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Macromolecules have become a material of interest in the development of novel imaging agents and therapeutics in medicine. Many
macromolecules, such as synthetic multivalent polymers and biologically interesting antibodies, can have multiple copies of small
molecules, such as fluorescent dyes and drugs, attached to them. This can provide a higher efficiency for delivering a drug or better
detection of an imaging agent than using just small molecule treatment.

However, the inherent random nature of conjugating small molecules to a
macromolecule leads to a large mixture of different ratios of small molecules
to macromolecule (Figure 1). Since the small molecules used for imaging and
therapeutics are typically hydrophobic and the macromolecule is typically
hydrophilic, the different ratios of small molecule to macromolecule can lead
to very different degrees of hydrophobicity of the molecule. The degree of
hydrophobicity has the ability to alter a macromolecule’s biological behavior,
and controlling the ratio of hydrophobicity has been an obstacle in developing
effective macromolecules for biomedical applications.

Our work will focus on the synthesis and characterization of antibody fragments and antibody-polymer conjugates with controlled
ratios of fluorophores/drugs. The research is a combination of biochemistry, organic synthesis, and analytical characterization. We
will show the difference in fluorescence and absorption of the different materials based on a having a distribution (Figure 2a) versus a
precise ratio of small molecules to macromolecule (Figure 2b). We will fragment antibodies and attach a ligand that allows further
conjugation of a fluorescent dye, drug, or polymer with multiple copies of fluorescent dye or drug (Figure 2b). Biological controls will
be conducted, and the materials could be applied in cell studies to see how their behavior (amount of uptake, where it goes in the
cell, etc.) changes based on hydrophobic ratio.

Figure 2. a) reaction scheme of a typical antibody fragment conjugation with a small molecule that results in a distribution of ratios of
small molecule to antibody. b) proposed synthesis to obtain precisely one, two, four, or eight small molecules on an antibody
fragment.
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