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Commentary
Detection methods to quantify specific protein levels in biological 

samples for diagnostic purposes typically rely on the use of enzyme 
linked immunosorbent assays (ELISA) [1,2]. With an ELISA, total 
protein, rather than the bioactive amount may be quantified, as it is 
often complexed to naturally occurring aggregates or inhibitors. Thus, 
in cases where the protein is an enzyme, an activity assay may be more 
informative and correlative with disease status. 

Simple clinical assays detecting active enzyme concentrations are 
available for a variety of proteins. For example, alanine and aspartate 
transaminases (ALT and AST) as well as alkaline phosphatase [3-5] 
levels are used to assess liver function. Elevated quantities of enzymes 
such as amylase and lipase indicate an inflammatory condition of the 
pancreas while low levels are predictive of poor function [6,7]. Creatine 
kinase is released over time during myocardial, and quantification can 
be obtained with an enzyme or ELISA type assay [8-10].

The enzymatic activity assays typically rely on fluorescent or 
colorimetric readouts and expensive, specialist equipment . Alkaline 
phosphatase (AP), for example, uses p-nitrophenylphosphate (pNpp) 
as a substrate [11]. When the phosphate group is released by AP, the 
resulting p-nitrophenolate ion generates a yellow product detectable at 
405 nm. An assay for lipase also generates p-nitrophenolate by using 
palmitate-pNpp as a substrate[12]. Lipase and other esterase assays 
also employ cleavage of a thioester[13]. Hydrolysis of the ester linkage 
releases a free thiol group that reacts with Ellmans Reagent to produce 
a yellow color.

The ultimate goal for many of the clinical assays would be to 
simplify them in order to do point of care diagnostics. There are some 
simple assays for point of care diagnostics that have been either field 
tested and/or approved for specific uses that measure total protein. 
One example is an assay for transaminases that utilizes a paper strip 
[14]. Researchers field tested a microfluidic device in combination with 
test strips to determine blood levels of transaminases from individuals 
with HIV who were known to have liver damage. The test proved to be 
successful with an approximate accuracy of 84% when the results were 
compared to findings from an automated procedure.

Towards the development of a point of care diagnostic assay 
utilizing an enzyme activity assay, rather than quantifying total protein, 
an amplification system to measure alkaline phosphatase has been 
developed [15,16]. In this system, the apoenzyme form of sensors 
such as D amino acid oxidase (DAO) cannot bind the phosphorylated 
form of its cofactor flavin adenine di-nucleotide (FAD). Only after 
dephosphorylation by alkaline phosphatase and reconstitution with 
the DAO is enzymatic activity restored. Oxidases are enzymes that are 
commonly used in sensing devices such as those for glucose detection 
because this technology utilizes electron output for signal detection. 

In contrast to metabolic enzyme activity readouts as described 
above, there are no examples of clinically used proteinase assays 
although some are in the development stage. The most promising ones 
to date include measurement of thrombin in a generation assay[17] 
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and determination of bacterial proteinases in wound healing [18,19]. 
In blood clotting, thrombin levels increase with time and is correlative 
with the ability of the blood sample to clot. Typically, the thrombin 
generation assay is used with samples from hemophiliacs. For wound 
healing, Systagenix developed an assay to detect bacterial proteinases. 
A clinical trial was completed in 2012 and the test is on track to be used 
diagnostically. 

Recently, a colorimetric amplification system for proteinases was 
described [20] although it could easily be adapted to other enzyme 
activity assays. The amplification system directly attaches a reporter 
enzyme, such as horse radish peroxidase, to the substrate. Once 
the product is generated, a separation system is used to separate the 
unreacted substrate from the product. The amount of product formed 
is then quantified by adding substrates for the horse radish peroxidase. 

This amplification system is versatile, in that any reporter enzyme 
and any substrate can be used. However, there are limitations in that 
the reporter enzyme cannot interfere with the ability of the substrate 
to be converted to product. In addition, unreacted substrate has to be 
physically separated from the product. This would make assays such 
as those described for phosphatases, kinases, lipases, and esterases, for 
example, to be easily adapted to the colorimetric amplification system. 
For paper strip and dipstick tests, physical separation of substrate and 
product is not an issue as the substrate would be directly attached to a 
solid support. One could envision a simple test.whereby a paper strip 
could be incubated with a biological fluid, the paper strip removed, 
and then substrates for the reporter enzyme added to the fluid in 
order to generate a colored product. Alternatively, for a dipstick test, 
the fluid could be allowed to travel through the stick, such as with a 
urine pregnancy test, bringing with it, the product that contains the 
reporter enzyme. Then on a separate channel on the stick, the product 
could come into contact with an immobilized substrate for the reporter 
enzyme (Figure 1).

In cases where a color readout is not applicable, this technique 
could be adapted to a voltage, fluorimetric, or chemilumiscent readout. 
For a voltage readout, the enzyme could be an oxidase and utilized in 
a similar fashion to what has already been done for glucose sensors 
for diabetic patients. If a fluorescence or chemilumiscence readout 
is required, the substrates for the reporter enzyme can be changed. 
Thus, this amplification system is adaptable to a variety of situations, 
depending on the enzyme activity that needs to be quantified, and 
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whether or not point of care diagnostics or a laboratory setting is being 
used. 
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Figure 1: Dip stick test using enzymatic amplification system.

http://www.ncbi.nlm.nih.gov/pubmed/22149742
http://www.ncbi.nlm.nih.gov/pubmed/22149742
http://www.ncbi.nlm.nih.gov/pubmed/24052887
http://www.ncbi.nlm.nih.gov/pubmed/24052887
http://www.ncbi.nlm.nih.gov/pubmed/24098705
http://www.ncbi.nlm.nih.gov/pubmed/24098705
http://www.ncbi.nlm.nih.gov/pubmed/24098705
http://www.ncbi.nlm.nih.gov/pubmed/22993296
http://www.ncbi.nlm.nih.gov/pubmed/22993296
http://www.ncbi.nlm.nih.gov/pubmed/22993296
http://www.ncbi.nlm.nih.gov/pubmed/4143914
http://www.ncbi.nlm.nih.gov/pubmed/4143914
http://www.ncbi.nlm.nih.gov/pubmed/2463138
http://www.ncbi.nlm.nih.gov/pubmed/2463138
http://www.ncbi.nlm.nih.gov/pubmed/2463138
http://www.ncbi.nlm.nih.gov/pubmed/24001699
http://www.ncbi.nlm.nih.gov/pubmed/24001699
http://www.ncbi.nlm.nih.gov/pubmed/24001699
http://www.ncbi.nlm.nih.gov/pubmed/916997
http://www.ncbi.nlm.nih.gov/pubmed/916997
http://www.ncbi.nlm.nih.gov/pubmed/916997
http://www.ncbi.nlm.nih.gov/pubmed/916999
http://www.ncbi.nlm.nih.gov/pubmed/916999
http://www.ncbi.nlm.nih.gov/pubmed/916999
http://www.ncbi.nlm.nih.gov/pubmed/20989492
http://www.ncbi.nlm.nih.gov/pubmed/20989492
http://www.ncbi.nlm.nih.gov/pubmed/20989492
http://www.ncbi.nlm.nih.gov/pubmed/18636623
http://www.ncbi.nlm.nih.gov/pubmed/18636623
http://www.ncbi.nlm.nih.gov/pubmed/12895302
http://www.ncbi.nlm.nih.gov/pubmed/12895302
http://www.cghjournal.org/article/S1542-3565(13)00307-8/abstract
http://www.cghjournal.org/article/S1542-3565(13)00307-8/abstract
http://www.cghjournal.org/article/S1542-3565(13)00307-8/abstract
http://www.cghjournal.org/article/S1542-3565(13)00307-8/abstract
http://www.ncbi.nlm.nih.gov/pubmed/1893577
http://www.ncbi.nlm.nih.gov/pubmed/1893577
http://www.ncbi.nlm.nih.gov/pubmed/1893577
http://www.ncbi.nlm.nih.gov/pubmed/1893577
http://www.ncbi.nlm.nih.gov/pubmed/1789431
http://www.ncbi.nlm.nih.gov/pubmed/1789431
http://www.ncbi.nlm.nih.gov/pubmed/1789431
http://www.ncbi.nlm.nih.gov/pubmed/24144095
http://www.ncbi.nlm.nih.gov/pubmed/24144095
http://www.ncbi.nlm.nih.gov/pubmed/24144095
http://www.ncbi.nlm.nih.gov/pubmed/18835949
http://www.ncbi.nlm.nih.gov/pubmed/18835949
http://www.ncbi.nlm.nih.gov/pubmed/18835949
http://www.ncbi.nlm.nih.gov/pubmed/26026386
http://www.ncbi.nlm.nih.gov/pubmed/26026386
http://www.ncbi.nlm.nih.gov/pubmed/26026386

	Title
	Corresponding author
	Commentary
	Figure 1
	References

