
A “smart” PARACEST agent for detection of Transglutaminase activity 
 

R. Rosenblum1, M. Pagel2 
1Biomedical Engineering, Case Western Reserve University, Cleveland, OH, United States, 2Biomedical Engineeing, Case Western Reserve University, Cleveland, OH, 

United States 

Abstract 
We have developed a “smart” PARACEST MR agent that is detectable only after chemical modification by a specific enzyme.  Yb-
DO3A-pentylamine shows no PARACEST effect, but Transglutaminase catalyzes the reaction of this agent with glutamine to form an 
amide, which shows a PARACEST effect.  This example constitutes a fundamentally new technology platform for “smart” MR 
agents. 
 

Introduction:  
Transglutaminase is a family of enzymes of physiological significance, including blood clotting and wound healing (1).   Peptidyl MR 
contrast agents attempt to detect transglutaminase by measuring the amount of peptide trapped within the tissue matrix but they do not 
directly detect the enzymatic activity of transglutaminase (2,3).  We propose to use an activatable PARACEST agent for direct 
detection of transglutaminase activity by measuring the appearance of a PARACEST effect only after our cyclic amine (Yb-DO3A-
pentylamine) is coupled to a glutamine residue (Z-Gln-Gly) to form an amide.   
 

Methods:  
DO3A(tBu) (Macrocyclics Inc.) was combined with  5-(t-Boc-amino)-1-pentyl-bromine (Toronto Research Chemicals) and then 
deprotected and chelated to Ytterbium.  Yb-DO3A-pentylamine (5mM  in 700µL) was then combined with 60mM Z-Gln-Gly (Sigma) 
and 60µL of 10U/mL guinea pig liver Transglutaminase (Sigma) and incubated in a buffered solution for 2 hours at 37ºC and pH 7.5, 
resulting in the formation of Yb-DO3A-pentyl-(Z-Gln-Gly) (4).  The product was evaluated by acquiring a PARACEST spectrum and 
compared to the PARACEST spectrum of Yb-DO3A-pentylamine before the reaction at pH 8 (5). 
 

Results and Discussion:  
The identity and purity of the synthesized Yb-DO3A-pentylamine 
was confirmed using NMR spectroscopy. The PARACEST 
spectrum of Yb-DO3A-pentylamine coupled to Z-Gln-Gly after the 
transglutaminase-catalyzed reaction clearly shows a PARACEST 
effect with 10.88% decrease in water signal at +52ppm. For 
comparison, no PARACEST effect is seen before the addition of the 
enzyme.  Differences in the width of the “water trough” are due to 
differences in salt concentrations between the two samples.  Before 
the enzymatic reaction, the primary amine has an exchange rate that 
is too fast to generate a PARACEST effect, and charge-charge 
repulsion between the positively charged Yb and primary amine 
presumably causes a large separation between these groups.  After 
the enzymatic reaction that converts the primary amine to an amide, 
the amide has an appropriate exchange rate to generate a 
PARACEST effect, and charge-dipole attraction between Yb and the carbonyl of the amide presumably causes the Yb and amide 
hydrogen to be proximal.  Further characterization is ongoing over a range of pH to confirm that the PARACEST effect is derived 
from the amide rather than transient bound water.  The PARACEST effect is also being evaluated over a range of temperatures and 
concentrations. 
 

Conclusion:  
This work demonstrates the fundamentally new concept of an activatable “smart” PARACEST MR agent to detect enzyme activity.  
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