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Materials and Methods 

All chemical reagents were purchased from commercial sources (e.g. Wako, TCI, and Aldrich) and 

used without further purification until otherwise noticed. Reactions heated by microwave irradiation 

were performed in a Monowave400 microwave (Anton-Paar) with internal temperature control. 

 

Construction of an expression system for TEV protease 

The synthetic gene of TEV protease coded in the plasmid pRK7931 (MBP-TEV cleavage site-His6-

TEV protease/S219V; MBP-TEV) was purchased from GENEWIZ. The codon of gene sequence was 

optimised for expression in Escherichia coli cells. The MBP-TEV gene fragment was initially cloned 

into the plasmid pET11a using NdeI and BamHI restriction sites. However, a large amount of TEV 

protease was inactivated due to self-cleavage for removal of MBP domain. To address this issue, a part 

of TEV recognition site was removed by inverse PCR using the following primers: 5’-

CACCACCATCACCATCATCACGGCGAAAGCC-3’ and 5’-ACCACGGCCCTCGATGCCGCGT-

AAGTTGTT-3’). The resulting plasmid pET11a-MBP-TEV was then introduced into E. coli 

BL21(DE3) cells. The eliminated bases in TEV recognition site are shown in the bottom gene 

sequence as bold font. Recognition sites of EcoRI and BamHI are underlined. 

 

Optimised gene sequence of MBP-TEV cleavage site-His6-TEV protease/S219V (MBP-TEV) 

CATATGAAGATCGAAGAAGGCAAACTGGTTATTTGGATTAACGGCGATAAAGGCTATAACGGCCTGG

CCGAAGTGGGTAAAAAGTTTGAGAAAGACACGGGTATTAAAGTGACCGTTGAGCATCCGGACAAACT

GGAAGAAAAGTTCCCTCAGGTGGCCGCCACCGGTGATGGTCCGGATATCATCTTTTGGGCGCATGAC

CGTTTTGGTGGTTATGCGCAGAGCGGCCTGCTGGCGGAAATCACCCCGGATAAGGCGTTCCAGGACA

AACTGTATCCTTTCACGTGGGATGCGGTGCGCTACAACGGCAAGCTGATCGCCTATCCGATTGCCGT

GGAGGCGCTGAGCCTGATTTACAACAAAGACCTGTTACCTAACCCGCCGAAAACCTGGGAGGAAATT

CCGGCCCTGGATAAGGAACTGAAGGCCAAAGGCAAATCGGCCCTGATGTTTAACCTGCAGGAGCCGT

ATTTTACGTGGCCGCTGATTGCGGCGGACGGCGGTTACGCCTTCAAATACGAAAATGGCAAGTACGA

CATTAAGGATGTTGGCGTGGATAACGCGGGTGCGAAAGCGGGCCTGACCTTCCTGGTGGATTTAATC
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AAAAACAAACACATGAATGCCGACACCGACTACTCGATCGCGGAGGCGGCCTTTAACAAGGGCGAGA

CCGCGATGACCATTAATGGCCCGTGGGCCTGGAGCAATATCGACACCTCGAAAGTGAACTACGGTGT

TACGGTGCTGCCGACCTTCAAAGGCCAACCTAGCAAGCCGTTCGTGGGTGTGCTGAGCGCGGGTATT

AACGCCGCGTCGCCGAATAAGGAATTAGCGAAAGAATTTCTGGAAAATTACCTGCTGACGGACGAGG

GCCTGGAAGCGGTTAACAAAGATAAGCCGCTGGGCGCCGTGGCGCTGAAATCGTATGAGGAAGAGCT

GGCCAAAGATCCTCGCATCGCCGCCACCATGGAGAACGCGCAGAAGGGCGAGATTATGCCTAACATC

CCGCAAATGAGCGCCTTCTGGTACGCGGTGCGCACCGCGGTGATTAATGCCGCCAGCGGCCGCCAGA

CCGTTGATGAAGCCCTGAAAGACGCCCAGACGAACAGCTCGAGCAACAACAACAATAACAATAATAA

TAACAACTTACGCGGCATCGAGGGCCGTGGTGAAAATCTGTACTTCCAGGGTCACCACCATCACCAT

CATCACGGCGAAAGCCTGTTCAAAGGTCCTCGCGACTACAACCCGATTTCGAGCACCATCTGCCATC

TGACCAACGAGAGCGATGGTCACACGACGAGCCTGTATGGCATCGGCTTTGGCCCGTTTATCATCAC

GAACAAGCACCTGTTCCGCCGCAACAACGGTACGCTGCTGGTGCAGAGCCTGCACGGCGTGTTCAAG

GTGAAAAACACCACGACGCTGCAACAACACTTAATCGACGGTCGCGACATGATCATCATCCGTATGC

CGAAAGATTTCCCGCCGTTCCCGCAAAAGCTGAAATTTCGCGAACCGCAGCGTGAGGAACGTATTTG

TCTGGTGACCACCAATTTCCAGACCAAGAGCATGAGCAGCATGGTGAGCGATACCAGCTGTACCTTT

CCGAGCAGCGATGGCATTTTCTGGAAACACTGGATTCAAACCAAGGATGGCCAGTGTGGCAGCCCGC

TGGTTAGCACGCGTGACGGCTTCATTGTGGGCATTCACAGCGCCAGCAATTTCACGAACACCAATAA

TTACTTCACCTCGGTGCCGAAGAACTTTATGGAACTGCTGACCAACCAGGAGGCCCAGCAGTGGGTG

AGCGGTTGGCGTCTGAACGCGGACTCGGTGTTATGGGGCGGCCATAAAGTGTTCATGGTTAAACCGG

AAGAGCCGTTCCAACCGGTGAAAGAGGCGACCCAGCTGATGAACCGTCGCCGTCGCCGCTAATAAGG

ATCC 

 

Expression and Purification of TEV protease 

A single colony of E. coli transformed with pET11a-MBP-TEV was inoculated in 3 mL of a Luria–

Bertani (LB) medium including ampicillin (0.1 mg/mL) and cultivated overnight with shaking. An 

aliquot of bacterial culture was then transferred to 100 mL of LB medium including 0.1 mg/mL 

ampicillin and cultured overnight. E. coli culture was finally scaled up by 1 L of LB medium using a 

5 L baffled flask. After 2 h incubation at 37 °C, isopropyl β-d-1-thiogalactopyranoside (IPTG) was 

added to a final concentration of 0.1 mM. E. coli was further incubated for 22 h at 20 °C. Bacterial 

cells were harvested by centrifugation and stored at –80 °C. The frozen cells were suspended in a TEV 

buffer (50 mM sodium phosphate, 10%(v/v) glycerol, 200 mM NaCl, pH 8.0) and disrupted by 

ultrasonicator on an ice bath. Cell debris was removed by centrifugation at 38000 g for 30 min, and 

the supernatant containing TEV protease was loaded onto a Ni-affinity column (HiTrap Chelating HP; 

GE Healthcare) equilibrated with a TEV buffer. The bound proteins were then eluted with 12 column 

volumes of a linear gradient from 0% to 100% TEV buffer including 250 mM imidazole. The eluates 

were dialysed overnight against a TEV buffer and further purified via gel filtration chromatography 



(HiPrep 16/60 Sephacryl S-100 HR; GE Healthcare) equilibrated with a TEV buffer. Eluted fractions 

were stored at –80 °C until use. 

 

Construction of an expression system for His-tagged HasA including TEV protease cleavage site 

The plasmid pQE30t-hasAp(T), which is the plasmid pQE30t inserted hasAp(T) gene,2 was used as a 

template of polymerase chain reaction (PCR). To introduce the recognition site of TEV protease (Glu-

Asn-Leu-Tyr-Phe-Gln-Gly) between N-terminal (His)6-tag and truncated HasA, PCR was performed 

using the following primers: Forward primer; 5'-GAGCGGATAACAATTTCACACACAAGAATTC-

ATTAAGAGG-3' (underlined: EcoRI recognition site for cloning into the plasmid pQE30t-hasAp(T)), 

Reverse primer; 5’-CATGGATCCTTGGAAGTACAGGTTCTCCGAGTGATGGTGATGGTGAT-

GCGATCC-3’ (Underlined: BamHI recognition site for cloning into the plasmid pQE30t-hasAp(T), 

bold font: TEV protease recognition site). The obtained PCR product was cloned into pQE30t-

hasAp(T) using Ligation high Ver. 2 (TOYOBO). The resulting plasmid (pQE30tev-hasAp(T)) was 

then introduced into Escherichia coli strain M15. 

 

Expression and Purification of Apo-HasA 

E. coli cells expressing His-tagged HasA were suspended in an H buffer (20 mM sodium phosphate, 

15 mM 2-mercaptoethanol, 10 mM imidazole, 500 mM NaCl, pH 7.4) and disrupted by ultrasonicator 

on an ice bath. Cell debris was removed by centrifugation at 38000 g for 30 min, and the supernatant 

containing His-tagged HasA was loaded onto a Ni-affinity column (cOmplete His-Tag Purification 

Resin; Roche). After washing the column with H buffer, the bound proteins were eluted with H buffer 

containing 200 mM imidazole. The eluates were treated with TEV protease3 to remove His-tag on 

HasA and dialysed overnight against a phosphate-buffered saline (PBS; 140 mM NaCl, 2.7 mM KCl, 

10 mM Na2HPO4, 1.8 mM KH2PO4, pH 7.3) solution. This sample was purified via a Ni-affinity 

column equilibrated with PBS solution. Purified HasA solution was dropped in to acetone containing 

0.2% (v/v) HCl to remove haem. The precipitate of HasA was collected by centrifugation and 

dissolved in 100 mM Tris-HCl (pH 7.5) including 7 M urea. Denatured HasA solution was dialysed 

overnight against a PBS solution. Resulting solution was concentrated using Amicon Ultra (Merck 

Millipore, 3 kDa cutoff) and purified via a gel filtration column (HiPrep 16/60 Sephacryl S-200 HR; 

GE Healthcare) equilibrated with a PBS solution to remove misfolded HasA. The concentration of 

HasA without haem (apo-HasA) was determined by the absorption at 280 nm (ε280 = 28.6 mM–1 cm–

1).4 Purified apo-HasA solution was frozen by liquid nitrogen and stored at –80 °C until use. 

  



 

 

 

 

 

 

 

 

 

 

Figure S1 Growth curve of P. aeruginosa in M9-based medium without EDTA. P. aeruginosa was 

grown in the presence or absence of HasA with metallo-Ph4Pcs in the case of using M9-based medium 

without EDTA. This result indicated that metallo-Ph4Pcs showed no cytotoxicity. 

  



 

 

 

 

 

 

 

 

 

 

Figure S2. Crystal structure of (Fe-Ph4Pc) µ-oxodimer. The thermal ellipsoids represent for 50% 

probability. Orange = Fe, Red = O, purple = N, and Grey = C. 

 

 

 

 

 

Figure S3. UV-vis spectra of (a) (Fe-Ph4Pc) µ-oxodimer and (b) Co-Ph4Pc in CH2Cl2 at room 

temperature. 
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