
Development of Novel Bifunctional Chelates for the Creation 
of Site-Specifically Modified Radioimmunoconjugates 

Positron Emission Tomography (PET) is a powerful nuclear medicine imaging modality in which a small amount of radioactive material that produces 
gamma photons is injected into the body, allowing the non-invasive detection of various diseases including many types of cancer, brain and heart diseases. 

What is PET Imaging? 

 Radiolabelled 
Antibody 

Antibody Radionuclide 

ImmunoPET 

ImmunoPET combines an antibody’s (or related molecule) ability to 
specifically engage a cell surface receptor at sub-nanomolar affinities 
with the exquisitely high sensitivity of PET imaging. ImmunoPET is 
playing an important role in the diagnosis, staging and monitoring of 
treatment response in cancer. 

 
The Problem 

Conjugation of payloads such as radionuclides to antibodies have 
traditionally relied on reactions with lysine and cysteine residues. 

 

Problem: Presence of multiple solvent accessible reactive lysine and 
cysteine residues lead to a lack of stoichiometric control and site-
specificity. The resulting heterogenous mixtures exhibit suboptimal 
pharmacokinetics, decreased affinities and represent a barrier to 
FDA approval.1 

 

Lysine 

Cysteine 

More than 
1,000,000 

species formed! 
More than  

100  
species formed! 

 
Methionine 
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Methionine (Met) is one of the rarest AAs in 
proteins (2 %), making it a potentially attractive 
handle for site-specific protein modification.  
 
In addition, most Met residues are buried in 
hydrophobic pockets and therefore inaccessible, 
making it a potentially excellent target for 
bioengineered chemical conjugation. 

Methionine 

Oxaziridine 

Recently, a Met specific conjugation method has 
been developed.2  
 
The method relies on an oxaziridine reagent that 
reacts rapidly and selectively with Met (k = ~18 M-1s-

1) at physiological conditions and does not require 
additional reagents / procedures. 

Project Aim: To synthesise a range of oxaziridine-based reagents for attaching PET radionuclides to antibodies with engineered methionine residues 
which could give rise to well defined, homogenous, stable radiolabelled antibody conjugates for applications in ImmunoPET. 

 

Zirconium-89 Bifunctional Chelate 

 

Improving Conjugate Stability 
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Pretargeted Imaging 

• Alternative oxaziridines investigated for Met conjugation to 
improve conjugate stability 

• N-alkyl oxaziridines selectively aminates Met side chain 

• However, resulting conjugates exhibited poor stability (cf. N-
acyl oxaziridines) due to more basic nitrogen atom 

Oxaziridine 

89Zr Chelate 

89Zr 

• Positron Emitting Isotope 

• 78.4 h half life matches with 
pharmacokinetics of antibodies 

• Important role in early drug 
development and guiding targeted 
therapies 

• Requires a chelator to bind radiometal 

• Deferoxamine—Gold standard chelator 

• Pretargeted Imaging: Multistep procedure that decouples targeting of tumour by antibody 
and delivery of radionuclide. Two components couple rapidly in vivo. 

• Advantages: minimise radiation exposure and related toxicities 
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