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Supplementary Figure 1.  Schematic of the RaPID system for development of human 

Met ectodomain-binding macrocycles. First, an mRNA library containing random 

regions was ligated with puromycin (Pu) linkers. Ligation products were in vitro 

translated in the FIT system, and the translated N-ClAc-peptides were spontaneously 

macrocyclized to obtain random thioether macrocycles. Macrocycle-mRNA conjugates 

were reverse-transcribed into macrocycle-mRNA-cDNA. Affinity selection was 

performed against human Met ectodomain-Fc chimera protein immobilized on magnetic 

beads. The cDNAs encoding Met-binding macrocycles were recovered and amplified by 

PCR. Amplified cDNAs were transcribed into mRNAs for the next selection round. The 

selection cycle was repeated until Met-binding macrocycles were enriched. 
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Supplementary Figure 2.  Progress of selections from (a) L- and (b) D-libraries. Blue 

and red bars represent the recovery rates of the cDNAs eluted from macrocycle-mRNA 

complexes binding to human Met ectodomain-Fc chimera protein-immobilized 

magnetic beads (Met-beads) or Fc-immobilized magnetic beads (Fc-beads). 
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Supplementary Figure 3.  SPR sensorgrams of (a) Met-binding macrocycles, (b) 

linear peptides, (c) FLAG-tagged macrocycles, (d) fluorescein-conjugated macrocycles 

and (e) dimeric macrocycles against human Met ectodomain-Fc chimera protein 

analyzed by Biacore T200. Measured and fitted curves are shown in red and black, 

respectively. 
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Supplementary Figure 4.  SPR sensorgrams of human (blue), murine (red) and 

canine (green) Met ectodomains against C-terminal biotinylated macrocycles 

(aML5-Bio, aMD4-Bio and aMD5-Bio, whose sequences are shown in Supplementary 

Table 2) or biotinylated hHGF captured on a streptavidin-immobilized SPR sensor chip. 

Measured curves are shown in blue, red and green, and fitted curves are shown in black. 

  



 7 

 
 

Supplementary Figure 5.  Antagonistic and agonistic activities of monomeric 

macrocycles aML5, aMD4, aMD5 and aMsD4. (a) Western blotting of antagonistic 

ability of monomeric macrocycles. Human EHMES-1 cells were stimulated by hHGF (2 

nM) or monomeric macrocycles (1 or 5 µM) for 15 mins, lysed and analyzed by western 

blotting using anti-pMet (Y1234/1235) mAb. (b) Western blotting of agonistic ability of 

Met-binding macrocycles. Human EHMES-1 cells were stimulated by hHGF (2 nM) or 

monomeric macrocycles (100 nM or 1 µM) for 15 mins, lysed and analyzed by western 

blotting using anti-pMet (Y1234/1235) mAb.  
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Supplementary Figure 6.  Fluorescein-conjugated macrocycles on the cellular 

membranes of live Met-negative cells. EHMES-1 cells without overexpressing Met 

were treated with Hoechst33342, macrocycle-Fluo (aML5-Fluo, aMD4-Fluo, 

aMD5-Fluo, or aMsD4-Fluo) and an anti-Met rat mAb stained with an anti-rat 

mAb-Alexa-594 conjugate. Scale bars indicate 20 µm. 
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Supplementary Figure 7.  Effect of dimer macrocycles on EGF-induced 

phosphorylation of EGFR.  EHMES-1 cells were left unstimulated or stimulated with 

EGF in the presence or absence of the indicated concentrations of gefitinib (EGFR 

inhibitor) or aML5-PEG3. Cell lysates were subjected to SDS polyacrylamide gel 

electrophoresis and western blotting using anti-pEGFR (Y1068) antibody or anti-pMet 

(Y1234/1235) mAb.  
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Supplementary Figure 8  Analysis of hHGF-induced Met dimerization by 

crosslinking on live cells. EHMES-1 cells were treated with hHGF for 60 min at 4 °C. 

After washing, cell surface proteins were crosslinked by BS3 for 60 min at 4 °C. Cells 

lysates were subjected to immunoprecipitation and western blotting using anti-Met 

antibody. Arrowhead and arrow indicate Met dimer and monomer corresponding to 

crosslinked αβ subunits, respectively. Asterisk indicates Met monomer corresponding to 

β subunit. Graph indicates relative level of Met dimer evaluated from the band intensity. 

Scale bars indicate 20 µm. 
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Supplementary Figure 9.  Immunofluorescence microscopy images of 

phosphorylated Met on EHMES-1 cells. Cells were stimulated by 2 nM of hHGF or 100 

nM of dimeric macrocycle and fixed by 4% PFA. Ectodomain and phosphorylated 

tyrosine kinase domain of Met were stained by pairs of anti-Met rat mAb/Alexa Fluor 

594 anti-rat antibody (red) and anti-pY1234/1235 rabbit mAb/Alexa Fluor 488 

anti-rabbit antibody (green), respectively. Cell nuclei were stained by Hoechst 33342 

(blue). Scale bars: 20 µm. 
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Supplementary Figure 10.  Quantification of phosphorylation levels of the proteins 

in the Met signaling pathway. Starved EHMES-1 cells were treated with hHGF (2 nM) 

or the dimeric macrocycles (each supplied at 100 nM) for 10 min and phosphorylations 

of (a) Met (Y1234/1235), (b) Met (Y1349), (c) Gab-1 (Y627), (d) Akt (S473), and (e) 

Erk1/2 (T202/Y204) were analyzed by western blotting using their specific antibodies. 

Phosphorylation level of each protein was evaluated from the band intensity of the 

phosphorylated protein relative to that of the total protein. Standard deviation was 

calculated from the results of triplicate experiments. *p<0.05, **p<0.01 (Student’s 

t-test) compared to Mock. 
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Supplementary Figure 11.  Constitutively activated RTKs and the effect of excess 

amount of HGF or dimer macrocycles.  EHMES-1 cells were cultured in the presence 

of 10% FBS (Mock) and constitutively activated RTKs were determined by 

phospho-RTK array. EGFR, ErbB3, Axl, PDGFRβ, RYK were constitutively 

serum-activated at a significant level. ErbB2 and IGF-IR were constitutively 

serum-activated at a weak level. Addition of excess amounts of HGF (30 nM) or 

aML5-PEG3 (3000 nM) did not inhibit these constitutively activated RTKs. Note that 

both HGF and aML5-PEG3 indirectly activated c-Ret through Met activation (also see 

Supplementary Fig. 12).  
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Supplementary Figure 12.  Indirect activation of c-Ret via c-Met activation. (a) 

Correlation of Met phosphorylation and c-Ret phosphorylation induced by hHGF or 

aML5-PEG3. EHMES-1 cells were left unstimulated or stimulated with indicated 

concentrations of hHGF or aML5-PEG3. Cell lysates were subjected to SDS 

polyacrylamide gel electrophresis and western blotting using anti-pMet (Y1234/1235) 

mAb or anti-p-c-Ret (Y905) mAb. (b) Dependency of c-Ret phosphorylation on Met. 

EHMES-1 cells were left unstimulated or stimulated with 1 nM hHGF or 100 nM 

aML5-PEG3 in the presence or absence of indicated concentration of specific Met 

kinase inhibitor, SU11274. Cell lysates were subjected to SDS polyacrylamide gel 

electrophresis and western blotting as described above. 
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Supplementary Figure 13.  Proliferation by dimeric macrocycles in gefitinib-treated 

human lung adenocarcinoma HCC827 cell line. (a) Cells were cultured in the presence 

of 1 µM gefitinib, with or without 1.3 nM hHGF (red) or 50 nM aMD5-PEG11 (green). 

Cell numbers were counted by means of an automated cell counter after 5 days culture 

(mean ± SD, n=4). **p<0.01, ***p<0.001 (Student’s t-test) compared to Mock. (b) 

Cells were cultured in the presence of 1 µM gefitinib, with or without (0.002, 0.01, 

0.052, 0.26, 1.3 nM) or dimeric macrocycles (0.16, 0.8, 4, 20, 100 nM). After 4 days 

culture, cells were stained with crystal violet and relative cell growth was quantified by 

absorbance of 560 nm.  
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Supplementary Figure 14.  Promotion of DNA synthesis in normal human 

pulmonary artery endothelial cells (HPAEC). Cells were cultured in the presence of 

0.25 nM hHGF or 30 nM dimeric macrocycles. DNA synthesis was measured by BrdU 

incorporation into nuclei.  
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Supplementary Figure 15.  Induction of tubular morphogenesis. (a) Wide ranging 

images of tubules formed by RPTEC. RPTEC encapsulated in collagen gels were 

cultured in the presence of 0.42 or 1.3 nM hHGF and 30 or 100 nM dimeric 

macrocycles over 8 days. Scale bars indicate 100 µm. (b) Tubules formed by HuCCT1 

bile duct epithelial cells. HuCCT1 cells encapsulated in collagen gels were cultured in 

the presence of 0.38 nM hHGF or 20 nM dimeric macrocycles over 8 days. Typical 

tubules are indicated by arrows. Scale bars indicate 200 µm. 
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Supplementary Figure 16.  Biological responses of murine and canine cells induced 

by hHGF or dimeric macrocycles. (a) Tubular morphogenesis assay using murine 

mammary epithelial TAC2 cells. Cells encapsulated in collagen gels were cultured for 7 

days in medium supplemented with 1 µM hydrocortisone with or without hHGF or 

dimeric macrocycles. Scale bars indicate 500 µm. (b, c) Cellular migration of murine 

melanoma cells evaluated by a transwell assay. Cells were stimulated by hHGF or 

dimeric macrocycles over 16 h, and migrated cells were stained and quantified by 

crystal violet. (b) Representative images migrated murine melanoma cells. Scale bars 
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indicate 100 µm. (c) Number of migrated cells stimulated by hHGF or dimeric 

macrocycles. Standard deviation was calculated from the results of triplicate 

experiments. (d) Scatter assay using canine renal epithelial MDCK cells. Cells were 

incubated with hHGF or dimeric macrocycles and observed after 12 h culturing. Scale 

bars indicate 500 µm. 
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Supplementary Figure 17.  Original blot images for Figure 2e. 
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Supplementary Figure 18.  Original blot images for Figure 2f. 
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Supplementary Table 1.  Sequences of thioether macrocycles targeting human Met 

ectodomain, selected from L- (a) and D-libraries (b) by the RaPID system. 
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Supplementary Table 2.  Sequences and kinetic constants of the macrocycles, 

C-terminal labeled macrocycles (a), and dimeric macrocycles (b) used in the study. 
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Supplementary Table 3.  Kinetic constants of the biotinylated monomeric 

macrocycles and hHGF targeting human, murine, and canine Met ectodomains. 
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Supplementary Table 4.  Proteins immunoprecipitated by FLAG-tagged 

macrocycles. 
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Supplementary Table 5.  Summary of biological responses of human, mouse, and 

canine cells stimulated by dimeric macrocycles or hHGF. 

 

 




