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11 Abstract

12

13 Surface plasmon resonance (SPR) has become well established as a laboratory tool for the study of biological binding reactions, but has had

14 limited application outside of this context. With the goal of moving SPR applications from high-cost systems designed for central laboratories

15 to low-cost, portable electronic systems designed for the field, Texas Instruments Inc. (TI), has developed Spreeta, a line of compact,

16 integrated SPR sensor components. This paper reports on the performance of TI’s newest SPR device, the Spreeta 2000, measured using

17 instruments developed by TI and by Prolinx Inc., who are developing advanced molecular interaction analysis technology utilizing a

18 proprietary version of Spreeta 2000.

19 Noise optimization techniques including averaging and sum normalization are discussed, and the dependence of refractive index (RI) noise

20 on these techniques is measured. For a measurement time of 0.8 s, a noise level of 1:8 � 10�7 RI is observed. To estimate the accuracy

21 potentially obtainable using the sensor, the smoothness of the sensor response is measured using RI gradients, and is found to be 0.2% over a

22 change in RI of 0.04.

23 As a demonstration of the capabilities of the Spreeta 2000 when incorporated into an appropriate instrumentation system, an automated

24 assay for mouse IgG is presented.

25 # 2003 Published by Elsevier Science B.V.
26
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29 1. Introduction

30 Surface plasmon resonance (SPR) affinity sensors detect

31 chemical or biological substances by measuring their bind-

32 ing to the sensor surface [1]. This binding is measured by

33 monitoring changes in the refractive index (RI) close to the

34 sensor surface; any binding or adsorption process creating a

35 change in surface RI may be measured. When combined

36 with appropriate biochemical surface functionalization, SPR

37 provides a powerful and versatile tool for detecting and

38 characterizing biomolecular interactions.

39 1.1. Spreeta, the Texas Instruments Inc. (TI) SPR sensor

40 SPR has become well established as a laboratory tool for

41 the study of biological binding reactions, but has had limit

42 application outside of this context. With the goal of moving

43SPR applications from high-cost systems designed for cen-

44tral laboratories to low-cost, portable electronic systems

45designed for the field, TI has developed Spreeta, a line of

46compact, integrated SPR sensor components designed to be

47manufacturable in very large quantities [2–6]. The Spreeta

48devices contain all of the optical components necessary to

49implement SPR sensing, yet are low-cost enough to be

50compatible with disposable applications. Spreeta technology

51has major potential benefits for fields including medical

52diagnostics, environmental monitoring, and food and water

53safety. Spreeta technology enables inexpensive, quantitative,

54electronic point-of-care (POC) biosensing instrumentation

55for use in the hospital, physician’s office, emergency trans-

56port, or anywhere POC testing is needed. For environmental

57monitoring, Spreeta instrumentation can be sufficiently

58lightweight and low power to be battery operated and used

59in the field to check for soil or water contamination. For food

60and water safety applications, disposable Spreeta sensors

61enable for real-time process control, for instance to monitor

62antibiotic content in meat and dairy production.
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63 The first mass-produced Spreeta device, introduced in

64 1999, measures approximately 3 cm � 1:5 cm � 4 cm and

65 provides electrical connections using a 16-pin DIP connector

66 (Fig. 1a). In 2001, TI began production of the newest Spreeta

67 device, the Spreeta 2000 (S2K). This device is smaller than

68 the original Spreeta (1:5 cm � 0:7 cm � 3 cm) and interfaces

69 using a miniature 10-pin card-edge connector (Fig. 1b). In

70 this paper, we will describe the Spreeta 2000 sensor, char-

71 acterize two aspects of its performance (noise and response

72 smoothness) and present an example of a biosensing applica-

73 tion which illustrates the use of the device.

74 1.2. Spreeta sensing principle

75 The Spreeta sensor consists of a plastic prism molded to a

76 microelectronic circuit contained on a printed circuit board

77 (PCB) (Fig. 2). The circuit contains an infrared LED

78 (830 nm peak wavelength), a 128-pixel linear diode array

79 detector, and a non-volatile memory chip for recording

80 identification and calibration information. The LED emits

81 a diverging beam that passes through a polarizer and strikes

82 an elliptical region of the sensor surface at a range of angles

83 above the critical angle. The angle at which light is incident

84 upon this surface will vary with the location on the surface:

85 smaller incident angles strike closer to the base of the sensor.

86The sensor surface is formed by a glass chip coated with a

87�50 nm layer of gold and epoxied to the plastic prism. The

88thin layer of gold produces the SPR effect: for certain angles

89of incidence, part of the energy of the transverse-magnetic

90(TM) polarized incident light will couple into a surface

91plasma wave traveling along the interface between the gold

92layer and the analyte. The loss of this energy is observed as a

93sharp attenuation of reflectivity. The angles at which this

94occurs vary with the surface RI of the analyte; therefore one

95can measure the surface RI by measuring the reflectivity

96across a range of angles and analyzing the resulting reflec-

97tion spectrum. In the Spreeta, the light reflected from the

98sensor surface then reflects from the sensor’s top mirror and

99back down onto the PCB. A portion of this light strikes the

100diode array detector. Because each detector pixel will collect

101light which struck the sensor surface at a different angle, a

102reflectivity versus angle spectrum may be obtained by read-

103ing the detector array. The active area on the sensor surface

104(i.e. the area on which the RI is sensed) is defined by the

105portion of the light cone which projects onto the detector,

106and is a strip 0.2 wide by 3 mm long.

1071.3. The Prolinx Octave instrument

108Prolinx Inc. (Bothell, WA) [7] are using Spreeta 2000

109technology to develop the Prolinx Octave Molecular Inter-

110action Analysis System, which combines a proprietary ver-

111sion of the Spreeta 2000 with Prolinx Versalinx chemistry in

112a compact, high-performance instrument for rapid and effi-

113cient biomolecular interaction analyses. Versalinx chemistry

114is based upon the interaction of phenyl(di)boronic acid

115(P(D)BA) and salicylhydroxamic acid (SHA) to form a

116complex. SHA and P(D)BA are a synthetic, small molecule,

117low molecular weight affinity pair that can be used for the

118facile immobilization of nucleic acids, proteins and other

119macromolecules. SHA substrates, such as the monolayer on

120the Octave sensor chip, are universal in that they will bind

121any P(D)BA labeled macromolecule.

122The Octave incorporates eight independent S2K sensors

123operating in parallel. The sensors are arrayed on 9 mm centers,

Fig. 1. Photograph of Spreeta components. (a) Original Spreeta, (b) Spreeta 2000.

Fig. 2. Cross section of the Spreeta 2000, showing components of the

sensor and the path followed by light inside the sensor.

2 T.M. Chinowsky et al. / Sensors and Actuators B 6954 (2003) 1–9
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F124 producing a sensor format highly compatible with manipula-

125 tion of samples held in industry standard 96-well plates.

126 The instrument incorporates A/D and D/A converters,

127 programmable logic and a powerful digital signal processor

128 (DSP) to provide LED drive current, generate photodiode

129 array timing signals, digitize sensor outputs to high resolu-

130 tion, and perform many of the calculations necessary for

131 analysis of the SPR signals. The Octave instrument inter-

132 faces to a personal computer (PC) over a universal serial bus

133 (USB) interface. PC-based custom software provides an

134 easy to use graphical user interface for manipulating instru-

135 ment functions, performing automated experiments, and

136 storing and analyzing sensor data.

137 The data presented in this paper was generated using both

138 a prototype Octave instrument and simpler hardware dis-

139 tributed by TI for evaluation of the S2K. The Octave hard-

140 ware is designed to extract optimal performance from the

141 S2K sensors, and was used for the characterization of

142 Spreeta noise presented below. Data from evaluation hard-

143 ware was used to collect the other data; the noise level of this

144 data is higher than the Octave data, but is representative of

145 Spreeta performance in other respects.

1462. Spreeta 2000 manufacturing process

147The construction of the S2K is compatible with very high-

148volume production. The sensor has four main components—

149the injection-molded ‘‘sail’’ containing the plastic prism,

150polarizer, and light shielding; the printed circuit board

151containing the sensor’s electronic components; and the glass

152mirror and SPR sensing chips. The process steps involved in

153construction of the S2K are listed in Table 1.

Table 1

Manufacturing steps for production of Spreeta 2000

1 Wire bond LED, photodiode array, memory chip to sensor PCB

2 Test LED, photodiode array, memory for functionality

3 Injection-mold clear polycarbonate sensor prism

4 Inject black polycarbonate to form light shielding surrounding prism

5 Attach polarizer to sail using epoxy

6 Attach sail to PCB, using pins on sail and clear epoxy

7 Add black epoxy to complete light shielding

8 Attach mirror to upper prism surface using epoxy

9 Attach SPR chip to sensor surface using epoxy

10 Test LED, photodiode array, memory for functionality

11 Measure sensor spectra in air and water

Fig. 3. Screen capture from TI’s Spreeta 2000 statistical analysis software.

T.M. Chinowsky et al. / Sensors and Actuators B 6954 (2003) 1–9 3
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155 Spreeta manufacturing process and the uniformity of the

156 sensors is of prime concern. TI tests each sensor both for

157 electronic functionality (correct functioning of LED, detec-

158 tor, and memory) and for optical performance, measuring

159 SPR spectra in air and in water. Critical sensor parameters,

160 including the location, depth, and width of the sensor’s SPR

161 curve, and the smoothness of the sensor’s raw signal output,

162 are calculated and recorded. The data for each lot of sensors

163 are compiled using custom software developed by TI

164 (Fig. 3), in which parameter statistics are easily manipulated

165 and associated with the specific sensor data contributing

166 to that statistic. The overall process yield is greater than

167 90%.

168 3. Spreeta 2000 performance characteristics

169 3.1. Sensor noise

170 Two sensor characteristics which have particular signifi-

171 cance for biosensing applications are noise level and accu-

172 racy. The noise level present in the RI measurements

173 performed by an SPR sensor places a lower bound on the

174 amount of bound material that can be detected. For example,

175 a RI change of 10�6 corresponds to a surface coverage of

176 �1 pg/mm2 of protein on a 2-D surface [8].

177 Three factors which contribute to the noise observed in

178 the Spreeta are detector noise, shot noise, and LED fluctua-

179 tions. Detector noise represents the intrinsic noise present on

180 the output of the sensor’s photodiode array due to electronic

181 processes within the detector. Shot noise is caused by the

182 statistical fluctuation in the quantity of light which reaches

183 each detector pixel in an integration period. Noise due to

184 LED fluctuations results from variations in light source

185 intensity due either to intrinsic properties of the LED or

186 to external factors such as fluctuations of LED drive current

187 or temperature variations.

188 The first step in optimizing the noise performance of a

189 device is to choose components with intrinsically low noise.

190 Once further reduction in intrinsic light source and detector

191 noise is no longer possible due to technological or cost

192 limitations, the optimal way of operating the sensor to

193 minimize the effect of the remaining noise sources must

194 be determined. The different properties of each type of noise

195 leads to different manifestations in the data and require

196 different strategies for reducing or eliminating noise effects.

197 For the Spreeta, the light source intensity and detector

198 integration time must be optimized. Noise level is not the

199 only factor to consider in this optimization—for instance, if

200 very rapid measurements are needed, noise reduction due to

201 signal averaging may be sacrificed in exchange for an

202 increase in measurement speed. If it is important to mini-

203 mize power dissipation in the sensor, a decrease in LED

204 drive level may be desirable even though noise level may

205 increase.

206The way in which data is processed (averaging, extraction

207of RI from SPR curves) must also be optimized for best noise

208performance. Two important techniques for noise reduc-

209tion—spectral averaging and sum normalization—and their

210effects on sensor noise are described below.

2113.1.1. Effect of spectral averaging on observed RI noise

212The intrinsic noise level produced by the S2K’s diode

213array detector is on the order of 0.1% of full-scale response.

214The first and most important technique available for redu-

215cing the effects of this noise is spectral averaging—i.e.

216rather than extracting an RI measurement from one mea-

217sured spectrum, a number of spectra are first averaged

218together, and the RI measurement extracted from the aver-

219age. When the S2K is operated with short integration times

220and with high-performance hardware such as that in the

221Octave instrument, high levels of averaging and a substantial

222reduction of noise are possible.

223Fig. 4 shows the RI noise level observed during S2K

224measurements of distilled water using the Octave instru-

225ment, for various degrees of averaging. LED current and

226detector integration time were chosen for best noise perfor-

227mance, and were ILED ¼ 20 mA, and TINT ¼ 5 ms. The RI

228was measured repeatedly for 2–4 min. The measurements

229were detrended using a quadratic polynomial to remove the

230effects of sensor drift, and the standard deviation of the

231residual was calculated. This value was then plotted as a

232function of the time required to acquire the measurement, as

233estimated by multiplying the integration time by the number

234of spectra averaged together. (Note that the actual measure-

235ment time will be slightly greater than the plotted time, due

236to the additional time required to digitize the detector output.

237For the Octave operating at 5 ms integration time, this adds

238about 10% to the measurement acquisition time.)

239It is observed that straightforward averaging of spectra

240(points marked with dots on Fig. 4), while effective in

Fig. 4. Noise level of RI measurements of water measured using Spreeta

2000 in the Prolinx Octave instrument, as a function of measurement time.

Numbers indicate the number of SPR spectra averaged together to obtain

each measurement. Points marked with ‘‘�’’ were calculated using raw

spectra; points marked with ‘‘þ’’ were calculated using sum-normalized

spectra (see text for details).
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242 expected if the noise behaved like uncorrelated white noise:

243 For an average of N spectra, a noise level proportional to 1/

244 sqrt(N) would be expected, and the observed reduction is

245 rather less effective. This is consistent with the presence of

246 noise with a non-white spectral characteristic such as 1/f

247 noise [9] which cannot be reduced through averaging. The

248 nature of this noise component becomes clear when the

249 pixel-to-pixel correlation of the noise is examined. In raw

250 (un-averaged) spectra, there is little pixel-to-pixel correla-

251 tion of the observed noise, as would be expected for intrinsic

252 detector or shot noise. In highly averaged spectra, a pro-

253 nounced correlation of noise across all pixels is observed,

254 suggesting that the uncorrelated white noise component has

255 been largely eliminated through averaging, revealing an

256 underlying noise component affecting all pixels and posses-

257 sing a 1/f characteristic. Likely sources of this correlated

258 noise include LED intensity variations due to variations in

259 LED drive current, intrinsic LED flicker noise, and tem-

260 perature fluctuations; temperature-induced variations in

261 detector sensitivity would have similar effects.

262 3.1.2. Reduction of correlated noise using

263 sum normalization

264 Optical instrumentation is often designed to compensate

265 for noise contributions of light source variations—the light

266 level is continuously measured, and measurements compen-

267 sated for light level during data analysis. The same techni-

268 que can be applied to Spreeta 2000 data using a simple sum

269 normalization technique, in which the sum of the pixels in

270 part or all of the measured spectrum is used as to provide a

271 measurement of light level. Each pixel’s value yi, i ¼ 1, . . .,
272 128 will be the product of light intensity I and the reflectivity

273 at the sensor surface for that pixel, Ri, which is a function of

274 the surface RI, n:

275
yiðtÞ ¼ IðtÞRiðnÞ (1)

277

278 If Ri were constant, each pixel value would be proportional

279 to I and could be used as a measurement of light intensity.

280 However, because the detector noise on each pixel taken

281 separately is substantial, and because Ri will in general

282 change with n, this is impractical. However, a sum of

283 detector pixels, for instance of pixels i1 < i < i2, will have

284 reduced noise due to averaging, and can be used to provide a

285 measurement proportional to light intensity:

286 Xi2

i¼i1

yiðtÞ ¼ IðtÞ
Xi2

i¼i1

RiðnÞ ffi cIðtÞ (2)

288

289 However, Eq. (2) holds only if that the sum of reflectivities is

290 fairly constant. This may be achieved by taking the sum over

291 a range of pixels outside the range where the reflectivity is

292 affected by SPR. However, we have found that even if the

293 sum is taken over all 128 pixels of the detector, the sum will

294 typically remain constant to within 1%—as the SPR dip

295 moves from pixel to pixel during the experiment, individual

296pixel values change, but the sum of all pixels remains rela-

297tively constant.

298This simple method of sum normalization results in a

299significant reduction in RI noise (Fig. 4). The noise level of

300the normalized data conforms more closely to the 1/sqrt(N)

301averaging characteristic expected of white noise, and a

302covariance matrix analysis of the normalized spectra indi-

303cates little pixel-to-pixel noise correlation in the normalized

304spectra, suggesting that the normalization has successfully

305removed the bulk of correlated and non-white noise. In the

306sum-normalized data, a noise standard deviation of 3:7�
30710�7 RI units is observed for a measurement time of 0.2 s

308(40 averages); for a measurement time of 0.8 s (160

309averages) noise decreases to 1:8 � 10�7 RIU.

3103.2. Smoothness of sensor response

311A second important sensor characteristic is accuracy. The

312accuracy of the Spreeta 2000 RI measurements (in combi-

313nation with the reproducibility of the sensor chemistry) will

314determine the degree to which the sensor can be used for

315quantitative measurements, and also determines the extent to

316which the SPR measurements from two different experi-

317ments or sensors can be compared, for instance for com-

318pensation of non-specific binding, bulk RI, or temperature

319effects. Because the Spreeta 2000, like any SPR sensor,

320requires calibration to produce accurate RI measurements,

321the accuracy expected from the sensor is a function of how

322easy it is to calibrate the sensor. This in turn is a function of

323the smoothness of the sensor response—if the sensor’s

324natural response is smooth, it can generally be calibrated

325using a simple functions (e.g. low order polynomials), the

326coefficients of which may be determined by a small, easily

327performed set of measurements. For this reason, we use the

328smoothness of the sensor’s response over a given operating

329range as a measure of the accuracy obtainable from the

330sensor under optimal conditions.

331A simple and sensitive method for examining sensor

332smoothness is through the use of RI gradients: the sensor

333is exposed to a solution which slowly and smoothly varies in

334RI over the range of interest [10], and the sensor response is

335measured throughout the gradient. One simple setup for

336producing RI gradients is shown in Fig. 5.

Fig. 5. Schematic of apparatus used for producing exponential RI

gradients for characterization of sensor smoothness.

T.M. Chinowsky et al. / Sensors and Actuators B 6954 (2003) 1–9 5
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337 A dual syringe pump containing water and 40% glycerol

338 is connected to a two-port injector valve. The valve output

339 leads to a stirred mixing chamber (volume V, �1.4 ml).

340 Because the mixing chamber is completely filled with liquid

341 and sealed except for its two fluid connections, the glycerol

342 concentration of the solution leaving the mixing chamber

343 (and, by assumption, the concentration of the solution inside

344 the chamber) is described by the equation:

345
dcout

dt
¼ qp

V
ðcin � coutÞ (3)

347

348 where qp is the flow rate of the syringe pump. If a particular

349 output concentration profile is desired, this equation must

350 be solved to determine how cin must vary to produce that

351 profile. In the data presented here, the mixing chamber was

352initially filled with water, and the input solution was

353simply switched between water and 40% glycerol at the

354beginning of the experiment. This results in an approxi-

355mately exponential RI profile extending from n ¼ 1:33 to

3561.37. The raw data resulting from exponential gradients

357run on three different S2K sensors is shown in Fig. 6a. To

358quantify the curve roughness, a fourth order polynomial

359was fit to the these plots and the residuals calculated

360(Fig. 6b). The standard deviation of the residual was

3610.03–0.04 pixels, or 0.2% of the RI range of the experi-

362ment.

363Of course, this performance does not guarantee assay

364accuracy at the 0.2% level—to evaluate assay accuracy,

365many other experimental factors such as reproducibility

366of assay chemistry must taken into account. Rather, we take

367this figure as an estimate of the accuracy obtainable by the

368S2K sensor component by itself, and interpret it to mean that

369the component itself will not be a limiting factor in assay

370accuracy down to below the 1% level.

3714. Sample application: assay for the detection
372of mouse IgG

373The interaction of protein A, a bacterial cell wall protein,

374with the Fc region of many immunoglobulin G (IgG) anti-

375bodies is routinely exploited for the purification of IgG by

376affinity chromatography. The protein A–mouse IgG inter-

377action is characterized by high-binding affinity and excellent

378regeneration capability: bound antibody may be released

379almost completely by exposing the protein A–IgG complex

380to low pH (i.e. pH 2.0). Despite repeated exposure to low pH

381the binding capacity of the protein A coated surface is stable

382for several hundred binding–regeneration cycles.

383Here we use this protein–protein interaction to demon-

384strate the ability of Spreeta 2000 to obtain quantitative data

385describing such interactions. The quantitation of antibodies

Fig. 6. Characterization of smoothness of response of three Spreeta 2000

sensors. (a) Variation of SPR pixel position during exposure to

exponential RI gradient ranging over Dn ¼ 0:04. (b) Data from (a),

detrended using a fourth order polynomial. Standard deviation of residual

is �0.2% of range.

Fig. 7. Schematic of autosampler setup used to perform an automated IgG assay with Spreeta 2000. See text for details.

6 T.M. Chinowsky et al. / Sensors and Actuators B 6954 (2003) 1–9
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387 ple matrices is of broad interest and is typically accom-

388 plished by enzyme-linked immunosorbent assay (ELISA).

389 This technique is inexpensive but is time consuming.

390 Spreeta technology provides a rapid, inexpensive and ver-

391 satile alternative. Similar to affinity chromatography, the

392 protein A is immobilized onto the solid phase while the

393 sample, containing the antibody, is exposed to this sensing

394 surface. Labeling of reagents is not required, as the SPR

395 transducer enables direct monitoring of biomolecular bind-

396 ing by observing RI changes at the sensing surface. In

397 addition, the real-time interaction data enables direct feed-

398 back and considerable assay design flexibility.

399 4.1. Apparatus

400 An automated instrument using the Spreeta 2000 was

401 constructed (Fig. 7). An injection needle was attached to 3 ft

402 of 1/16 in. tubing and fitted to a 0.5 ml Hamilton syringe.

403 The syringe was fitted to a syringe pump and the needle was

404 mounted on a robotic arm. Samples were placed in an

405 aluminum sample block that was cooled to prevent sample

406 evaporation and to preserve the biological activity of the

407 samples. A flow cell (volume 100 nl) was constructed and

408 clamped to the sensor surface. A two-way computer-con-

409 trolled valve leading to the Spreeta flow cell was configured

410 to switch between an injection port and an HPLC pump, as

411 follows: while the electronic valve is switched to position

412 ‘‘A’’, constant running buffer from the HPLC pump is

413 switched through the Spreeta flow cell. In position ‘‘B’’

414 the injection port is connected to the flow cell, while the

415 running buffer is directed to waste. To inject a sample or

416 regeneration solution through the flow cell, the sample is

417 aspirated by the autosampler and injected into the injection

418 port; after a slight delay the valve switches from ‘‘A’’ to

419 ‘‘B’’, sending the injection to the flow cell. Once the

420injection is completed, the valve is switched back to ‘‘A’’

421to resume the flow of constant flow buffer through the flow

422cell.

423The volume between the injection port and the flow cell

424was minimized (to less than 1 ml) to minimize dispersion

425effects. HPLC fittings are used at all junctions to minimize

426dead volumes. Custom control software was written to

427control the sample handling robot, pumps, valve, and data

428collection, allowing unattended analysis of samples.

4294.2. Assay procedure and results

430A Spreeta 2000 sensor surface was coated with a hydrogel

431and then functionalized with protein A. A mass of protein A

432equivalent to 800 mRIU was immobilized onto the surface

433using conventional EDC/NHS coupling. Serial doubling

434dilutions of mouse IgG were prepared in running buffer

435from 25,000–1.5 ng/ml (i.e. 160,000–10 pM approximately).

436All buffers were degassed and filtered before use, and were

437allowed to equilibrate to room temperature for several hours

438to reduce temperature related drift. The sensor was turned on

439and allowed to warm up for 20 min.

440Each sample was then injected for 2 min at 50 ml/min. A

441few minutes after each injection, the surface was regenerated

442with a 1 min pulse of 15 mM HCl. Fig. 8 shows overlaid

443binding interaction including regeneration.

444The sensor’s response to various concentrations of IgG is

445summarized in the titration curve of Fig. 9. To produce this

446curve, the response due to antibody binding is calculated as

447the difference in response before and after injection of the

448antibody sample. This difference is then plotted against the

449antibody concentration. Fig. 9 shows that the measuring

450range extends from 160,000 to 80 pM approximately, when

451fitted with a sigmoidal 4-parameter logistic expression. This

452range and the limit of detection (�80 pM) is comparable

453with that expected from ELISA.

Fig. 8. Overlaid binding interaction plots for IgG antibody concentrations from 25,000 to 1.5 nM interacting with immobilized protein A in a direct assay

format.

T.M. Chinowsky et al. / Sensors and Actuators B 6954 (2003) 1–9 7
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454 Two additional tests were performed to verify other aspects

455 of assay performance. (1) Non-specific binding of a 1 mg/ml

456 solution of BSA in PBS, pH 7.4, was <10 mRIU. (2) As a

457 negative control, free protein A was added, to a final concen-

458 tration of 25 mg/ml, to an antibody sample containing 25 mg/

459 ml of mouse IgG. The free protein A competitively inhibits

460 binding of the mouseantibody to the immobilized proteinA. A

461 binding response of <10 mRIU was observed thus confirming

462 assay specificity and further establishing that non-specific

463 binding was minimal (i.e. �0.3% of maximum response).

464 Note that the baselines of the binding experiments of

465 Fig. 8 have not been aligned during data analysis. The

466 relative offset of the baseline at the beginning of each

467 experiment is that recorded by the instrument at the time,

468 and is caused by a small amount of incomplete regeneration

469 together with instrumental drift over the duration of the

470 experiments. Such drift is commonly removed during post-

471 processing of SPR data; we have retained the drift to

472 illustrate the (quite small) drift observed during the

473 �90 min duration of the experiments.

474 5. Conclusions

475 Texas Instruments’ newest integrated SPR sensor device,

476 Spreeta 2000, incorporates all of the optical and optoelec-

477 tronic components necessary for implementing SPR biosen-

478 sing into an inexpensive molded plastic package the size of a

479 thumbnail. When incorporated into a well-designed sensor

480 system, the performance of Spreeta 2000 is sufficient for

481 virtually any SPR biosensing application. The low noise

482 (� 1:8 � 10�7 RIU in 0.8 s) and smoothness of response

483 (�0.2% over Dn ¼ 0:04) of the sensor, combined with its

484 low-cost, make possible many new distributed SPR sensing

485 applications requiring both high performance and a dispo-

486 sable sensing element.
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