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Abstract

We have recently developed a label-free screening system for drug discovery. The system is based on 
the SPR (Surface Plasmon Resonance) phenomenon. We combined Fujifilm’s technologies used in surface 
chemistry, organic chemistry, optical sensing, plastic molding, microfluidics, etc. into this product. This 
system is the highest speed SPR automatic detection system with throughput of 3,840 per day. The sensitivity 
is sufficient to detect small compounds with Mw 100 Da binding to immobilized protein on a sensor surface. 
These features meet Random Library Screening and Fragment-based Drug Discovery requirements.

Introduction1. 

We have developed an AP-3000 label-free affinity 

perceptive system for drug discovery, which provides the 

world’s highest sensitivity and throughput.  The system is 

based on the surface plasmon resonance (SPR) phenomenon, 

which is one field of near-field optics (Figs. 1 and 2).  This 

system is a product intended for screening for drug discovery, 

a new market to our company. We built it, applying a variety 

of technologies that our company possesses.  In this report, 

we present the developmental background, technical features, 

and application data of AP-3000.

Fig. 1  AP-3000. Fig. 2  Sensor stick.
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Developmental Background2. 

As shown in Fig. 3, flow processes of the development of 

drugs and medicines may be divided into (1) target ID (selection 

of target proteins), (2) screening (search for hit compounds), 

(3) lead generation (selection of lead compounds), (4) toxic 

test, and (5) clinical trial.  In these processes, searching for hit 

compounds, a large scale screening is carried out to screen a 

pharmaceutical company’s compound library to identify the 

compounds that bind to a target protein (Primary screening).  

In the primary screening, a method called functional assay is 

generally used, and hit compounds are detected by a labeling 

method utilizing fluorochromes, RI, etc.  However, this method 

often faces the problems that there are targets for which it 

is difficult to develop assays, and also that it causes many 

false positives. Thus, users in this field have been anxious 

for the introduction of a technology that enables the primary 

screening on a label-free basis.  In response to such a need, our 

company developed the label-free affinity perceptive system, 

AP-3000 by combining our proprietary capabilities in near-

field optics, organic chemistry, optical sensing, plastic molding, 

microfluidics, etc.

Fig. 3  Process of drug development.

Principle of Surface Plasmon Resonance 3. 
(SPR) 1)

As illustrated in Fig. 4, surface plasmon resonance (SPR), 

the basic principle of AP-3000, is described in this section.  In 

a system consisting of a prism, metal film, and samples (target 

protein & candidate compounds), incident light irradiated 

through the prism onto the interface of the metal film induces 

the collective motion of free electrons called plasmon in the 

metal film by an electric field.  Assuming that the refractive 

index of the prism is n, the dielectric constant of the metal 

is εm, the dielectric constant of the samples is εs, and the 

incident angle of light through the prism onto the metal film 

interface is θ, the condition where the following equation (1) 

holds causes a resonance between the incident light and the 

plasmon called SPR.

Fig. 5  Sensor sticks. Fig. 6  Precise tips. Fig. 7  Immobilization kit.

n (ω/c) sinθ = (ω/c) [εm εs/(εm + εs)]1/2 .... (1)
 In the SPR, which occurs on the condition of total 

reflection, energy of the light binds to the collective motion of 

free electron inside the metal and is absorbed into the metal.  

This means that part of the reflected light is attenuated.  

When this reaction occurs in the samples on the surface of the 

metal, the dielectric constant is altered and θ is also altered 

(θ1 to θ2).  Thus, the degree of the reaction can be estimated 

by measuring displacement of the dark line (θ∆).  This is 

the principle of SPR, which is Commercially applied to a 

biosensor for detecting biomaterial reactions on the interface 

of a solid layer.

Fig. 4  Principle of SPR.

Development of AP-30004. 

Product Configuration4.1 

AP-3000, consists of the consumables that are sensor 

sticks (Fig. 5), dedicated precise tips (Fig. 6), and protein 

immobilization kits (Fig. 7), and the main body that injects 

analyte solutions into the sensor stick and irradiates this 

sensor stick with light to detect SPR signals.  AP-3000 

is a label free screening system to detect small molecule 

compounds that bind to a target protein, and is applicable 

to a wide range of drug discovery, providing the following 

features: 

(1) To enable a 24-hour continuous run and high throughput 

by automatically carrying and loading the sensor sticks, 

precise tips, and analyte compounds-containing plates 

that are set up in the main body of AP-3000.

(2) To detect binding of small molecule compounds of 

about 100 Da through high sensitive technologies of 

optical sensing and data processing.
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(3) To prevent contamination and create ease of 

maintenance for the f low path system, by using 

disposable components for sensor sticks and precise tips 

that contact with analyte solutions.

Sensor Stick/Immobilization Layer4.2 

A sensor stick, called so because of its shape, is a sensor 

that combines (1) prisms, (2) protein immobilization layer, 

and (3) flow paths 2).

(1) A conventional problem of poor bonding that may 

occur between a glass prism and an immobilization 

layer is solved, by manufacturing a plastic prism with 

a plastic molding technology and directly binding it 

to the metal thin film and the protein immobilization 

layer.  Although making a plastic prism requires an 

ultra precise plastic molding technology, we succeeded 

in manufacturing it by applying the plastic lens 

manufacturing technology used for a camera called 

“QuickSnap”.

Fig. 9  Block diagram of AP-3000.Fig. 8  Procedure for immobilizing protein.

(2) The immobilization layer is composed of the following 

2 types of surface: the amine coupling surface which 

binds covalently to the amino group of the proteins 

and the avidin surface that binds to the biotin tag 

attached to the protein.  By using a immobilization kit 

dedicated to each type of the surface, determination 

of the immobilization condition, screening, etc. can be 

performed (Fig. 8).

(3) The f low path, with a volume of about 7 µL, is 

manufactured by resin molding.  This small volume 

reduces the consumption of proteins and compounds.

Main Body of AP-30004.3 

As illustrated in Fig. 9, the main body of AP-3000 is 

composed of the (1) SPR signal detection unit, (2) injection 

head unit, (3) stacker unit, (4) temperature control unit, and 

(5) integrated computer unit.  During the screening process, 

protein immobilization, measurement of compound binding, 

and calibration are done automatically (Fig. 10).

Fig. 10  Screening process.
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Injection Head Robot Unit4.3.2 

The injection head unit is composed of 12 injection 

nozzles, 12 injection pumps, and X/Y/Z stages in which the 

injection head moves, so as to dispense analyte, protein, and 

calibration solutions into the 6-channel flow paths of the 

sensor stick on a full automation basis. During a screening 

measurement, the unit dispenses analyte solutions prepared 

in a 384-well microtiter plate and running buffer solutions for 

screening alternately into the flow paths in the sensor stick.

 The injection into the flow path is done in a unique twin-

access manner which uses precise tips for both injection and 

discharge ports, and the flow of the solutions is formed in 

a stop-flow method (Fig. 12).  By stopping the flow of the 

solutions during measurement, the detection can be done with 

noises reduced.  Also, the pumps are independently controlled 

for the injection and discharge ports and inject only required 

amounts of solutions to reduce the amounts used, and enable 

measurement of activity via liquid recovery.

SPR Signal Detection Unit4.3.1 

As illustrated in Fig. 11, the SPR signal detection unit 

is composed of the light source unit, detector, and signal 

processing component. In order to do the 6 channel parallel 

detection, it irradiates the reverse side of the flow paths in 

the sensor stick with 12 rays of light (6 rays for measurement 

and 6 rays for reference) with high precision.  The reflected 

light from the reverse side of the flow paths is converted 

to electrical signals via CCDs set independently at every 

channel, correction is made, and the angle of the dark line is 

calculated with high resolution in real time. One resonance 

unit (RU), the measurement unit of the dark line angle, 

corresponds to an angular resolution that can distinguish 

volleyball at a distance of 100 km.  Thus, the main body 

of the system has a vibration isolating structure and is not 

influenced by external vibration, and further, the temperature 

control unit described below enables detection without the 

influence of environmental temperature changes.

Fig. 12  Stop-flow SPR measurement.

Fig. 11  Sensor stick and SPR detector.
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Fig. 13  Stacker unit.

Fig. 14  Binding data and sensorgram.

Stacker Unit4.3.3 

As shown in Fig. 13, the stacker unit can be loaded with 4 

sensor sticks, precise tips, and 10 384-well microtiter plates at 

maximum, which are carried, in an automatically sequential 

manner, to the access position of the injection head during 

the screening.  Also, from the onset of a measurement to the 

actual dispensing into the sensor stick, the protein solution is 

stored at ≤4°C to conserve its activity.  The running buffer 

and calibration solutions are circulated in the liquid collection 

component, which reduces the amount of solutions to be used 

and also minimizes the burden of preparing solutions.

Temperature Control Unit4.3.4 

Measurement by SPR is subject great ly to the 

environmental temperature.  Thus, the temperature control 

unit can maintain all measurement areas, including the SPR 

signal detection, stacker, and setting units, at a constant 

temperature, and further, the structure surrounding the 

measurement areas is constructed with insulating materials.

Integrated Computer Unit4.3.5 

The integrated computer unit controls the main body of 

AP-3000, edits the screening protocol, displays measurements 

in real time, and confirms the measurement results, and at 

the end of the measurement, transmits the data automatically 

through a network to an external computer for (Fig. 14).
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binding activity, and they are positive compounds (hits). 

For the compounds with a specific structure in the library, 

functional assay is performed to measure the enzymatic 

activity.  As shown in the Fig. 16, there is a good correlation 

between the binding and enzymatic activities.

Fig. 16  Correlation with functional assay.

Fragment Assay5.2 

Recently, fragment-based drug discovery (FBDD) is being 

much discussed by many pharmaceutical companies as a 

method to improve efficiency for drug discovery.  Fragments 

are very small molecules with low pharmacological activities 

and simple structures, and received little attention in the past. 

The FBDD method uses fragments as a starting point for drug 

discovery, and by arranging them in unique ways, new drugs 

are designed.

It is expected to reduce the research and development 

cost through improvement in developmental efficiency.  

Assays based on the FBDD method are characterized by the 

following:

(1) Use compounds with very low molecular weight (≤100 

Da).

Specifications/Performance4.4 

Table 1  Specifications
Item Specification/performance

Sensor stick Available in packs of 1 or 4 sticks, plastic 
disposable sensor 6ch parallel detection, 
12 flow paths for 1 sensor stick

Precise tips 96 tips in 1 case

System main 
body AP-3000

Detection 
method

Surface Plasmon Resonance (SPR)

Function Detection, liquid handling, protein cooling 
preservation

SPR signal 
noise

approx. 0.5 RU
*  RU (Resonance Unit) corresponds to 

an angle of 10-4 degrees

Detection range 40,000 RU
(maximum immobilization of protein + 
signal level of DMSO 10%)

Detection 
performance

Compounds of ≥100 Da molar weight

Throughput Up to 3,840 analytes/day

Protocols Protein immobilization protocol
Screening protocol
Activity measurement liquid recovery 
protocol

Size
 (W x L x H)

1.5 m x 0.8 m x 1.85 m
(main body only; operating parts 
excluded)

Weight 600 kg

Power 100-240 VAC, 50-60 Hz, 12A-6A

Application5.  3), 4)

Actual measurement results obtained by using AP-3000 

are presented below.

Random Library Screening5.1 

Fig. 15 shows the result of the actual measurement for 

3,840 compounds per day using a commercially-available 

compound library.

 As shown in the chart for the relationship between the 

binding activity (a value for a binding signal standardized by 

molecular weight) and the frequency, most of the compounds 

are concentrated around the zero % of binding activity and 

they are negative compounds (non-hits), and only a small % of 

the compounds screened are distributed in the area of higher 

Fig. 15  Screening data : Carbonic anyhdrase.

Fig. 17  Fragment binding assay.

Fig. 18  Correlation between binding activity and IC50.
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(2) Perform assays at high concentrations because of the 

low affinity.

These characteristics are disadvantageous in terms of 

sensitivity considering the principle of SPR, but AP-3000 can 

measure binding of fragment compounds as shown in Figs. 17 

and 18.

Conclusion6. 

AP-3000 is a product of a new concept called label-free 

screening for drug discovery.  To develop and commercialize 

such a product, we, R&D people, have understood that we 

need to create not only new technologies but also new values 

and markets, and have practiced accordingly.  We hope to 

communicate with the drug discovery research community, 

respond to its needs with our technologies, and continue to 

create new attractive products.

 On a final note, we gratefully acknowledge all those who 

helped us; our own people, the affiliated companies, and the 

researchers at drug discovery companies and universities, 

for the valuable contributions they have made toward the 

development of this system.
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