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Chemical and Reagents Tetrakis(acetonitrile)copper(I) tetrafluoroborate (Cu(CH3CN)4BF4, 
Sigma-Aldrich, 97%), N-isopropylacrylamide (NIPAM, Sigma-Aldrich, 97%), L-Glutathione 
reduced (GSH, Sigma-Aldrich, 98%), Cupric sulfate pentahydrate (CuSO4•5H2O, VWR, ACS 
grade), Tris(2-pyridylmethyl)amine (TPMA, Sigma-Aldrich, 98%), Copper(II) bromide (CuBr2, 
Sigma-Aldrich, 99%), 2-Hydroxyethyl 2-bromoisobutyrate (HEBIB, Sigma-Aldrich, 95%), Sodium 
fumarate (Na2C4H2O4, Alfa Aesar, 98%) and Sodium DL-lactate (NaC3H5O3, TCI, 60% in water) 
were used as received. Poly(ethylene glycol) methyl ether methacrylate (OEOMA500, Sigma-
Aldrich, average Mn 500) was passed through a column filled with activated basic alumina (Al2O3, 
Sigma-Aldrich) to remove polymerization inhibitors immediately prior to use. OEOMA900 (Sigma-
Aldrich, average Mn 950) was dissolved in THF and passed through basic alumina. The solution 
was then precipitated with cold hexanes and dried under reduced pressure overnight prior to use.  
Methanol (MeOH, Fisher Chemical, HPLC grade), N,N-Dimethylformamide (HCON(CH3)2, Alfa 
Aesar, 99.7%, HPLC grade) and sodium azide (NaN3, Sigma-Aldrich, 99%) were used as received 
for GPC characterization. Deuterium oxide (D2O, Sigma-Aldrich, 99.9%) was used as received 
for NMR characterization. CF4 and CF4-CTRL imaging probes (1mM) were dissolved in DMSO 
and stored at –20 ºC. Ultrapure Water was generated from a Milli-Q Integral Water Purification 
System. 
 
Analysis and Measurement Polymer samples were analyzed by gel permeation 
chromatography (GPC) with a Superdex 200 Increase 10/300 GL (GE Healthcare Bio-Sciences 
AB, Particle size ~ 8.6 µm) column using 20% (v/v) methanol aqueous solution (0.05 M NaCl) as 
the eluent (25 °C), or Agilent PLgel 10 μm MIXED-B and 5 μm MIXED-C columns using DMF as 
the eluent (30 °C) and a 3-angle laser light scattering (MALLS) detector (Wyatt Technology, 
miniDAWN TREOSII). Molecular weights were determined using ASTRA software (Version: 6.0) 
from Wyatt Technology. The dn/dc value for poly(OEOMA500) was obtained from the literature 
(0.115 mL/g)(1). 1H NMR spectra of monomer/polymer solutions were collected on an Agilent 400 
MHz NMR spectrometer or a Bruker Avance III 500 spectrometer using D2O as solvent. 
 
Bacterial Strains and Culture. Strains and plasmids used in this study are listed in Table S3. 
Anaerobic culture was performed with an incubator located inside a Coy Anaerobic Glovebox 
containing a humidified atmosphere of 3% hydrogen and balance nitrogen. The Escherichia coli 
strains used for cloning and conjugal transfer were maintained on lysogeny broth (LB) that was 
supplemented with 25 µg/mL kanamycin and 250 µM 2,6-diaminopimelic acid as necessary. 
During routine propagation, Shewanella oneidensis strains were maintained on LB agar plates 
containing 25 µg/mL kanamycin as necessary.  For growth assays and polymerization reactions, 
S. oneidensis and E. coli strains were grown in Shewanella basal medium (SBM) supplemented 
with 0.05% casamino acids stock (10% w/v). SBM was supplemented with 5 mL/liter mineral mix 
when indicated. Cells were prepped for polymerization reactions as follows: Strains stored in 20% 



glycerol at –80 °C were freshly streaked onto LB agar plates and aerobically incubated for ~16 h 
at 30 °C (S. oneidensis) or 37 °C (E. coli). Plates were brought into the anaerobic glovebox and 
single colonies were used to inoculate SBM supplemented with 20 mM sodium lactate and 40 
mM sodium fumarate. Inoculated cultures were then incubated for ~16 h at 30 °C (S. oneidensis) 
or 37 °C (E. coli). Stationary-phase cultures were washed by transferring cells to centrifuge tubes 
inside the anaerobic chamber and spinning at 6000 x g for 20 min. Supernatant was exchanged 
with fresh SBM supplemented with casamino acids and mineral mix (when indicated). Two 
washes were performed and on the final wash, cells were concentrated to a 200x stock (OD600 
of 2.0). Cells were used to initiate polymerization immediately after concentration. 
 
Polymerization of Diblock Copolymer. The polymerization of OEOMA500 was initiated as the 
conditions illustrated above. After the complete depletion of OEOMA500 (confirmed by NMR), a 2 
mL mixture of NIPAM (22.6 mg, 0.1 M), 60% w/w sodium lactate solution (5.7 µL, 20 mM), 1 M 
fumarate solution (80 µL, 40 mM), Cu-TMPA (10 µL of a 200X DMF stock, 2 µM), and a balance 
of SBM lacking trace mineral mix were added to above reaction medium. The reaction was kept 
at 30 °C overnight. Aliquots were removed at fixed time points, diluted with deuterium oxide or 
GPC mobile phases, exposed to air to quench the reaction, then flash frozen in liquid N2. Aliquots 
were stored at –20 °C until analysis via NMR spectroscopy. 
 
SEM Analysis of Bacterial Before/After Polymerization Bacterial cells before/after 
polymerization were fixed in a 2% formaldehyde (0.85% NaCl) solution for 2 hours. The cell 
suspension was rinsed with fresh buffer (0.85% NaCl) and pelleted by centrifugation (6000 x g, 
20min, 3X). Aqueous buffer solution was slowly exchanged with ethanol using a series of ethanol 
dilutions (20%, 40%, 60%, 80% and 100%) with pelleting in between (6000 x g, 20min). The 
ethanol solution of concentrated cell suspension was drop-cast onto glass, dried under ambient 
conditions, and sputter-coated with Pt before SEM analysis. 
 
Polymerization Controls. MR-1 and E. coli polymerization controls (cell supernatant, heat-killed, 
and lysed cells) were performed using the standard reaction conditions described above. All 
cellular samples were grown anaerobically to stationary-phase. Cell supernatant was obtained 
after centrifugation for 20 min at 6000 x g. The supernatant was aspirated and passed through a 
0.22 micron filter to sterilize after which 200 µL of saturated growth supernatant was added to 
each 2 mL polymerization reaction. Heat-killed cells were incubated in a block heater at 80 °C for 
20 min, and cells were adjusted to a final OD of 0.02 in the reaction media. Lysed cells were 
obtained using a Branson Model 250 sonicator with a Model 102C Converter. Cells suspensions 
on ice were sonicated for 3 cycles of 5 s each. The solutions changed from opaque to clear, 
indicating cell lysis. The volume of cell lysate corresponding to a final OD of 0.02 of live cells in 
the reaction media was added to the polymerization mixture. 
 
Copper Treatment of CF4 Loaded Bacteria. S. oneidensis was suspended in 1 mL SBM 
(OD600 = 0.2). 5 µL of 200X Cu(II) stock solution (0.4 mM, CuSO4•5H2O, Final Concentration = 
2 µM) was added to the above suspension and cells were incubated in the dark in an anaerobic 
chamber for 2 hours. The bacteria were pelleted (6000 x g, 20 min) and resuspended in SBM. 
After repeating five times, the cells were concentrated via resuspension in 200 µL SBM. 1 µL of 
the dye CF4 or CF4_CTRL (1 mM stock) was mixed with 4 µL SBM to make the pre-mixed dye 
solutions. 2 µL pre-mixed dye solutions was added to the concentrated cell suspension (Final dye 
concentration: 2 µM) and incubated in the dark for 15 min or 30 min. The bacteria were pelleted 
(6000 x g, 20 min) and resuspended in 0.85% NaCl buffer to a cell density of ~106 cells/mL for 



analysis by flow cytometry. Cells were analyzed on a BD LSRFortessa SORP Flow Cytometer 
using an excitation of 561 nm and emission of 610/20 nm. 
 
Copper Detection by CF4 in Bacterial Supernatant. MR-1 was anaerobically cultured in 1 mL 
SBM (OD600 = 0.2). 2 µL CF4 or CF4-CTRL and/or 5 µL of 200X Cu(II) stock solution (0.4 mM, 
CuSO4•5H2O, Final Concentration = 2 µM) were added to the cell suspension followed by 
incubating in the dark for 2 hours. Time points were obtained by pelleting a 200 µL cell 
suspension, aliquoting supernatant into a 96-well microplate, and measuring the fluorescence via 
plate reader (Eex = 536 nm, Eem = 560-610 nm). Incubating with CF4 was necessary to prevent 
Cu(I) decomposition. TPMA was not included since it interfered with CF4-Cu(I) binding. 
 
Bacterial Growth/Viability Assessment. Competitive growth assays were performed in sterile 
24-well plates, and OD600 was monitored by plate reader. Bacterial viability was determined by 
CFU counting and staining with the LIVE/DEAD BacLight Viability Kit (Invitrogen). For CFU 
counting, serial dilutions from the Cu-TPMA polymerization reaction and a control culture 
containing 20 mM sodium lactate and 40 mM sodium fumarate were plated onto LB agar 
containing 20 mM sodium lactate and 40 mM sodium fumarate, and incubated anaerobically for 
18 hours. The LIVE/DEAD BacLight Viability Kit was used according to manufacturer instructions. 
Briefly, cells were harvested after polymerization and washed 3x with 0.85% saline by 
centrifugation at 6000 x g for 20 min. Cells were concentrated to an OD600 of ~2.0 and incubated 
with the LIVE/DEAD BacLight Bacterial Viability dye mixture in the dark for 15 minutes. Excess, 
unbound dye was removed by repeated centrifugation and washing with 0.85% saline (total of 5 
washes). 20 µL of cells were placed on glass slides, allowed to settle, and covered with a 0.17 
mm coverslip. Excess moisture was wicked from the slide edges and the coverslips were sealed 
with nail polish. A Zeiss Axiovert 200M Fluorescent Microscope was used to image live and dead 
cells at room temperature. Images were captured using 475/40 nm excitation and 530/50 nm 
emission for green (live) fluorescence and 560/40 nm excitation and 630/75 nm emission for red 
(dead) fluorescence with a 40X oil objective. Cell counts to determine the viable population 
percentages were quantified by thresholding using Fiji 1.0 software from at least 3 different fields 
of view. Representative images were background subtracted using a rolling ball radius of 10 pixels 
in Fiji 1.0. 
 
Construction of pShew-mtrC and plasmid complemented strains. pZ8-T_dcas9 was a gift 
from Timothy Lu (Addgene plasmid # 74062) and served as a base vector in our study(4). The 
pZ8-1 backbone contains several attractive features for use in S. oneidensis including a 
kanamycin resistance marker, a p15A origin of replication(5), and expression of the LacI repressor 
that can confer IPTG inducibility to genes under control of the Ptac promoter. Although the pZ8-
1 backbone contains no annotated origin of transfer, we found that the plasmid could be 
successfully conjugated into S. oneidensis. A similar result had been observed with another 
plasmid that contained the p15A origin(6). A derivative of pZ8-T_dcas9 that lacks dcas9 was 
engineered for improved stability in S. oneidensis by removal of a ClaI restriction site in the 
kanamycin resistance gene(7). Primers pShewFWD1/pShewREV1 and 
pShewFWD2/pShewREV2 were used to PCR amplify the pZ8-T_dcas9 backbone around the 
dcas9 gene and into two separate fragments. pShewREV1 and pShewFWD2 introduced a silent 
mutation in the kanamycin resistance gene, which removed the ClaI site without disrupting the 
encoded amino acid sequence. These fragments were ligated together by Gibson Assembly, and 
the resultant plasmid was termed pShew. Sequencing results verified successful removal of 



dcas9 and the ClaI site in pShew. S. oneidensis genomic DNA was purified using the PureLink 
Genomic DNA Mini Kit (Invitrogen) and served as a template to PCR amplify mtrC using primers 
Shew_genome_mtrC_Fwd/Shew_genome_mtrC_rev. pShew and the PCR amplified mtrC were 
digested with EcoRI and SalI enzymes, and ligated together to form pShew-mtrC. Sequencing 
showed successful ligation of this construct and that a single base pair deletion occurred in the 
mtrC stop codon, TAA, deleting the terminal A. A functional TAG stop codon was formed due to 
the adjacent downstream base pair containing a G (the start of the SalI cut site, GTCGAC). All 
plasmid constructs were electroporated into E. coli DH5α for cloning steps, plasmid amplification, 
and long-term storage at –80 °C. We found that low-concentration of kanamycin (25 µg/mL) was 
sufficient to select for pShew harboring E. coli strains. Higher concentrations reduced growth yield 
and lowered transformation efficiencies. Final plasmid constructs were electroporated into E. coli 
WM3064 for conjugation with S. oneidensis strains. Conjugation was performed as previously 
described(8). Plasmids from transformed strains were purified using the QIAprep Spin Miniprep 
Kit (Qiagen), and sequence verified to ensure plasmid stability. Strains were stored long-term in 
20% glycerol at –80 °C. All restriction cloning and Gibson Assembly enzymes/reagents were 
obtained from New England Biolabs. Sequencing was performed at the DNA Sequencing Facility, 
University of Texas at Austin. 

Functional expression of MtrC by pShew-mtrC. SDS-PAGE/heme staining analysis of boiled 
cell lysate was unable to detect expression of MtrC (uninduced and induced with 0.01-1 mM IPTG) 
in S. oneidensis strains carrying pShew-mtrC, compared to strains with the empty vector. As SDS-
PAGE may not be sensitive enough to detect low levels of MtrC expression, we directly assayed 
MtrC activity. Previous studies have shown that the deficiency of Fe(III) reduction by a 
ΔmtrCΔomcA mutant could be rescued by complementation with an mtrC plasmid(9-11). Thus, 
we tested whether pShew-mtrC could restore Fe(III) reduction in this mutant. SBM containing 20 
mM sodium lactate, 5 mM Fe(III)-citrate, and no IPTG was inoculated with MR-1 carrying pShew, 
ΔmtrCΔomcA carrying pShew, or ΔmtrCΔomcA carrying pShew-mtrC. Timepoints were aliquoted 
from the cultures and mixed with equal volume 1 N HCl to cease further reduction and capture 
Fe(III)/Fe(II) levels. Fe(II) concentrations were determined using the Ferrozine Assay as 
previously described(9). Whereas ΔmtrCΔomcA carrying pShew showed no Fe(III) reduction, 
ΔmtrCΔomcA carrying pShew-mtrC showed a rescue of Fe(III) reduction comparable to MR-1 
carrying the empty vector (Figure S27). We found that with no addition of IPTG, leaky expression 
of mtrC is able to rescue the Fe(III) reduction phenotype. Addition of IPTG had minimal effect on 
increasing the rate of Fe(III) reduction (Figure S28). 
 
Statistical Analysis. Unless otherwise noted, data is plotted and reported as the mean ± S.D of 
N = 3 replicates. Preliminary experiments indicated that this sample size would be sufficient to 
detect significant differences in mean values. Unless otherwise noted, P values were calculated 
using a two-tailed unpaired Students' t-test and OriginPro software. 
 
  



Table S1. Metals present in Shewanella basal medium Wolfe’s mineral solution. Adapted from 
ATCC recipe.  
 

Reagent Quantity in 1L of 200X Stock 
EDTA 0.5 g (2.69 mL of 0.5 M stock) 

MgSO4•7H2O 3.0 g 
MnSO4•H2O 0.5 g 

NaCl 1.0 g 
FeSO4•7H2O 0.1 g 

Co(NO3)2•6H2O 0.1 g 
CaCl2 0.9 mL from 1 M stock 

ZnSO4•7H2O 0.1 g 
CuSO4•5H2O 10 mg 

AlK(SO4)2 10 mg 
H3BO3 10 mg 

Na2MoO4•2H2O 10 mg 
Na2SeO3 1 mg 

Na2WO4•2H2O 10 mg 
NiCl2•6H2O 20 mg 

ddH2O 1 L 
 
Table S2. MR-1 mediated controlled polymerization of OEOMA500 in SBM buffer at 30 °C. 
(*exclusion limit) 

Entry [Cat.]/µΜ [M]/[I] Mn (Theor.) Mn (Exp.) Đ 
Cu(II/I)-EDTA 100 10/1 5.0 × 103 7.5 × 105 2.43 
Cu(II/I)-EDTA 100 1000/1 5.0 × 105 2.8 × 106 2.49 
Cu(II/I)-EDTA 10 10/1 5.0 × 103 8.0 × 106 1.26 
Cu(II/I)-EDTA 10 1000/1 5.0 × 105 1.2 × 107* 1.05* 
Cu(II/I)-TPMA 2 1000/1 5.0 × 105 1.4 × 106 1.09 

 
  



Table S3. Bacterial strains and plasmids used in this study. 
Strain or plasmid	 Description/Genotype	 Reference or source	

S. oneidensis Strains	  	  	

MR-1 MR-1 (ATCC700550), wild-type strain	 American-Type Culture 
Collection	

JG749 Lacks outer membrane cytochromes, 
MtrC and OmcA; ∆mtrC∆omcA (9) 

JG1758 Lacks inner membrane flavin adenine 
dinucleotide exporter, Bfe; ∆bfe (2) 

∆hydA∆hyaB Lacks periplasmic hydrogenases, 
HydA and HyaB; ∆hydA∆hyaB 

Jeffrey Gralnick, U. of 
Minnesota	

BK2 MR-1 with empty pShew, Kmr	 This study	

BK13 JG749 (∆mtrC∆omcA) with empty 
pShew, Kmr	 This study	

BK14 JG749 (∆mtrC∆omcA) with pShew-
mtrC, Kmr	 This study	

E. coli Strains  	  	

MG1655 Wild-type strain	 Lydia Contreras, U. of 
Texas at Austin	

DH5α 

Cloning strain; F- Φ80lacZΔM15 
Δ(lacZYA-argF) U169 recA1 endA1 
hsdR17(rk

-, mk
+) phoA supE44 thi-1 

gyrA96 relA1 λ- 

Life Technologies	

WM3064 
Conjugation strain; thrB1004 pro thi 
rpsL hsdS lacZ M15 RP4-1360 
(araBAD)567 dapA1341::[erm pir(wt)] 

(8) 

Plasmids  	  	

pZ8-T_dcas9 

pZ8-1 plasmid carrying dcas9, driven 
by IPTG inducible Ptac promoter, 
expresses LacIq repressor, Kmr, p15A 
origin of replication	

(4)  
(Addgene) 

pShew 
pZ8-T_dcas9 derived vector that lacks 
dcas9 and has a ClaI site removed 
from Kmr gene 

This study	

pShew-mtrC pShew plasmid carrying mtrC, driven 
by Ptac This study	

 
  



Table S4. Primers used in this study. 
Primer Sequence (5’ à 3’) Restriction 

Sites 
pShewFWD1 TCACACAGGAAACAGAATTCGGATCCGTCGACCT

GCAGCC 
None 

pShewREV1 GATAATGTCGGGCAATCAGGTGCGACAATCTATC
GCTTGTATGGG 

ClaI removal 

pShewFWD2 ACAAGCGATAGATTGTCGCACCTGATTGCCCGAC
ATTATC 

ClaI removal 

pShewREV2 GGCTGCAGGTCGACGGATCCGAATTCTGTTTCCT
GTGTGA 

None 

Shew_genome_mtr
C_fwd 

GCTATTGAATTCATGATGAACGCACAAAAATCAAA
AATCGCAC 

EcoRI 

Shew_genome_mtr
C_rev 

ATTCGAGTCGACTTACATTTTCACTTTAGTGTGAT
CTGCAACTGTTG 

SalI 

 
Table S5. Comparison of first-order rate constants under different polymerization conditions.  

Entry Strain/genotype Carbon 
Source 

[monomer]/[RX]/[Catalyst] Catalyst k (h-1) 

1 MR-1 Lactate 1000/1/0.02 Cu/TPMA 2.20 
2 MR-1 Pyruvate 1000/1/0.02 Cu/TPMA 1.57 
3 MR-1 Acetate 1000/1/0.02 Cu/TPMA 1.16 
4 MR-1 None 

(Starved) 
1000/1/0.02 Cu/TPMA 1.30 

5	 ∆hydA∆hyaB	 Lactate 1000/1/0.02 Cu/TPMA 2.29 
6	 ∆mtrC∆omcA	 Lactate 1000/1/0.02 Cu/TPMA 0.29 
7	 ∆bfe	 Lactate 1000/1/0.02 Cu/TPMA 2.60 
8 MR-1+empty Lactate 1000/1/0.02 Cu/TPMA 2.68 
9 ∆mtrC∆omcA+empty	 Lactate 1000/1/0.02 Cu/TPMA 0.58 

10 ∆mtrC∆omcA+mtrC	 Lactate 1000/1/0.02 Cu/TPMA 1.19 
11 MR-1 Lactate 1000/1/0.002 Cu/EDTA 0.065 
12 MR-1 Lactate [monomer]/[RX] 

=1000/1 
Wolfe’s 
mineral 
solution 
(0.5%) 

0.11 

13(3) N/A* N/A* 200/1/1 Cu/TPMA 1.52 
* electrochemical ATRP performed in water with Eapp = –0.21 V, T = 25 °C 
  



 
Figure S1. Kinetics of monomer conversion using MR-1 in SBM with (solid points) and without 
(hollow points) added metal. Data show mean ± S.D. of three independent experiments. 

 
 

 
Figure S2. Conversion of (OEOMA)500 using other metals as catalysts and EDTA as ligand. 
Metals were evaluated at their concentrations listed in Table S1.  

 
 
 



 
Figure S3. Fluorescence intensity change of CF4 with increasing concentrations of 
CuI(CH3CN)4BF4.  

 
Figure S4. Calibration curve for CF4 fluorescence intensity as a function of increasing 
concentrations of CuI(CH3CN)4BF4. Line of best fit: y = 77.8 + 42.8X, R2 = 0.929.  
 
 



 
Figure S5. Fluorescence intensity change in MR-1 supernatant following incubation with 
CuSO4•5H2O (2 µM) and CF4 or CTRL-CF4.  
 

 
Figure S6. Fluorescence intensity change in E. coli (MG1655) supernatant following incubation 
with CuSO4•5H2O (2 µM) and CF4 or CTRL-CF4.  
 
 
 
 
 
 



 

 
 

Figure S7. No detectable increase in cytoplasmic Cu(I) following incubation with 
exogeneous Cu(II). Flow cytometry data for MR-1 incubated with CuSO4•5H2O (2 µM) for 2 
hours, followed by either CF4 or CTRL-CF4 incubation. (a) Background with no fluorescent dye 
added. (b,c) Incubation with non-binding CTRL-CF4 dye without and with exogenous Cu(II). (d,e) 
Incubation with Cu(I)-binding probe CF4 without and with exogenous Cu(II).  
 
  



 

 
 
Figure S8. Representative gating scheme for flow cytometric analyses on a BD LSRII Fortessa 
SOPR Flow Cytometer. Cells were gated based on forward and side scatter, and singlet events 
isolated by side scatter. The singlet populations were used to create histograms for each sample 
of 610/20 nm fluorescence using a 561 nm laser.    
 

 
Figure S9. Number average molecular weight and PDI versus conversion using MR-1, Cu(II/I)-
EDTA as catalyst, and OEOMA500 as monomer. Data points were collected over a 24-hour time 
period.  
 



 

Figure S10. Gel permeation chromatographs of poly(OEOMA500) synthesized via MR-1, Cu(II/I)-
EDTA as catalyst and OEOMA500 as monomer after 24 hours. GPC mobile phase was DMF. 
(Note: [M] = OEOMA500, [I] = HEBIB, [C] = Cu(II/I)-EDTA, molar concentration.)  

 
 

Figure S11. Gel permeation chromatographs of poly(OEOMA500) synthesized via MR-1, Cu(II/I)-
TPMA as catalyst and OEOMA500 as monomer at different time points. GPC mobile phase was 
PBS buffer.  

 
  



 
Figure S12. Effect of different Cu(II/I)-TPMA concentrations on polymerization kinetics.  
 

 
Figure S13. Linear polymerization kinetics using MR-1, Cu(II/I)-TPMA, and OEOMA900 as 
monomer. Line of best fit: y = 0.15 + 0.92X, R2 = 0.988.  
 
 
 
 
 
 



 
Figure S14. 1H NMR spectra for the polymerization of Poly(OEOMA500)m-b-(NIPAM)n (blue) and 
its respective homo-polymers, poly(OEOMA500)m (green) and poly(NIPAM)n (Red). (Note: * proton 
peaks due to the impurities from cell culture medium.	Proton peaks d' is not apparent for block 
polymer due to the interference of the long oligo ethylene oxide side chain of OEOMA500.) 
 

 
Figure S15. Molecular weight distribution of poly(OEOMA500) and block copolymer (OEOMA500)x-
b-(NIPAM)y.  



 
Figure S16. Reducing factors such as glutathione contribute to polymerization in a dose-
dependent manner. Conversion of OEOMA500 to polymer with Cu(II/I)-TPMA and varying 
concentrations of glutathione as reductant. Data show mean ± S.D. of three independent 
experiments. 
 

 
Figure S17. Monomer conversion is dependent on cell metabolism and membrane 
integrity. MR-1 (white) and E. coli (purple) supernatant and heat-killed cells exhibited negligible 
conversion of OEOMA500. Both lysed MR-1 and E. coli showed significant conversion of 
OEOMA500 using Cu(II/I)-TPMA as catalyst. Data show mean ± S.D. of three independent 
experiments. 
 



 
Figure S18. Growth curves for MR-1 under aerobic conditions when incubated with a, CuBr2-
EDTA (5 µM). b, OEOMA500 (100 mM). c, anaerobic polymerization conditions including Cu-EDTA 
(2 µM), OEOMA500 (100 mM), and HEBIB (100 µM). Data show mean ± S.D. of three independent 
experiments. 

 

 
Figure S19. MR-1 is viable following polymerization. CFU counts of MR-1 following standard 
polymerization conditions using Cu(II/I)-TPMA as catalyst. Percent conversion for the 
polymerization sample after 2 h was 90 ± 5.8 %. Data show mean ± S.D. of three independent 
experiments. n.s., not significant. 
  



 
 
Figure S20. Bacterial viability assessment post-polymerization shows mostly live cells for 
both MR-1 and E. coli. a, b, Representative composite images of green (c, d) and red (e, f) 
fluorescence channels for MR-1 (left) and E. coli MG1655 (right). MR-1 was quantified by 
thresholding each channel from triplicate samples to be 74 ± 2.5% viable, and E. coli was 
quantified to be 86 ± 1.5% viable. Scale bars are 20 µm. 
 
 



 
 
Figure S21. Scanning electron micrograph (SEM) of MR-1 before polymerization, scale bar = 2 
µm.	
	

 
 

Figure S22. Scanning electron micrograph (SEM) of MR-1 after polymerization, scale bar = 2 µm. 
 
  



 
Figure S23. Metabolic activity is required for monomer conversion. Conversion of OEOMA500 
using Cu(II/I)-EDTA as catalyst with starved (black) or lactate supplemented (20 mM, purple) MR-
1. Data show mean ± S.D. of three independent experiments. **, P < 0.01; ***, P < 0.001.  
 
 
 
 
  



 
Figure S24. Accompanying for Figure 3b. Conversion of OEOMA500 using Cu(II/I)-TPMA as 
catalyst with different carbon sources. Data show mean ± S.D. of three independent experiments. 
**, P < 0.01; ***, P < 0.001; n.s., not significant using a one way ANOVA test.  
 
  



 
Figure S25. Accompanying for Figure 4b. Conversion of OEOMA500 using Cu(II/I)-TPMA as 
catalyst with MR-1 (black), ΔhydΔhyaB (blue), Δbfe (green), ΔmtrCΔomcA (grey). Data show 
mean ± S.D. of three independent experiments. **, P < 0.01; ***, P < 0.001; n.s., not significant 
using two-tailed Student t-test comparison to MR-1 (black).  
 

 
Figure S26. Accompanying for Figure 4c. Conversion of OEOMA500 using Cu(II/I)-TPMA as 
catalyst with MR-1+empty (black), ΔmtrCΔomcA+mtrC (purple), ΔmtrCΔomcA+empty (grey). Data 
show mean ± S.D. of three independent experiments. *, P < 0.05; **, P < 0.01; ***, P < 0.001; n.s., 
not significant using a one way ANOVA test.  
 
 



 

 

Figure S27. Iron reduction of different S. oneidensis strains.  
 

 

 

Figure S28. IPTG inducibility of MtrC and iron reduction in ΔmtrCΔomcA  strains. 

 



Monomer conversion analysis by NMR	

The integral of Δ = 3.25-3.23 ppm (Peak a, Figure S29) corresponds to the methyl signal of the 
unreacted OEOMA500. The integrals of Peak a’ (Δ = 3.27-3.25 ppm) corresponds to the methyl 
signal of Poly(OEOMA500). The conversion of the monomer to polymer was characterized by the 
disappearance of olefinic peaks b and c and emergence of methyl peak a'. Spectra were baseline 
corrected prior to integration using MestReNova 10.0.2. The residual water peak was also 
subtracted out for clarification.  

 

Figure S29. Example of 1H NMR spectra for determination of monomer conversion during the 
polymerization of OEOMA500 ([M]/[I]=1000/1, HEBIB, Shewanella basal medium with Wolfe’s 
mineral solution). Residual water peak has been removed for clarity.  

  



 

Figure S30. 1H NMR spectra for the polymerization of OEOMA900. Residual water peak has been 
removed for clarity. (Note: T indicates different reaction time.) 

 

 

Figure S31. 1H NMR spectra for the polymerization of NIPAM ([M]/[I]/[Cu/TPMA]=1000/1/0.02, 
MR-1 initial OD = 0.02, SBM lacking trace mineral mix  and supplemented with casamino acids). 
Residual water peak has been removed for clarity. (Note: T indicates different reaction time.  * 
proton peaks due to the impurities from cell culture medium.) 

 

 

 

 



 

Figure S32. 1H NMR spectra for the polymerization of OEOMA500 using MR-1  and E. coli, 
respectively ([M]/[I]/[Cu/TPMA]=1000/1/0.02, Initial OD600 = 0.02, SBM lacking trace mineral mix 
and supplemented with casamino acids, 2 hours). Residual water peak has been removed for 
clarity.  
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