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Design and Optimization of a Turn-on Fluorescence
Assay for the ldentification of Improved

ADC Linkers

Caitlin N. Vitro, Samantha R. Benjamin, Jared T. Miller, L. Nathan Tumey

Abstract
Antibody-drug conjugates (ADCs) are a class of drugs used for targeted delivery in the treatment of cancer. The
prototypical linker used for such ADCs the lysosomally cleaved Val-Cit-PABC linker. This system emerged as a result
of its rapid cleavage rate by the lysosomal enzyme cathepsin B as well as its stability in human plasma. However,
recent studles have shown that this system is frequently unstable in the presence of various enzymes including

and carb To mitigate this issue, we have designed a peptide library that can be
readlly screened in order to identify sequences with improved properties. In short, the library was designed to utilize a
turn-on fluorescence assay: a simple assay made possible by a fluorophore, AMC (7-Amino-4-methylcoumarin),
known to be non-fluorescent when the 7-amino group is bound as an amide but is highly fluorescent upon cleavage of
the amide bond. Therefore, AMC can be employed as a fluorescent probe for rapid determination of amide bond
cleavage - specifically that of ADC linkers. Lysosomal ADC processing relies on cleavage of the amide bond between
the linker and the payload, and therefore the turn-on fluorescence assay provides a simple method for determining
whether peptide linkers are susceptible to such cleavage.

Peptlde-AMC Linker Library

Turn-on Fluorescence with 7-Amino-4-methylicoumarin (AMC)
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Figure 1. Turn-on fluorescence with AMC (blue) and tetrapeptide linker (red). AMC known to be non-fluorescent when the 7-amino group
is bound as an amide. a) Upon cleavage of the P1-P1" amide bond, fluorescence is observed. b) Cleavage of any other peptide bond
would not result in fluorescence.

Synthesis of Tum-on Fluorescence Probe
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Figure 2. The peptide library was designed as follows: 3-Maleimidopropionic acid-PEG2-GLY-AA1-AA2, where AA1 and AA2 are variable
amino acids representing a mixture of polar and nonpolar amino acids of various sizes. Due to the poor nucleophilicity of the AMC, it
cannot be directly coupled o the ripeptide. Instead, the AMC is attached to a single amino acid (AA3) and subsequently coupled to the
tripeptide linker. Eight amino acid-AMC molecules were each coupled to roughly twenty tripeptide linkers, resulting in a library of ~160
pepmes The preparation of the library required the optimization of various coupling reactions. All individual compounds were purified by
liquid (HPLC) and were ized by liquid (LC-

MS).

Purification through Preparative HPLC-MS
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Figure 4. Current Peptide-AMC Linker Library. 77 AMC-peptide linkers were synthesized and characterized by purity using LC//MS. Purities were
characterized as follows: green indicates high purity, yellow/orange indicates medium purity, red indicates low purity, Imp. indicates that an impurity elutes
at the same time as the product, and N/A indicates that there was not enough material to check its purity.
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Figure 5. Set-Up of Turn-on Fluorescence Assay. This is a high throughput assay performed in a 96-well plate. Cysteine is added to the peptide-AMC
linker to quench the reactivity of the maleimide. Then the enzyme is added to the peptide-AMC linker and their fluorescence is measured over time in the
plate reader at an excitation of 360 nm and an emission of 460 nm.

Potential Applications

The turn-on fluorescence assay provides a simple method for screening linker stability in various enzymes. So
far, around 150 peptide-AMC probes have been synthesized and characterized by their purity. The screening
conditions for cathepsin B cleavage have been optimized, and a positive control (Val-Cit-Leu-AMC) and
negative control (D-Val-D-Cit-Leu-AMC) have been identified from the initial peptide-AMCs tested. This assay
can be used to analyze internalization and processing of an ADC. ADCs will be prepared with AMC attached
then cells will be treated with these ADCs. The plate reader will be used to measure the fluorescence of these
cells over time. In theory, the fluorescence should be proportional to the internalization and processing of the
ADC. The application is outlined below.
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Figure 7. Future potential of the turn-on assay include ADC i and
AADCs with AMC mimicking the payload will be prepared. Cells will be treated with these AMC-ADCs and, using the plate reader,
the internalization and processing of the ADC will be measured over time. The amount of AMC fluorescence should be

ional to the i ization and of the ADC.
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Kinetic Study with Cathepsin B
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Figure 6. Kinetic Study with 8 Peptide-AMC linkers and Cathepsin B. a) Fluorescence of 8 peptide-AMC linkers (125 nM) was measured at excitation 360
nm and emission 460 nm over time in the presence of cathepsin B. This data translates to cleavage of these linkers over time. A positive control, Val-Cit-
Leu-AMC, and a negative control, D-Val-D-Cit-Ala-AMC were identified. The positive control exhibited the most cleavage by cathepsin B while the
negative control exhibited hardly any cleavage at all. b) Fluorescence of 8 peptide-AMC linkers after being in the presence of cathepsin B for two hours.

Further Study of Linker Stability in Different Enzymes

Screen entire library in cathepsin B, mouse
and human plasma, and tritosomes

Prepare ADCs with exemplar linkers

Also screen library in MMP substrates or
tumor specific proteases
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