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Enzymes for clinical purpose

Enzyme Engineering

Enzymes for clinical purpose
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Blood clotting Process

Blood coagulation factors

Deficiencies of factor VIII and IX cause hereditary 
disease, haemophilia (cannot make blood clot)

Vitamin K-deficiency cause similar disease

For treating haemophilia, factor VIIa, VIII, and IX 
were approved as drugs. Factor VIIa and IX are 
enzymes
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Thrombolytic Agents

Anticoagulation agents (heparin, hirudin, or 
ancrod) are important for the persons with high risk 
of strokes and heart failure

Blood clot within blood vessel is called thrombus

Thrombolytic agents degrade thrombus

Thrombolytic Agents

t-PA (tissue plasminogen activator) activates 
plasmin, which can degrade blood clot

t-PA is a serine protease with 5 domains

Engineered t-PA with two domains are 
commercialized from 1987

Urokinase, streptokinase, and staphylokinase have 
the thrombolytic activity

Urokinase is produced by kindney, while the other 
two enzymes are produced by bacteria

Bacterial kinases do not have proteolytic activities, 
but indirectly activates plasmin
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Asparaginase

Asparagine can be synthesized by normal tissue, 
but not by some malignant (cancer) cells

Rapid depletion of asparagine from the blood can 
kill a certain type of leukemia cells, but have 
limited effects on normal cells

PEGylated asparaginase from E. coli or Erwinia
are tested for clinical trials

DNase for treating cystic fibrosis

Cystic fibrosis is a genetic disease, affecting 1 in 
25000 newborns 

The gene of chloride channel is mutated 

The mucus of the patient is extremely viscous

The problem of the channel protein increases the 
rate of bacterial infection in the lung, triggers 
immune response, and attract large numbers of 
neucrophils → Accumulation of chromosomal DNA

DNase I is spayed in the lung
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Other enzymes

Removing foreign matter or dead tissue allows 
rapid healing 

Chymopapain, a proteolytic enzyme from papaya 
tree, is used to treat disk

Chymotrypsin or bromelaines (a plant  protease) 
repress the inflammatory system by degrading 
cytokines

α-amylase, lactase, pepsin, papain, etc. are being 
used as digestive aids

Enzymes for Diagnostics

World market of 100 million $

Alkaline phosphatase and peroxidase are the two enzymes 
having biggest market, each having 20 million $

Most of diagnostic enzymes are produced by Roche or 
Genzyme

Widely used for EIA (enzyme immunoassay systems)

Factors that diagnostic enzyme must have

Specificity

Kinetic property (suitable Km and kcat values)

Cost

Enzyme stability
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Assay methods

End-point vs kinetic methods

Kinetic method is quicker, but Km must be high 
enough to make linearity between [S] and 
velocity 

Two commonly used methods are 
dehydrogenases and oxidases

Dehydrogenase convert NAD+ to NADH

NADH have absorbance at 340nm

Oxidase produces hydrogen peroxide

Second enzyme such as peroxidase is used for 
detecting H2O2

Glucose Assay

For long term glucose level, the level of glycosylation of hemoglobin
in the blood is monitored

1
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Enzymes for cholesterol assay

Atherosclerosis (동맥경화) 
and plasma cholesterol 
level are correlated

LDL is linked to 
Atherosclerosis, but HDL 
rather have protective 
effect 

Enzymes for cholesterol assay

HDL cholesterol level is checked after other 
particles are removed by phosphotunstic acid 
and magnesium ions

The level of triglyceride of the blood is also 
detected by the following method
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Enzymes for cholesterol assay

Assays for blood urea

Elevated level of urea is indicator of kidney 
disease

Ammonia react with phenol and hypochlorite 
in the presence of sodium nitroprusside, 
forming blue colored complex
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Enzyme immunoassay (EIA)

Radioimmunoassay (RIA) has many disadvantages 
and is replaced by enzyme immunoassay (EIA)

Enzymes, such as alkaline phosphatase, 
horseradish peroxidase, β-galactosidase, are 
linked to antibody and used for detection

Horseradish peroxidase

Alkaline phosphatse : PNPP is hydrolyzed and 
turned to yellow

β-galactosidase : ONPG is used as substrate

Enzyme multiplied immunoassay 
technique (EMIT)
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Competitive solid phase EIA

Enzyme-linked immunosorbant assay 
(ELISA)

Secondary antibody linked to enzyme
is used
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Another type of ELISA

Cloned enzyme immunassay
system (CEDIA)
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Immune complex transfer EIA


