Genetic encoding of targeted MRI contrast agents for tumor imaging

Supplementary Information

Simone Schuerle!, Maiko Furubayashi?3, Ava P. Soleimany*%6, Tinotenda Gwisai’,
Wei Huang*, Christopher Voigt?, Sangeeta N. Bhatia*®67.8.9,10,11,12

Affiliations

1. Institute for Translational Medicine, Department of Health Sciences and Technology,
ETH Zurich, CH-8092 Zurich, Switzerland.
2. Synthetic Biology Center, Department of Biological Engineering, Massachusetts
Institute of Technology, Cambridge, MA 02139, USA.
3. Bioproduction Research Institute, National Institute of Advanced Industrial Science
and Technology (AIST), Sapporo, Japan.
4. Koch Institute for Integrative Cancer Research, Massachusetts Institute of
Technology, Cambridge, MA 02139, USA.
5. Harvard Graduate Program in Biophysics, Harvard University, Boston, MA 02115
6. Harvard-MIT Division of Health Sciences and Technology, Institute for Medical
Engineering and Science, Massachusetts Institute of Technology, Cambridge, MA
02139, USA.
7. Research Laboratory of Electronics, Massachusetts Institute of Technology,
Cambridge, MA 02139, USA.
8. Electrical Engineering and Computer Science, Massachusetts Institute of
Technology, Cambridge, MA 02139, USA.
9. Marble Center for Cancer Nanomedicine, Massachusetts Institute of Technology,
Cambridge, MA 02139, USA.
10. Department of Medicine, Brigham and Women’s Hospital and Harvard Medical
School, Boston, MA 02115, USA.
11. Broad Institute of Massachusetts Institute of Technology and Harvard, Cambridge,
MA 02139, USA.
12. Howard Hughes Medical Institute, Cambridge, MA 02139, USA.



Supplementary Figures

a pHLIP pH 7.5 pHLIP pH 6.5

== pHLIP-magnetosomes
== MDA-MB-231 cells

== pHLIP-magnetosomes
== MDA-MB-231 cells

b WT iRGD

== WT-magnetosomes == iRGD-magnetosomes
== MDA-MB-231 cells == MDA-MB-231 cells

Figure S1: Confocal images of in vitro binding studies. a) pHLIP and wild-type magnetosomes were
fluorescently labeled with a membrane dye (red) and incubated with MDA-MB-231 breast cancer cells
at standard (pH 7.5) and low pH (pH 6.5). Increased binding for pHLIP magnetosomes at low pH can
be observed in confocal fluorescence images of cells (green) with magnetosomes (red) shown on the
right (scale bars = 100 uym). b) iRGD magnetosomes incubated with the same cell line, known to express
av integrins, showed increased selectivity to these cells compared to wild-type magnetosomes in
confocal images (scale bars = 100 ym).
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Figure S2. Transmission electron micrographs of magnetosomes after sonication. A series of
transmission of electron micrographs of samples after short sonication durations of up to 1 minute is
shown in a) (scale bars = 1 um) and b) (scale bars = 0.5 ym), displaying well-dispersed
magnetosomes.



Supplementary Table S1. DNA sequence of the plasmid vector construct.

Constr
uct
name

DNA Sequence

pMGA
vector

GGGTCCCCAATAATTACGATTTAAATTGGCGGGATCCAATCGCTCGAGCGCGAGGTCACAATTGGAGATGATCCGCCAGCGCCGAAGCCATC
ATAACTGCATTGAATAATTCAAAGTGCATTGAATAAGGCAGGGTGCATAAGGCGCAGCCTTTCGATTAACTCCATTTCCTGCGGCGACAACG
TCGCCGCTTGCCCCCCCGACGGGGGTCAAGCGAGGCACAGGGACCCGCCGCCTCTTGGCGGTGGGTGGCCGCAGCTTGACGCCCGAACACTC
CGCCGCCCAACCCTGCCTGCTCTCCTCTGTTCAATGAAATTGAACGGAGGAGATGCCTCCCGGCGAGGGCCTTTCTTTCTTGCATAACGTTC
ATGCTACGTTCCAACGGTTATACCGTATGAGCGTCGAACTGTATAATCGTTGAACAGTCGAACCATCCCCCCGCGCCAGCGCGGGGAGCAGG
GATGGGTTCGGGGGCCGGAAGTTAGGCAAATCGCGGAGCCGTGGCGCCCTCGGTACATCCGCGAAATCGGTTGACACTTTGCCCCCAGAACG
GCTGCAACCTACCGCTTGGCGACAGCCGCGTGACGGTACTTTTCCGCTGTGGATTCGGACACGAATATCTGTTCAGCAGCCAGGGCGCGGGC
GATCTGGCGACGGCCGAGGCCCTGATGGGCCAATTCTGTGATCCGGTCTATGACCGCTTGGCTCATCGGCACCCGAGGACCGCCGATACCAG
ATTGGCGCACATCGCCCATGGTGGGTGGAACCGAGGGAGCCGGAGCCGGTGCAGATTTCTGCACAGTTGGTTCACGCCGTCGTTCTAGCGCA
TCGAGACGCTGCACGATCACGGCGAGCTGATCGTTGACGTATTGTCGCTCCTCGGACTGCGCAATTGTGATCAGAAATTCGAGGAGCTCGGC
CACGGTGACGCCGCGTCGAAGGGCCATAGCCTGTATGTGGTCGCGGACCGCATCAGGACAGCGAATCGTCCATCTCGTGTCTGACACATTCC
CGGTTTTTGTCTGACTCATCGTCGCCCCCAATGTCTGACAGATTCGAGAAAGAGTCATACCGGCTAACGCGAACGCTGACAACGAATGTCTG
ACAAAATGATGATTACGTCAGACATTGATGTCTGCCTAAATCGCAATAGTGTCTGACATGGTTTTTGGCGTTCCGTATATAAAATATGCGCC
AAAATCTAGTGCGTCAGCCAAACGGCAAACGCAACCAGTTGACACCATTTCCGGTTTTATGAGACTGTGAAAAGACCAAAGGCCGCCTTGCG
GCGGCCTAGGTGATTGTGGTCCCGGCGACCAAGGCTGCGAAAACTTGGCGGTCCAGCAGCAGAGGAAGCCCGTTTGAAAGGTCCGGCTTGCG
CCGGAACCACCTAATGACAATAGCAATTCGCCGCACAGTTTTCAACACCCAGCCCGCCATGATTCGCGGCGGCGTTGAACGTTGAACAACAG
ACGTCTCAAACAGACACCCGCAAACGCGAACGGTATCGGTTGCAGGATGCAGCCGCTGAACTGCTGCCGGATTATCGGGTGCGGCATTGCCA
CCGCTCAATTGGATGTGGCTGTGGCGAGTTGGTCAGCGTTGTTACCAATGGGCAGTCGGCCAATTTCAAAGGCGTGCAGACCTGCGGCTCGG
TCTGGCACTGCCCAATCTGTTCGGCAAAAATCAGCAATGTTCGGCGCGGCGAGCTGAACGAGCTGCTGCGCTGGGGGCGGGAGAGGGAGCTG
ATCCCGCTGATGGTGACGCTGACAGGCCATCACAATGCACGGATGAGCCTCGCTGAATGTCTGACGGTGATGAAGAAGGCCAAGCAGAGCCT
TCACCAGTCTGGCCCATGGAAGCGCCATGTTGGCCCGGTGGTCGAAGGGCACGTCACGGCAACGGAGGTCAATCGGTCACGCCGCCATGGCT
GGCACGTCCATTTTCACGTCCTGATGCTGATTGAGGCCGCCAGCGAGGCCGAAGCGATTGCGCTCGTGACCCGACACCTCGAACCTGAATGG
CTCCGGCAGCTTGAGCGCCAAGGCAGCTGGGGCGGCGAACATGCGTTAGACGTCCAGGGCGCAGCCGATGCGGATCGGTATGTGGCCAAGTG
GGGCGCGGCTGAGGAATTGGCTCTGTCGGGCGARAAGCGGGCGCGCGGCGACGCCGAAATTAAGGGTCAAACGCCGTGGGAATTGTTGGCCG
CTGCGGCTGATGGTGACGTCCAGGCTGGCCGCGATTTTGTGGAGTACGCGACCCTGTTTCATGGCAAACGCCAGCTCGTTTGGTCGCGAGGA
CTGAAAGAGCGTGTCGGCCTCAAGGTGGTGGAAGACGACGAGGCCGCCGGCGAGCTGGAGGATGTCGCAGATAGCGCCATCAACGAAGTGGC
CGTGTTGCCGAGGCCGACTTGGCGTCACATCGTCCGGCGCAGGCTCCGCGCGGATCTGCTGGCCGCCGCTCGTGATGACGGATTCGATGGCG
TCGCGCGGCTGCTCAATGAGCATGGCATCGGCGGAGCTATGCCCGGCGGCTGGCGACCAATGCTTAGCGAATATACCGAGCATATTGCGATG
GCTGCGTGACTCTTTTGGCCCACCGGCCTGAGGGAAATTTGCCTCGCAGAGCTCACGATAATTTGACAAGGGCCGTAGGCCCGCAGGCAAAT
TGTCTAGTGAGTGTACAATTTTCAAATTCGAAGGTTATTGTAGAGCTGACGCTCTCAAGGTGATGACGCCTATGGCTGACGATTCTGGCGTC
CGGCGGATTGTTTGTCGGATTAGCAAAATCCACACGATGGGCGTGCTGAAGGCCCGGTCGAATCACAATCTCCGAACGCCAGGTCATGACCA
GCTCGCACATGTTGACCAGGCCAAATCCGCTCAGAATGAAATTCTGATTGGCACCGGCGACGCCATGCTCGATGTGCAATCAGCATTGAAAT
CGCGGCTGGTCGGCAACATTCGAAAAAATGGCGTTATCGCAGTGGAAATGGTGATGACAGCCCGGGCGGACTGGTTCGCTGCCGATCCCGLG
CGAGCTGCCGCATTTAAGCAGCGGGTGCTGGACGAGGCGAATGCCAGATATGGGGCGAATCTCGTAACCGCAGTGTGGCACATGGATGAAGA
GGCTCCCCATCTGCATCTGTATATCGTGCCGATGGACCAACGGGGCAAACTGAACTGCCGCGCGCAGTTCTCGACGATGGCGTCGCTGAAAC
AACTCCAGGATTGGGCTGGCGTGGTCGGCAATCCACTCGGCCTCGAACGCGGACGGCCAAAAGTGGAGTTTATTGTCGATGGCGATGAGCCG
CCGGAGAACCAAAGCCCGGCGGAATATCGAGCTCAAACCAAACGCGACGCTGAAGCGGCAGCCGCCGCGCGGATCGCTGCCGAGCGTGATGC
TGCCGAGGCTGCGCGACTGCTGATTGAGGCTCAGGAGCAGGCCGCCGCGATCCGCGCGGCCCAGGCTGAAATTATGGCAGAGCGTCGCCAGC
TCAATGAGGATAAGGCGAGTTTTGCTGAGACGCTGCGTAGCCACACGAGGGCGATGGGCCTGGCGTTTCGTTCATGGCTGGCCAATTTCGTC
GGCCGCGGCCAGATGCAGGCTGATGGAGGGCCATTGCTGACCTTTAAAGCCGCATGCCCCGCCAGTAAGCGAGAGGAGCTACAGTCCGAGCC
AGCTAATGCGTACGCGCGCCTGGTGGTCGCTCATATGCCTGATCGTGACGCTCTTGCCGTGCTCGAAACCAAAAGCGCGGAGGCCAAGGAAT
AGCTTGGCGTAATCATGGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCAAAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCA
TCACGAAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCT
CTCCTGTTCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGC
AGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGG
AAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTAAACTGA
AAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCTGCA
AGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAATCAGATAAAATATTTCAAG
ATTTAGAACTCCAGCATGAGATCCCCGCGCTGGAGGATCATCCAGCCGGCGTCCCGGAAAACGATTCCGAAGCCCAACCTTTCATAGAAGGC
GGCGGTGGAATCGAAATCTCGTGATGGCAGGTTGGGCGTCGCTTGGTCGGTCATTTCGAACCCCAGAGTCCCGCTCAGAAGAACTCGTCAAG
AAGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGCGGCGATACCGTAARAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTTCAG
CAATATCACGGGTAGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGAAAAGCGGCCATTTTCC
ACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGAGATCCTCGCCGTCGGGCATGCGCGCCTTGAGCCTGGCGAACAGTTCGGC
TGGCGCGAGCCCCTGATGCTCTTCGTCCAGATCATCCTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTTCG
CTTGGTGGTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCATGATGGATACTTTCTCGGCAGGAGCAAGG
TGAGATGACAGGAGATCCTGCCCCGGCACTTCGCCCAATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGG
AACGCCCGTCGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCCTGCAGTTCATTCAGGGCACCGGACAGGTCGGTCTTGACAAAAAGAACCG
GGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCGATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAA
GCGGCCGGAGAACCTGCGTGCAATCCATCTTGTTCAATCATGCGAAACGATCCTCATCCTGTCTCTTGATCAGATCTTGATCCCCTGCGCCA
TCAGATCCTTGGCGGCAAGAAAGCCATCCAGTTTACTTTGCAGGGCTTCCCAACCTTACCAGAGGGCGCCCCAGCTGGCAATTCCGGTTCGC
TTGCTGTCCATAAAACCGCCCAGTCTAGCTATCGCCATGTAAGCCCACTGCAAGCTACCTGCTTTCTCTTTGCGCTTGCGTTTTCCCTTGTC
CAGATAGCCCAGGGGAAGCGTGGCGCTTTTCCGCTGCATAACCCTGCTTCGGGGTCATTATAGCGATTTTTTCGGTATATCCATCCTTTTTC
GCACGATATACAGGATTTTGCCAAAGGGTTCGTGTAGACTTTCCTTGGTGTATCCAACGGCGTCAGCCGGGCAGGATAGGTGAAGTAGGCCC



ACCCGCGAGCGGGTGTTCCTTCTTCACTGTCCCTTATTCGCACCTGGCGGTGCTCAACGGGAATCCTGCTCTGCGAGGCTGGCCGGCTACCG
CCGGCGTAACAGATGAGGGCAAGCGGATGGCTGATGAAACCAAGCCAACCAGGAAGGGCAGCCCACCTATCAAGGTGTACTGCCTTCCAGAC
GAACGAAGAGCGATTGAGGAAAAGGCGGCGGCGGCCGGCATGAGCCTGTCGGCCTACCTGCTGGCCGTCGGCCAGGGCTACAAAATCACGGG
CGTCGTGGACTATGAGCACGTCCGCGAGCTGGCCCGCATCAATGGCGACCTGGGCCGCCTGGGCGGCCTGCTGAAACTCTGGCTCACCGACG
ACCCGCGCACGGCGCGGTTCGGTGATGCCACGATCCTCGCCCTGCTGGCGAAGATCGAAGAGAAGCAGGACGAGCTTGGCAAGGTCATGATG
GGCGTGGTCCGCCCGAGGGCAGAGCCATGACTTTTTTAGCCGCTAAAACGGCCGGGGGGTGCGCGTGATTGCCAAGCACGTCCCCATGCGCT
CCATACAGTTAGGGCGCGCCCAGCTG

Ptac/La
cl-
mamC?

TCTAGGGCGGCGGATTTGTCCTACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAAAGGCCCAGTCTTTCGACTGAGCCTTTCGT
TTTATTTGATGCCTTTAATTAAAGCGGATAACAATTTCAGAATTCGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGC
ATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCCAGGGTGGTTTTTCTTTTCACCAGTGAGACGGGCAACAGCTG
ATTGCCCTTCACCGCCTGGCCCTGAGAGAGTTGCAGCAAGCGGTCCACGCTGGTTTGCCCCAGCAGGCGAAAATCCTGTTTGATGGTGGTTA
ACGGCGGGATATAACATGAGCTGTCTTCGGTATCGTCGTATCCCACTACCGAGATATCCGCACCAACGCGCAGCCCGGACTCGGTAATGGCG
CGCATTGCGCCCAGCGCCATCTGATCGTTGGCAACCAGCATCGCAGTGGGAACGATGCCCTCATTCAGCATTTGCATGGTTTGTTGAAAACC
GGACATGGCACTCCAGTCGCCTTCCCGTTCCGCTATCGGCTGAATTTGATTGCGAGTGAGATATTTATGCCAGCCAGCCAGACGCAGACGCG
CCGAGACAGAACTTAATGGGCCCGCTAACAGCGCGATTTGCTGGTGACCCAATGCGACCAGATGCTCCACGCCCAGTCGCGTACCGTCTTCA
TGGGAGAAAATAATACTGTTGATGGGTGTCTGGTCAGAGACATCAAGAAATAACGCCGGAACATTAGTGCAGGCAGCTTCCACAGCAATGGC
ATCCTGGTCATCCAGCGGATAGTTAATGATCAGCCCACTGACGCGTTGCGCGAGAAGATTGTGCACCGCCGCTTTACAGGCTTCGACGCCGC
TTCGTTCTACCATCGACACCACCACGCTGGCACCCAGTTGATCGGCGCGAGATTTAATCGCCGCGACAATTTGCGACGGCGCGTGCAGGGCC
AGACTGGAGGTGGCAACGCCAATCAGCAACGACTGTTTGCCCGCCAGTTGTTGTGCCACGCGGTTGGGAATGTAATTCAGCTCCGCCATCGC
CGCTTCCACTTTTTCCCGCGTTTTCGCAGAAACGTGGCTGGCCTGGTTCACCACGCGGGAAACGGTCTGATAAGAGACACCGGCATACTCTG
CGACATCGTATAACGTTACTGGTTTCACATTCACCACCCTGAATTGACTCTCTTCCGGGCGCTATCATGCCATACCGCGAAAGGTTTTGCAC
CATTCGATGGTGTCAACGTARATGCATGCCGCTTCGCCTTCGCGCGCGAATTGCAGGTACCATTTATCAGGGTTATTGTCTCATGAGCGGAT
ACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATT

ATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTCTTCACCTCGAGAAAATTTATCAAAAAGAGTGTTCGACTTGCTGAG
CGGATAACAATGATACTTAGATTCAATTGTGAGCGGATAACAATTTCACACAATCGATAGCTGTCACCGGATGTGCTTTCCGGTCTGATGAG
TCCGTGAGGACGAAACAGCCTCTACAAATAATTTTGTTTAATCTAGAAATAATTTTGTTTATCTCTCGAGGAGGATTCGCCATC -

) ATC CTGATAAG
CTTGCGGCCGCGTCGTGACTGGGAAAACCCTGGCGACTAGTCTTGGACTCCTGTTGATAGATCCAGTAATGACCTCAGAACTCCATCTGGAT
TTGTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTTTATTGGTGAGAATCCAG

aDNA sequence colors corresponds to terminators (red), spacers (black), lacl-CDS (blue), promoter
(green), ribozyme insulators (purple), and mamC-CDS (orange).

Supplementary Table S2. DNA sequence of the mamC-peptide CDS

CDS

DNA Sequence?

mamC-his

mamC-pHLIP

mamC-iRGD

GCCGCTGGTGGATCCTGCCG

aDNA sequence colors corresponds to mamC (orange), AGGS linker (blue), and peptide tag (green).



