
Abstract
Arginases catalyze conversion of arginine to ornithine and urea,
and play critical roles in nitrogen metabolism and waste elimination.
In humans, arginase dysfunction has been linked to developmental
disorders, vascular and hepatic diseases, and cancer. In this study,
we applied a colorimetric assay to measure the catalytic activity
of recombinant human arginases 1 and 2 in vitro. We demonstrate
that purified human arginases are catalytically active, and that their
activity is significantly reduced in the presence of established arginase
inhibitors. Future studies will seek to identify novel highly
selective inhibitors of arginase activity, with potential applications for
treatment of human disease.
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Background
• Arginases catalyze the conversion of arginine to ornithine and urea, 

and play important roles in mammalian nitrogen metabolism

• Humans express two forms of arginase:
- Arginase 1 is a cytosolic protein primarily expressed within the liver   
- Arginase 2 is a mitochondrial protein expressed in most tissues

• Loss-of-function of arginases causes arginemia, a condition in which 
arginine levels are elevated in blood and cerebrospinal fluid  
- Arginemia causes developmental and cognitive defects

• Hyperactivity of human arginases has been linked to hepatic injury, 
vascular disease and cancer

• Arginase 2 may function in vasodilation and arousal

Purification of Arginase 1 and 2

Goals & Scope of Study
• Use color assays1,2 to demonstrate recombinant human arginase activity

• Identify novel inhibitors of human arginases

Results
• Recombinant human arginase activity was demonstrated by colorimetric assay

• Ornithine – a product of arginine hydrolysis – was shown to be a potent inhibitor 
of human arginase 2

Discussion & Conclusion
• A colorimetric assay was used to demonstrate activity of recombinant 

human arginases 1 and 2

• The colorimetric assay was used to identify ornithine as an inhibitor of 
human arginase 2

• This assay is somewhat difficult to use, and cannot be run in real time

• Development of a real-time assay for measuring arginase activity will 
permit easier identification and characterization of arginase inhibitors

Future Directions
• Establish a real-time color assay for measurement of arginase activity
• Apply real-time color assay to identify novel and selective arginase

inhibitors, and investigate their kinetic parameters
• Assess suitability of novel arginase inhibitors as drug candidates for 

treatment of cancer, vascular or hepatic diseases
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• Human arginases 1 and 2 were expressed in the 
bacterium Escherichia coli and purified by nickel 
affinity chromatography  

• Serial dilutions (2, 1 and 0.5 μg) of arginase 1 
and arginase 2 were separated by SDS-PAGE 
and visualized with Coomassie Brilliant Blue 
(lanes 1-3 and 4-6, respectively)

• The predicted mass of arginase 1 is 37 kDa

• The predicted mass of arginase 2 is 35kDa.

Inhibition of arginase 2 by ornithine
Arginase 2 activity was measured in the 
presence and in the absence of ornithine, 
a product of arginine hydrolysis
BSA was used as a non-enzymatic control

Arginase 1 and 2 are catalytically active
Human arginase 1 and human arginase 2 activity were 
evaluated by colorimetric assay
Pink color indicates the presence of urea, a product of 
arginine hydrolysis 
BSA (bovine serum albumin) was used as a non-enzymatic 
control

Human arginase 1 Human arginase 2 

Colorimetric Assay Workflow
1. A known amount of arginase is mixed with glycine buffer at pH 9.5 

containing 10 mM manganese chloride and incubated for 30 min. at 37 ºC 
- Manganese is a required cofactor of arginases, and preincubation may 
allow binding of the cofactor to the enzyme

2. Arginine (and any inhibitors) are added to the arginase/manganese 
mixture and incubated for 45 min. at 37 ºC                                              
- Arginase catalyzes hydrolysis of arginine to urea and ornithine

3. 10% perchloric acid is added
- Arginase is denatured, ending the catalytic reaction

4. A solution of 3:1 sulfuric:phosphoric acid is added along with a solution 
of isonitrosopropiophenone (INPP) in ethanol and boiled at 100 ºC         
- INPP reacts with urea, serving as a color indicator

5. Absorbance is measured at 540 nm using a spectrophotometer
- Pink color shows formation of urea, an arginine hydrolysis product

Quantifying arginase 1 and 2 activity 
Arginase 1 and arginase 2 activity were evaluated 
by colorimetric assay 

Sample absorbance was used to determine [urea]

BSA was used as a non-enzymatic control

y = 0.0107x
R² = 0.9769
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Standardization of color assay
Sample absorbance was measured as a 
function of urea concentration
A linear regression was used to fit to the data  
Using this relationship, urea concentration can 
be estimated from absorbance measurements
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