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After exchanging a mAb into a new buffer it’s 
important to check the quality of the mAb, espe-
cially to see if it aggregated. The size and PDI of 
the mAb in each of the reaction buffers indicated 
no aggregation occurred (Figure 5). In each case, 
the hydrodynamic diameter of 10–12 nm was con-
sistent with the expected size of an antibody. PDI 
values <0.1 also indicate that all the samples were 
monodisperse.
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Figure 5: Z-average diameter (green bars, left y-axis) and PDI 
(grey dots, right y-axis) of the mAb in the 3 reaction buffers post 
Unagi buffer exchange.

In order to analyze ADC spectra by UV/Vis, you 
must distinguish the antibody’s absorbance 
spectrum from the conjugated drug.1 However, 
drug spectra can vary significantly, so instruments 
need to be smart enough to keep up. Stunner can 
learn a compound’s absorbance spectrum from 
a dilution series of the drug via its Store Analyte 
feature. To illustrate this, we stored a spectrum 
of FITC (Figure 6) on Stunner and used it, along 
with a stored mAb spectrum, on a mAb sam-
ple reacted at a 10:1 FITC-to-protein molar ratio 
post clean-up on Unagi. Stunner used the stored 
spectra to Unmix the absorbance from the anti-
body and the conjugated FITC. It used the results, 
along with the E1% of the mAb and FITC, to deter-
mine the concentration of each. The ratio of these 
concentrations is the DAR. Applying this method 
to different drugs, linkers, and molar ratios eases 
optimizing reaction conditions for any ADC.

A

B

Figure 6: UV spectrum of FITC gathered from a dilution series 
on Stunner’s Store Analyte feature (A). When running an ADC on 
Stunner, you can deconvolute the total absorbance (black) into the 
absorbance from the antibody (green), from FITC (blue), and any 
residual error at each wavelength (yellow) (B).

Changing the molar ratio of the drug-linker to the 
mAb affects the DAR of an ADC, but so do the 
reaction rates and abundance of target residues. 
Optimizing conjugation reaction conditions  of 
ADCs to achieve the target DAR is a big part of 
ADC process development. By analyzing the reac-
tion mixtures on Stunner before and after clean-
up by Unagi, we can see how well the clean-up 
step worked, gauge the reaction efficiencies, and 
find the correct molar ratios for a target DAR for 
each dye (Figure 7).
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Comparing the DAR before (Figure 7 green bars) and 
after (blue bars) buffer exchange allows us to see if 
the reactions occurred at all and how well the clean-
up step worked. If none of the dyes had reacted with 
the mAb, 96% of the dye would have been removed 
from the solution along with the other buffer com-
ponents. If that were the case, the DAR reported by 
Stunner would have been ~4% of the initial value. 
Generally, the DAR after buffer exchange was high-
er than that threshold, but still lower than the value 
measured pre-Unagi, evidence that the labeling 
worked and that Unagi removed just the unreacted 
dye. The DAR increased after buffer exchange only 
in the 2:1 maleimide sample, but that was most likely 
due to insufficient mixing of the sample in the pre-Un-
agi measurement. Unagi exchange is quite gentle 
and completely user-controlled, so the end product 
is at the expected concentration, not diluted like with 
resin-based methods.

Different linkers and conjugation chemistries inevi-
tably give rise to differences in reaction efficiencies, 
even when using the same drug. For example, the 
AF350 NHS ester-labeled mAb had a higher DAR 
after clean-up with both molar ratios than the other 
samples, indicating the reaction was more efficient. 
The efficiency difference in the AF350 ester and 

maleimide reactions is likely due to their different 
chemistries: the ester reacts with amine groups while 
the maleimide reacts with thiols. One of the goals of 
testing different linkers is to find a combination of 
drug, linker, and mAb that hit a target DAR, concen-
tration, and recovery.

Achieving the target DAR and good recovery is im-
portant, but meaningless if the ADC aggregates. DLS 
can be used to check biomolecules for aggregates, 
regardless if they’re  protein- or drug-linker-related.2 
The hydrodynamic diameters of the ADC models 
were either equal to or slightly higher than  the un-
conjugated mAb (Figure 8). Samples with 10:1 molar 
ratios had larger diameters than 2:1 samples with the 
same drug-linker. Together, these observations sug-
gest that conjugation increased the size of the ADC 
molecules. Sample clean-up on the Unagi generally 
decreased the PDI of the ADCs because the samples 
were more homogeneous after removal of the drug-
linker impurities. It’s possible that the 10:1 FITC:mAb 
sample aggregated, based on the PDI of 0.15, but 
the PDIs and hydrodynamic diameters of the other 
samples were both low enough to indicate that the 
ADCs did not aggregate during conjugation or buffer 
exchange.

Figure 7: DAR of mAb labeled with FITC, AF350 NHS ester, or AF350 maleimide at 2:1 and 10:1 dye-to-protein molar ratios before (green) 
and after (blue with white labels) purification and buffer exchange into PBS by Unagi. Percent recovery of the conjugated mAbs after Unagi 
purification and buffer exchange is also shown.
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Conclusion
ADC preparation and characterization are chal-
lenges that can be as complex as the structure of 
ADCs themselves. Stunner can rapidly quantify 
antibody concentration, DAR, size, and size dis-
tribution in a rapid, low-volume, high-throughput 
format. Unagi is ready for any ADCs that need to 
be buffer exchanged for sample prep, concentrat-
ed for conjugation reactions, or cleaned-up after-
wards – with hands-off automation that frees up 
scientists for other labwork.
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Figure 8: Z-average diameter (bars, left y-axis) and PDI (dots, right y-axis) of mAbs labeled with FITC, AF350 NHS ester, or AF350 maleim-
ide reacted at 2:1 and 10:1 dye-to-protein molar ratios before (green) and after (blue) purification and buffer exchange into PBS by Unagi. 
Results for unreacted mAb (None) in PBS are provided for comparison.

CONJUGATE, CLEAN-UP, & CHARACTERIZE ADCS ON UNAGI & STUNNER


