
Introduction 
While antibody-based fluorescence and 
radioactive detection technologies have 
dominated drug discovery and biological 
research worldwide, label-free technology 

is becoming widely accepted as a valuable research tool for mechanism-of-action 
(MOA) studies in lead optimization and receptor pharmacology. Here we introduce 
EnSpire® Multimode Plate Reader with Corning® Epic® label-free technology. This 
orthogonal platform enables the use of both label-free and labeled technologies 
to comprehensively identify, and characterize target and ligand behavior in both 
cell-based and biochemical assays, with greater confidence. The integration of 
Corning® Epic® label-free optical sensor technology can be used in multiwell 
microplate formats to interrogate protein:protein and protein:small molecule 
biomolecular interactions. In biochemical assays, label-free has the advantage over 
functional assays of recording actual binding events rather than the downstream 
functional effect of binding. Label-free eliminates the need for costly targeted 
antibodies and issues such as background fluorescence or radioactive interference 
to detection associated with the use of labels, while providing access to novel bio-
chemical and pharmacological information for basic research and drug discovery. 
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EnSpire Label-free: Platform Biochemical  
Assay Principle
Label-free biochemical assays measure changes in the index 
of refraction upon a binding event. This change is indicated 
by a shift in wavelength as shown in the following schematic.  

Protein:protein interactions are vitally important to under-
standing biological processes and are thus of great interest in 
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Figure 1.  Label-free Biochemical Assay Workflow Figure 2.  Optical biosensors within the well of the label-free enabled microplate 
include a sample and reference area.

academic research and commercial drug discovery. Similarly, 
protein interactions with smaller molecular weight ligands are 
also of great interest. In this study, we use the EnSpire label-
free instrument to analyze direct binding interactions between 
trypsin and two small ligands, leupeptin (476 Da) and antipain 
(678 Da), and between bovine carbonic anhydrase II (CAII,  
30 kDa) with a set of small molecule compounds with molecular 
weights ranging from 157 to 350 Daltons. Furthermore, we 
demonstrate that the saturation binding curve KD values for 
all interactions obtained on the EnSpire label-free instrument 
are consistent with Corning® Epic® label-free generated data 
and previously published studies (Myszka, D.G. Analysis of 
small-molecule interactions using Biacore™ S51 technology. 
Anal. Biochem. 329, 316-323 (2004)). Together with previ-
ously generated protein:protein binding experiments 
(Comparison of performance: EnSpire Multimode Plate Reader 
and Corning® Epic® System, 009446A), these results indicate 
that the EnSpire label-free system generates reproducible and 
high-quality information for protein:protein, and protein:small 
molecule interactions. Figure 1 illustrates the workflow for the 
EnSpire label-free biochemical assay. All of the liquid handling 
steps can be performed either manually or using automation 
such as the JANUS® Automated Workstation. Automating the 
label-free steps provides the advantage of a robust, reliable 
and easy-to-use protocol resulting in significant time savings.

Several simple steps are necessary when optimizing biochemical 
assays, including selecting the right pH and buffer conditions, 
optimizing the concentration of bound target, and evaluating 
assay robustness with respect to buffer conditions. The initial 
step in the biochemical assay protocol involves immobilization 
of the target onto the amine-coupling surface of the EnSpire 
label-free biochemical microplate biosensor. (The reference 
area of the biosensor (Figure 2) prevents non-specific target 
immobilization). Next, the unbound target is washed away 
followed by further equilibration of the biosensor and the initial 
baseline read. Finally, the analyte is added to the immobilized 
target enabling the final read. Relative to adjacent well refer-
encing utilized by other label-free instruments, the EnSpire 
label-free platform employs Epic® self-referencing technology 
that delivers data with lower variability and eliminates the 
need to assign reference wells.
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High sensitivity biochemical plates (PerkinElmer Cat. No. 
6057468) were pre-activated with 15 μL of 50 mM sulfo-NHS 
(N-hydroxysulfosuccinimide (Pierce Cat. No. 24510) and 200 
mM EDC (N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide 
hydrochloride) (Sigma Cat. No. 03449) diluted in water. The 
plate was sealed and centrifuged at 800 RPM for 1 minute, 
followed by a 30 minute incubation. Next, the plate was 
washed 3 times with 25 μL of water. The plate was centri-
fuged, inverted at 800 RPM for 1 minute. Carbonic anhydrase 
II immobilization was then accomplished by adding 15 μL of 
200 μg/mL protein in 20 mM sodium acetate pH 5.5 using a 
multi-channel pipettor or JANUS, then sealed, centrifuged for 
1 minute at 800 rpm and incubated overnight at 4°C. The 
next day, plates were washed five times with assay buffer 
(PBS, pH 7.4, 0.1% DMSO) and then followed with a final 
volume of 15 μL assay buffer. An aspiration wand (connected 
to an external vacuum) was used to perform washes. The 
wand was taped on the outer edges to leave a residual 10 μL 
of buffer on the label-free enabled microplates. Following 
washing, plates were then equilibrated in PBS for 4 hours.

Compound/Ligand Preparation
Compounds utilized for the trypsin assay were diluted with 
assay buffer at a working concentration of 100 μM (50 μM 
final) and diluted 3-fold in 3% DMSO directly in a 96-well 
polypropylene plate for a total of 14 concentrations. Compounds 
utilized for the carbonic anhydrase II assays (with the exception 
of sulpiride) were diluted with assay buffer at a working  
concentration of 20 μM (10 μM final) and diluted 4-fold in 
PBS directly in a 96-well polypropylene plate for a total of  
14 concentrations. Sulpiride was used at a working concen-
tration of 1 mM (500 μM) with identical treatment as the 
other compounds.

Binding Assays
The binding of compounds to trypsin was measured on the 
EnSpire label-free platform in manual mode. After 25 minutes 
of thermal equilibration, a baseline reading was taken on the 
label-free microplates with protein immobilized in assay buffer. 
In the next step, 25 μL of reconstituted compounds were 
added to the plates to a final compound concentration of 
520 pM and then mixed. The final reading was taken after  
25 minutes of thermal equilibration. The binding of compounds 
to carbonic anhydrase II was measured on the EnSpire label-free 
platform following a 4 hour incubation in 15 μL PBS. An initial 
baseline measurement (5 minutes) was taken on the microplates 
with carbonic anhydrase II immobilized in PBS. In the next 
step, 15 μL of reconstituted small molecules was added to the 
plate and mixed. The final readings were taken over a period 
of 30 minutes. The label-free responses were measured as 
shifts in reflected wavelength and are expressed in picometers 
(pm). Results were analyzed using the EnSpire label-free user 
interface software. The difference between the last baseline 
measurements and the signal max was used to determine the 
KD value. Graphs were generated using GraphPad PRISM® v5.01.

Materials and Methods
Due to the availability of purified proteins and well-characterized 
inhibitors, carbonic anhydrase II and trypsin were chosen to 
demonstrate robust protein:ligand direct binding capabilities 
of the EnSpire label-free platform. Additionally, these targets 
and ligands have been previously characterized with the 
Corning® Epic® System.

Reagents
Trypsin from porcine pancreas (Cat. No. T-0303), leupeptin 
hemisulfate salt (Cat. No. L-2884) antipain dihydrochloride 
(Cat. No. A-6191), carbonic anhydrase Isozyme II from bovine 
erythrocytes (Cat. No. C2522), benzenesulfonamide (Cat. No. 
108146), 4-carboxybenzenesulfonamide (CBS) (Cat. No. C11804), 
acetazolamide (Cat. No. A6011), 5-(dimethylamino)-1-naph-
thalenesulfonamide (dansyl amide) (Cat. No. 218898), furo-
semide (Cat. No. F4381), carbachol (Cat. No. C4832) and 
(±)-sulpiride (Cat. No. S8010) were purchased from Sigma-
Aldrich (St. Louis, MO). Phosphate buffered saline (PBS)  
(Cat. No. P3813) and ethanolamine (Cat. No. 398136) were 
purchased from Sigma-Aldrich and sodium acetate (Cat. No. 
BP333-500) was purchased from Fisher Scientific (Pittsburgh, 
PA). Sulfo-N-hydroxysulfosuccinimide (sNHS) (Cat. No. 24510) 
and 1-ethyl-3-(3-dimethylaminopropyl) carbodiamide hydro-
chloride (EDC) (Cat. No. 22981) were purchased from Pierce 
(Rockford, IL). EnSpire LFB 384-well amine-coated biochemical 
microplates (8-plate coated Cat. No. 6057418) were used for 
all small molecule binding studies (PerkinElmer). Aspiration 
wand (Cat. No. VP186LP) was purchased from VP Scientific 
(San Diego, CA).

Microplate Activation
Label-free enabled microplates (Cat. No. 6057468) used for 
both assays were activated with 10 μL of 200 mM EDC/50 mM 
sNHS, and incubated for 30 minutes at room temperature. 
The microplates were subsequently washed 3 times with  
30 μL H2O/0.005% Tween 20 on a PerkinElmer JANUS® 
Automated Workstation.

Protein Immobilization
Trypsin immobilization was accomplished by adding 10 μL  
of 50 μg/mL protein in 20 mM sodium acetate pH 5.5 using  
a multi-channel pipette or JANUS®, followed by overnight 
incubation at 4° C. The microplates were subsequently 
blocked with 500 mM ethanolamine/PBS, pH 8.0 for 10  
minutes. Plates were then washed three times with assay  
buffer (PBS, pH 7.4, 0.005% Tween 20, 3% DMSO) and  
then followed with a final volume of 15 μL assay buffer.

Carbonic anhydrase II immobilization was accomplished by 
adding 15 μL of 200 μg/mL protein in 20 mM sodium acetate 
pH 5.5 using a multi-channel pipette or JANUS, followed by 
overnight incubation at 4° C, centrifugation at 800 RPM for 1 
minute, and then incubation for 1 hour at room temperature. 
Subsequently, plates were washed 3 times with 25 μL PBS, pH 
7.4, and then followed with a final volume of 15 μL PBS. 
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Results
Table 1 summarizes the KD ligand values for the targets and 
small molecules obtained using the EnSpire label-free platform 
and published Biacore™ values (* Myszka, D.G. Analysis of 
small-molecule interactions using Biacore™ S51 technology. 
Anal. Biochem. 329, 316-323 (2004)). Figure 3 shows clear 
and concentration-dependant dose response curves for each 
small molecule binding to immobilized carbonic anhydrase II. 
As a negative control for monitoring the label-free response, 
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Furosemide (330 Da), KD = 639 nM
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Dansyl Amide (250 Da), KD = 701 nM
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Sulpiride (341 Da), KD = 96 nM
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Figure 3. Concentration-dependent dose response 
curves are shown for each small molecule binding to 
immobilized carbonic anhydrase II.  A control 
compound, carbachol, was included as a negative 
control for monitoring the label-free response, and 
showed no detectable protein binding.

a control compound, carbachol, was included showing no 
detectable protein binding.  Assay robustness (Z') was calculated 
for each microplate by measuring the response of maximal 
protein (positive control) vs. assay buffer alone (negative  
control). Using the EnSpire label-free platform, the Z' values, 
which were tested multiple times to evaluate assay reproducibility 
and robustness, were ≥ 0.7 with CV ≤ 5% (data not shown). 

*Concentration in μM

**Myszka, D.G. Analysis of small-molecule interactions using Biacore™ S51 technology. Anal. Bio. 329, 316-323 (2004)

Table 1.

 
Compound

 Molecular EnSpire Epic Biacore** 
  Weight (Da) KD [nM] KD [nM] KD [nM]

 Benzenesulfonamide 157 983 Not Tested 848

 Carbachol 183 No Binding Not Tested Not Tested

 4-Carboxybenzene sulfonamide (CBS) 201 790 700 893

 Acetazolamide 222 55 27 19

 Dansylamide 250 701 513 760

 Furosemide 330 639 550 513

 (±)-Sulpiride 341 96* 29* 186*
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Analysis of two small molecule inhibitors interacting with 
immobilized trypsin using the EnSpire with label-free technol-
ogy and the EnSpire label-free biochemical microplate is 
shown in Figure 4. Each well was immobilized with trypsin at 
100 µg/mL, and binding was assessed through separate dose 
series. There is clear and concentration-dependant binding for 
leupeptin and antipain with KD values in alignment with pub-
lished data (Table 1). These data demonstrate that the EnSpire 
label-free platform is capable of generating high-quality and 
reproducible information for small molecule and protein bind-
ing interactions.

Conclusions
Experimental results presented here using the EnSpire 
Multimode Plate Reader with label-free technology and 
PerkinElmer’s EnSpire label-free microplates demonstrate the 
following aspects of label-free detection:

1. The EnSpire label-free platform offers highly sensitive, 
robust monitoring of direct protein:ligand binding events 
especially those weak interactions that would be difficult 
to detect using labeled assays.

2. The EnSpire label-free platform can directly monitor small 
molecule binding to an immobilized protein with extremely 
high sensitivity.

3. The cost and time required for assay development can be 
minimized for most targets by applying a label-free strategy 
as described.

4. The EnSpire label-free platform robustly measured the binding 
of small molecules ranging from 157 Da to 350 Da with KD 
values comparable to published Biacore™ SPR data. This 
observation indicates that in situations where SPR becomes 
a throughput bottleneck in the biophysical process, use of 
the plate-based EnSpire® with Epic label-free technology 
for screening based on KD  prior to SPR, will reduce the 
sample backlog of ka and kd, leading to a more efficient 
workflow.

Trypsin Binding To Small Molecule Protease Inhibitors 
EnSpire label-free Platform
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Figure 4.  Small molecule binding to immobilized protein.  

* Potency in [nM]

Table 2

The EnSpire Multimode Plate Reader, shown here with optional 
stacker and dispenser

    EnSpire 
    Label-free

 Protein  Ligand  Molecular Weight  KD* 

 Trypsin  Leupeptin  476 Da  173

 Trypsin  Antipain  678 Da  926
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