
TITLE ENZYME ACTIVITY MEASUREMENTS USING BIO-LAYER
INTERFEROMETRY CROSS REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims the benefit of
US Provisional Application Serial No. 60/645,153,
filed January 19, 2005 and US Provisional Application
Serial No. 60/642,454, filed January 7, 2005, both of
which are incorporated herein by reference in their
entirety for all purposes. STATEMENT REGARDING
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT [0002] Not
applicable. BACKGROUND OF THE INVENTION Field of the
invention [0003] The invention relates to
interferometry-based methods and compositions useful
for measuring enzyme activity. Description of the
Related Art [0004] Enzymes represent a broad class of
proteins that catalyze biochemical reactions and have
many therapeutic and industrial applications. Often in
the course of development and manufacture of enzyme
products it is necessary to measure the activity of
the enzyme. A simple enzyme activity method,
preferably label free thereby avoiding perturbation of
the enzyme / substrate interaction, would find wide
application. In the development and manufacture of
enzyme or enzyme inhibitor based products for
therapeutic or industrial applications, it is critical
to monitor the activity of the enzyme throughout the
process. Enzyme assays typically require labeling the
substrate in such a way that the enzyme acting on the
substrate produces a detectable change in signal.
Labeled enzyme substrates are often not commercially
available, in which case their synthesis can be
complex. For companies developing a multitude of
enzyme products, the implementation of activity
methods that are simple and easy to perform in
research & development and manufacturing environments
becomes a major task. The need for labeled substrates
adds to the time, expense and inconvenience of enzyme
activity measurements. Specific activity measurements
also require quantifying the amount of enzyme present
in a sample. Quantitation, as by, e.g., enzymelinked
immunosorbant (ELISA)-based assays are also adds to
the time and expense of specific 



activity measurements and requires additional sample.
The present invention addresses these and other
shortcomings of the prior art by providing simple,
fiber based, real-time enzymeactivity assays, capable
of providing specific activity measurements, suitable
for low-volume samples, that are highly multiplexable
and in some embodiments can be carried out using
unlabeled substrates. SUMMARY OF THE INVENTION [0005]
The present invention is defined by the following
claims, and nothing in this section should be taken as
a limitation on those claims. Disclosed herein are
assemblies, kits, and methods for assaying enzyme
activity using fiber-based interferometry. In one
embodiment, the assay comprises providing an optical
element coupled to a light source via an optical fiber
and the element includes proximal and distal
reflecting surfaces separated by at least 50 nm. A
layer of enzyme substrate molecules is positioned so
that interference between beams reflected from the
proximal and distal reflecting surfaces varies as an
enzyme reacts with the substrate. The reflected beams
are coupled into the optical fiber. The element is
exposed to an enzyme and a change is detected in the
interference between the reflected beams. The detected
change is indicative of enzyme activity. [0006] In
still another embodiment, a layer of analyte binding
molecules substituted in the optical element for the
layer of enzyme substrate molecules. Interference
between beams reflected from the proximal and distal
reflecting surfaces varies as an enzyme reacts with
the substrate and the acted-upon substrate or portion
thereof binds to the analyte binding molecules. In
preferred embodiments, the analyte binding molecules
comprise an antibody, an antibody fragment, a single
chain Fv molecule ("scFv"), an avidin, a streptavidin,
or a biotin. [0007] In another embodiment, a
semi-permeable membrane is placed between the optical
element and the assay solution, hi another embodiment,
the substrate is coupled to a support such as a
microtitre well or a bead. [0008] hi yet another
embodiment, a similar, second element is provided that
includes a layer of molecules that specifically binds
to the enzyme. The second element is exposed to an
enzyme (either at the same time or at a different time
as the first element is exposed) and a change is
detected in the interference between the reflected
beams. The change is indicative of enzyme
concentration or amount. This is useful for carrying
out specific activity measurements, hi preferred
embodiments, the enzyme-binding molecules comprise an
antienzyme 



antibody, an antibody fragment or an scFv
molecule.BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE
DRAWING [0009] These and other features, aspects, and
advantages of the present invention will become better
understood with regard to the following description,
and accompanying drawings, where: [0010] Fig. 1 is a
graph illustrating minimum molecular size detection;
[0011] Fig. 2 is another graph illustrating minimum
molecular size detection; [0012] Fig. 3 is a graph
illustrating subtilisin activity measurement at three
enzyme concentrations; [0013] Fig. 4 is a graph
illustrating subtilisin activity measurement at 50
mg/ml; [0014] Fig. 5 is a graph illustrating effect of
protease inhibitor on subtilisin activity; [0015] Fig
6 is a second graph illustrating effect of protease
inhibitor on subtilisin activity. [0016] Fig. 7 is a
diagram illustrating substrate preparation for
substrate capture format; Fig. 7A illustrates
substrate having multiple protease cleavage sites;
Fig. 7B illustrates substrate having single (or few)
cleavage sites; [0017] Fig. 8. is a schematic
illustrating principle of substrate capture format
assays; [0018] Fig. 9 is a schematic illustrating
method to detect nucleotide transferase activity;
[0019] Fig. 10 is a schematic illustrating method to
detect nucleotide transferase activity with hapten
incorporation; [0020] Fig. 11 is a schematic
illustrating method to detect phosphotransferase
activity using antibody to phosphorylated substrate;
[0021] Fig. 12 is a schematic illustrating method to
detect protein kinase C activity; [0022] Fig. 13 is a
schematic illustrating method to detect activation of
mitogen activated protein kinase (MAPK). DETAILED
DESCRIPTION OF THE INVENTION Advantages and utility
[0023] Briefly, and as described in more detail below,
described herein are assemblies, kits and methods for
assaying enzyme activity using fiber-based
interferometry. [0024] Several features of the current
approach should be noted. Measurements can be carried
out using extremely small sample volumes (e.g., nL).
Measurements can be carried out in vivo or in vitro.
In some embodiments, measurements can be carried out
on unlabeled 



substrates while in other embodiments, substrates
include a moiety to allow capture by the assembly. In
preferred embodiments, the moiety is one member of a
binding pair such as,e.g., avidin, streptavidin,
biotin, a hapten, an antibody, antibody fragment, an
scFv, or a lectin, and the optical element comprises
the complementary member of the pair. In these
embodiments, the same type of optical element (i.e.,
carrying one member of the binding pair) can be used
in a wide variety of enzyme assays provided the
substrate includes the other member of the pair.
[0025] Advantages of this approach are numerous.
Because the invention provides for fiber-based
interferometry measurements, it is sensitive, capable
of being highly multiplexed, and easily adapted for
specific activity measurements by including a module
for measuring enzyme amount. [0026] The invention is
useful for measuring enzyme activity in any context
for which such activity measurements are useful
including, e.g., for discovery, modification,
optimization, production, etc. of enzymes or enzyme
inhibitors. The invention may be practiced using any
type of enzyme such as, e.g., hydrolases,
glycosylases, esterases, and transferases, or
inhibitors of such enzymes. Definitions [0027] Terms
used in the claims and specification are defined as
set forth below unless otherwise specified. [0028] The
term "in vivo" refers to processes that occur in a
living organism. [0029] Abbreviations used in this
application include the following: dsDNA -
doublestranded DNA; dNTPs - deoxynucleotide
triphosphates; B-ATP - biotinylated-ATP; PEG -
polyethylene glycol, PMSF - phenylmethylsulfonyl
fluoride. [0030] It must be noted that, as used in the
specification and the appended claims, the singular
forms "a," "an" and "the" include plural referents
unless the context clearly dictates otherwise.
Assemblies of the invention [0031] Assemblies of the
invention include biosensor tips adapted for coupling
to a biolayer interferometer and carrying a layer of
substrate or an analyte binding molecule. The analyte
binding molecule may be by way of example and not
limitation, a member of a binding pair such as, e.g.,
avidin, streptavidin, biotin, a hapten, an antibody,
an antibody fragment, an scFv, or a lectin. 



Kits of the invention [0032] Kits of the invention
include a glass fiber adapted for coupling to a
bio-layer interferometer, reagents and instructions
for derivatizing the glass fiber with a substrate
layeror an analyte binding molecular layer, optionally
reagents and instructions for optically activating an
end of the glass fiber and packaging. Methods of the
invention [0033] In general, methods of the invention
are practiced using assemblies and apparatus,
including a bio-layer interferometry (BLI) sensor,
such as those described in co-owned U.S.
Non-provisional Application No. 10/981,901, filed
November 4, 2004, for Hong Tan, et al., entitled
"Fiber-Optic Assay Apparatus Based on Phase-Shift
Interferometry," Attorney Docket No. 24377-0961 IUS,
the contents of which are herein incorporated by
reference in their entirety. [0034] In brief, the
sensor is prepared by optically activating one end of
a glass fiber. The activation steps include buffing
the fiber surface, coating the surface with Ta2O5
followed by coating with an SiO2 layer, and cleaning,
and immobilization of enzyme substrate or one member
of a binding pair by passive adsorption and/or
covalent attachment. [0035] Included within the scope
of the invention are two broad and general formats for
assaying enzyme activity. In the first format,
substrate is immobilized on a surface of a biolayer
interferometry (BLI) sensor. In the second format, the
BLI sensor includes a surface having a molecule
capable of binding substrate. In the second format, a
semi-permeable membrane optionally is included between
the BLI sensor and the assay solution, or the
substrate is bound to a support such as a microtitre
well or a bead. These embodiments are particularly
useful with hydrolases to prevent or slow binding of
full-length substrate to the BLI sensor hi the second
format, information about enzyme activity can be
derived both from kinetic and steady state components
of the interference signal. [0036] A Bio-Layer
Interferometry (BLI) sensor is capable of measuring
sub nanometer changes in the thickness of its optical
layer detection surface. Analysis of biological
samples is possible by designing assay formats where
biomolecules bind at the sensor surface and change the
optical layer thickness. The magnitude of the optical
layer thickness change is proportional to the mass or
molecular weight of the binding molecule. The
Bio-Layer Interferometer can be configured to have
substrate immobilized to the sensor surface to measure
enzymes whose activity creates a change in the
substrate molecular weight, either 



increasing or diminishing the molecular weight, to
produce a corresponding change in the optical layer
thickness. [0037] The invention is broadly applicable
to enzyme activity measurements, including by way of
example but not limitation, measurements of hydrolases
(including proteases),glycosylases, esterases,
transferases (including nucleotide transferases and
phosphotransferases). These are considered in greater
detail below. EXAMPLES [0038] Below are examples of
specific embodiments for carrying out the present
invention. The examples are offered for illustrative
purposes only, and are not intended to limit the scope
of the present invention in any way. Efforts have been
made to ensure accuracy with respect to numbers used
(e.g., amounts, temperatures, etc.), but some
experimental error and deviation should, of course, be
allowed for. Unless otherwise specified, procedures
are carried out at room temperature (typically 20-23
degrees Celsius). [0039] The practice of the present
invention will employ, unless otherwise indicated,
conventional methods of protein chemistry,
biochemistry, recombinant DNA techniques and
pharmacology, within the skill of the art. Such
techniques are explained fully in the literature. See,
e.g., T.E. Creighton, Proteins: Structures and
Molecular Properties (W.H. Freeman and Company, 1993);
A.L. Lehninger, Biochemistry (Worth Publishers, Inc.,
current addition); Sambrook, et al., Molecular
Cloning: A Laboratory Manual (2nd Edition, 1989);
Methods In Enzymology (S. Colowick and N. Kaplan eds.,
Academic Press, Inc.); Remington's Pharmaceutical
Sciences, 18th Edition (Easton, Pennsylvania: Mack
Publishing Company, 1990); Carey and Sundberg Advanced
Organic Chemistry 3rd Ed. (Plenum Press) VoIs A and
B(1 992). Example 1: BLI molecular weight detection
characterization. [0040] The minimum molecular weight
of a binding molecule that BLI can detect is
illustrated in Figs. 1& 2. In Fig. 1 data of a
biotin-PEG conjugate with a molecular weight of 900
Daltons binding to a streptavidin coated BLI sensor is
depicted. The BLI sensor and methods for coating the
sensor are described in detail in co-owned U.S.
Non-provisional Application No. 10/981,901, filed
November 4, 2004, for Hong Tan, et al., entitled
"Fiber- Optic Assay Apparatus Based on Phase-Shift
Interferometry," Attorney Docket No. 24377- 0961 IUS.
Fig. 2 shows the binding of biotin (M.W. -230 D) to a
streptavidin coated BLI sensor. The data indicate that
the described interferometry methods readily detect
binding of 



molecules around 250 Dalton molecular weight, and that
molecules in the 500 to 1000 Dalton molecular weight
range generate a substantial change in optical layer
thickness. Based on the minimum molecular size
detection of BLI, one can configure the BLI sensor
with immobilized substrates to monitor the activity of
enzymes producing molecular size changes in the
substrate as small as 250 to 1000 Daltons.[0041] The
small minimum molecular size detection limit of BLI
makes it possible to apply BLI to a large number of
enzymes. The following are by way of example, but not
limitation, enzyme classes whose activities can be
measured in accordance with the present invention, and
specific examples of such measurements. Example 2:
Hydrolase activity measurements. [0042] Hydrolyases
are enzymes that catalyze cleavage of C-O, C-N, C-C or
phosphoric anhydride bonds. Subgroup 1: Proteases
(enzymes acting on peptide bonds ) Immobilized
Substrate Format [0043] This format features the
protease substrate immobilized to the surface of the
BLI glass fiber sensor using methods described in
co-owned U.S. Non-provisional Application No.
10/981,901, filed November 4, 2004, for Hong Tan, et
al., entitled "Fiber-Optic Assay Apparatus Based on
Phase-Shift Interferometry," Attorney Docket No.
24377-0961 IUS (incorporated herein by reference) and
below. The fiber is immersed in an enzyme-containing
sample, and monitored for changes in optical layer
thickness. [0044] The basic assay protocol is to
incubate a Bio-Layer Interferometer (BLI) sensor on
which has been immobilized an enzyme substrate in an
enzyme-containing solution enzyme. The amount of the
substrate depletion is quantified by, e.g., a change
in optical phase shift using the Bio-Layer
Interferometry (BLI) technique fully described in
co-owned and pending U.S. Non-provisional Application
No. 10/981,901, filed November 4, 2004, for Hong Tan,
et al., entitled "Fiber-Optic Assay Apparatus Based on
Phase-Shift Interferometry," Attorney Docket No.
24377-0961 IUS, incorporated herein by reference. The
change in, e.g., optical phase shift is proportional
to the amount of enzyme activity in the solution
because hydrolytic activity is estimated by measuring
the depletion of substrate from the BLI sensor
resulting from the enzyme activity. Subtilisin
activity measurements on immobilized casein substrate
Methods 



[0045] An optical signal baseline was established by
immersing the optically-activated end of a fiber
sensor tip in PBS and monitoring the optical signal
using interferometry methods and instrumentation
described in co-owned U.S. Non-provisional Application
No. 10/981,901, filed November 4, 2004, for Hong Tan,
et al, entitled "Fiber-Optic Assay Apparatus Based on
Phase-Shift Interferometry," Attorney Docket No.
24377-0961 IUS (incorporated herein by reference in
its entirety). Next the fiber was coated with
PoIy-DLysine by incubating the tip in a 0.5 mg/mL
Poly-D-Lysine solution (in PBS, pH 7.4) for 15
minutes. Unbound Poly-D-Lysine was rinsed by
incubating the tips in PBS for 10 minutes. [0046] The
fiber was coated with a layer of casein [Sigma
Chemical Company, St Louis, MO] by incubating the tip
in a 50 mg/mL casein solution (50 niM Na Phosphate,
150 mM NaCl, pH 7) for 15 minutes. Unbound casein was
rinsed by incubating the tip in PBS for 10 minutes.
[0047] Fibers with immobilized casein were incubated
in various concentrations (1, 10, 50 mg/mL) of
subtilisin [Sigma Chemical Company, St Louis, MO]
solution (in 50 mMNa Phosphate, 150 mM NaCl, pH 7).
Each of the procedures described above was carried out
while monitoring the optical signal. [0048] Results
and Discussion [0049] Fig 3 illustrates the result of
this example. The optical traces show calculated
illustrate biolayer thickness as a function of time.
Apparent are increases in biolayer thickness during
casein loading and subsequent decreases following
subtilisin incubation. The traces show a clear
dose-response effect with more rapid and greater
changes occurring with higher subtilisin concentration
over the tested range. Effect of protease inhibitor on
enzymatic activity Methods [0050] Fiber sensor tips
were prepared and coated with casein as described
above. One fiber was incubated in 50 mg/mL of
subtilisin solution (in 50 mM Na Phosphate, 150 mM
NaCl, pH 7). [0051] Other fibers were incubated in a
pre-mixed and pre-incubated solution of 50 mg/mL of
subtilisin and 3 mM PMSF [Sigma Chemical Company, St
Louis, MO] (the mixture was incubated at 37 0C for 20
minutes) solution (50 mM Na Phosphate, 150 mM NaCl, pH
7). Each of the procedures described above was carried
out while monitoring the optical signal. 



[0052] Result and Discussion [0053] Traces obtained
from a fiber incubated in subtilisin solution show the
expected depletion of casein from the tip surface
(Fig. 4). This shows up as smooth, time-dependent
change in the trace following incubation in the enzyme
solution. Fibers incubated in the subtilisin/PMSF
mixture of subtilisin and (protease inhibitor) PMSF
did not show the any time-dependent changes in the
optical signal (Figs. 5 and 6), illustrating
inhibition of subtilisin by 3 mM PMSF.Substrate
Capture Format [0054] The substrate capture format
entails digestion of the substrate by a protease in
liquid phase followed by binding of the substrate to
the surface of the BLI sensor. The binding of the
substrate is designed so that proteolytic cleavage of
the substrate produces a detectable to change in the
optical layer thickness hi one preferred embodiment, a
streptavidin / biotin binding pair is used to effect
substrate capture. Figure 7 shows two approaches to
tag the peptide substrate with biotin. In the case
where the protease has multiple cleavage sites, the
biotin does not have to be substituted at a specific
site since the resulting digestion will produce a
peptide with a sufficiently small molecular size. The
substrate can also be designed so that there is a
single cleavage site and the location of the biotin
substitution is such that it remains on the smallest
peptide fragment upon proteolysis. Methods for
derivatizing substrate with biotin or another member
of a binding pair are well known to ordinarily-skilled
practitioners and include biochemical modification of
existing substrate molecules, or, synthesis using
derivatized sub-units. Such methods are described in,
e.g., [Antibodies: A Laboratory Manual (E. Harlow and
D. Lane, 1988); Bioconjugation Protocols: Strategies
and Methods (Methods in Molecular Biology (Clifton,
NJ.), V. 283, 2004)] incorporated by reference, and
exemplified below. Example 3: Trypsin activity
measurements using substrate capture. [0055] Trypsin
activity measurements are made using the substrate
capture format and cytochrome C as a substrate.
Cytochrome C is about 12 kDaltons in molecular weight
and includes has 8 trypsin cleavage sites. A standard
biotin-NHS derivative [Pierce Biotechnology, Rockford
IL] is used to tag the cytochrome C. Coupling
conditions employ standard phosphate buffered saline
(PBS) pH 7 buffer. Biotin-NHS is mixed with cytochrome
C at a molar coupling ratio of 5 to 1 (biotin to
cytochrome C) typically resulting in one biotin
substitution per cytochrome C molecule.
Streptavidin-coated BLI sensors are 



prepared from 0.6mm diameter glass fibers with a
tantalum oxide layer of about 20 nm and a silicon
dioxide layer of about 700 nm are dipped in a PBS
solution containing 0.5 mg/ml of poly-D-lysine as
described above. After 15 minutes at room temperature,
the fibers are washed in PBS then immersed in a 1
mg/ml solution of bovine serum albumin (BSA) labeled
with N-succinimidiyl 3-(2-pyridyldithio) propionate
(SPDP) [Pierce Biotechnology, Rockford IL] and
incubated for 20 minutes followed by a wash step with
PBS. The fibers are then immersed in a solution of
5OmM dithiolthreitol for 30 minutes at room
temperature. After a wash in PBS, the fibers are
placed in the solution containing 20 mg/ml of
streptavidin labeledwith SMCC and incubated for 60
minutes, followed a by PBS wash. The fibers are stored
in PBS until use. [0056] The basic assay for protease
activity using the substrate capture format entails
adding to a biotinylated cytochrome C solution, in the
range of about 1 mg/ml to 1 nig/ml, a trypsin sample,
typically at a 1% wt./wt. ratio. After a digestion
time period, a streptavidin coated sensor is placed in
the enzyme/substrate mixture for substrate capture. To
avoid trypsin acting upon the streptavidin, the enzyme
can be inactivated either by snap boiling the
substrate mixture or adding a protease inhibitor, such
as aprotinin, just prior to adding the glass fiber.
The BLI sensor can assess the change in substrate size
by a measuring the optical layer thickness upon
binding the biotinylated peptide. Figure 8 illustrates
the assay format where protease activity produces
smaller peptides with a thinner optical layer.
Subgroup 2: Glycosylases (enzymes that hydrolyse O or
S or N glycosyl bonds ) Immobilized Substrate Format
[0057] The following example is described for
dextranase, but the same methods can be applied to
other polysaccharide processing enzymes such as
amylase and cellulase. Dextran is linked to a protein
coated BLI sensor by initially reacting the dextran
with sodium periodate to introduce reactive aldehyde
groups on the dextran polymer. A protein coated BLI
sensor (such as prepared according to the methods
described in the example above) is then immersed in
the dextran solution. The aldehyde groups on the
dextran form bonds with free amino groups on the
protein resulting in a BLI sensor with a dextran as
the final layer. Measurement of dextranase activity is
possible when the dextran coated sensor is immersed in
a dextranase containing sample. Hydrolytic activity of
the dextranase reduces the molecular size of the
immobilized dextran, which is detected as a thinner
optical layer. Substrate Capture Format 



[0058] Measurement of glycosylases in the substrate
capture format is accomplished by biotinylating the
polysaccharide substrate. In the dextranase example,
dextran is reacted with sodium periodate to generate
aldehyde groups followed by the addition of large
molar excess of a bis-amine, such as ethylenediamine.
One amino group of the bis-amine couples to the
aldehyde on the dextran leaving the second amine free
for coupling to biotin-NHS in a subsequent reaction.
The molar coupling ratio of the biotin-NHS reaction is
selected to yield about one biotin substitution per
dextran. The assay for dextranase activity in the
substrate capture format is similar to the protease
second example where the biotinylated dextran
substrate is incubated with the dextranase sample
followed by binding of the biotinylateddextran to a
streptavidin coated BLI sensor. Dextranase activity
creates smaller dextran fragments which are measured
as a thinner optical layer. Example 4: Esterase
activity measurements. Subgroup 3; Esterases (enzymes
that act on ester bonds) [0059] Some examples of
esterases include nucleases (RNase, DNase, etc.),
alkaline phosphatase, acid phosphatase, and
serine/threonine phosphatase. DNase I is used as an
example of measuring esterase activity. Since DNase I
cleaves at all 4 bases in oligonucleotides as small as
three bases in length, dsDNA is prepared by a
commercial vendor using standard DNA synthesis
techniques having a length of about 30-40 base pairs
with a biotin group at one of the terminal ends. The
biotinylated dsDNA is bound to a streptavidin coated
BLI sensor. The sensor is then immersed in sample
containing DNase I in the buffer: 10 mM Tris pH 7.5,
2.5 MgCl2, 0.5 nM CaCl2 and the decrease in optical
layer thickness is monitored. The alternative
substrate capture format is performed by mixing the
biotin labeled dsDNA with the DNase I in liquid phase
before the binding of the substrate to the
streptavidin coated sensor. Example 5: Transferase
activity measurements. [0060] Transferases are enzymes
that catalyze the transfer of methyl, glycosyl, or
phospho groups to other compounds. In contrast to the
hydrolytic enzymes, the transferases increase the
molecular size of the substrate and their activity is
detected by the BLI sensor as an increase in optical
layer thickness. Subgroup 1: Nucleotide transferases
[0061] Nucleotides transferases catalyze the
incorporation of nucleotides into DNA or RNA polymers.
Figure 9 shows the format for measuring DNA polymerase
I activity as an 



example. A DNA template from 10 to 30 nucleotides is
obtained from a commercial vendor with a biotin
incorporation at either of the terminal nucleotides.
The DNA template is hybridized with an oligonucleotide
primer enabling the DNA polymerase I to incorporate
nucleotides in the 5' to 3' direction. The biotin
tagged DNA template can be bound to a streptavidin
coated sensor either before or after the DNA
polymerase step. Conditions for the polymerase step
such as enzyme loading, dNTPs, buffer formulation,
etc. follow established protocols. Since the dNTPs
have molecular weights around 400 D, incorporation of
as little as 1-2 nucleotides can be detected as a
change in optical thickness. [0062] An alternative
approach to measure activity of nucleotide
transferases is based on hapten incorporation as shown
in Fig. 10. A DNA template with a hybridized primer
asmixed with DNA polymerase I and a mixture of dNTPs
including biotinylated ATP. B-ATP is obtained from
commercial sources since it is commonly used in nick
translation. After the polymerase step, a streptavidin
coated BLI sensor is placed in the sample mixture.
Unincorporated B-ATP having a molecular weight around
600 D produces a relatively small increase in the
optical layer upon binding to streptavidin, whereas
B-ATP incorporated in the DNA template produces a
greater increase in the optical layer depending on the
molecular weight of the DNA. Subgroup 2:
Phosphotransferases [0063] Phosphotransferases
catalyze the transfer of phosphate groups to hydroxyl
containing compounds, typically peptides with
tyrosine, serine, or threonine residues. There are
over 100 commercially monoclonal antibodies that bind
to a phosphorylated amino acid or specific sequences
encompassing a phosphorlyated amino acid. Many assays
of kinase activity have been reported and are
commercially available utilizing antibodies to
phosphorylated peptide substrates. Figure 11 describes
an assay using an anti phosphotyrosine antibody. The
antibody is initially biotinylated by standard methods
then bound to a streptavidin coated sensor. The
substrate (GIu TyT)n is incubated with tyrosine kinase
plus ATP5 after which the sensor coated with anti
phosphotyrosine is placed in the sample. The binding
of the phosphorylated peptide produces an increase in
the optical layer thickness. [0064] Figure 12
illustrates an assay using an antibody to a
phosphorylated amino acid sequence for a specific
kinase. In this case, the kinase is protein kinase C
and commercial antibody to phosphorylated protein
kinase C substrate. Figure 13 shows an exemplary
format 



for a kinase activation assay. In this example,
mitogen activated protein kinase (MAPK) is activated
by phosphorylation by another enzyme, MEKl . A
commercial anti phospho MAPK bound to a BLI sensor
detects the activation of MAPK. [0065] While the
invention has been particularly shown and described
with reference to a preferred embodiment and various
alternate embodiments, it will be understood by
persons skilled in the relevant art that various
changes in form and details can be made therein
without departing from the spirit and scope of the
invention. [0066] AUreferences, issued patents and
patent applications cited within the body of the
instant specification are hereby incorporated by
reference in their entirety, for all purposes.CLAIMS
What is claimed is: 1. A method for assaying enzyme
activity, comprising: providing an optical element
coupled to a light source via an optical fiber, the
optical element including (a) a proximal reflecting
surface and a distal reflecting surface separated by
at least 50 nm, and (b) a layer of enzyme substrate
molecules positioned so that interference between a
reflected beam from the proximal reflecting surface
and a reflected beam from the distal reflecting
surface varies as an enzyme reacts with the substrate,
and wherein the reflected beams are coupled into the
optical fiber; exposing the optical element to an
enzyme; and detecting a change in the interference
between the reflected beams, wherein the change is
indicative of enzyme activity. 2. The method of claim
1, wherein the enzyme is a hydrolase or a transferase.
3. The method of claim 2, wherein the enzyme is a
protease, a phosphatase, a glycosylase, or an
esterase. 4. The method of claim 2, wherein the enzyme
is a nucleotide transferase, a glycosyl transferase or
a phosphotransferase. 5. The method of claim 1,
further comprising providing a second optical element
coupled to the light source via a second fiber, the
second optical element including (c) a proximal
reflecting surface and a distal reflecting surface
separated by at least 50 nm, and (d) a layer of enzyme
binding molecules positioned so that interference
between a second reflected beam from the second
optical element proximal reflecting surface and a
reflected beam from the second optical element distal
reflecting surface varies as the enzyme binds to the
layer of 



enzyme binding molecules, and wherein the second
reflected beams are coupled into the fiber; and
detecting a change in the interference between the
second reflected beams, wherein the change is
indicative of enzyme amount. 6. The method of claim 5,
wherein the layer of enzyme binding molecules
comprises an antienzyme antibody, a fragment of an
anti-enzyme antibody, or an anti-enzyme scFv molecule.
7. A method for assaying enzyme activity, comprising:
providing an optical element coupled to a light source
via a fiber, the optical element including (a) a
proximal reflecting surface and a distal reflecting
surface separated by at least 50 nm, and (b) a layer
of analyte binding molecules positioned so that
interference between areflected beam from the proximal
reflecting surface and a reflected beam from the
distal reflecting surface varies as an enzyme
substrate or portion thereof binds to the layer of
analyte binding molecules, and wherein the reflected
beams are coupled into the fiber; exposing the optical
element to a substrate reacted or reacting with an
enzyme, whereby the substrate or a portion of the
substrate binds to the layer of analyte binding
molecules; and detecting a change in optical thickness
of the first reflecting surface, wherein the change is
indicative of enzyme activity. 8. The method of claim
7, wherein the enzyme is a hydrolase or a transferase.
9. The method of claim 8, wherein the enzyme is a
protease, a phosphatase, a glycosylase, or an
esterase. 10. The method of claim 8, wherein the
enzyme is a nucleotide transferase, a glycosyl
transferase or a phosphotransferase. 11. The method of
claim 7, further comprising interposing a
semi-permeable membrane between said optical element
and said substrate. 12. The method of claim 7, wherein
said substrate is bound to a support. 13. The method
of claim 7, further comprising providing a second
optical element coupled to the light source via a
second fiber, the second optical element including (c)
a proximal reflecting surface and a distal reflecting
surface separated by at least 50 nm, and (d) a layer
of enzyme binding molecules positioned so that
interference between a second reflected beam from the
second optical element proximal reflecting surface and
a reflected beam from the second optical element
distal reflecting surface varies as the enzyme binds
to the layer of enzyme binding molecules, and wherein
the second reflected beams are coupled into the 



fiber; and detecting a change in the interference
between the second reflected beams, wherein the change
is indicative of enzyme amount. 14. The method of
claim 7, wherein the layer of analyte binding
molecules comprises avidin, streptavidin, biotin, an
antibody, an antibody fragment, an scFv, or a lectin.
15. The method of claim 13, wherein the layer of
enzyme binding molecules comprises an anti-enzyme
antibody, a fragment of an anti-enzyme antibody, or an
anti-enzyme scFv molecule. 16. The method of claim 7,
further comprising the step of inactivating the enzyme
before the exposing step.17. An assembly, comprising
an optical element adapted for coupling to a light
source via an optical fiber, the optical element
including (a) a proximal reflecting surface and a
distal reflecting surface separated by at least 50
run, and (b) a layer of enzyme substrate molecules
positioned so that interference between a reflected
beam from the proximal reflecting surface and a
reflected beam from the distal reflecting surface
varies as an en2yme reacts with the substrate. 18. An
assembly, comprising an optical element adapted for
coupling to a light source via an optical fiber, the
optical element including (a) a proximal reflecting
surface and a distal reflecting surface separated by
at least 50 nm, and (b) a layer of analyte binding
molecules positioned so that interference between a
reflected beam from the proximal reflecting surface
and a reflected beam from the distal reflecting
surface varies as an enzyme reacts with the substrate.
19. A kit, comprising a glass fiber adapted for
coupling to a bio-layer interferometer, reagents and
instructions for derivatizing the glass fiber with a
substrate layer or an analyte binding molecular layer.
20. The kit of claim 19, further comprising reagents
and instructions for optically activating an end of
the glass fiber. 


