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Supplementary Methods 
 

Synthesis  

Two different immunoconjugates were synthesized, based on anti-γH2AX antibodies 

and EGF. A non-cleavable variant was synthesized using a bifunctional PEG linker, 

SM(PEO)6, functionalized with a NHS ester, which binds to amino residues on lysines in 

IgGs, and a maleimide moiety, which binds to the sulfhydride function on the cysteine 

residue of NLS peptides. The conjugation ratio of BnDTPA to IgG was determined to be 1:1. 

Since SM(PEO)6 does not interact with carboxylic acid groups, the conjugation of p-SCN-

BnDTPA to IgG could be performed in advance of conjugation with SM(PEO)6. No 

protection groups were needed. EGF was activated using EDC and sulfo-NHS, and 

conjugated to amino groups on the NLS peptide. Modification of lysine residues on NLS 

could potentially interfere with its nuclear localization capacity. Because the pKa of the N-

terminus of this peptide is significantly lower than that of epsilon amino groups on lysine 

residues (8.9 vs. 10.28, respectively), binding of activated EGF could be directed to the N-

terminus of NLS-peptides. Both NLS and EGF contain a tyrosine residue, which could be 

radioiodinated. The radiolabeled version of EGF and NLS could then be used to determine 

conjugation rates of NLS to EGF, and of EGF-NLS to IgG (measured as 1:1). Polyacrylamide 

gel electrophoresis (PAGE) analysis showed a single large band with an apparent size slightly 

higher than that of unmodified antibody (Supplementary Figure S2C). A smaller band, 

corresponding to dimerized IgG was observed, but contained only 3.4% of protein in the 

sample, measured by densitometry. Radiolabelling yield was >95%. A cleavable variant was 

synthesized containing a disulphide link between EGF and NLS-IgG. A non-cleavable link 

was generated between NLS and IgG using a hydrazine generated on IgG using the 

heterobifunctional linker, SANH, which has an NHS-ester that can bind to the amino groups 

on lysine residues of IgG, and a stable hydrazine moiety that reacts rapidly with ketone 
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functions. Using the p-nitrobenzaldehyde benzaldehyde method, the conjugation ratio of 

hydrazine:IgG was measured as 1.1 to 1. The ketone function on NLS to react with the 

hydrazine moiety on IgG was generated using periodate oxidation of an N-terminal serine on 

NLS. Although periodate also oxidises methionine to its sulfoxide and cysteine to 

disulphides, these reactions occur at much slower rates than the oxidation of 1,2 diols and β-

aminoethanol such as present in the N-terminal serine in the NLS peptide. Oxidation of 

cysteine sulfhydrides to disulphides could lead to dimerization of NLS peptides.  To test this 

possibility, 123I-labeled NLS peptides were exposed to NaIO4 for 2 or 24 h. Using P4 SEC, no 

dimerization was observed after 2 h of reaction of NLS with NaIO4 (Supplementary Figure 

S8), yet after 24 h of reaction time, dimers were formed. This demonstrated that within the 

relevant timeframe, thiols on NLS were not oxidised. The disulphide linkage between NLS 

and EGF was realized using the bifunctional linker SMPT, which binds to amino groups on 

EGF, and to the sulfhydride group on NLS, resulting in a disulphide link. SMPT was used 

rather than SPDP because in SPDP the disulphide bond is not flanked by a protective methyl 

group, making it more unstable. As mentioned above, radioiodinated EGF and NLS were 

used to determine conjugation rates of NLS to EGF and of EGF-NLS to IgG (both measured 

as 1:1).  PAGE analysis showed a single large band with an apparent size slightly higher than 

that of unmodified antibody (Supplementary Figure S2C). A smaller band, corresponding to 

dimerized IgG was observed, but contained only 4.6% of protein in the sample, measured by 

densitometry. Radiolabeling yield was >95%. 

 

Affinity of Immunoconjugates for EGFR and γH2AX 

The affinity of EGF-containing conjugates, anti-γH2AX-PNE and anti-γH2AX-N-SS-

E, and EGF for EGFR present on the surface of MDA-MB-468 cells, was compared to that of 

123I-EGF in competition binding assays (Supplementary Figure S2A). IC50 values for anti-

γH2AX-PNE, anti-γH2AX-N-SS-E and EGF were not significantly different from each other 
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(P = 0.16), indicating that binding to EGFR is not impeded when EGF is incorporated into 

anti-γH2AX-based immunoconjugates. Similarly, the ability of unmodified anti-γH2AX, 

anti-γH2AX-PNE and anti-γH2AX-N-SS-E to compete with 123I-anti-γH2AX for binding to 

γH2AX in lysates from irradiated MDA-MB-468 cells was investigated (Supplementary 

Figure S2B). IC50 values for anti-γH2AX-PNE, anti-γH2AX-N-SS-E and anti-γH2AX did not 

differ significantly (P = 0.63). This indicates that affinity for γH2AX is not altered by 

incorporation of the anti-γH2AX antibody into the conjugates anti-γH2AX-PNE and anti-

γH2AX-N-SS-E. 

 

Cleavage of Disulphide Linker 

To demonstrate that cleavage of immunoconjugates containing a S-S bond occurs in 

reducing conditions similar to those that exist inside the cell, rIgG-N-SS-*E was exposed to 

glutathione and then analyzed using SEC (Supplementary Figure S3A). It was found that 123I 

remained attached to a high molecular weight (MW) species (IgG-NLS-SS-*EGF), but after 

addition of glutathione, 123I became associated with low MW fractions. This was ascribed to 

cleavage at the S-S bond resulting in formation of 123I-EGF-SH. As further evidence that the 

radiolabeled species cleaved from rIgG-N-SS-*E was consistent with 123I-EGF-SH, we 

performed size exclusion chromatography using a G25 sephadex minicolumn on the resulting 

small molecular weight species, and compared this with 123I-labeled EGF, obtained via 

Iodogen-assisted iodination (Supplementary Figure S3B). We found that the small MW 

species resulting from glutathione-mediated cleavage of rIgG-N-SS-*E was consistent with a 

species of the same molecular weight as EGF. Additionally, to demonstrate that EGF is 

released from rIgG-N-SS-E, the latter was exposed to glutathione and the resulting low MW 

species isolated by G50 size exclusion chromatography. Then, EGFR positive MDA-MB-468 

cells were exposed to 123I-EGF for 2h at 4°C with or without addition of the isolated low MW 
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species. 123I-EGF binding to MDA-MB-468 cells was blocked (74%), showing that at least 

some of the low MW fraction binds to EGFR (Supplementary Figure S3C). 

 

	  


