 128
MICs, 0.5 8 > 128
MICso 0.5 8 > 128
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Table S7. The MIC of AMG/IBC against different Gram-negative bacteria.

Strains Description MIC (ug mL™)

AMG IBC  Colistin
K. pneumoniae ATCC 43816 Wild type >128 >128 16
K. pneumoniae ATCC 43816 AwaaC  waaC deficient 4 4 0.25
A. baumannii 7-2 Wild type >128 >128 0.0625
A. baumannii 7-2 LPS- LPS deficient  0.125  0.125 >32
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Figure S1. Combinations of AMG/IBC with colistin are effective against E. coli B2.
A, B) Checkerboard microdilution assays showed the dose-dependent potentiation of
colistin by AMG (A) or IBC (B) against mcr-1 positive E. coli B2. Dark-blue regions
represent higher cell density and lower inhibition rate of combinational treatment.
Data represent two biological replicates, n = 3.

C, D) Kinetic analysis of AMG (C) or IBC (D) and colistin at different concentrations
in mcr-1 positive E. coli B2. Optical density (OD) at 600 nm was monitored once
every hour for 24 h. Experiments were performed as three biologically independent

experiments, and the mean + s.d. is shown, n = 3.
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Figure S2. The synergy of AMG/IBC with colistin against colistin-sensitive E. coli
isolates.

Sub-MIC levels of AMG (A) or IBC (B) enhanced the activity of colistin against four
colistin-sensitive (E. coli ATCC25922, E. coli G6, E. coli 15-1x and E. coli 6-2x) by
chequerboard microdilution assay. Experiments were performed as three biologically

independent experiments, n = 3.
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Figure S3. AMG or IBC restored the activity of colistin against colistin-resistant
Gram-negative bacteria.

A) FICI values of colistin and AMG or IBC against 10 species of Gram-negative
bacteria harboring mcr-1. The potentiation (fold) referred to the change in MIC of
colistin under 8 pg mL™' flavonoids against different isolates. Data represent two
biological replicates, n = 3.

B) Combinations of AMG (2 pg mL™") or IBC (4 ug mL™") with colistin (0.5 ug mL™")
against 87 E. coli isolates carrying mcr-1."*) Growth inhibition was defined as no
visible growth of bacteria treated with the combinations after incubation at 37 °C for
18 h. At least 72 of the 87 mcr-1 E. coli isolates are resistant to multiple classes of

antibacterial agents except colistin. 1*!

C) Combinations of AMG (2 pg mL™) or IBC (4 ug mL™) with colistin (0.5 pg mL™)
against 3 multi-drug resistant E. coli isolates carrying mcr-1. ODgoo nm Of bacteria sus
suspension treated with the combinations after incubation at 37 °C for 18 h were
determined. PBS was used as negative control. E. coli ZJ134, E. coli ZJ33 and E. coli
ZJ487 carry 29, 31 and 20 antibiotic resistant genes, respectively. 1!

Experiments were performed as three biologically independent experiments, n = 3.
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Figure S4. Safety evaluation and resistance development of AMG/IBC.
A) Hemolytic activity of AMG or IBC at different concentrations (0 - 512 pg mL™) to

the red blood cells of sheep. AMG had low hemolysis (25.86%) at 32 ug mL"', while
IBC showed no hemolysis (0.73%) even at high concentrations of 128 pg mL™".
Experiments were performed as three biologically independent experiments. Data
presented as mean + s.d, n = 3.

B) No resistance to AMG or IBC occurred in 30-day serial passage. S. aureus ATCC
29213 was passaged daily in sub-inhibitory concentrations of AMG, IBC or oxacillin
(OXA). OXA was used as positive control.
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Figure S5. Antibacterial activities of AMG/BC through targeting phospholipids in

bacterial membrane.

A, B) Time-killing curves of AMG or IBC against S. aureus ATCC 29213 at

exponential phase at 37 °C. S. aureus cells were treated with 2, 4 and 10 x MIC of
AMG (A), IBC (B) for 30 min, and the number of viable cells were determined at

different time points.

C, D, E) Exogenous addition of CL (C), PG (D) and PE (E) decreased the
antibacterial activity of AMG or IBC against S. aureus ATCC 29213 by chequerboard

microdilution assays. The concentrations of lipids was in the range of 0 to 128 pg mL"

'. CL, PE and PG represent cardiolipin, phosphatidylethanolamine and

phosphatidylglycerol, respectively.
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F) ITC analysis of the interaction between PG and IBC. Thermodynamic parameters

were calculated, including equilibrium dissociation constant (Kp = 3.04x 10™ mol L~

Y, number of binding sites (n = 1.15), molar binding enthalpy (4H = -21.57 kJ mol™)
and molar binding entropy (45 = 5.87 J mol' K.

G) ITC analysis of the interaction between PG and buffer (20 mmol L' HEPES, pH

7.0).
Experiments in A and B were performed as three biologically independent
experiments, data represent as mean + s.d, n = 3. Experiments in C-G were performed

as two biologically independent experiments.
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Figure S6. AMG/IBC exerts antibacterial effects through targeting membranes in
Gram-negative bacteria.

A) The change in MIC of AMG or IBC against S. aureus ATCC 29213 in the presence
of lipopolysaccharide (LPS) of the outer membrane. High levels of LPS had
neglectable influence on the activity of either AMG or IBC.

B, C) Effects of divalent cations on the MICs of AMG (B) and IBC (C). Divalent
cations had neglectable influence on the antibacterial activity of either AMG or IBC
against S. aureus ATCC 29213.

D, E) Synergy of AMG and IBC with colistin for 4. baumannii wildtype (D) and

mutant (LPS-deficient) isolates (E). No synergy was observed after the LPS was
deficient.

F, G) Synergy of the colistin analogue, polymyxin B nonapeptide (PMBN), with
AMG (F) or IBC (G) against E. coli ATCC 25922 by checkerboard microdilution
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assay.

H) The schedule of experimental design. E. coli B2 was incubated with different
antibacterial drugs at 37 °C for 15 min. After washing for three times, PI was added
and the fluorescence was determined for 15 min. Then the other drugs were added.
The fluorescence was measured with the excitation wavelength at 535 nm and
emission wavelength at 615 nm.

I) The permeability dynamics of inner membrane in E. coli B2, under the treatments
of IBC, and colistin and both thereof. The concentrations of IBC and colistin were 4
and 0.25 pg mL™, respectively.

Experiments in A-G were performed as two biologically independent experiments, n
= 3. Experiments in | were performed as three biologically independent experiments,

data presented as mean + s.d, n = 3.
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Figure S7. Mechanism of AMG/IBC against Gram-positive bacteria.

A) Competition kinetics between DiSCs (5) (1 umol mL™), POPG (0-8 ug mL™") and
AMG (4 pg mL™). The fluorescence of DiSCs (5) was determined by Infinite M200
Microplate reader (Tecan), with excitation wavelength at 622 nm and emission
wavelength at 670 nm.

B) The synergy of kanamycin in combination with either AMG or IBC against S.
aureus ATCC 29213.

C) No synergy was observed between AMG/IBC and tetracycline against S. aureus
ATCC 29213.

D-E) The effect of AMG (C) or IBC (D) on the ROS accumulation in S. aureus ATCC
29213 after treatment for 15 min. ROSUP was used as the positive control.

F) Increased levels of extracellular ATP in S. aureus ATCC 29213 after the treatment
of AMG for 10 min.

G, H) Decrease levels of intracellular (G) and increased levels of extracellular (H)
ATP in §. aureus ATCC 29213 after the treatment of IBC for 10 min.

Experiments in A, D-H were performed as three biologically independent
experiments, data presented as mean + s.d, n = 3. P-values in C-G were calculated
using non-parametric one-way ANOVA. Experiments in B-C were performed as three

biologically independent experiments, n = 3.
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Figure S8. Mechanism of AMG or IBC against Gram-negative bacteria.

A, B) The membrane fluidity for K. pneumonia ATCC 43816 AwaaC after treatment
of AMG (A) or IBC (B) was increased. 50 mmol L' benzyl alcohol (BA) was used as
the positive control.

C, D) Dissipated ApH by AMG (C) or IBC (D) in K. pneumonia ATCC 43816
AwaaC. Exponential K. pneumonia ATCC 43816 AwaaC was incubated with pH
fluorescence probe BCECF-AM. After washed for three times, different
concentrations of AMG or IBC were added and the intracellular pH was determined
by measuring the fluorescence intensity with the excitation/emission wavelength at
488 nm/535 nm.

E, F) The effect of AMG (E) or IBC (F) on the ROS accumulation in K. pneumonia
ATCC 43816 AwaaC. ROSUP was used as the positive control.

G, H) Increased permeability of inner membrane for K. pneumonia ATCC 43816
AwaaC after treatment of AMG (G) or IBC (H) for 20 min. SLAP-S25 was used as
the positive control.

Experiments in A-H were performed as three biologically independent experiments,
data presented as mean + s.d, n = 3. P-values were calculated using non-parametric
one-way ANOVA.
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Figure S9. AMG and IBC exerted greatly antibacterial potential in four models.
A) Mouse skin wound infection models (n = 18 in each group). Skin wounds size
reduced under the treatment of AMG (2 mg kg™") and IBC (8 mg kg™") on days 1, 3, 6,
10, 13 and 15 after injury in MRSA T144 (1.0 x 10’ CFUs infection).
B) VRE-colonized mouse model. Representative photographs of fecal pellets on days
1, 4 and 7 under the treatment of AMG (5 mg kg™') and IBC (20 mg kg™'). AMG and
IBC reduced the symptoms of diarrhea in mice. Antibiotic (tiamulin, 5 mg kg™") was
used as a positive control.
C) VRE-colonized mouse model. AMG and IBC decreased the numbers of VRE,
CAU369 in ileum, cecum, and colon after treatment for 7 days. Antibiotic (tiamulin, 5
mg kg™') was used as a positive control.
D) Food spoilage model. Representative photographs of morphological characteristics
of meat under different treatments at 37 °C for 24 h. The concentrations of AMG and
IBC were 2 mg kg™’ and 4 mg kg™, respectively.
E) Cooking utensils model. Plastic lunch boxes were contaminated with MRSA T144
(6.0 x 10° CFUs) for 30 min. After treatment of AMG (2 pg mL™") or IBC (8 pg mL™)
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for 0, 2, 5, and 10 min, the bacteria number on the lunch boxes was calculated by the

chromogenic agar plate.

Data presented as mean =+ s.d, n = 3. P-values were calculated using non-parametric
one-way ANOVA.
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