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Supplementary Figure 1. Stereochemistry assignment of humimycin A. a) Humimycin A used in this 

study was synthesized in bulk using a racemic mixture of 3-hydroxymyristic acid (HMA), and the resulting pair 

of diastereomers were separated by HPLC. b) The absolute stereochemistry of humimycin A was assigned by 

comparison to small scale re-syntheses of humimycins using enantiopure (R)- and (S)-HMA. Humimycin A (1) 

refers to the peptide N-acylated with (S)-HMA and shows more potent antibiotic activity (Supplementary 

Table 3). c) Structures of humimycin A and its diastereomer. d) Solvent gradient for HPLC runs. 

Characterization and purification were carried out on an Agilent instrument at 4 mL/min using an XBridge BEH 

C18 column (130 Å, 5 um, 4.6 x 150 mm, Waters Corporation). Solvent A and B are water and acetonitrile with 

0.1% TFA, respectively. 
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Supplementary Figure 2. Scope of the syn-BNP approach. a) Cumulative counts of completed bacterial 

genomes in GenBank (blue bars) and NRPS gene clusters amenable to the syn-BNP approach (red bars). b) 

Our analysis of Minimum Information about a Biosynthetic Gene Cluster (MIBiG, 

http://mibig.secondarymetabolites.org) indicates that the existing bioinformatic tools correctly predicted the core 

peptide encoded by the vast majority of well studies NRPS gene clusters. Overall 303 adenylation domains 

from 42 NRPS gene clusters (containing ≥3 modules, full information available) were analyzed. “Correct” 

predictions include those identical to the natural product as well as the following nearly exact matches: 

Val/Leu/Ile, Dab/Orn/Lys, Asp/Glu, Asn/Gln. Predictions were deemed “close” in case of “correct” predictions 

that have additional modifications, e.g., β-hydroxylation, β-methylation, etc. 
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Supplementary Figure 3. SNPs in SAV1754 that confer humimycin A resistance.	  We selected S. aureus 

USA300 mutants that could survive on 2.5 times the MIC (20 μg/mL) and sequenced the genome of 23 

resistant mutants. Upon comparison to the parent strain, we found that all 23 mutants contained one non-

synonymous mutation in SAV1754. Sixteen of the 23 are unique mutations and displayed below. 
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Supplementary Figure 4. 1H NMR spectrum of humimycin A 
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Supplementary Figure 5. 13C NMR spectrum of humimycin A 
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Supplementary Figure 6. 1H NMR spectrum of humimycin B 
 
  



Supplementary	  Information	  

	   8	  

0
10

20
30

40
50

60
70

80
90

10
0

11
0

12
0

13
0

14
0

15
0

16
0

17
0

18
0

19
0

20
0

21
0

f1
 (p

pm
)

-1
00

010
0

20
0

30
0

40
0

50
0

60
0

70
0

80
0

90
0

10
00

11
00

12
00

13
00

14
00

15
00

16
00

17
00

18
00

19
00

02
22

16
.2

.fi
d

St
an

da
rd

 O
ne

-d
im

en
tio

na
l 1

3C
 e

xp
er

im
en

t

11.55
14.45
15.81
18.71
19.54
22.58
24.37
25.46
29.21
29.53
29.59
29.62
29.97
31.79
37.10
37.68
40.55
40.87
43.92

55.00
55.62
56.68
57.90

64.33
67.54
68.03
70.10
71.75

115.13
115.20

128.09
130.47
130.67
130.74

156.15

169.60
170.15
171.20
171.65
171.72
171.96
173.26

13
C

 N
M

R
 (1

51
 M

H
z,

 D
M

SO
) δ

 1
73

.2
6,

 1
71

.9
6,

 1
71

.7
2,

 1
71

.6
5,

 1
71

.2
0,

 1
70

.1
5,

 1
69

.6
0,

 
15

6.
15

, 1
30

.7
4,

 1
30

.6
7,

 1
30

.4
7,

 1
28

.0
9,

 1
15

.2
0,

 1
15

.1
3,

 7
1.

75
, 7

0.
10

, 6
8.

03
, 6

7.
54

, 6
4.

33
, 

57
.9

0,
 5

6.
68

, 5
5.

62
, 5

5.
00

, 4
3.

92
, 4

0.
87

, 4
0.

55
, 3

7.
68

, 3
7.

10
, 3

1.
79

, 2
9.

97
, 2

9.
62

, 2
9.

59
, 

29
.5

3,
 2

9.
21

, 2
5.

46
, 2

4.
37

, 2
2.

58
, 1

9.
54

, 1
8.

71
, 1

5.
81

, 1
4.

45
, 1

1.
55

.

Supplementary Figure 7. 13C NMR spectrum of humimycin B 
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Supplementary Table 1. List of all syn-BNPs for this study 
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Supplementary Table 2. Bacteria strain information 
	  
a)	   Name	  of	  Bacteria Strain Media Resistance 

ES
KA

PE
	  

pa
th
og

en
s	  

Enterococcus	  faecium Com15 LB  
Staphylococcus	  aureus USA300 LB Methicillin 
Klebsiella	  pneumonia ATCC	  10031 LB  
Acinetobacter	  baumannii ATCC	  17978 LB  
Pseudomonas	  aeruginosa PAO1 LB  
Enterobacter	  cloacae ATCC	  14037 LB  

Va
rio

us
	  M

RS
A	  
st
ra
in
s	  

Staphylococcus	  aureus ATCC	  BAA-‐42 LB Methicillin 
Staphylococcus	  aureus NRS100 LB Methicillin,	  tetracycline 
Staphylococcus	  aureus NRS108 LB Gentamicin 
Staphylococcus	  aureus ATCC	  BAA-‐1721 LB Hyper-‐virulent 
Staphylococcus	  aureus NRS281 LB Erythromycin 
Staphylococcus	  aureus NRS22 LB Vancomycin 
Staphylococcus	  aureus USA800 LB Methicillin 
Staphylococcus	  aureus USA500 LB Methicillin 
Staphylococcus	  aureus USA300 LB Methicillin 
Staphylococcus	  aureus USA200 LB Methicillin 
Staphylococcus	  aureus USA100 LB Methicillin 

Staphylo-‐
cocci	  

Staphylococcus	  intermedius NCTC	  11048 LB  
Staphylococcus	  delphini 8086	   LB	   	  
Staphylococcus	  pseudintermedius ED99	   LB	   	  

  	   	   	    	   	   	  b)	   Name	  of	  Bacteria Strain Media Resistance 

Ac
tin

o-‐
ba

ct
er
ia
	  

Bifidobacterium	  adolescentis	  * L2-‐32	   LYBHI	   	  
Bifidobacterium	  longum	  * CCUG	  52486	   LYBHI	   	  
Corynebacterium	  amycolactum	  § SK46	   LYBHI	   	  
Rhodococcus	  erythropolis	   ATCC	  11048	   BHI	   	  
Rothia	  dentocariosa M567	   LYBHI	   	  
Rothia	  mucilaginosa	  § CC87LB	   LYBHI	   	  

Ba
ct
er
-‐

oi
de
te
s	  

Bacteroides	  dorei	  * 5_1_36/D4	   LYBHI	   	  
Bacteroides	  finegoldii	  * CL09T03C10	   LYBHI	   	  
Parabacteroides	  merdae	  * CL03T12C32	   LYBHI	   	  
Prevotella	  melaninogenica	  * D10	   LYBHI	   	  

Fi
rm

ic
ut
es
	  

Bacillus	  subtilis 168	  1A1	   LYBHI	   	  
Eubacterium	  sp.	  * 3_1_31	   LYBHI	   	  
Staphylococcus	  aureus	  
Staphylococcus	  aureus 

RN4220	  
USA300	  

LB/BHI	  
LB	  

	  
Methicillin	  

Staphylococcus	  epidermidis RP62A	   LB	   Methicillin	  
Streptococcus	  mitis B6 LYBHI  
Streptococcus	  mutans UA159 LYBHI  
Streptococcus	  pneumoniae TCH8431/19A	   BHI	   	  
Streptococcus	  sanguinis SK36	   BHI	   	  

Pr
ot
eo

-‐
ba

ct
er
ia
	    	   	   	  

Escherichia	  coli LF82 LB  
Neisseria	  mucosa ATCC	  25996	   LYBHI	   	  
Salmonella	  enterica subsp.	  enterica	   LYBHI	   	  

1. Superscripts	  denote	  special	  growth	  conditions,	  i.e.,	  anaerobic	  atmosphere	  (*)	  and	  30°C	  	  incubation(§).	  
2. The	   LYBHI	   medium	   contains	   (per	   liter)	   brain	   heart	   infusion	   (BHI,	   37	   g),	   yeast	   extract	   (5	   g),	   maltose	   (1	   g),	  

cellobiose	  (1	  g),	  cysteine	  (0.5	  g),	  and	  hemin	  (5	  mg).	  
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Supplementary Table 3. MICs of humimycin A and its alanine scan analogs 

 
	   	   MIC	  (µg/mL)	  ab	  

Name	  c	   Sequence	  de	   (R)	  diastereomer	  f	   (S)	  diastereomer	  f	  
Original	  syn-‐BNP	   HMA-YSyFtVV 32	   8	  (humimycin	  A,	  1)	  
Ala1	   HMA-ASyFtVV >	   >	  
Ala2	   HMA-YAyFtVV >	   >	  
Ala3	   HMA-YSaFtVV >	   >	  
Ala4	   HMA-YSyAtVV >	   >	  
Ala5	   HMA-YSyFaVV >	   >	  
Ala6	   HMA-YSyFtAV >	   32	  
Ala7	   HMA-YSyFtVA >	   >	  
 
a	  Minimal	  inhibitory	  concentration	  (MIC)	  values	  are	  expressed	  in	  units	  of	  µg/mL.	  
b	  “>”	  denotes	  MIC	  values	  greater	  than	  128	  µg/mL	  (highest	  concentration	  tested).	  
c	   Alanine	   substitution	   analogs	   were	   synthesized	   on	   2-‐chlorotrityl	   resins.	   The	   first	   amino	   acid	   (1.2	   equiv.)	   was	  
loaded	  in	  the	  presence	  of	  DIEA	  (3	  equiv.)	  and	  capped	  by	  DCM/MeOH/DIEA	  (80:15:5)	  treatment	  for	  30	  min.	  The	  
rest	  of	  the	  SPPS	  steps	  were	  identical	  to	  those	  described	  in	  Peptide	  Synthesis	  section	  of	  the	  Online	  Methods.	  

d	  HMA	  denotes	  N-‐terminal	  modification	  with	  3-‐hydroxymyristic	  acid	  (MHMA).	  
e	  Amino	  acids	  are	  abbreviated	  using	  standard	  1-‐letter	  codes;	  upper	  and	  lower	  case	  letters	  denote	  amino	  acids	  in	  L-‐	  
and	  D-‐	  forms,	  respectively.	  

e	  Humimycin	  A	  (1)	  refers	  to	  the	  syn-‐BNP	  N-‐acylated	  with	  the	  (S)-‐HMA	  (Supplementary	  Figure	  S1).	  
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Supplementary Table 4. MICs of humimycin A against various clinical isolates of MRSA 

	  
Strain	  	   MIC	  (µg/mL)	  
USA300	   8	  
BAA-‐42	   8	  
NRS108	   8	  
NRS22	   8	  
USA100	   8	  
USA200	   16	  
USA800	   16	  
BAA-‐1721	   32	  
NRS100	   128	  
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Supplementary Table 5. List of SNPs in SAV1754 that confer humimycin A resistance 
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Supplementary Table 6. Overexpression of SAV1754 confers humimycin A resistance. 
 

a) Primers for the amplification of SAV1754 a 
Primer F gcgcgagctcagaggaggactctctATGAGTGAAAGTAAAGAAATGGTGC  
Primer R gcgcggtaccTCATCGTAAAAACCTAACTCTACGTC  
    
b) PCR protocol 

Step 1 98oC for 8 min   
Step 2 98oC for 30 sec   
Step 3 62oC for 30 sec   
Step 4 72oC for 2 min   
Step 5 Go to Step 2 for 32 times   
Step 6 72oC for 8 min   

    
c) Susceptibility to humimycin A of S. aureus hosting various plasmids bc 

Insert Vector MIC (µg/mL) d   
Empty vector pRMC2 8   
SAV1754 (WT) pRMC2 >128   
SAV1754 (mutant no.8) pRMC2 >128   
 
a	  Start	  and	  stop	  codons	  of	  the	  SAV1754	  gene	  (upper	  case)	  are	  in	  bold;	  restriction	  sites	  for	  cloning	  are	  underlined	  
(SacI/KpnI);	  ribosome	  binding	  sequence	  was	  built	  into	  the	  forward	  primer	  (lower	  case).	  
b	  The	  SAV1754	  gene	  was	  placed	  under	  the	  control	  of	  the	  tetracycline-‐inducible	  promoter	  Pxyl/tetO.	  
c	  Empty	  and	  recombinant	  plasmids	  were	  transformed	  into	  S.	  aureus	  RN4220.	  
d	   Minimal	   inhibitor	   concentrations	   (MIC)	   were	   tested	   in	   the	   presence	   of	   5	   ng/mL	   of	   anhydrotetracycline	   and	  
recorded	  after	  48	  h	  of	  growth;	  “>128”	  denotes	  MIC	  values	  greater	  than	  128	  µg/mL	  (highest	  concentration	  tested).	  
  


