
 
 

 EC50* 
Cell Line Trametinib (nM) Dabrafenib (nM) QBI-139 (µM) 

SK-MEL-28 1.2 ± 0.6 10.3 ± 1.1 8.9 ± 1.1 
A375 0.8 ± 0.1 9.7 ± 0.7 11.9 ± 1.2 
Malme-3M 0.15 ± 0.06 4.3 ± 0.6 4.7 ± 0.8 
Malme-3 >1000† >1000† 27.5 ± 2.6 

*Values (± SE) are for cell viability as measured with a tetrazolium 
dye-based assay for metabolic activity. 
†A concentration of >1000 nM resulted in >75% cell viability. 

 
Supplementary Figure S1. Effect of kinase inhibitors and QBI-139 on the viability of human 
melanoma cells. Cell viability was measured with a tetrazolium dye-based assay for metabolic 
activity. EC50 values are listed in the table. 
  



 

 

 
 
Supplementary Figure S2. Expression and purification of biotinylated RI. Biotinylated RI was 
produced in HEK293T cells. Plasmids that direct the expression of BAP–RI and BirA were 
transfected transiently into cells. A, Immunoblot showing that a 1:1 ratio of Lipofectamine 3000 to 
DNA plasmids yielded more biotinylated RI than did a 1:2 or 2:1 ratio. B, Immunoblot showing 
that RI production was greater after transfection for 48 h than for 24 or 72 h. C, SDS–PAGE gel 
showing that RI production was greater after transfection for 48 h than for 24 or 72 h. D, SDS–
PAGE gel showing human-derived RI (which is biotinylated) that was purified by chromatography 
using monomeric avidin agarose and an RNase A-affinity column. Elution of human-derived RI 
from an RNase A-affinity column required 3.5 M NaCl, whereas elution of E. coli-derived RI 
required 3.0 M NaCl. E, Autoradiogram of a polyacrylamide gel showing that E. coli-derived RI is 
phosphorylated upon incubation with a HEK293T cell lysate and [γ-32P]ATP. Human angiogenin, 
which is known to be phosphorylated (Hoang TT, Raines RT. Molecular basis for the autonomous 
promotion of cell proliferation by angiogenin. Nucleic Acids Res 2017;45:818-31), serves as a 
positive control. 
  



 

 

Phosphorylation of Thr81 
 

 
  



 

 

Phosphorylation of Ser177 
 

 
  



 

 

Phosphorylation of Ser289 
 

 
  



 

 

Phosphorylation of Ser382 
 

 
  



 

 

Phosphorylation of Ser405 
 

 
 
Supplementary Figure S3. MS/MS mass spectra of tryptic peptides from RI used to identify 
phosphorylation sites. Biotinylated RI was produced in HEK293T cells and purified with RNase A-
affinity chromatography. Purified RI was digested with trypsin, and the ensuing peptides were 
analyzed to identify phosphorylation sites. Five sites were identified: Thr81, Ser177, Ser289, 
Ser382, and Ser405. 
  



 

 

     Ser177         Ser289         Ser405 
 Human KELTVSNNDINE...SLKELSLAGNEL...RELDLSNNCLGD 
 Mouse KELVLSNNDLHE...SLKELSLASNEL...RELDLSNNCMGG 
 Rat KELVLSNNDFHE...SLKELSLAGNEL...RELDLSNNCMGD 
 Pig KELTVSNNDIGE...TLKELSLAGNKL...RELDLSNNCVGD 
 

Supplementary Figure S4. Amino acid sequences near phosphorylated residues 
of mammalian RIs. Phosphoryl groups on these residues interact favorably with a 
ptRNase (Fig. 5E). 

  



 

 

 
 
Supplementary Figure S5. Proximity of a phosphoryl group on Ser405 of RI to the phosphoryl 
group-binding subsites in an RI·ptRNase complex. The image shows the superposition of the 
RNase A·d(ATAAG) complex (PDB entry 1rcn) on the RNase 1·RI complex (PDB entry 1z7x). RI 
is depicted as a gray ribbon; RNase 1 is depicted as lines with its three active-site residues (His12, 
Lys41, and His119) depicted as sticks. Only the phosphoryl groups from PDB entry 1rcn are 
shown. A phosphoryl group was installed computationally on Oγ of Ser405; for clarity, only its 
phosphorus atom is shown. Phosphorus atoms are shown as orange spheres. Dashed lines 
depict phosphorus–phosphorus distances, which are 8.5–11.5 Å. The image was made with the 
program PyMOL from Schrödinger (New York, NY). 
  



 

 

 
 
Supplementary Figure S6. Effect of RI phosphorylation on its affinity for ANG. A and B, Images 
showing the proximity of a phosphoryl group on Ser289 of RI (panel A) or Ser405 of RI (panel B) 
to key residues of ANG in the RI·ANG complex. RI is depicted as a gray ribbon; ANG is depicted 
as a green ribbon. Ser87 is phosphorylated in ANG(1). A phosphoryl group was installed 
computationally on Oγ of the two serine residues of RI. The image was made with PDB entry 1a4y 
and the program PyMOL. 



 

 

 
 
Supplementary Figure S7. Effect of RI phosphorylation on its oxidative stability. A and B, Images 
showing the proximity of a phosphoryl group on Thr81 or Ser382 to cysteine residues of RI. A 
phosphoryl group was installed computationally on Oγ of Thr81 and Ser382. RI is depicted as a 
gray ribbon; ANG is depicted as a green ribbon. The image was made with PDB entry 1z7x and 
the program PyMOL. C, Heat map of the change in Coulombic interaction energy between each 
cysteine thiolate on RI and the rest of the protein upon phosphorylation at Thr81, Ser177, Ser289, 
Ser382, or Ser405. In general, phosphorylation hinders thiolate formation at cysteine residues, 
especially those proximal to the phosphorylation site. 


