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NMR Spectral Data for PIM0-7 

PIM0: 1H NMR (300 MHz, D2O, 25 °C [ppm]): δ 8.98 (s, 1H, imidazole-H), 7.61 (s, 2H, imidazole-
H), 4.36 (t, 4H, -CH2-), 2.54 (m, 2H, -CH2-). PIM1: 1H NMR (300 MHz, D2O, 25 °C [ppm]): δ 8.84 (s, 
1H, imidazole-H), 7.51 (s, 2H, imidazole-H), 4.24 (t, 4H, -CH2-), 1.91 (m, 4H, -CH2-). PIM2: 1H NMR 
(300 MHz, D2O, 25 °C [ppm]): δ 8.77 (s, 1H, imidazole-H), 7.47 (s, 2H, imidazole-H), 4.16 (t, 4H, -
CH2-), 1.85 (m, 4H, -CH2-), 1.33 (m, 4H, -CH2-). PIM3: 1H NMR (300 MHz, D2O, 25 °C [ppm]): δ 
8.76 (s, 1H, imidazole-H), 7.47 (s, 2H, imidazole-H), 4.16 (t, 4H, -CH2-), 1.84 (m, 4H, -CH2-), 1.29 
(m, 8H, -CH2-). PIM4: 1H NMR (300 MHz, D2O, 25 °C [ppm]): δ 8.82 (s, 1H, imidazole-H), 7.50 (s, 
2H, imidazole-H), 4.19 (t, 2H, -CH2-), 3.98 (m, 1H, -CH-), 2.15-1.78 (m, 4H, -CH2-), 1,46-1.15 (m, 
2H, -CH2-), 0.84 (s, 3H, -CH3). PIM5: 1H NMR (300 MHz, D2O, 25 °C [ppm]): δ 8.86 (s, 1H, 
imidazole-H), 7.57 (s, 2H, imidazole-H), 4.42 (t, 4H, -N-CH2-), 3.90 (t, 4H, -CH2-CH2-O), 3.68 (m, 
4H, -O-CH2-CH2-O-).  PIM6: 1H NMR (300 MHz, D2O, 25 °C [ppm]): δ 8.84 (s, 1H, imidazole-H), 
7.52 (s, 2H, imidazole-H), 4.30 (t, 4H, -CH2-), 3.65 (m, 8H, -O-CH2-CH2-O-), 3.55 (t, 4H, -CH2-), 
2.15 (m, 4H, -CH2-). PIM7: 1H NMR (300 MHz, D2O, 25 °C [ppm]): δ 9.12-8.78 (m, 1H, imidazole-
H), 7.65-7.47 (m, 2H, imidazole-H), 5.13 (m, 1H, -N-CH-), 4.21 (m, 2H, -CH2-), 2.33-2.18 (m, 2H, -
CH2-), 1.95 (m, 2H, -CH2-); 1.26 (m, 2H, -CH2-) 

 

Detailed description of PIM1D synthesis 

A mixture of 2 diamines, Diamine A (N, N'-(propane-1,3-diyl)bis(2-aminoacetamide) and Diamine 
B (1,4-diaminobutane), which are degradable and non-degradable respectively, were used for the 
PIM1D synthesis. Diamine B was purchased from Merck & Co. (USA). Diamine A was synthesized 
as described below (Fig. S1A). The poly-Radziszewski reaction to yield PIM1D is summarized in 
Fig. S1B. 

Diamine A synthesis. N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDC.HCl) 
(14.58 g, 76.1 mmol) and 1-Hydroxybenzotriazole (HOBt) (10.70 g, 79.14 mmol) were added to a 
solution of N-(tert-butoxycarbonyl) glycine (Boc-Gly-OH) (8.0 g, 45.66 mmol) in anhydrous 
dimethylformamide (DMF) (25 ml), at 0 °C  (ice water) with stirring  (30 min). 1,3-diaminopropane 
(1.28 ml, 15.22 mmol) kept at room temperature was added dropwise to the solution at 0 °C over 
10 min after which, the mixture was moved to room temperature and continuously stirred for 48 h. 
50 ml water was then added and the product was extracted three times with 50 ml of diethyl ether 
(Et2O) for each extraction. The pooled extracts were washed with water (3 times 50 ml) and then 
washed once with saturated sodium chloride solution (50 ml). The diethyl ether layer was dried with 
anhydrous sodium sulfate (Na2SO4) (about 50 g). The sodium sulfate was then removed by filtration, 
and the filtrate was concentrated by rotary evaporation (20 min at 50 °C, 120 rpm). The residue 
was dried under vacuum at room temperature for overnight. The dried residue was dissolved in 
anhydrous dichloromethane (CH2Cl2) (30 ml) and then kept at 0 °C and 8 ml of trifluoroacetic acid 
(TFA) was added dropwise over 10 min, after which the reaction mixture was stirred at room 
temperature for 12 h. The reaction products were concentrated by rotary evaporation at 50 °C for 
10 min at 120 rpm. 50 ml of toluene was added and the solution was subjected to further rotary 
evaporation at 50 °C for 30 min at 120 rpm. The residue was purified by silica gel 60 column 
chromatography with successive eluents of (i) 30% methanol (MeOH) in CH2Cl2 (500 ml) to remove 
impurities followed by (ii) 2% TFA in MeOH (1000 ml), to yield the degradable diammonium TFA 
salt A (3.0 g, 7.20 mmol). The obtained intermediate compound in PIM1D synthesis was 
characterized by NMR: 1H NMR (300 MHz, DMSO-d6, 25 °C [ppm]): δ 8.55 (t, J = 5.4 Hz, 2H), 8.18 
(br s, 6H), 3.53 (s, 4H), 3.14 (q, J = 6.3 Hz, 4H), 1.54-1.63 (m, 2H).  13C NMR (75 MHz, DMSO-d6, 
25 °C [ppm]): δ 166.14, 159.58 (-CO-CF3), 159.16 (-CO-CF3), 158.74 (-CO-CF3), 158.32 (-CO-CF3), 
123.24 (-CF3), 119.29 (-CF3), 115.33 (-CF3), 111.38 (-CF3), 40.26 (-CO-CH2-), 36.73 (-NH-CH2-), 
28.86 (-CH2-CH2-). 

To obtain the Diamine A, triethylamine (Et3N) (1 ml) was added to a stirred solution of diammonium 
TFA salt A (400 mg, 0.96 mmol) in MeOH (4 ml) maintained at 0 °C. After stirring the reaction 
mixture for 30 min at room temperature, volatiles were evaporated under rotary evaporator (50 °C, 
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20 mins, 120 rpm) and the residue was dried under vacuum at room temperature for 20 min to yield 
Diamine A, which was immediately used for following polymerization step.  

PIM1D synthesis. PIM1D synthesis was carried out using 4:6 molar ratios of Diamine A to Diamine 
B (1,4-diaminobutane) as depicted in Fig. S1B. A mixture of glyoxal 40 wt% (349 mg, 2.4 mmol) 
and formaldehyde 37 wt% (195 mg, 2.4 mmol) in glacial acetic acid (AcOH) and tetrahydrofuran 
(THF) (3:1.25 ml) at 0 °C (ice water) was prepared. A second solution of Diamine A (181 mg, 0.96 
mmol) and Diamine B (127 mg, 1.44 mmol) in AcOH and THF (3:1.25 ml) at 0 °C was also prepared. 
The first mixture was added dropwise to the second mixture over 10 min at 0 °C. Then the reaction 
mixture (which was yellowish in color) was allowed to warm to room temperature when it turned 
brown. After additional 24 h at room temperature, the final reaction mixture (around 10 ml) was 
directly transferred into a 1000-Dalton cut-off Spectra/Por®6 dialysis membrane (Repligen, USA) 
and dialyzed against 5 L acidified water (pH, 3-4); the acidified water was prepared by adding 3 ml 
of 1 M HCl to 5 L of Millipore water and the acidified water was replaced 3 times over a 24 h period. 
The polymer solution in the dialysis bag was transferred to a round bottomed flask and water was 
evaporated with a rotary evaporator (70 °C, 1 h, 120 rpm) to yield a residue of PIM1D. To transfer 
the PIM1D for freeze-drying, 5 ml water was added to polymer solution and the concentrated 
PIM1D solution was decanted into a small falcon tube (15 ml) and then freeze-dried at -80 °C. The 
PIM1D was characterized by water phase GPC (Fig. S4B-C) and NMR (recorded on a Bruker 
Avance DPX-300 spectrometer at 300 MHz for 1H NMR and 75 MHz for 13C NMR) using deuterium 
dimethyl sulfoxide (DMSO-d6) (Figs. S2-S3). 
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Fig. S1. Schematic illustration of amide-incorporated degradable PIM1D synthesis. (A) Synthetic 
scheme to yield the degradable Diamine A. (B) Synthetic scheme to yield the amide-incorporated 
degradable PIM1D. (n is the actual number-average degree of polymerization, and x is the mole 
fraction of the degradable repeat unit. n is about 10 and x is about 25%). 
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Fig. S2. 1H NMR spectra of PIM1D in DMSO-d6 (300 MHz) [ppm]. 
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Fig. S3. 13C NMR spectra of PIM1D in DMSO-d6 (75 MHz) [ppm].  
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Fig. S4. Gel-permeation chromatography (GPC) elution profiles (left) and summary tables (right). 
Summary tables show number-average molecule weights (Mn) and polydispersity index (PDI)). 
Data were obtained using a Waters Ultrahydrogel column and refractive index (RI) detector with 
acidic buffer (0.5 M sodium acetate and 0.5 M acetic acid; pH, 4.5) as eluent at a flow rate of 0.5 
ml/min. (A) Elution profiles for PIM0-7. (B) Elution profile for PIM1D. (C) Elution profiles for Pullulan 
standards. The number-average degree of polymerization (n) was estimated: PIM0, n=11; PIM1, 
n=9; PIM2, n=6; PIM3, n=6; PIM4, n=6; PIM5, n=11; PIM6, n=6; PIM7, n=5; PIM1D, n=10. 
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Table S1. Physical and biological properties of varied batches of PIM1 

PIM1 

Physical property MIC90 (µg/ml) 

Mn PDI 
P. aeruginosa 

PAER 
A. baumannii 
AB-1 (MDR) 

S. aureus 
USA300 
(MRSA) 

Batch-1 1703 1.19 1 2 2 

Batch-2 1592 1.16 2 4 2 

Batch-3 1654 1.20 1 2 2 

Batch-4 1723 1.20 1 2 1 

Batch-5 1510 1.15 2 4 2 
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Table S2. Physical and biological properties of varied batches of PIM1D 

PIM1D 

Physical property MIC90 (µg/ml) 

Mn PDI 
P. aeruginosa 

PAER 
A. baumannii 
AB-1 (MDR) 

S. aureus 
USA300 
(MRSA) 

Batch-1 1689 1.34 8 8 8 

Batch-2 1673 1.32 8 16 8 

Batch-3 1643 1.31 8 16 8 

Batch-4 1767 1.59 8 8 8 

Batch-5 1856 1.29 8 8 8 
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Table S3. List of common relevant mutations in laboratory-evolved PIM1-resitant 
S. aureus LAC* mutants  

Mutant  Genes and mutations1      

4945  ispD +1 A at A145   

4946  ispD +1 A at A145, graR T37G   

4947  menE C101, graR T37G   

4948  menE C101, ispD G47A   

4949  ispD G47A and +1 A at A145, menB G365A 

4950  ispD G47A and +1 A at A145, menB G365A  

4951  menE C941T, graR A31G    

5103  menF G665T  

5104  menD C860A, fmtC C287T  

5105  menD A1573, fmtC C148T 

5106  menE C176T, fmtC G182A 

5111  menE G615A, graR A551T, fmtC C148T 

5112  ispD C619T, fmtC C884T, vraF T583C  

5113  menA C55A   

51142  rpoF G172T, cobI T356C, tarL G935A 

1All single base substitutions were non-synonymous mutations coding for 
either an amino acid substitution or a stop codon. 

2Mutant 5114 is the only PIM1-resitant mutant for which we did not identify 
a mutation in a menaquinone biosynthesis gene.  

 




