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Enzyme Activity Fingerprinting with Substrate Cocktails
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In the postgenomic era, emphasis is shifting from protein |[ . a) bl , <)
identification to protein functional analysisFor the case of ¢ ;
enzymes, which represent a large portion of all proteins, function rf 2
can be readily assigned using a catalysis assay with a specifi (
substraté. Enzyme assays are particularly well developed for

enzymes of industrial and therapeutic relevahiéile distinguish-
ing between different types of enzymes (e.g., lipase, protease|
kinase, phosphatase) is readily achieved since they display orthogd
nal reactivities across different functional groups and reaction types
differentiating closely related enzymes is more difficult because
their reactivity pattern may be almost identical. This requires a
closer analysis measuring reactivity across a series of similal
substrates in the form of an activity profile or fingerprirtibraries
of fluorogenic peptides and inhibitors have been used for generatin
activity fingerprints of proteaséseither as on-bead substrafes,
pooled libraries of substratesr inhibitors® single compound?,
or as glass-bound substrates on a éhiprotein kinases have been
similarly studied using peptide arrajsMultisubstrate profiling
of lipases using pH indicators provides activity profiles useful for
synthetic applicatioA? Microtiterplate-based activity fingerprints
with fluorogenic substrates for hydrolytic enzymes provide func-
tional classification informatio®® Activity fingerprints of cyto-
chrome P450 enzymes have been recorded using Chromern'q:igure 1. RP-HPLC traces of activity fingerprints and representative
assays to produce a functional classification close to the geneticfingerprints of some lipases and esterases. (a) Equimolar mixture of diol
phylogeny4 products. (b) Cocktail before enzyme reaction (internal reference peak is
In all of these methods the activity fingerprint is obtained by \éﬁgillren)é (SCO)Iufigicz'z";g‘_’vrg{ﬁ'gai‘ugé%e:f%f ';%a;iéﬁjl';){e%%?f‘g'yoga- 7’?‘2
measuring each enzyme with a series of substrates in parallt_al.com‘,jIining bovine serum albumin (BSA, 1 mg ). and DMF (20% viv)
Setting up many experiments with the same enzyme sample inwas incubated with the cocktail (total concentration 0.2 mM) for 60 min at
parallel is inherently complex and can be difficult to reproduce or 25 °C. Column: Vydac 218TP54 (RP:& 300 A, 250 x 4.6 mm).
even implement if operational constraints on the assay (temperatureSradient. water/acetonitrile 1.5 mi mih Detection: 2 = 285 nm.
solvent) are imposed. Herein we report a practical solution for —SuPstrate total concentration 2 mRidentical reactions.
measuring enzyme activity fingerprints using a mixture of different scheme 1. Substrates and Measurement Process of Activity
substrates, or substrate cocktail. The pattern of product formation Fingerprinting of Lipases and Esterases with Substrate Cocktails
after reaction is recorded by chromatographic analysis, and the peak

. . . L0 . R C7H15 O
integration data are used for generating an activity fingerprint. The C7H15)J\O/\’/\Tag il I\Tag
method is simple, practical, and operationally flexible and delivers OH %o " Me
reproducible activity fingerprints suitable for enzyme identification. A1-A12 (R = H), B1-B4 (R = Me) c1-c4e

It is demonstrated here for the functional analysis of closely related
lipases and esterases.
A series of 20 1,2-diols bearing different substitution patterns

substrate cocktail (20 esters)
1. incubate with lipase/esterase l - x CgH1602

and tagged with a UV-chromophore were selected for optimal product cocktail (1,2-diols)
separation and sensitive detection by RP-HPLC (UV 285 nm) and 2. separate and quantify (HPLC)

converted to the corresponding octanoyl monoester (Scheme 1). 3. process data l

Such long-chain aliphatic glycerol-type esters show very strong enzyme activity fingerprint

reactivities with lipases and esteraseAnalysis by reverse-phase
HPLC readily separated the different diol products, with the much reactive esters were those of the primary alcoldls 12 andB1—
more hydrophobic ester substrates eluting later in the gradient4, while the sterically hindered secondary est&%—4 were
elution. While no reaction was detected in the absence of enzymes,generally unreactive (Scheme 1). The fingerprints were specific for
patterns of diol products were observed upon incubation with each enzyme tested and could be easily and precisely reproduced.
enzymes (Figure 1). The product pattern was independent of enzyme concentration and
The product patterns were processed and are represented as colomcubation time for conversions of less than 90% of the most
coded fingerprints of relative conversion in Figure 1. The most reactive substrates.
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