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 Why single-molecule visualization?
 nPossible to quantify the dynamic and kinetic parameters of single-molecule reactions in vivo and in vitroØMotions of linear and rotational molecular motorsØEnzymatic reactionsØ dynamics of proteins: protein synthesizers, and folding
 chaperones.ØDNA–protein interactionsØSingle lipid molecules in a lipid bilayer and measurement
 of ion conductance in single ion channels Ø cell signaling
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 Techniques for single-molecule visualization
 nTIR-FMØ Most effective way to overcome the background noise, 2000-fold
 lower than that of conventional flouorescnece microscopy
 nReal-time confocal microscopyØ To observe single molecules deep inside cells in three dimensions
 nScanning near-field optical microscopyØ Higher spatial resolution
 nFluorescence correlation spectroscopyØ Visualized as fluorescent spots owing to the rapid three-dimensional
 Brownian diffusion
 nAtomic force microscopiesn Scanning probe near-field
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 The force generated by RNAP (>14pN) was muchlarger than the molecular motors, myosin and kinesin.
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 Cell Signalingn The problem of how signals are transmitted and processed in cells is a
 central theme of the life sciences.n Cell signaling is triggered by signals from the outside and the first
 event of this process occurs on the cell membrane.n to monitorthe Brownian movement of fluorescently labeled single lipidn molecules in artificial membranes (Fig. 8A) [62,63].
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 single protein molecules
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 Cell Signalingn Single fluorophores could be observed on both basal and apical
 surfaces of a cell n Following binding,dimerization of EGF–EGFR complexes (epidermal
 growth factor (EGF) to its receptor (EGFR)), which isessential for signal transduction, could be directly visualized on the surface of living cells
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 Introduction
 n Unique properties of TIRF:Ø Induced evanescent wave selectively illuminate and
 excite fluorephores in a restricted region of 30~300nm at waveguide/buffer interface
 ØHigh signal-to-noise (S/N) ratio of imagesØ Illumination restricted to the interface reduces damage
 of bio-molecules
 Protein/DNA Cell
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 Introductionn Evanescent wave fluorescence biosensor:
 Ø Fiber optic biosensor exerting evanescent wave has been developed into a portable, fully automated system that is commercially available
 Ø Planar waveguide biosensor are also extensively adopted in many TIR-based assays
 n Fiber optic biosensorØ Pros: in-situ and in-vivo applicationsØ Cons: only one analyte can be detected simultaneously
 n Planar waveguide biosensorØ Pros: capability for simultaneous detection of multiple
 analytes using arrays of capture moleculesØ Cons: difficult to automate and integrate all components
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 Literature reviewn Fluoroimmunoassay-Based Fiber Optic Sensor• integrates optics, fluidics, and electronics into one compact system.
 • Limits of detection: 160 ng/mL for proteins • injection-molded waveguide
 Research International (USA)in conjunction with Naval Research Laboratory
 C. K. Jung et al., IEEE Sensors journal, 3, 2003
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 Literature reviewn Array Biosensor (ABS)• Integrates optics, image system, and fluidics into one compact system
 • Physically isolated patterning (PIP) method produces a patterned array of capture antibodies immobilized on the surface of a planar waveguide
 • Limits of detection: 0.5-10 ng/mL for proteins
 Constellation Technology corp. (USA) in conjunction with Naval Research Laboratory
 M. J. feldstein et al., J. of biomedical microdevices, 1999
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 Literature review
 H.-P. Lehr et al., Sensors and Actuators 92, 2003
 n Comparison of Bulk and integrated optical planar waveguides TIRF-sensing systems for oligonucleotide microarraysØ bulk optical multiple-TIR
 configuration: detection limit of 1.83 molecules/µm2
 Ø Integrated optical waveguide configuration: detection limit of 0.013 molecules/µm2
 Ta2O5:150nm
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 Literature reviewDemonstrate a miniaturized TIR-based chip
 utilizing a polymer-filled cavity with amicromirror sidewall.Ø The incident angle of illumination can be
 easily modified by selecting polymers ofdifferent indices of refraction
 Ø The design enables the hybrid, verticalintegration of a laser diode and a CCD camera,resulting in a compact optical system.
 N. Chronis and Luke P. Lee, Lab on a chip, 4, 2004
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 Nano-PIVn Measurements of electric double layer between electrolyte-glass
 interfacen by evanescent wave light illumination
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 Nano-PIVn Measurements of electric double layer between electrolyte-glass
 interface
 Calibration curves between thefluorescent intensity and the Debye length.
 Spatial distribution of the EDL thickness in the junction area of T-shaped microchannel. A 0.1 mMHEPES buffer was injected into the left-hand side inlet, while a7mM HEPES buffer was injected into the right-hand side inlet.The applied electric field was 300 V.
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 Nano-PIV
 pressure-driven flow at the Reynolds number of 1.17 ×10 −1.Electroosmotic flow at 300 V.
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 Nano-PIV Temporal evolution of two-dimensional distribution of Debye length in electroosmotic flow.
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 Nano-PIVn An experimental study of electro-osmotic flow in rectangular microchannelsn the first nearwall velocity field measurements in EOF. These data are also the first
 experimental verification of analytical predictions that the region of uniform flow extends to within100nm of the wall and that the thickness of the EDL in EOF is much less than 100 nm.
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 Nano-PIV
 Images of: a the dark pin touching the glass surface against the bright background of the fluorescent drop illuminated by the evanescent wave and b the pin a vertical distance z=300 nm above the glass surface. The field of view is about 300*300µm

Page 42
						

NTHU ESS
 Prof. Fan-Gang Tsengµ-Nano Bio & fluidics System Lab
 Nano-PIV
 Typical image (exposure 1 ms) of 100nm particle tracers in EOF of C =3.6mm sodium tetraborate at E =1.0kVm−1. The field of view is 110 µm (x) by 16µm (z). 100nm particles
 Temporally averaged nPIV result. These vectors represent a spatially averaged velocity U =17.6 µms−1.
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 Nano-PIV
 Plot of average velocity U as a function of external electric field E for C =0.19–36mm sodium tetraborate buffer.
 mobility values µex () and µeo (×) as a function of molar concentration for EOF of sodium tetraborate buffer. The solid line shows equation (3.2) with µo =3.00 × 10−4 cm2 (V s)−1 and N =0.277.
 The mobility of the particle tracers, calculated from spatially and temporallyaveraged velocity data obtained with this technique, are within 10% of analyticalpredictions for mobility over a 200-fold change in concentration values.
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 Nano-PIVn Simultaneous measurements of the flow velocities in a
 microchannel by wide/evanescent field illuminations with particle/single molecules
 1, laser; 2, shutter; 3, mirrors; 4, lens; 5, beamsplitter;6, gobos; 7, prism; 8, chip; 9, objective;
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 Nano-PIV
 Fig. 3 Motion of fluorescence microbeads under hydrostatic pressure in a microchannel at 7.5 frames s-1 illumination with different excitation modes: 20Xobjective; microchannel, 300 µm wide and 10 µm deep; 111 ms exposure time and 22.1 ms delay time. (a) Evanescent fieldexcitation mode, imaging area is 57.6 µm*86.4 µm; (b) wide field excitation mode, imaging area is 208 µm * 214.4 µm.

Page 46
						

NTHU ESS
 Prof. Fan-Gang Tsengµ-Nano Bio & fluidics System Lab
 Nano-PIV
 Vave:253.9µm/s
 Vave:38.75µm/s
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 Nano-PIV
 (A) Typical fluorescence image of single λDNA moleculeexposed at 512 ms. The length of every contrail labeled with the white number (unit, pixel) was the distance of migration in the image under that exposure duration. (B) The linear relationship of exposure time vs. the length of streaks. The slope is the velocity of lDNA molecules.
 Vave:226.4µm/s
 Vave:27.1µm/s
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 Nano-PIVnNear-surface velocimetry using evanescent
 wave illumination

Page 49
						

NTHU ESS
 Prof. Fan-Gang Tsengµ-Nano Bio & fluidics System Lab
 Nano-PIV
 Particle images of different illumination methods.a Widefield (direct, flood) illumination. b Near-wall TIRFM image
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 Nano-PIV
 Distribution of particle velocity vectors of 200-nm particles with shear rate =469 s-1
 shows an example of a collection of velocity vectors obtained for a single shear rate. The Brownian motion is particularly strong due to theparticle’s small size.
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 Experimental results
 evanescent-field illumination wide-field illuminations
 n Test the ability for real-time detectionØ Observation of Brownian motion of 1µm microspheres on quartz
 waveguideØ Comparison images of evanescent-field and wide-field illuminations Ø Fluorescence intensity and pixel area of particle can roughly indicate
 the positions of microspheres within the evanescent field
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 Experimental resultsEvanescent
 wave
 Moving microsphere
 ha
 Microsphere drifts away from the evanescent wave
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 Experimental results
 Ø The moving microspheres that enter and leave the evanescent field near to the waveguide surface due to random Brownian motion are imaged as blinking spots.

Page 56
						

NTHU ESS
 Prof. Fan-Gang Tsengµ-Nano Bio & fluidics System Lab
 Experimental resultsn Positions of microspheres within the evanescent field
 Ø Fluorescent intensity of a microsphere excited by evanescent wave can be roughly modeled as the product of the evanescent-wave intensity and the microsphere surface area
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 Experimental results
 Ø For a=500 nm and d= 70.1nm
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