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General information 
Mouse anti-c-Myc was purchased from Sigma and used without further purification. Herceptin® (trastuzumab), 

MabThera® (rituximab), Erbitux® (cetuximab) and Vectibix™ (panitumumab) were purchased at the pharmacy 

of Aarhus University Hospital as the pharmaceutic and buffer exchanged by dissolving them in a phosphate 25 

mM pH 6.8 buffer and washed 10 times using Amicon spin filters. The two aptamers were purchased from LGC 

Biosearch Technologies and used without further purification. All other oligonucleotides were purchased from 

Integrated DNA Technologies.  

A ND-1000 NanoDrop® spectrophotometer was used for the UV-vis measurement of DNA, protein and 

conjugate absorbance. A Milli-Q® Biocell system was used for purification of the used water. SDS-PAGE analysis 

was performed using precast NuPAGE®, Novex® 4-12% Bis-Tris gels 1.0 mm. The samples for SDS-analysis was 

prepared by addition of NuPAGE® LDS 4X sample buffer (final concentration 1X), DTT (final concentration 50 

mM) and incubation at 90 °C for 7 min. The SDS-PAGE analysis was performed at 200 V for 55 min. The gel was 

removed from the cassette, stained using SimplyBlue™ SafeStain and scanned with a Gel Doc™ EZ. The scans 

were analyzed using Image Lab™ 6.0.  

Oligonucleotide sequences 
Guiding aptamer 

5’ GGagg-Fu-gC-Fu-CCGAAAggAA-Fc-Fu-CCGGGCTCATGCGAGGCTTACGAAC 3’  

Small letters: RNA 

Capital letters: DNA 

Fu: 2’-fluoro uridine 

Fc: 2’-fluoro cytidine 

Black: aptamer region 

Green: extended region for DNA hybridization to the reactive strand 

Blue: toehold used for strand displacement 

Aldehyde aptamer (Ald-Apt) 

5’ GGagg-Fu-gC-Fu-CCGA* AAggAA-Fc-Fu-CCGGGCTCATGCGAGGCTTACGAAC 3’  

Small letters: RNA 

Capital letters: DNA 

Fu: 2’-fluoro uridine 

Fc: 2’-fluoro cytidine  

A*: amino-modifier C6-dA 

Black: aptamer region 

Green: extended region for DNA hybridization to the reactive strand 

Blue: toehold used for strand displacement 

Reactive strands: 

0T  5’ ACATACAGCCTCGCATGAGCCC-X 3’ 
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2T  5’ ACATACAGCCTCGCATGAGCCC-TT-X 3’ 

5T  5’ ACATACAGCCTCGCATGAGCCC-TTTTT-X 3’ 

10T  5’ ACATACAGCCTCGCATGAGCCC-TTTTTTTTTT-X 3’ 

X: 3´amino modifier 

Green: complementary to the extended region of the guiding aptamer. 

Scrambled reactive strand: 

TCAGGTGTCATCATGTATGCTT-X 

X: 3´amino modifier 

Complementary displacement strand 

5'- GTTCGTAAGCCTCGCATGAGCCCGGAGTTCCTTTCGGAGCACCTCC -3' 

 

Cy5 modified strand 

5’-GGGCTCATGCGAGGCTGTATGT-Cy5-3’  

Oligonucleotide modification 
Aldehyde modification of amino-DNA either reactive strand or amino-aptamer. The modification reaction was 

performed as described previously.1  

 

Modification with the cleavable azobenzene aldehyde linker. The NHS ester was synthesized according to 

literature.2    
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Oligonucleotide azo benzene cleavage 

The cleavage of the azo benzene linker was performed as described previously.2  

 

Calculation of the conversion based on gel analysis 
Because of the symmetrical nature of an antibody, the conversion calculation cannot solely be based on the 

intensity of the band of the modified chain. The calculation must also take into account that an antibody 

modified with one DNA strand on a chain, will give rise to both a modified band and an unmodified band. The 

intensity of the modified band will be 50% of the total of the two, however, the actual conversion will be 100%. 

The calculated conversion is based on this premise and is both calculated for the heavy and the light chain. The 

total estimated conversion is the combined conversion of the two. When some of the antibody is modified with 

two DNA strands the conversion will exceed 100% conversion. 
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Supporting Figures 

 

Figure S1. Templated conjugation with different amounts of 2T reactive strand analyzed on a 4-12% SDS-PAGE 

stained for protein. Reactions were performed with Tz (2 µM), guiding aptamer (only lane 1-4), 2T reactive 

strand and NaBH3CN. M: ladder SeeBlue Plus2. Lane 1: 1 eq. of DNA. Lane 2: 2 eq. of DNA. Lane 3: 3 eq. of DNA. 

Lane 4: 5 eq. of DNA. Lane 5: 1 eq. of 2T reactive strand, no aptamer. Lane 6: 2 eq. of 2T reactive strand, no 

aptamer. Lane 7: 3 eq. of 2T reactive strand, no aptamer. Lane 8: 5 eq. of 2T reactive strand, no aptamer. H: 

heavy chain. H-DNA: DNA modified heavy chain. L: light chain. L-DNA: DNA modified light chain. 
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Figure S2. Templated conjugation at different temperatures analyzed on a 4-12% SDS-PAGE stained for protein. 

(A) Bar chart showing the heavy chain conversion for the different temperatures and the different reactive 

strands used. The conjugation was tested using the 0T, 2T and the 5T reactive strands with 1 or 2 eq. of DNA to 

protein. The reactions were performed at 4, 10, 22 and 37 °C. (B)-(E) Reactions were performed with Tz (2 µM), 

guiding aptamer (only lane 1-6), reactive strand; 0T (lane 1, 4, 7 and 10); 2T (lane 2, 5, 8 and 11); 5T (lane 3, 6, 9 

and 12) and NaBH3CN. (B) 4 and 10 °C, 1 eq. of DNA. (C) 4 and 10 °C, 2 eq. of DNA. (D) 22 and 37 °C, 1 eq. of 

DNA. (E) 22 and 37 °C, 2 eq. of DNA. 

 

Figure S3. Templated conjugation at different concentration of Tz with 1 and 2 eq. of 2T reactive strand 

analyzed on a 4-12% SDS-PAGE stained for protein. All reactions included NaBH3CN. Lane 1: 0.5 µM Tz, 1 eq. of 

2T and aptamer. Lane 2: 0.5 µM Tz, 2 eq. of 2T and aptamer. Lane 3: 1 µM Tz, 1 eq. of 2T and aptamer. Lane 4: 

1 µM Tz, 2 eq. of 2T and aptamer. Lane 5: 1 µM Tz, 1 eq. of 2T and no aptamer. Lane 6: 2 µM Tz, 1 eq. of 2T and 

aptamer. Lane 7: 2 µM Tz, 2 eq. of 2T and aptamer. Lane 8: 2 µM Tz, 1 eq. of 2T and no aptamer. Lane 9: 4 µM 

Tz, 1 eq. of 2T and aptamer. Lane 10: 4 µM Tz, 2 eq. of 2T and aptamer. Lane 11: 4 µM Tz, 1 eq. of 2T and no 

aptamer. Lane 12: 4 µM Tz, 2 eq. of 2T and no aptamer. H: heavy chain. H-DNA: DNA modified heavy chain. L: 

light chain. L-DNA: DNA modified light chain. 
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Figure S4. Templated conjugation of 2T reactive strand to different antibodies analyzed on a 4-12% SDS-PAGE 

stained for protein. All reactions were performed at 2 µM protein. M: ladder SeeBlue Plus2. Lane 1, 3, 5, 7: Ab, 

aptamer and 2T. Lane 2, 4, 6, 8: Ab and 2T. Lane 1-2: Tz. Lane 3-4: Rx. Lane 5-6: Cx. Lane 7-8: Pan. H: heavy 

chain. H-DNA: DNA modified heavy chain. L: light chain. L-DNA: DNA modified light chain.  

 

Figure S5. Direct conjugation of different eq. of Ald-Apt to protein analyzed on a 4-12% SDS-PAGE stained for 

protein. All reactions were performed at 2 µM protein (Lane 1-3: Tz, lane 4-6: mouse anti-c-Myc). M: ladder 

SeeBlue Plus2. Lane 1+4: 0.5 eq. Ald-Apt. Lane 2+5: 1 eq. Ald-Apt. Lane 3+6: 2 eq. Ald-Apt. H: heavy chain. H-

DNA: DNA modified heavy chain. L: light chain. L-DNA: DNA modified light chain. 
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Figure S6. Direct conjugation of Ald-Apt to different antibodies analyzed on a 4-12% SDS-PAGE stained for 

protein. All reactions were performed at 2 µM protein with 1 eq. of Ald-Apt. M: ladder SeeBlue Plus2. Lane 1: 

Tz. Lane 2: Rx. Lane 3: Cx. Lane 4: Pan. Lane 5: mouse anti-c-Myc. H: heavy chain. H-DNA: DNA modified heavy 

chain. L: light chain. L-DNA: DNA modified light chain. 
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Tandem MS data for the conjugate prepared using the templated conjugation method 
 

The first peak eluted during HPLC purification (■) 

Residue 
number 

Probability 
score 

Peptide sequence 

Light chain   
207 0.013 VYACEVTHQGLSSPVTKSFNR 
207 0.0012 VYACEVTHQGLSSPVTK 
149/169 9.8 ×10-9 VQWKVDNALQSGNSQESVTEQDSK 

Heavy chain   
65 0.00018 YADSVKGR 
   

 

 

The modified lysine residues are indicated on the crystal structure of the Fab domain of Tz. Light chain is colored 

cyan, while the heavy chain is colored red. Modifications with a good probability score (<0.005) are shown in 

magenta. Lysine residues colored blue are found on the same peptide, which have a good probability score 

(<0.005) for being modified. PDB: 1N8Z. 

The sequence of Tz is shown below with the modified lysine residues highlighted in red. The peptides detected 

with a modification are underlined. Two different peptides were found with a modification on lysine 207, they 

are indicated with over- and underline. 
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Heavy chain sequence 

 

Light chain sequence 

 

Full chromatogram for the heavy chain 
 

 

 

4263-Mic-Mike-3-Tz-2T-E-HC 05/15/18 22:49:52

RT: 0.00 - 42.00
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Fragment spectra of the peptides 
The following pages show the fragment spectrum of the heavy chain peptide found with a modification. 

Heavy chain peptide: YADSVKGR 

 

Full chromatogram for the light chain 

 

 

 

 

 

4257-Mic-Mike-3-Tz-2T-E-LC 05/15/18 09:55:29

RT: 0.00 - 42.00
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Fragment spectra of the peptides 
The following pages show the fragment spectra of the light chain peptides found with a modification. 

Light chain peptide: VYACEVTHQGLSSPVTKSFNR 
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Light chain peptide: VYACEVTHQGLSSPVTK 

 

Light chain peptide: VQWKVDNALQSGNSQESVTEQDSK 
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The second peak eluted on during HPLC purification (▲) 

Residue number Probability score Peptide sequence 

Light chain   
39/42 2.2 ×10-6 ASQDVNTAVAWYQQKPGK 
207 0.00027 VYACEVTHQGLSSPVTK 

Heavy chain   
30 5.3 ×10-6 LSCAASGFNIKDTYIHWVR 

 

 

The modified lysine residues are indicated on the crystal structure of the Fab domain of Tz. Light chain is colored 

cyan, while the heavy chain is colored red. Modifications with a good probability score (<0.005) are shown in 

magenta. Lysine residues colored blue are found on the same peptide, which have a good probability score 

(<0.005) for being modified. PDB: 1N8Z. 

The sequence of Tz is shown below with the modified lysine residues highlighted in red. The peptides detected 

with a modificationare underlined. 
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Heavy chain sequence 

 

Light chain sequence 

 

Full chromatogram for the heavy chain 
 

 

 

4077-Mic-Mike-2-Tz-HC-pure 04/16/18 16:52:40

RT: 0.00 - 42.00
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Fragment spectra of the peptides 
The following pages show the fragment spectrum of the heavy chain peptide found with a modification. 

 

Heavy chain peptide: LSCAASGFNIKDTYIHWVR  

 

Full chromatogram for the light chain 

 

 

 

 

 

4278-Mic-Mike-3-Tz-2T-F-LC-re 05/16/18 17:16:54
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Fragment spectra of the peptides 
The following pages show the fragment spectra of the light chain peptides found with a modification. 

Light chain peptide: ASQDVNTAVAWYQQKPGK 

 

Light chain peptide: VYACEVTHQGLSSPVTK 
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Tandem MS data for the conjugate prepared using the direct conjugation method 
 

Residue 
number 

Probability 
score 

Peptide sequence 

Light chain   
39/42 0.0018 ASQDVNTAVAWYQQKPGK 
169 2.3 ×10-7 VDNALQSGNSQESVTEQDSK 
190/207 1.5 ×10-8 HKVYACEVTHQGLSSPVTK 
207 1.2 ×10-8 VYACEVTHQGLSSPVTKSFNR 
126 0.00053 RTVAAPSVFIFPPSDEQLK 

Heavy chain   
136/150 8.2 ×10-7 GPSVFPLAPSSKSTSGGTAALGCLVK 
226/250/252 9.6 ×10-7 SCDKTHTCPPCPAPELLGGPSVFLFPPKPK 
443 0.019 WQQGNVFSCSVMHEALHNHYTQK 
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The modified lysine residues are indicated on the crystal structure of the Fab and the Fc domain of Tz. Light chain 

is colored cyan, while the heavy chain is colored red. The other heavy chain in the Fc domain is shown in a darker 

shade of red without modifications. Modifications with a good probability score (<0.005) are indicated with 

magenta. Lysine residues colored blue are found in the same peptide, which have a good probability score 

(<0.005) for being modified. Green is used for the lysine having a moderately good probability score 

(0.05>X>0.005). LC: Light chain. HC: Heavy chain. PDB, Fab: 1N8Z, Fc:3D6G. 

The sequence of Tz is shown below with the modified lysine residues highlighted in red. The peptides detected 

with a modification  are underlined. 
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Heavy chain sequence 

 

Light chain sequence 

 

 

Full chromatogram for the heavy chain 
 

 

4261-Mic-Mike-3-Tz-ald-HC 05/15/18 20:39:54

RT: 0.00 - 42.00
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Fragment spectra of the peptides 
The following pages show the fragment spectra of the heavy chain peptides found with a modification. 

Heavy chain peptide: GPSVFPLAPSSKSTSGGTAALGCLVK 

 

Heavy chain peptide: SCDKTHTCPPCPAPELLGGPSVFLFPPKPK 
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Heavy chain peptide: WQQGNVFSCSVMHEALHNHYTQK 

 

Full chromatogram for the light chain 

 

 

 

 

 

 

 

 

 

4255-Mic-Mike-3-Tz-ald-LC 05/15/18 07:42:40

RT: 0.00 - 42.00
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Fragment spectra of the peptides 
The following pages show the fragment spectra of the light chain peptides found with a modification. 

Light chain peptide: ASQDVNTAVAWYQQKPGK 

 

Light chain peptide: VDNALQSGNSQESVTEQDSK 
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Light chain peptide: HKVYACEVTHQGLSSPVTK 

 

 

Light chain peptide: VYACEVTHQGLSSPVTKSFNR 
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Light chain peptide: RTVAAPSVFIFPPSDEQLK 
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