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Recent Focus on Nanotechnology

1. Localized Surface Plasmons. Biomedical Applications of Metal Enhanced Fluorescence
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Free-Space
Fluorescence

New Directions in Fluorescence
Radiating Plasmons Model

Plasmons Controled
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Optical Properties of Metal Colloids-
Gold Colloidal Spheres
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Experimental Relations of Gold (and other Metals) to Light.
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Can Intrinsic Particle Scattering Have Biomedical Applicability

Cell Labeling

Photograph of epithelial buccal cells with 78-nm gold particles

J. Yguerabide and E. E. Yguerabide, Anal. Biochem. 262, 137-156 (1998)




Localized Surface Plasmons

Biomedical Applications of SP




Polarized Light Scattering of Particles
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Different Colloids Concentrations
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What About Wavelength or Solvent Viscosity
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Phase difference of two resonances may exceed 90° in between,
if they are enough far apart

The two components are in phase —
resultant mainly in the direction of the

electric field

amplitude

Electric
field

The two components are out of phase
— resultant more perpendicular to the
electric field

Phase differgnce
between 90 and\ 180°

phase

Electric
field
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Depolarized light scattering from silver nanoparticles, Chemical Physics
Letters 421 (1-3), 189-192, (2006)
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metal nanoparticles. Chemical Physics Letters 434 (4-6), 326-330, (2007)
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wavelength depolarized light scattering from silver nanoparticles. Chemical
Physics Letters 443 (1-3), 1-5, (2007).
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CORT N Theoretical approach CORT

Solving Laplace’s Equation
in Bi-spherical coordinates
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CCFTx Application CCFTx
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Metal Enhanced Fluorescence — Localized Plasmons

Light efficiently couples in
— stronger EM field
— stronger exciition

C>O

— light efficiently couples out
— shorter lifetimes

Metal Enhanced Fluorescence (MEF)
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Metallic Surfaces can Create Unique Fluorophores
with High Quantum Yields and Short Lifetimes
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An = Analyte
Ab = Antibody

hancement
region
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Intrinsic Emission from Unlabeled DNA
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Emission Spectra of Double Helical DNA in the
Presence and Absence of Silver Island Films
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Frequency-Domain Intensity Decays of Double Helical DNA
in the Absence and Presence of a Silver Island Film

100

Calf Thymus DNA

- Exc. 287 nm
g 751 Obs. from 330nm 0
3 to 355 \
2 o0 oI ‘. Calf Thymus DNA,
< .\
3 -05F\ N\ 50mM TRIS, pH 7.0
(=}
s 25 AN
5 0.1mm Cuvette ~ 10k S+ 0.1mm Cuvette
_ 0 sl TR RTTT! R o . -2
4 o S
¢ 100 - ~o
2 Between Quartz 15k . Seeo
= Plates with Silver ) On Silver T~ =~—______
w 751 Islands Islands Film
w
= - L
< 50F T=19ps 2.0 ] 1 1 1
0 0 0.02 0.04 0.08 0.08 0.1
<
T 25 /a—-\‘ TIME (ns)
0 aa s saapl A4 3 aaial i
10 100 1000

Center for Commerci ‘*
of Fluorescence Technologies

28



How Enhancement Depends on Distance ?

How to experimentally measure enhancement?
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Distance Dependence of Enhanced Fluorescence
of Cy3 and Cy5-Labeled Oligonucleotides

Thickness is about 90A per o BSA - biotin
BSA-Avidin Layer e avidin

8 DNA(Cy3)-biotin or DNA(Cy5)-biotin
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Absorption Spectra Show Complete
Coverage for Each BSA-Biotin-Avidin Layer
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Dependence of Emission Intensity on
Distance from Silver Particles
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Relative Intensity and Lifetimes of
DNA(Cy-dyes) on Quartz and SIFs
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Distance
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Distance Dependence of Excitation (ex)
Radiation (r) and Non-Radiative (ns) Decay
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Fluorescence Enhancement is a Product of:
- Field
- Quantume Yield

- Quenching

How to separate field enhancement and quantum yield enhancement?

Use non-linear process like 2hv
Or
Observe only single molecule

Center for Commercializaton
rescen i
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Multi-Photon Excitation

2hv

Signal

Signal

- Ultra Bright Fluorophores

Position

Position
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Conclusion
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Is the enhancement real
or
could it be a concentration artifact?

How to design experiment where the signal will NOT depend on dye deposition?
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Increased Brightness on SIFs

Enhancement of fluorescence
by SIF using TIR
fluorescence. Myofibrils were
placed on glass coverslip (left
column) or on glass
coverslips coated with SIF
and detected by TIRF. The
representative

images, from the faintest to
the most intense, are shown.
Exposure times

and camera gain are the
same for each panel.

Confocal image of myofibrils contributing to the
fluorescence of

(A) myofibrils on glass coverslip;

(B) myofibrils on glass covered with SIF. Bar is 10
Im. Exposure is the same in each panel.
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FLUORESCENCE INTENSITY
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TIRF Immunoassay on a Silver Island Surface

Mirror
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Metal-enhanced fluorescence immunoassays

using total internal reflection and silver island-
coated surfaces (2004). Matveeva E., Gryczynski Z.,
Malicka J., Gryczynski |., Lakowicz J.R.,

Anal. Biochem., 334, 303-311.

Coupled plasmon effects for the enhancement of
fluorescent immunoassays. (2007) Anne Barnetta,
Evgenia G. Matveevaa, Ignacy Gryczynskia, Zygmunt
Gryczynskia, Ewa M. Goldys. Physica B. 394, 297-300.
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CyS-ohgoruciootde

Cy5-5-GAA GAT GGC CAG TGG TGT GTG GA-I
F-CTT CTA CCG GTC ACC ACA CAC CT-5-biotin

ds CyS-DNA-biotin

ds Cy5-DNA-Biotin
85A- Biotin- (‘

Cy5 doped PVA
707 7
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Monolayer of Labeled Antibodies

On Glass On Silver Island Film
(Intensity Scale 0-10) (Intensity Scale 0-100)

Center for Commercializaton
of Fluorescence Technologies
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Future of Biomedical Assays — Assay Based on Single Molecule
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Alexa647 c=1pg/ml SILVER A=635nm Filter HQ685nm/70
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Can we improve enhancement?

New Structures
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New Structures

AlexaFluor647
AlexaFluor647-silver
1800 AlexaFluor647-glass 2500 4 Enhancment ~ 50
1600 -
2000 4 —— Larga Ag coled | HSAICG
1400 - = — Small Ag colicid : HSAICG
g Gl - HSAICG
1200 -| g — Giass
= 15004
1000 - g Iy, =38 m
o oot face:
800 - @ & =, = iml
2 1000
600 3
'S
= 400 -
5004
200 1 MM
o ‘ ‘ s «
1] T T T T T T T T g
590 690 790 700 750 800 8BS0 900 950 1000 1050 1100
wavwvelength, nm Wavelength [nm]




New Structures

Fluorescence Enhancement on Silver Fractal-Like Structures

5 |c

Fractal-lke Glass Shides
structures  Sandwich

Silver Desonized Silver
Cathode  Water Anode

a)The sandwich set-up for electrochemical growth of silver
fractal-like structures on glass slides.

b) The photo of the glass slide with grown silver fractal-like
structures. The bar on top is 6 mm in length.

The fluorescence intensities due to the immunoassay measured
at the cross-section of the glass slide with fractal-like structures

shown in Figure a as a white line. 16 5

. o . 120 4
The fluorescence intensities due to the immunoassay measured at

the cross-section of the clean glass slide shown in Figure c as a white line.

Fluorescence (a.u.)
@
o

S
o
L

The fluorescence intensities due to non-specific binding measured at

the cross-section of the glass slide with fractal b ¢

0l el LY
JACS (2007) 129, 12117-12122 0 100 200 300 400 500
Anal. Biochem. (2008) 80 (6), 1962-1966 Position
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What could be better now?

FRACTALS / GOLD MIRROR
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Model Immunoassay

The enhancement can be ~1000 fold
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SM on FRACTALS
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Area 80x80 um?
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4 ] T «200ps

Intensity (Cnt/ms)

Intensity 0.2 uW
2xfilters 665Ip + 640lp RAZOR
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Self Assembling Colloidal Structures

SACS
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Metal Enhanced Fluorescence — Localized Plasmons

Self-Assembled Colloids (SACs) on Gold Film
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—~ 1r Alexa555 on SACS
:' Alexa555 on glass
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Metal Enhanced Fluorescence — Localized Plasmons

Self-Assembled Colloids (SACs) on Silver Film
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Metal Enhanced Fluorescence — Localized Plasmons

Self-Assembled Colloids (SACs) on Silver Film

SM on SACs SM on SACs
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Metal Enhanced Fluorescence — Localized Plasmons

Self-Assembled Colloids (SACs) on Silver Film
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(a) Alexa555 on glass
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New Concept of Fluorescence

e Fluorophore emits in random directions
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CGFT, Surface Plasmons SEET.
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Near-Field Coupling of Fluorophore to SPP ccfr 7

Surface Confinement of
Excitation and Emission

Far-field radiation
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5 nm metal quenching
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Examples of SPCE - Different Metals

514 Notch Gold

Filter Film
R 101
In PVA
v / Sample
o 514 nm
o !
&

Surface-plasmon-coupled emission: New technology for studying molecular processes.
Gryczynski Z., Gryczynski |., Matveeva E., Malicka J., Nowaczyk K., Lakowicz J.R., in
Cytometry: New Developments (Methods in Cell Biology, Vol. 75) 4th edition, Darzynkiewicz Z.,
Roederer M. and Tanke H.J. (Eds), Academic Press, 2004, pp. 73-104

Silver
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SPCE Angular Dependence
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Mixture of Fluorophores — Wavelength Resolution
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Hollow cone
of emission
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Does the SPCE effect depends on fluorescence origin

Schematic for Measurements of ELC Directionality
Chemical Mechanism
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Surface Plasmon Assisted Microscopy (SPAM)

Effective Volume

Far-field radiation

F ]
/TN L%
P S !
coupling
N V4 50nm -
/F Near-field coupling e

. mueetilchin
“—Ag q g

P-polarized SPCE
Exc

Directional Emission

Concept of surface plasmon-coupled emission (SPCE). F is a fluorophore. The excitation energy of the
fluorophore couples to the surface plasmons and radiates to the glass prism in a form of the ring. Far-field
radiation is reflected by the metal surface.

M\
—\
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Background Suppression by SPCE
Fluorescent Background
Emission spectra of the Rhodamine Red-X labeled anti-rabbit antibodies bound to the Rabbit IgG

immobilized on the 50 nm silver mirror surface in presence of fluorescent background (anti-Mouse
antibodies labeled with Alexa Fluor 647) in solution measured at different configurations.
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SPCE-based Assays
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SPCE Assay Instrumentation
Binding Kinetics
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View

Excitation
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UV - Detection and Label-Free

Aluminum on Sapphire
Proteins - Amino Acids; Tryptophan & Tyrosine

DNA/RNA - Bases; Adenine, 2AP, DAPI
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SPCE Microscope - Tool
For Direct Detection of
Conformational Changes
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Modern Microscopy

(1) Breaking the Limits of Optical Resolution
(2) Detection and Monitoring of Single Molecule

- Stimulated emission depletion (STED) (Klar et al. 2000)

- Photo activated probes (proteins) (Betzig et al. 2006)

- Near-field scanning optical microscopy (NSOM) (de Lange et al. 2001)

- Zero-mode waveguide (Levene et al. 2003; Wenger et al. 2007)

- Confocal total internal reflection microscopy (Star & Thompson 2001; Thompson & Pero 2006)
- Standing evanescent wave (Chung et al. 2007)

- Surface plasmon-coupled emission (SPCE) (Borejdo et al. 2006)

- Standing SP (E. Chung et al., 2007)

What are the advantages of SPCE? ®

- Surface confined coupling ‘ A ‘

- Background suppression \ /
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50 nm thick layer of silve
Sapphire cover glass
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Cofocal aperture
Conjugate image plane —=

Dichroic mirror
Mirror
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Principles of SPCE Microscopy

Center for Commercializaton
of Fluorescence Technologies

Department of

98



99



Sample (RhB doped PVA)
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0.1u Orange Fluorescent Microspheres
Aex=532nm
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Thin filament

Cc

Thick filament
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FCS with Surface Plasmons

SPCE Slide

Center for Commercializaton
of Fluorescence Technologies

F
CGC T‘k‘
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SPCE-silver
SPCE-gold

correlation function
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Far-field radiation

coupling
50 nm
~ /Near—ﬁeld ‘coupling } range
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Where Surface Confined Fluorescence Could Be Used

Visualizing Membrane Processes
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COFTa Travelling surface plasmons CCFTn
l

[T

N. Calander. Focused optical beams at planar structures by an imaginary shift
in position. Journal of the Optical Society of America A 24 (9), 2513-2515, (2007).
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with an imaginary shift in position

(r—ia/k)-(r-ia/k)
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N. Calander. Focused optical beams at planar structures by an imaginary shift
in position. Journal of the Optical Society of America A 24 (9), 2513-2515,
(2007).
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CCFTx Gaussian beam in terms of the sum of plane waves GO TN
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SPCE from Thick and Thin PVA Films
Effects of Film Thickness on the Angular Distribution of SPCE

150 nm thick PVA 290 nm thick PVA
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SPCE Microscope - Tool
For Direct Detection of
Conformational Changes
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Conformational Change Upon Ligand Binding

............
.

Waveguide

N / Resonator (~200 nm) N

S——__ Metal Fim
(~50 nm)

Prism .
p - polarized

s - polarized

A schematic description of conformational change occurring upon ligand binding.
We will detect bounding (mass change), conformational change (reorientation of the binding side),
and by time-resolved measurement change in the protein mobility (if induced by binding).

=\
Center for Commercializaton
of Fluorescence Technologies
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SPCE Coupling = JE A
Layer ~50 nm Waveguide
Resonator

Gold
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Muscle Fiber
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Detecting Different Motions — in plane and out-of plane
Collaboration with: Joerg Enderline, Gottingen;John Schetz, Pharmacology, UNTHSC; Jim Harper, UNH.

M\
\
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of Fluorescence Technologies
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SPCE From Single Horizontal Dipole
What about in plane rotations?
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Rotational diffusion of molecules
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S-Tag  S-Protein RNAse A
peptide (inactive) (active complex)
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Plasminic Technology and Practical Applications

Anomalous Transmission of Light Through Silver Films

Beam-like trapsrqissior] through  Optical filters using thick Planar Lenses Based on Nanoscale Plasmon mirror based
concentric silver rings silver films with holes Slit Arrays in a Metallic Film on a line of silver dots

0 "
5 o
... | I

=20 2-20 2-20 2
*x(um)  x{um) x(um)

Lezec et al. 2002 Degiron, Barnes, 2003 Krenn et al. 2003

Verslegers et al. 2009

Practical Applications of SPCE

Fiber Optics Based Detection

e
e \ P

ample
ELC or LED Array /S/ Metal Film

Glass/Plastic/Sapphire
CCD Detector

Center for Commer
of Fluorescence Technologies
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Central {pump) pulse

Polarization

2004 _ 1] .
- l'.'ﬁ 20085

PP signal

Grating,

Fused silica,
g

Grating ™
cross-section

Kevin F. MacDonald'®, Zsolt L. Samson', Mark I. Stockman® and Nikolay |. Zheludev'
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New Dirccivons

Multiplex Assay

A CCF\I
Center lannmmerciafz\aﬁ*

of Fluorescence Technologies
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Best known example:

Reggie Lewis

THE DEATH OF
REGGIE LEWIS:

SO MANY
,QUE';TmNa
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Familial Hypertrophic Cardiomyopathy is a molecular disease that originates
from mutations in genes that encode for the major contractile proteins of the
heart, mainly myosin. We hypothesize that myosin from sick heart has a
different kinetics than myosin from healthy heart.
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Fast (healthy) Molecule
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Objective 1: measure type and t,y during isometric contraction of muscle.

A.Myofibril was irrigated with extremely
diluted dye (0.01 nM Alexa488). The
corresponding polarized intensity images
are shown in B. The various bands are
best identified with the aid of image of
myofibrils more heavily labeled with
phalloidin (10 nM RP) (C).

Lifetime [ns]

Lifetime [ns]
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Here is a typical signal from muscle.
There was a significant change in the
number of collected photons at 6.5 s
(indicated by the white arrow). The
total photon rate during 4-6.5 s
interval was 9,200 photons/s. This
corresponds to ~two molecules. The
total photon rate during 6.5-10 s was
5,300 photons/s. This corresponds to
a single fluorophore.
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