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F GH;QLQJ WKH VROXELOLW\ SURSHUWLHVY RI WKH HQ]J\PH SDUWLFOH
* adding areas of further control (e.g., inhibition and
activation by binding other compounds)
« enabling the enzyme to pulsate to support catalysis.
$00 Rl WKHVH DVSHFWV GH{QH WKH FKDUDFWHULVWLFV Rl WKH
enzyme, which makes them very complex catalysts (1).

Using enzymes in chemical processes
(QI\PHVY FDQ EH DSSOLHG LQ FKHPLFDO SURFHVVHV 2 DIWHU
all, they are just catalysts that behave according to chemical
SULQFLSOHV 21 FRXUVH WKH\ KDYH VSHFLDO KDQGOLQJ QHHGYV DQG
VSHFL;F DSSOLFDWLRQ ZLQGRZV MXVW DV WUDGLWLRQDO FDWDO\VWYV OLN|
Raney nickel or iron oxide do. Much like homogenous cata-
lysts, enzymes require an aqueous environment and a stable
pH. Application of homogeneous enzymes in an industrial
setting requires little more than a stirred-tank reactor, a tem-
SHUDWXUH UDQJH RI + f& DQG D VSHFL¢F S+ UDQJH
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to adapt enzyme function. Biochemists began to elucidate
enzyme structures by making changes in their DNA that
introduced targeted amino acid exchanges into the encoded
enzyme. From this work, however, they learned that enzymes
are not that easy to understand, and the bulk of the poly-
peptide chain around the active site plays a role in enzyme
function. Even today, predicting the inpuence of mutations
within enzymes is nearly impossible due to their complexity.
However, computer and bioinformatics analyses are taking
on an increasingly important role in the analysis of data and
the generation of new hypotheses.

The breakthrough in enzyme engineering came in the
early 1990s when the evolutionary algorithm was transferred
to the lab (Figure 2). This process, known as directed evolu-
tion, involves the random mutagenesis of enzymes, rather
than intelligent examination of the enzyme and creation of
rational mutants. Random mutagenesis was key to helping
scientists identify beneycial mutations, but the scientiyc prin-
ciples behind many of the mutations are difycult for scientists
to explain. Directed evolution is very powerful for optimizing
enzymes for a desired reaction. Instead of predicting muta-
tions, enzyme engineers determine how many mutations need
to be added, how many variants need to be screened, how to
create libraries, etc.

The yrst law of directed evolution was formulated by
Nobel laureate Frances Arnold: “You get what you screen
for.” Accordingly, the ultimate challenge of directed evolu-
tion is to implement screening systems to provide mean-
ingful measures of the thousands of enzyme variants. The
yrst screening systems used chromogenic substrates to
monitor enzyme activity, which provided a visual or photo-
metric readout. These systems provided quick access to
enzymes with improved properties. However, the enzymes
were improved only for the particular chromogenic sub-
strate. The lab yndings often did not translate into an
effect on the desired reaction, which did not necessarily
contain chromophores.

Several other screening systems have been investigated,
including growth selection, agar-plate screens, and coupled
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reactions that detect side products. These methods suffer
from either low accuracy, high complexity, or are too speciyc
for a particular reaction. The current preferred method for
industrial enzyme development is high-performance liquid
chromatography (HPLC) analysis, which enables desired
reactions to be monitored in a microtiter plate screening
format (Figure 3). This method is broadly applicable to a
range of reactions. However, the challenge is to replicate

the process conditions of the desired reaction in an accurate
microtiter plate-compatible analytical system.

Examples of real high-performance enzymes

In this section, a few examples illustrate the wide range
of enzyme applications across various sectors, as well as
the capabilities of enzyme engineering to optimize certain
enzyme parameters (Table 1).

Article continues on next page
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