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ANALYTE ASSAY USING PARTICOLATE LABELS 

BACKGROUND OF THE INVENTION 

The following is an outline of relevant existing 

detection methods. It is also a summary of relevant science 

IS to aid the reader in understanding the details of the 

claimed invention. It should not be taken as an admission 

that any of the cited art is prior art to the claims. The 

cited art is hereby incorporat.ed herein by reference so 

that the general procedures and methods in that art that 

20 are of use to practice of the present inventi~n need not be 

rewritten herein. In particular, applicant incorporates 

those sections related to general methods of "binding-pair" 

methodology, and methods for measurement of light 

scattering herein. 

25 

Sensitive Analyte Assays 

Binding-pair (also known as ligand-receptor, molecular 

recognition binding and the like) techniques play an 

30 important role in many applications of biomedical analysis . . 
and are qaininq importance in the fields of environmental 

science, veterinary medicine, pharmaceutical research, food 

and water quality control and the like.·For the detection 
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of analytes at low concentrations (less 

picomole analyte/sample volume analyzed) 

PCr/US98/23160. 

than 

the 

about 1 

use of 

fluorescent, luminescent, chemiluminescent, or 

electrochemiluminescent labels and detection methods are 

s often used. 

For the detection of low concentrations of analytes in 

the field of diagnostics, the methods of chemiluminescence 

and electrochemiluminescence are gaining wide-spread use. 

These methods of chemiluminescence and electro-

10 chemiluminescence provides a means to detect low 

concentrations of analytes by amplifying the number of 

luminescent molecules or photon qenerating events many­

fold, the resulting "signal amplification" then allowing 

for detection of low concentration analytes. 

15 In addition, the method of Polymerase Chain ~eaction 

(PCR) and other related techn~ques have gained wide use for 

amplifying the number of nucleic acid analytes in the 

sample. By the addition of appropriate enzymes, reagents, 

and temperature cycling methods, the number of nucleic acid 

20 analyte molecules are amplified such that the analyte can 

be detected by most known detection means. The high level 

of commercial activity in the development of new signal 

generation and detection systems, and the development of 

new types of test kits and instruments utilizing signal and 

2S analyte molecule amplification attests to the importance 

and need for sensitive detection methods. 

However, the above mentioned methods of signal and 

analyte molecule amplification have associated limitations 

which makes the detection of analytes by these methods 

30 complicated, not easy to use, time consuming, and costly. 

Problems of interference of chemical or enzymatic 

reactions, contamination, complicated and multi-step 

pro~edures, limited adaptability to single step 
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"homogeneous" (non-separation) formats, and the requirement 

of costly and sophisticated instrumentation are areas that 

those in the art are constantly trying to improve. 

:rhus, there is a tremendous need for easy to use, 

s quantitative, multi-analyte, and inexpensive procedures and 

instruments for the detection of analytes. Such 

procedures, test kits, and instruments would overcome the 

disadvantages and limitations of the current methods of 

signal and analyte molecule amplification, ·and would be 

10 useful in research, individual point of care situations 

(doctor's office, emergency room, out ih the field, etc.), 

and in high throughput testing applications. 

It is the object of the present invention to provide a 

new means to more easily detect one or more analytes in a 

IS sample to low concentrations than was previously possible. 

The present invention can detect low concentrations of 

analytes without the need for signal or analyte molecule 

amplification. 

The present invention provides a signal and detection 

20 system for the detection of analytes where the procedures 

can be simplified and the amount and types of steps and 

reagents reduced. The present invention provides for the 

quantitative detection of single or multiple analytes in a 

sample. The present invention also provides for substantial 

25 reductions in the number of different tests and amounts of 

sample material that are analyzed. Such reduction in the 

number of individual ·tests leads to reduced cost and waste 

production, especially medically-related waste that must be 

disposed of. 

30 

Light Scattering Detection Methods and Properties of Light 

Scattering Particles 

3 
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There is a large body of information concerning the 
phenomenon of light scattering by particles, the use of 

particulate labels in diagnostic assays, and the use of 

liqht scatterinq methods in diagnostic assays which are now 

s presented in the following discussion of relevant art none 

of which is admitted to be prior art to the pending claims. 

This art is provided as a background for understanding of 

the novelty and utility of the claimed invention. 

The general study of light scattering comprises a very 

10 large field. The phenomena of light scattering has been 

studied intensely for about the last one hundred or so 

years and the applications of the knowledge of light. 

scattering to different aspects of human endeavor are wide 

and varied. 

15 The classical theory of light scattering by small, 

homogeneous, non light absorbing, spherical particles of a 

size of about 1/20 or less the wavelength of the incident 

radiation was initially developed by Rayleigh. Later a 

more general phenomenological theory of light scattering by 

20 homogeneous, spherical particles of any size and 

composition was developed by Mie. The .Mie theory applies 

both to light absorbing and nonabsorbinq particles. It has 

also been shown from Mie theory that the expressions of 

Rayleigh can easily be generalized so as to apply to 

2S particles which absorb light as long as the particles are 

much smaller than the wavelength of incident light. For 

·these small diameter particles, Mie theory and the 

generalized Rayleigh theory give similar results. Liqht 

scattering (elastic) can be viewed from a clas-sical or 

30 quantum mechanical point of view. An excellent quantitative 

description can be obtained through the classical point of 

view. 

A historical background as well as a description of 

4 
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the basic theories of scattered liqht and other 

elec.tromagnetic radiation is provided in the following 

references; Absorption and Scattering of Light By Small 

Particles (1983), C.F. Bohren, D.R. Huffman, John Wiley and 

s Sons; The Scattering of Light and Other Electromagnetic 

Radiation (1969), M. Kerker, Academic Press. 

Further .background information of the phenomenon of 

liqht scattering can be found in ·the following 

publications. 

10 Zsigmondy, Colloids and the Ultramicroscope - A Manual 

of Colloid Chemistry and Ultramicroscopy,1914, John Wiley &· 

Sons, Inc. is described various light scattering properties 

of gold particles and other types of particles. 

Hunter, Foundation of Colloid Science, Vol, I, 105, 

lS 1991, describes use of optical microscopes, 

ultramicroscopes, and electron microscopes in observation 

of particles. 

Shaw et al., Introduction to Colloid and Surface 

Chemistry, 2nd ed., 41, 1970, describe optical properties 

20 of colloids and the use of electron microscopy, and dark 

field microscopy !.:.Sl:.r the ultramicroscope. 

Stolz, SpringerTracts, Vol. 130, describes time 

resolve light scattering methodologies. 

Klein and Metz, 5 Photographic Science and Engineering 

25 5-11, 1961, describes the color of colloidal silver 

particles in gelatin. 

Eversole and Broida, 15 Physical Review 1644-1654, 

1977, describes .the size and shape effects on light 

scattering from. various metal particles such as· silver, 

30 gold, and copper. 

Kreibig and Zacharias, 231 z. l?hysik 128-143, 1~70, 

d•scribe surface plasma resonances in small spherical 

silver and gold particles. 

5 
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Bloemer et al., 37 Physical Review 8015-8021, 1988, 

describes the optical properties of submicrometer-sized 

silver needles and the use of such needles is described "in · 

Blo~mer, U.S. Patent 5,151,956,where a surface plasmon 

S resonance of small particles of metal to polarize light 

propagating in a wave quide is described. 

10 

Wiegel., 136 Zeitschrift fur Physilc, Bd., 642-653, 

1954, describes the color of colloidal silver and the use 

of•electron microscopy. 

t1se of Particles, Liqht Scattering and Other Methods for 

Detection of Analytes 

For about the last thirty-five years, metal particles 

lS including gold and silver have been used as both contrast 

enhancement agents or light absorption labels in many 

different types of analytic and/or diagnostic applications. 

The great majority of these applications fall under the 

category of cytoimmunochemistry studies which have used 

20 gold or silver enhanced gold particles as markers to study 

structural aspects of cellular, subcellular, or tissue 

organization. In these studies, metal particles are usually 

detected and localized by electron microscopy, including 

scanning, transmission, and BEI (backscattered electron 

2S imaqinq) . These methods take advantage of the electron 

dense nature of metals or the high atomic number of metals 

to facilitate the detection of the gold particles by virtue 

of the large numbers of secondary and backscattered 

electrons generated by the dense metal (see; Hayat, 

JO Immunogold-silver staining reference Page 1 and Chapters 1, 

6,• 15; and Hayat, Colloid Gold reference Chapters l, 5, 7 

and others> • 

There have been a few reports of the use of gold and 

6 
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silver enhanced gold particles in light microscopic 

studies. For example, in 1978 gold particles were used as 

an immunogold stain with detection by light microscopy. A 

review of the use of gold particles in light microscopy 

S (See, Hayat, Immunoqold-Silver Staining Reference Paqe 3) 

published in 1995 discusses this 1978 work and presents the 

following analysis: 

"Geoqhehan et al. (1978) were the first to use the 
red or pink color of colloidal qold sols for light 

10 microscopical immunoqold staining using paraffin 
sections. In semi thin resin sections red color of 
light scattered from gold particles as small as 14 nm 
was seen in cell organelles containing high 
concentrations of labeled antigens in the light 

ts microscope (Lucocq and Roth, 1984). Since the 
sensitivity of immunogold staining in light 
microscopy is inferior in comparison with other 
immunocytochemical techniques, the former did not 
gain general acceptance; the pinkish color of the 

20 gold deposit is difficult to visualize." 

This paragraph is an indication of the state of 

understanding of the light scattering properties of gold 

and other metal particles for diagnostic and analytic 

2S studies. The paragraph specifically states "In semithin 

resin sections red color of light scatter from gold 

particles as small as 14 run was seen in organelles 

containinq high concentrations of labeled antigens in the 

light microscope." 

30 However, with white light illumination, the scattered 

light from 14 nm gold particles is predominantly green. 

Since the particles appear red in the light microscope this 

indicates that some interactions other than pure light 

scattering are being detected. It is probable that the red 

JS color observed in the light microscope is predominantly 

transmitted light and not scattered light. When the gold 

particles accumulate sufficiently at the target site in 

cells, tissue sections or some other surface the red color 
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due to transmitted light will be seen (see also; J. Roth 

(1983) Immunocytochemistry £ p2l7; and Dewaele et al (1983) 

in Techniques in Immunochemistry Vol 2 pl, Eds. Bullock and 
Petrusz, Academic Press) • 

S As mentioned in the above quote, it appears that the 

sensitivity of immunogold staining in light microscopy was 

believed to be inferior to that of other methods, and the 

use of gold particles as markers for light microscope 

detection did not qain general acceptance. In the 1995 

10 review book in Chapter 12, p198 by Gao and Gao is the 
following quote on the same subject. 

"Colloidal gold was initially used only as a marker 
for electron microscopy (EM), because of its electron 
dense nature and secondary electron emission feature 

15 (Horisberger, 1979) • Direct visualization of 
colloidal gold in light microscopy (LM) was limited. 
The size of colloidal gold is too small to be 
detected at the light microscope level, although 
using highly concentrated immunogold cells may be 

20 stained red by this reagent (Geoghegan et al., 1978; 
Roth, 1982; Holgate et al., 1983." 

As mentioned in both of the above, the sensitivity of 
detection of colloidal gold with light microscopy was 

2S believed to be low. The method of silver enhancement of 
gold particles was developed to overcome this perceived 

drawback. The following is another quote from the 1995 

review book. 

"The real breakthrough for immunogold staining for 
JO light microscopy came with the introduction of 

silver-enhancement of colloidal gold particles (20nml 
bound to immunoglobin in paraffin sections S microns 
(Holgate et al., 1983). This approach significantly 
enhanced the sensitivity, efficiency, and accuracy of 

JS antigen detectability in the light microscope. Using 
IGSS, gold particles as small as lnm. in diameter can 
be visualized in the light microscope. Thin section 

' subjected to IGSS can also be viewed with the lignt 
microscope, especially by using phase contrast or 

40 epi-polarization illumination (Stierhof et al., 
1992) . ,, 
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. The method of silver enhancement of gold particles is 

widely used. The enhancement method transforms the marker 

gold. particle into a larger metal particle or an even 

s larger structure which is microns or greater in dimensions. 

These structures are composed primarily of silver, and such 

enlarged particles can be more readily detected visually in 

the bright field optical microscope. Individual enlarged 

particles have been visualized by high resolution laser 

10 confocal and epipolarization light microscopy. Id at 26 and 

203. 

However, even with the use of silver enhancement 

techniques, those in the art indicate that this will not 

achieve the sensitivity and specificity of other methods. 

15 For example, in the publication of Vener, T. I. et. al. , 

Analytical Biochemistry 198, p308-311 Cl99ll the authors 

discuss a new method of sensitive analyte detection called 

Latex Hybridization Assay CLHAl • In the method they use 

large polymer particles of 1.8 microns in diameter that are 

20 filled with many highly fluorescent dye molecules as the 

analyte tracer, detecting the bound analytes by the 

fluorescent signal. The following excerpt is from this 

publication: 

"To assess the merits of LHA we have compared our 
25 technique with two other indirect nonradioactive 

techniques described in the literature. The most 
appropriate technique for comparison is the 
streptavidin colloid gold method with silver 
enhancement of a hybridization signal, since this is 

JO a competing corpuscular technique. However, this 
method is not very sensitive even with the additional 
step ·of silver enhancement: 8pg of ).-phage 'DNA is 
detected by this method as compared to 0.6 pg or 2 X 
104 molecules of ). DNA detected by LHA on the nylon 

35 ' membrane." 

Stimpson et al., 92 Proc. Natl. Acad. Sci. USA, 6379-

63$3, July 1995, a real time detection method for.detection 

9 
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of DNA hybridization is described. The authors describe 

use of a particulate label on a target DNA which acts as a 

"l:ight-scattering source when illuminated by the 
5 evanescent wave of the wave guide-and only the label 

bound to the surface generates a signal. The 
evanescent wave created by the wave guide ~s used to 
scatter light from a particulate label adsorbed at 
multiple ONA capture zones--placed on the wave guide 

10 surface. Since an evanescent ··wave only extends a few 
hundred nanometers from the wave guide surface, the 
unbound/dissociated label does not scatter light and 
a wash step is not required. The signal intensity is 
sufficient to allow measurement of the surf ace 

ts binding and desorption of -the light-scattering label­
can be studied in real time; i.e., detection is not 
rate limiting. The hybridization-pattern on the chip 
can be evaluated visually or -acquired for 
quantitative analysis by using a standard ·cco camera 

20 with an 8-bit video· frame grabber in l/JO- of a 
second." 

Experiments were performed with 70 nanometer diameter gold 

particles and 200 nanometer diameter selenium particles. 

2S More intense signals we~e observed with the selenium 

particles. The authors indicate--

30 

This 

"A wave guide signal 
discrimination has been 
DNA and is, therefore, 
signal system." 

sufficient _for single-base 
generated between. 4 and 40 nm 
comparable to a fluorescence 

method uses waveguides --and evanescent type 

illumination. In addition, the method is-about as sensitive 

as current fluorescence-based detection systems·- Particles 

JS of 70nm diameter and larger-are said to be preferred. 

Schutt et al., U.S. Patent -S,017,009, describes an 

immunoassay system for detection of ligands or ligand 

binding partners in a heterogenous format. The-system is 

ba~ed upon detection of 

40 "back scattered light from--- an evanescent wave 
disturbed by the presence of a colloidal gold label 
brought to the interface by an immunological 

10 
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reaction. Placement of the detector at a back 
angle above the critical angle insures a superior 
signal-to-noise ratio,,, 

S The authors explain that the immunoassay system described 

utilizes scattered total internal reflectance, i.e., 

propagation of evanescent waves. They indicate that the 

presence of colloidal gold disrupts propagation of the 

evanescent wave resulting in scattered light which may be 

10 de:ected by a photomultiplier or other 1-ight sensor to 

provide a responsive signal. They indicate that an 

important aspect of their invention is the physical 

location of the detector. 

"The detector is ideally placed at an angle greater 
15 than the critical angle and in a location whereby 

only light scattered backward toward the light source 
is detected. This location thereby ideally avoids 
the detection of superior scattered light within the 
bulk liquid medium." 

20 

2S 

30 

Total internal reflection of the incident beam is used to 

create the evanescent wave mode of illumination and the 

detection is performed on an optically-transmissive 

surface. The use of specialized apparatus is preferred. 

Leuvering, U.S. Patent 4, 313, 734, describes a method 

for detection of specific binding proteins by use of a 

labeled component obtained by coupling particles "of an 

aqueous dispersion of a metal, metal compound, or polymer 

nuclei coated with a metal or metal compound having a 

diameter of at least 5 

especially suited for 

nm." The . process 

estimation of 

is said to be 

immunochemical 

components such as haptens, antigens and antibodies. The 

metal particles are said to nave already been used as 

contrast-enhancing labels in electron microscopy but tneir 

35 use in immunoassays had apparently 

"not previously been reported and has surprisingly 
proved to be possible. 

• • • 
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The metal sol particle, imm.unochemical technique, 
according to the instant invention which has been 
developed can be not only more sensitive than the 
known radio• and enzyme-immunotechniques, but renders 

5 it furthermore possible to demonstrate and to 
determine more than one immunological component in 
the same test medium simultaneously by utilizing sol 
particles of different chemical compositions as 
labels." 

10 
Examples of metals include platinum, gold, silver, and 

copper or their salts. 

"The measurement of the physical properties and/or 
the concentration of the metal and/or the formed 

IS metal containinq agglomerate in a certain phase of 
the reaction mixture may take place using numerous 
techniques, which are in themselves known. As 
examples of these techniques there may be cited the 
colorimetric determination, in which use is made of 

20 the intense ·. colour of some dispersions which 
furthermore change colour with physicochemical 
changes; the visual method, which is often already 
applicable to qualitative determinations in view of 
the above-noted fact that metal sols are coloured; 

25 the use of flame emission spectrophotometry or 
another plasma-emission spectrophotometric method 
which renders simultaneous determination possible, 
and the highly sensitive method of flame-less atomic 
absorption spectrophotometry." 

30 
Two or more analytes in a sample are preferably detected by 

using flame emission spectrophotometry or another plasma­

emission spectrop~otometric method. The preferred method of 

detection for greatest sensitivity is by flame-less atomic 

35 absorption spectrophotometry. 

Swope et al., U.S. Patent 5,350,697 describes 

apparatus to measure scattered light by having the light 

source located to direct light at less than the critical 

angle toward the sample. The detector is located to detect 

40 scattered light outside the envelope of the critical angle. 

Craig et al., U.S. Patent 4,480,042 describes us~ of 

high refractive index particle reagents in light scattering 

immunoassays. The preferred particles are composed of 

12 
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polymer materials. The concentration of compounds of 

biological interest was determined by measuring the change 

in turbidity caused by particle agglutination or inhibition 

of agglutination. The preferred particles are of a diameter 

s less than approximately 0. l µ and greater than O. 03 µ. 

"Shorter wavelengths, such as 340 run, give larger signal 

differences than longer wavelengths, such as 400nm." 

Cohen et al., U.S. Patent _4,851,329 and Hansen, U.S. 

Patent 5, 286, 452, describe methods for detection of 

10 agglutinated particles by optical pulse particle size 

analysis or by use of an optical flow particle analyzer. 

These systems are said to be useful for determination of .. 

antigen or antibody concentrations. These methods use 

sophisticated apparatus and specialized signal processing 

JS means. Preferred particle diamet,rs are of about O.l to 1 

micron in diameter for the method of Cohen and about 0.5 to 

about 7.0 microns in diameter for the method of Hansen. 

Okano et al., 202 Analytical Biochemistry 120, 1992, 

describes a heterogenous sandwich immunoassay utilizing 

20 microparticles which can be counted with an inverted 

optical microscope. · The microparticles were Of 

approKimately 0.76 microns in diameter, and were 

carboxylated microparticles made from acrylate. 

Other particle detection methods are described by 

2s Block, U.S. Patent 3,975,084, Kuroda, U.S. Patent 

5,274,431, Ford, Jr., U.S. Patent 5,305,073, Furuya, U.S. 

Patent 5,257,087, and by Taniguchi et al., U.S. Patent 

5,311,275. 

Geoghegan et al., 7 Immunological Communications 1-12, 

30 1978, describes use of colloidal gold to label rabbit anti­

goat IgG for indirect detection of other antibodies. A 

liqht and electron microscope were used to detect labeled 

particles. The gold particles had an average size of 18-20 

13 
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nanometers and bright field light microscopy was used. For 

electron microscopy, Araldite silver-gold thin sections 

were used. "Similar percent:ages of surface labeled cells 

were .noted by immunofluorescence and the colloidal gold 

s bright field method." l-5 particles per cell could be 

detected by electron microscopy but the authors state that: 

"Such small quantities of label were not detected by 
fluorescence or by brightfield microscopy and may represent 
either non-specific and Fe receptor bound GAD and GAM, 

10 where a low level of surface immunoglobulin (S.Ig) on the 
GAD and GAM treated cells." 

Hari et al., U.S. Patent 5, 079, 172, describes use of 

gold particles in antibody reactions and detection of those .. 

IS particles using an electron microscope. 15 nanometer gold 

particles were exemplified. In the preferred method, 

electron microscopy is used. 

DeMey et al., U.S. Patent 4,420,556, describes the use 

of a bright field light microscopic method for enumerating 

20 cells labeled with gold-labeled antibodies. The method uses 

a light microscope in the bright field arrangement and 

magnifications of 500 or greater with immersion oil lenses 

are used to count gold-labeled peroxidase negative cells. 

The visualization of the labeled-surfaces is based on the 

2s aggregate properties of the gold particles, which, under 

the indicated circumstances, undergo extensive patching, 

these patches on the cell surface being resolvable with the 

method described. 40 nanometer gold was found to give 

optimal results. 

30 De Mey et al., U.S. Patent 4,446,238, describes a 

similar bright field light microscopic immunocytochemical 

method for localization of colloidal gold labeled 

iillqlunogl.obulins as a red colored marker in histological 

sections. The method of Immune Gold Staining (IGSl as 

3S described by the authors 

14 
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s 

"In both procedures the end-product is an 
accumulation of large numbers of gold granules over 
antigen-containing areas, thus yielding the typical 
reddish colour of colloidal gold sols." 
. 
DeBrabander et al., U.S. eatent 4,752,567 describes a 

method for detecting individual metal particles of a 

diameter smaller than 200nm by use of bright field or epi­

polarization microscopy and contrast enhancement with a 

10 video camera is described. The inventors state: 

"Typically, in the above mentioned procedures, the 
employed metal particles have a diameter of from 
about 10 to about lOOnm. This is well below the 
resolution limit of bright field microscopy, which is 

15 generally accepted to lie around 200 nm. It is 
therefore quite logical that all previously known 
visual light microscopic methods are limited in their 
applications to the detection of immobilized 
aggregates of metal particles. Individual particles 

20 could be observed with ultramicroscopic techniques 
only, in particular with electron microscopy. 

It has now quite surprisingly been found that 
individual metal particles of a diameter smaller than 
200 nm can be made clearly visible by means of bright 

25 field light microscopy or epi-polarization microscopy 
in the visible spectrum, provided that the resulting 
image is subjected to electronic contrast 
enhancement." 

30 In subsequent sections the authors state: 

"Compared with existing diagnostic methods based 
on sol particle immuno assays, the present method has 
a much greater sensitivity. Indeed, existing methods 
are in general based on light absorption or 

35 scattering by the bulk of absorbed or suspended metal 
particles. Obviously, the observation of colour, e.g. 
on a blotting medium, requires the presence of 
massive numbers of particles. In contrast therewith, 
the present method makes it possible to observe and 

40 count single particles. Renee, the present 'method 

45 

will largely facilitate the development of diagnostic 
blots for applications where existing, e.g. visual or 

~ colorimetric, techniques are too less sensitive, e.g. 
for the detection of Kepatitis." 

Schafer et al., 352 Nature 444-448, 1991, describes 

15 
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use of nanometer size particles of gold which could be 
observed using video enhanced differential interference 

contrast microscopy. A 4 0 nanometer diame.ter gold particle 
was used. 

s DeBrabander et al., 6 Cell Motility and the 

Cytoskeleton 105.-113, 1986, (and U.S. Patent 4, 752,567) 

describe use of submicroscopic gold particles and bright 

field video contrast enhancement. Specifically, the cells 

were observed by bright field video enhanced contrast 

10 microscopy with gold particles of 5-40 nanometers 

diameters. They also state that 

"individual gold particles, having a size smaller 
than plus or minus 100 nanometers, adsorbed under 
glass or cells or microinjected in cells are not 

IS visible in the light microscope. They are, however, 
easily visualized when using the capacity of a video 
camera to enhance contrast electronically." 

The authors describe use of epi-illumination with polarized 

20 light and collection of reflected light or by use of a 

"easier and apparently more sensitive way" with a 

transmitted bright field illumination using monochromatic 

light and a simple cam.era. The authors indicate that the 

gold particles can be easily detected with phase contrast 
25 microscopy. 

"Unlike that which is possible with larger gold 
(usually 20-40 run), even dense accumulations of 5-nm 
gold, e.g., on structures such as microtubules, are 
not visible in the light microscope. They do not 

30 produce a detectable red colour. Recently, this has 
been corrected by a physical development with silver 
salts, which increases the size of the particles to 
produce an easily visible black stain . 

••• 
l.S We have described a method for localizing lig~nds 

almost at the molecular level. The method is new 
because it enables one for the first time to do this 
in the liqht microscope with discrete individual 
markers that are unambiguously discernible from 

40 background structures. Because it is applicable even 
in living cells, one can thus foilow the dynamic 
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behaviour of . individual proteins. The method is 
?eeause it combines two well developed techniques: 
gold labelling and video microscopy. Most of the 
applications can be done with inexpensive video 

S eguipment the price of which is less than most good 
lOOX oil objectives. Still, many more possibilities 
arise when combining this with modern digital image 
manipulations. Some additional advantages are worth 
noting. Because the· label consists of individual 

10 discrete markers, both manual and automatic (computer 
assisted) counting is easy and reliable. The small 
size of the marker minimizes problems of penetra.tion 
and diffusion. The possibility of changing the charge 
of the marker almost at will is helpful in 

15 diminishing nonspecific binding in. any particular 
application." 

This method was termed by the authors "nanoparticle video , 

ultramicroseopy or short nanovid ultramicroscopy." A 

20 similar technology is described in "Geerts et al., 351 

Nature, 765-766, 1991. 

The preceding discussions of the state of the art of 

light scattering methods, and the use of light scattering 

particles and methods in the field of diagnostics clearly 

25 shows the limits of current methods of analyte detection 

and the novelty and great utility of the present invention. 

It is the purpose of this invention not only to overcome 

the present day limitations and disadvantages of light 

scattering-based diagnostic assays, but to also overcome 

30 the limitations and disadvantages of other non-light 

scattering methods such as signal and analyte molecule 

amplification. This invention as described herein is 

easier to use, has greater detection sensitivity, and is 

capable of measuring analytes across wider analyte 

3S concentration ranges than was previously possible. The 

present invention is broadly applicable to most sample 
• types and assay formats as a signal generation ·and 

detection system for analyte detection. 

1'7 
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SUMMARY OF THE INVENTION 

.The present invention features a new method for the 

s detection and measurement of ·one or more analytes in a 

sample. The method is based on the use of certain particles 

of specific composition, size, and shape and the detection 

and/or measurement of one or more of the particle's light 

scattering properties. The detection and/or measurement of 

10 the light-scattering properties of the particle is 

correlated to the presence, and/or amount, or absence of 

one or more analytes in a sample. The present invention is 

versatile and has utility in one form or another to detect 

and measure one or more analytes in a sample. 

IS The invention features a method for detection of one 

or more analytes in a sample by binding those analytes to 

at least one detectable light scattering particle with a 

size smaller than the wavelength of the illumination light. 

This particle is illuminated with a light beam under 

20 conditions where the light scattered from the beam by the 

particle can be detected by the human eye with less than 

500 times magnification. The light that is scattered from 

the particle is then detected under those conditions as a 

measure of the presence of those one or more analytes. 

is Applicant has surprisingly determined, by simply ensuring 

appropriate illumination and ensuring maximal detection of 

specific scattered light, that an extremely sensitive 

method of detection can result. The method of light 

illumination and detection is named "OLASLPON (direct light 

30 angled for scattered light only from particle detected) by 

ap.plicant. 
The method and associated apparatus are designed to 

maximize detection of only scattered light from the 
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particles and thus is many times more sensitive than use of 

fluorophores, or the use of such particles in methods 

described above. Such particles can be detected by using a 

low magnification microscope (magnifying at 2 to 500 times, 

S e.g. 10 to 100 times) without the need for any electronic 

amplification of the signal. In addition, methods are 

provided in which no microscope or imaging system is 

necessary but rather one or more of the light scattering 

properties are detected of a liquid or solid-phase sample 

JO through which light is scattered. These scattered light 

properties can be used to determine the presence, absence 

or amount of analyte present in any particular sample. 

The source of light in general need not be treated in 

any particular manner ( e. q., polarized, or laser or high 

IS intensity) but need only be directed such that it allows 

scattered light from the particles to be detected. Spatial 

filtering can be used to ensure reduction of non-specific 

light scatter. Such filtering can be supplemented by other 

instrumental components and sample chambers which reduce 

~ stray light. 

The direct light can be polychromatic or 

monochromatic, steady-state or pulsed, and coherent or not 

coherent light. It need not be polarized and can be 

generated from a low power light source such as a Light 

2S Emitting Diode (LED), or 12 watt filament light bulb and 

the like. The light is not evanescent light, as described 

by Stimpson, supra. The light is directed at a sample which 

may contain the particles at an angle such that the direct 

light itself will not be observed by the detector unless it 

JO is scattered by the particles. The method and apparatus 

differs from that of Swope, supra in that such scatter can 

be observed by eye within the critical angle, preferably 

within the angle of illumination. It can, however, also be 
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detected at greater than the critical angle and outside of 

the intensity envelope of the forward direction of 

scattered light. When used with an imaging apparatus, !.:.S.:...' 

a microscope, the present method preferentially uses a 

S detector perpendicular to the plane of the sample. 

Unlike the diagnostic art that has been described in 

the "Background of the Invention", Applicant has found that 

specific types of particles can be detected and measured to 

very low concentrations, to a high degree of specificity, 

10 and across wide concentration ranges with easier to use and 

less costly methods and apparatus. The invention provides 

for detection of analytes with greater ease of use,. 

sensitivity, specificity, and is less costly than known 

methods of analyte detection. 

lS Applicant has determined by methods of theoretical 

modeling and physical experimentation, that coated metal­

like particles have similar light scattering properties as 

compared to uncoated metal-like particles, both of which 

have superior light scattering properties as compared to 

20 non-metal-like particles. By "metal-like" particles is 

meant any particle or particle-like substance that is 

composed of metal, metal compounds, metal oxides, 

semiconductor (SC), superconductor, or a particle that is 

composed of a mixed composition containing at least 0.1, by 

2S weight of metal, metal compound, metal · oxide, 

semiconductor, or superconductor material. By "coated" 

particle is meant a particle has on it's surface a layer of 

additional material. The layer is there to chemically 

stabilize the particle in different sample environments, 

30 and/or to bind specific analytes by molecular recognition 

mellns. such coatings are for example, inorganic and/organic 

cqmpounds, polymers, proteins, peptides, hormones, 

antibodies, nucleic acids, receptors, and the like. 
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By "non-~etal-like" particles is meant particles that are 

not ·comp~sed of metal, metal compourtds, superconductor, 

metal oxides, semiconductor, or mixed compositions that a"re 

not composed of at least 0 .1\ by weiqht of metal, metal 

s compound, metal oxide, superconductor, 

material. 

or semiconductor 

Applicant has also determined the following: (1} one 

or more analytes in a sample can be detected and measured 

by· detection and/or measurement of one or more of the 

10 specific light scattering properties of metal-like 

particles. These liqht scattering properties include the 

intensity, wavelength, color, polarization, anqular . 

dependence, and the RIFSLIW (rotational individual 

fluctuations in the scattered liqht intensity and/or 

lS wavelengths} of the scattered light. One or more of these 

properties of particle scattered light can be used to 

provide information regarding the analytes in the sample; 

(2) by varying the size, and/or shape and/or composition of 

a metal-like particle in various combinations, one or more 

20 of the light scattering properties can be adjusted to 

generate more easily detectable and measurable light 

scattering signals; (3) illumination and detection of the 

metal-like particles of certain size, shape, and 

composition with DLASLl?D provides a highly sensitive and 

25 easy to use method to detect and measure metal-like 

particles by their light scattering properties. The method 

provides fer single particle detection with easy to use and 

inexpensive apparatus means; (4) the DLASLPD methods can be 

used with particle counting and/or integrated light 

30 intensity measurements to provide for detection and 

me~surement of the particles across wide concentra~ion 

ranges; (5) the use of refractive index enhancement methods 

provides for enhancement of a particle's light scattering 
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in non-specific light 

DLASLl?D video contrast 

enhancement methods can provide for more sensitive 

detection in many different types of samples and diagnostic 

s assay formats; (7) for sensitive detection of analytes in a 

small solid-phase area such as commonly used in microarray 

and array chip formats, certain .types of metal-like 

particles are more preferred to use th;Jn others. Metal­

like particles in microarray and array chip formats can be 

10 most easily and inexpensively detected by using DLASLPD 

methods. Such particles in these formats can also be 

detected by methods of laser scanning confocal microscopy, 

brightfield or epi-polarization microscopy, and reflection 

contrast and differential interference contrast microscopy. 

IS However these methods and apparatus are not as easy to use 

and inexpensive as detection by OL~SLPD methods and 

apparatus; and (8) useful apparatus and. particle types for 

specific test kits can be constructed. These different test 

kits, and associated apparatus are useful for applications 

20 to consumer use, portable· field use, point of care 

applications such as doctor's offices, clinics, emergency 

rooms and the like, research laboratori~s, and centralized 

high throughput testing. The above aspects of the present 

invention provide ·for detection of one or more analytes in 

25 many different types of samples and diaqnostic assay 

formats. 
As will be discussed in m~re detail below, there are 

many variations of the type of particle, and of the light 

source and liqh t detection mechanisms. In addition, many 

30 variations can be made on the types of particles used. 

In preferred embodiments, the particle has a s~ze, 

composition and shape suitable for producing specific liqht 

scattering signal (s) of specific wavelenqth(s), color(s), 
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polarization, angular dependence, and RIFSLIW of the 

scattered light that is detectable by eye or photodetector 

means; the .c:ietection includes the met~ods of counting the 

part~cles, and/or measurement of the intensity of scattered 

S light as a measurement of the concentration of the 

particles; the particle is formed from metal-like materials 

or is formed from a mixed composition including non-metal­

like materials, the particles are spherical, oval, or 

asymmetrical (by asymmetrical is meant not roughly 

10 spherical in shape); the particles are coated with binding 

agents, polymers, reactive chemical groups, base material 

molecules, inorganic and organic compounds; secondary 

binding pairs are used to associate one or more light 

scattering particles to the analyte; the change in 

lS scattered light properties when two or more particles are 

brought into close contact with each other in assay formats 

is used; particle reagents comprised of metal-like material 

and coated with base material molecules adapted to bind to 

a binding agent are used; assay formats wherein two or more 

20 particles are brought sufficiently close together so that 

the light scattering property of the two or more particles 

can be resolved from single particles is used; assay 

formats wherein two or more particles that are held in 

close proximity to one another are caused to be separated 

25 so that the light scattering property of any one particle 

is altered is used; assay formats wherein two or more 

particles are linked together by one or more molecular 

interactions such that when the molecular interaction 

holding the particles together is disrupted, one or more 

30 particles are released from the molecular interaction is 

u~ed; assay formats wherein the amplified detection of 

analytes is accomplished by cross-linking two or more 

particles together using chemical or biological cross-
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linking agents ·is used; assay formats wherein drug target 

substances including, cell surface receptors, intra­

cellular receptors, intra-cellular signaling proteins, G­

pro~&in coupled receptors, ion channels~ enzymes including 

s proteases and protein kinases, DNA binding proteins, 

nucleic acids, and hormones are used to screen, identify 

and characterize new pharmaceutical agents; assay formats 

wherein a magnetic bead or other bead is used as the solid­

phase and the light scattering particles are detected bound 

10 to the bead or are released into solution prior to 

detection; the particles are composed of additional· 

materials to allow them to be oriented in an electric,, 

magnetic or related electromagnetic .. field (EMF); the 

particles are attached to other particles of magnetic or 

IS ferro-electric properties; assay formats wherein the light 

scattering particles used have magnetic or electrophoretic 

properties such that a magnetic field or electric field 

respectively can be applied to the sample to concentrate 

the light scattering particles in one or more regions of 

20 the sample; and the illuminating light beam has a 

wavelength selected to reduce background as compared to 

other wavelengths. 

In other embodiments, the illumination light is 

steady-state or pulsed; the illumination light is coherent 

2S or not coherent; the illumination light is polarized or 

unpolarized; two or more different wavelengths either from 

the same light source or from two or more different light 

sources are used to illuminate the sample, and the 

scattered light signals are detected. 

30 In other embodiments, the method involves using a 

plurality of different particles each having one or more 

scattered light properties which can be detected by eye or 

photodetector means; and/or a plurality of different 
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wavelengths of light are used in the illumination or 

detection step; refractive index enhancement methods are 

used to r:ed1:1ce non-specific light background; the detector 

is placed at angles outside of the envelope of the forward 

s direction of sample and light beam · scattered light; 

spatial filtering methods are used, optical filters such as 

cutoff and/or narrow band pass filters are used in the 

detecting step to reduce non-specific background light. 

In yet other embodiments, the particle is increased in 

10 size by autometallography prior to detection; the 

illuminating light beam lacks infra-red radiation; the· 

analyte is present in serl.Ull; the particles are released 

into solution prior to detection; the particles are 

concentrated into a small volume or solid-phase area prior 

15 to detection; the particles are detected by time-dependent 

binding to a surface or flowing ·the particles pass a 

detector or set of detectors; multiple analytes are 

detected on a solid-phase in an array or microarray 

composed of nucleic acids, proteins, peptides, antibodies, 

20 antigenic substances, pharmaceutical agents or targets or 

other binding agents; the pattern and amount of light 

scattering particles bound to different regions of an array 

or microarray is used to determine the level of gene 

expression, protein expression, identity of a nucleic acid 

2S sequence, identity of an o~ganism or cell or specific 

strain thereof, arid the pharmacological properties of a 

pharmaceutical agent; the microarray is covered with liquid 

or is dry; single or multiple analytes are detected on a 

cell surface, cell lysate, or chromosome preparation; the 

30 illuminatinq light beam is polychromatic white liqht or 

moaochromatic light; the analyte is present in solutio~ or 

sQlid-phase, or is present on a microscope slide, or a 

microtitre plate, test tube, capillary tube, flow cell, 
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microchannel device, cuvette, dipstick, or another plastic 

container; the particle is a gold or silver particle, 

having a size between 1 and 500 nm, preferably between 10 

and 200 nm; the detecting step does not include 

s amplification of the light scattered by electronic means; 

and the illuminating light beam is directed toward the 

particle by a prism or other light guiding systems. 

In addition, the detection may include observinq 

the• particle through at least a xlO objective·; the method 

10 of DLASLPD video contrast enhancement is used; fiber optic 

illumination and detection is used; bright-field, laser 

confocal scanning, reflection contrast or differential 

interference contrast microscopy detection methods are 

used; an apparatus which scans the sample and detects the 

IS scattered liqht intensity at one or more locations within 

the sampie is used; a two-dimensional image of one or more 

regions of the sample is reconstructed from the detected 

light scattering signals at each of the detection points 

measured; an apparatus which collects images of one or :more 

20 regions of the sample is used; the particles are detected 

with an imaging photodetector and digital images of one or 

more regions of the sample are obtained by image processing 

means; direct observation or image analysis methods are 

used to detect and measure one or more properties of ·the 

2$ particles in the sample; edge detection methods are used to 

identify particles within a sample: imaged particles are 

identified and classified based on one or more of the 

detected and measured properties including grayscal7 or 

color based intensity values, size, shape, or some 

30 combination of these properties; the amount of light 

scattering particles in a sample is dete~ined by coun~inq 

the identified particles, summing the individual pixel 

"intensity values in all areas of the image identified as 
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particles, the sum of the mean or average intensity value 

for each imaqe a~ea identified as a particle, or some 

combination thereof; the detection and purification of 

combinatorial synthesized molecules is performed; particles 

S and/or specialized coatinqs are used as solid-phase 

synthetic supports for combinatorial or other synthesized 

molecules; specially designed sample chambers are used; 

antireflective coatings on optical components and sample 

chambers are used; apparatus fc: field use, doctor's 

to office, clinics and hospital care units are used; and 

specific particle types are provided in appropriate test 

kits. 

The high sensitivity and ease of use of the signal 

generation and detection system of the present invention 

ts means that one skilled in the art can by inexpensive means, 

detect and measure one or more analytes in a sample to 
extremely low concentrations without need of signal (label) 

or target analyte molecule amplification methods. 
The wide ranqe of specific light scattering signals 

20 from different particle types in the present invention 

means that one skilled in the art can detect and measure to 

a high degree of specificity one or more analytes in a 

sample. 

The high optical resolvability of two or more 

25 different particles types in the present invention means 

that very simple multi-analyte detE!!ction {i.e. two or more 

different analytes) in a sample is possible without the 

need for complex apparatus. 

Those in the art will recognize that applicant has 

30 discovered novel methods and apparatus with broad utility. 

Th~ present invention can be applied in one form or ano~her 

to most situations where it is desirable to use a signal 
generation and detection system as part of an assay system 

27 

._ I 



W09!Jfl078!J PCT/US!J8123160. 

to quantitate and/or detect the presence or absence of an 
analyte. Such analytes include industrial and 

pharmaceutical compounds of all types, proteins, peptides, 

hormones, nucleic acids, lipids, and carbohydrates, as well 

S as biological cells and organisms of all kinds. One or 

another mode of practice of this invention can be adapted 

to most assay formats which are commonly used in diaqnostic 

assays of all kinds. For example, these include 

heterogeneous and homogeneous assay formats which are of 

10 the sandwich type, aggregation type, indirect or direct and 

the like. Sample types can be liquid-phase, solid-phase, or 
mixed phase. 

Other features and advantages of the invention will be 

apparent from the following description of the preferred 
IS embodiments, and from the claims. 

Description of the Preferred Embodiments 

20 The drawings will first briefly be described. 

Drawings 

Fig. l illustrates illumination of a sample from below. L 

25 is a lens; D is the diameter of the lens; 0 is the area on 

surface S being detected; C is the cone showing the angles 

at which L collects light; LB is the illuminating light 

beam. 

Fig. 2 illustrates the collectinq angle of a lens. D is the 

30 diameter of the lens; f is the focal length; 0 is the area 

detected; 811 is the planar half angle of t:he collection 

cone. 
Fig. 3 is a diagram which defines angles used to describe 
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reflection and refraction at a surface. S is the surface; 

ni and nt are the refractive indices of incident medium and 

surface medium respectively; RFRB and RFLB are the 

refracted and reflected light beams respectively; !B is the 

s incident light beam1 9i, er, and 9t are the angles of 

incidence, reflection, and refraction of the light beam. 

Figs. 4A, 4B, and 4C are light reflection graphs for ni < 

nt taken from various texts. 

Figs. SA, and SB are light reflection graphs for ni > nt 

10 taken from various texts. 

Fig. 6 illustrates the refraction and reflection involved 

in the illumination of particles on a dry surface in air. 

Fig. 7 is a graph of plot of 9i2 vs. 9il for n1=1. 5 + n3=l 

(see Fig. 6). 

IS Fig. 8 illustrates an angular distribution of light 

scattered by surface artifacts and particles; the dashed 

lines represent light scattered by the particle; the solid 

line with an arrow is incident white light beam, and one 

beam of scattered light by surface artifacts, and the 

20 circle is an intensity envelope for the light scattered in 

the forward direction. 

Fig. 9 shews a sample in a thin film of water that is on a 

microscope slide and covered with a cover glass. The 

illuminating beam encounters four media interfaces; Sl {air 

25 to glass); S2 (glass to water); S3 (water to glass); S4 

(glass to air). The particles are at 0 on surface S2 or 

freely moving above surface S2. Incident light strikes 

surface Sl. 

Fig. 10 shows illumination of a sample from above. "L is the 

30 lens; C is the collection cone. 

Fiq. 11 shows illumination using a prism arrangement 

(illumination from below). Sl is surface of prism where 

light is incident; S2 and S3 are the bottom and top 
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surface of a plastic piece substrate respectively. 

Figs. l2A, 128, 12C, 120, and 12E represent a pore prism 

Cl2A), an equilateral prism (128), a home made prism (12C 

and .l2D), and a plane convex lens, respectively. 

s Fig. 13 shows an illuminating light beam as viewed with a 

rhodamine plastic block. 

Fig. 14 shows a surface and associated planes for 

descriptive purposes for Figure 157 Sl is solid substrate 

optically or not optically transmissive; SPl is the 3-

10 dimensional space above the plane of surface Sl; SP2 is 

the 3-dirq.ensional space below plane of surface Sl. Light 

Scattering particles or material is in the SPl plane at or 

near the surface Sl. 

Fig 15 summarizes the different methods of DLASLPD 
15 illumination and detection. 

Fig. 16 shows the experimentally measured scattered light 

intensity versus incident wavelength spectrum for coated 

and uncoated lOOnm diameter gold particles. 

Figs. 17, 18, and 19 show various sample chamber designs 

20 to reduce the level of non-specific light background. These 

sample chambers can test both liquid and immobilized 

samples. For Fig. 17, Sl is the surface where the light 

beam impinges on the sample chamber; S2 is the surface that 

contains the light scattering material(for immobilized 

25 samples). S3 is another beveled surface; the surfaces Sl 

and SJ are beveled at angles of from about 20 degrees to 70 

degrees depending on the angle of illumination, the face of 

surface Sl should be anqled so that the liqht beam strikes 

Sl at O degrees with respect to the perpendicular; · S4 is a 

30 optically transmissive surface with or without an opening; 

ss~ is the opposite side of the surface S2. If the chamber 

i~ enclosed( i.e. S4 is solid with no opening), a small 

opening is placed at one of the surfaces for the 
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introduction of sample and washing if required. 

Fig. 18 is similarly designed as Figure 1 i except the 

beveled sides are replaced with curved sides. Everythi"ng 

else is the same as the design of Figure 17. 

S Figure 19, Sl is a flat beveled optically transmissive 

surface where the light beam impinges on the sample 

chamber. The face of surface Sl should be angled so that 

the light beam strikes SL at 0 degrees; S2 is the surface 

th~t contains the light scattering material if the material 

10 is immobilized; S3 is another curved or beveled surface. S4 

is an optically transmissive surface for a sample chamber 

that is enclosed; Alternatively, S4 has an opening of 

various size and shape for introduction and washing of 

sample and detection; SS is the opposite side of the 

lS surface S2. If the chamber is enclosed, then a small 

opening is required at one of the surfaces for ~he 

introduction and/or washing of sample. 

Fig. 20 shows a coordinate system that is used to describe 

the interaction of particles with polarized light. Light 

20 travels along y and is polarized in the z direction. D is 

the detector of scattered light intensity. y is the 

direction of observation. 9 and + are the core angle and 

polar angle respectively. 

Fig. 21 shows a schematic of an instrument for analysis of 

2S liquid samples. Light from a filament or discharge lamp is 

focused by a lens system, represented by lens Ll, onto the 

entrance slit of a monochromator; monochromatic light which 

exits the monochromator is collected by lens L2 and focused· 

by lens L3 onto the center of the transparent sample cuvet 

30 (ST); the sample cuvet contains a liquid solution of 

fliiorescent molecules or suspension of light scattering 

particles; the sample cuvet is angled or inclined so that 

light reflected from its walls is defl~cted downward and 
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away from the photodetector; liqht $Cattered or emitted by 

the sample ·is collected by the lens L4 which forms at the 

plane M a magnified image_ of the sample cu vet and liquid 

con~ents; in the plane M is -positioned a small aperture 

s which selectively allows liqht emitted or scattered by the 

liquid at the center of the cuvet to reach the 

photodetector but blocks_ the photodetector from light 

reflected or scattered from t-he side walls of the sample 

cuvet; the magnified image at M of the._center of. the liquid 

10 contents is displaced from the optic axis- -of lens L4 by 

refractive index effects of the wall of the inclined-sample 

cuvet through which the emitted or scattered light -is 

detected; the photodetector and aperture are positioned to 

one side of the optic axis of lens L4 so that the displaced 

ts image of the liquid center falls on the aperture and 

photodetector; holders for introducing optical filters and/ 

or polarizers into the illuminating - -light and scattered 

light paths are provided !Hl and H2); a light shutter is 

positioned in front of the photodetector. -:tf the 

20 photodetector has a small light_~ensitive area, a lens· LS 

is used to focus the light crossing the aperture at M unto 

the light sensitive area. If monochromatic light is not 

required, the monochromator can be easily removed and light 

from the filament or discharg_e_ lamp can be delivere~ 

25 directly by lenses Ll, L2 and LJ to the center of the 

sample container. 

Figs. 22,23, and 24 outline ~ethods for using 

light scattering particles and specific DLASLl?D methods, 

which leads to specific test kits and apparatus. 

JO Fi9s. 25 outlines an apparatus and assay development 

p:nocess. 

Figs. 26 A, B, c, o, E, and ·r show the calculated_ 

scattered light intensity versus -incident wavelength 
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profiles for spherical 10 nm diameter gold, silver, 

aluminum, · copper, selenium, and polystyrene particles 

respectively. f.'k .. ·is the wavelength; CsC:~ is the liqht 

scattering cross section. 

S Fiqs. 27 A, 8, C, D, E, and F show the calculated scattered 

liqht intensity versus wavelength of incident light for 

10 

gold particles of various sizes. A, B, c, D, E, and F 

correspond to spherical gold particles of 10, 20, 40, 60, 

80, and 100 nm in diameter respectively. REL CSCA is the 

relative light scattering cross section; WAVE,NM is the 

wavelength. 

Fig. 28 ·is a diagram of a spherical coated particle. ( 1) is 

a coat of polymer, binding agent, or other substance on the 

surface of the particle; (2) is the core particle. 

lS Figs. 29 A, 8, and C show diagrams of MLSP (Manipulatable 

Light Scattering Particle) mixed composition particles. 

A(l) is a core magnetic or ferroelectric material coated 

with (2lthe desired light scattering material; B shows (4) 

a light scattering material core coated with (3) magnetic 

20 or ferroelectric material; C shows a mixture of (5) light 

scattering material with (6) magnetic or ferroelectric 

material. 

Figs. 30 A, B, and C show dimer, tetramer, and higher order 

particle constructs respectively for orientable MLSP 

2S particles. (1) are light scatterinq detectable particles 

and (2) are magnetic or ferroelectric particles. The line 

(3) is the linkage chemical, ionic, or other that binds the 

particles together in the multi-particle construct. 

Fig. 31 shows the relationship of detected scattered light 

30 intensity versus particle concentration for a series of 
' roughly spherical gold particles of different diameter. 

Fig. 32 shows the relationship of detected scattered light 

intensity versus particle density for roughly spherical 
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gold particles of about 60 run in diameter which are 

associated with a solid-phase. 

Figure 33 shows a diagram of an apparatus for the detection 

of l~ght scattering from light scattering particles. An 

S illumination source· (100) provides an illumination beam 

(IBl to the sample (400) through a focusing lens (200) and 

a light guide (500) • Adjustment of the angle of 

illumination, the focusing of the beam and alignment with 

the light guide detemine the location and size of the area 

10 within the sample being illuminated. A sample holder .(3001 

is used to hold the sample in place and adjust the samples 

position with respect to the illumination and detection 

optics in three-dimensions. The illumination beam enters 

the sample (400) and is oriented such that little or no 

IS stray or reflected light {RIB} enters into the collection 

optics (600). The collection optics are adjusted by varying 

different coml:linations of lenses such that a desired field 

of view of the sample is obtained. The radiated beam of the 

sample (RBS) is focused through the collection optics onto 

20 an imaging photodetector (700). The output of the imaging 

photodetector is attached to an optical digitizer (800) and 

image processor (900) which in turn are part of or attached 

to a microprocessor controller or computer (1000) which 

controls the transfer of the digitized images to the 

2s computer screen and/or to storage media. 

The following abbreviations are used herein. 

E-EMR - Emitted Electromagnetic Radiation 

30 I-EMR - Incident Electromagnetic Radiation 

EMF - Electromagnetic Field 
~ 

SC - Semiconductor 

Sec - Second 
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Qf - Fluorescence Quantum Yield 

Iatis - Incident Light Absorption !Photons absorbed per sec) 

Io - Incident Light Intensity (Photdns per sec) 

M - .Molarity (Moles per liter) 

s ml - Milliliter 

mM - Millimolar 

g - gram 

mg - milligram 

:mm - millimeter 

10 J.Ll - microliter 

pI - Isoelectric point 

E or e - Molar Decadic Extinction Coefficient (M-1 cm -1 ) 

C - Molar Concentration (M) 

X - Optical Path Length (cm) 

15 It - Fluorescence Intensity (Photons per sec) 

Sett - Scattering efficiency of a particle 

Cabs - Absorption Cross Section I cm2
) 

Acsa - Ratio of Particle Absorbance Cross Section Over the 

Particle Physical Cross Section Area 

20 Csca - Scattering Cross Section (cm2
) 

Scsa - Ratio of Particle Scattering Cross Section Over the 

Particle Physical Cross Section Area 

a - Radius of a Particle 

Cext - Scattering Extinction Cross Section of Particle (cm2
) 

25 I - Photons per sec which exit a solution after passing 

through a solution thickness X 

N - Particle Concentration (particles/cm3J 

t - Turbidity of Suspension 

Is - Scattering Intensity (Photons/sec) 

30 nz - Refractive Index of Material 

nzRel - Real Component of nz 

nzim - Imaginary component of nz 

ni - Refractive Index of Medium 
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m - The ratio of Refractive Index of Particle Material to 

Refractive Index of Medium 

la - Incident Light Wavelength (nm) 

RI -. Refractive Index Factor 

s Refmed - Refractive Index of Medium (ni) 

em - Dielectric constant of medium 

nm - Refractive index of medium 
a - Determines the polarizability of the coated particle 

nm :- nanometer 

10 cm - centimeter 

µ - micron 
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DESCRIPTION OF THE INVENTION 

This invention features a method for the detection 

and measurement of one or more analytes in a sample. The 

method is based on the use of specific types of particles 

of certain composition, size, and shape and the detection 

and/or measurement of one or more of the particle's liqht 

10 scattering properties. 

The present invention is easier to use, has qreater 

sensitivity and specificity, and is capable of detection . 

and measurement across a wider concentration range of 

analyte(s) than was previously possible. The present 

IS invention has many advantages over the use of the methods 

of signal and target analyte amplification (e.g. 

chemiluminescence and PCR), fluorescence labels and 

fluorescence methods, and previous particle-based assays 

and light scattering methods. The method is versatile and 

20 has broad application to the field of diagnostics as well 

as other fields. The method can be used in most, if not all 

standard binding-pair type assays such as immunoassay and 

nucleic acid assays and the like for samples in the liquid­

phase, mixed-phase, solid-phase, and solid-phase microarray 

2S assay formats. 

Rather than illustrate the broad utility by explicit 

illustrations of each specific practice of a particular 

form of the invention, applicant describes the key elements 

and considerations for one of average skill in the art to 

30 practice this invention to fit most if not all analyte 

detection needs. Such practice leads to specific appar~tus 

and test kits. 

The disclosure presented herein enables one of 
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average skill in the art to practice the present invention 

in many different foJ:tns to achieve a desired analyte or 

particle detection capability to suit most if not all 

samP.le types, analyte types, diagnostic assay format types, 

s and apparatus types. The present invention is so versatile 

that it can be practiced to detect one or more analytes in 

the field (away from a lab), or in a small medical or 

analytical lab, at the bedside, emergency rooms, 

specialized hospital care units (such as cardiac care, 

10 intensive care, trauma unit and the like), a research lab, 

or the capability to process many samples a day. Different· 

types of inexpensive apparatus and test kits can be made by. 

practice of the invention in one form or another to suit a 

specific analytic diagnostic need. 
l.S There are several aspects of the invention which when 

practiced in various combinations with each other define 

the analyte detection capabilities for a specific practice 

. of the invention. Two of these aspects are (1) the use of 

specific particle types that possess highly measurable and 
20 detectable light scattering properties in a defined assay 

format and sample type, and (2) use of speci·fic particle 

types with a preferred method of DLASLPD illumination and 

detection. In certain applications, refractive index 

enhancement methods and DLASLPD video contrast enhancement 

25 methods are also used. 

Determination of Useful Liqht Scattering Properties of 

Metal-like Particles 

JO The following provides information helpful to fully 

understand the claimed invention. These formulae . are 

useful in practice and optimization of the invention, but 

are not admitted to be prior art to the claims. 

38 



W099/20789 PCT/US98/23160 . 

In the development of the novel signal generation and 

detection system for the detection of analytes of the 

present invention, we found it useful to develop new 

formufae which allowed us to evaluate various light 

s scattering attributes of different particle types in terms 

of fluorescence parameters. This allowed us to study E, 

Ot1 fluorescence and excitation spectra, pependence of the 

emitted light intensity on the angle of observation, and 

state of polarization of the emitted light (these are 

10 defined below) . These novel formulae allows one of skill in 

the art to select the specific particle parameters such as 

composition, size, and shape to embody desirable light 

scattering property (s) that can be detected and measured 

when used in diagnostic assays or any other application. 

15 Equations 1 through 7 are presented as background 

information so the reader will understand the new 

formulations of Equations 8 through 15. It should not be 

taken as an admission that any of the formulae or light 

scattering parameters described is prior art to the claims. 

20 Applicant developed an analytical method based on 

certain modifications of the art known light scattering 

theories of Rayleigh and Mie to evaluate many different 

types of particl~s with different parameters of size, 

shape, composition, and homogeneity to determine what 

2S specific configurations of particle parameters result in 

desirable light scattering signals that are easily detected 

and measured in analytical and diagnostic assays. 

30 

Definitions of Fluorescence ~arameters 

For fluorescent materials, the fluorescence 

~ntensity is determined by the product of the number of 

photons which are absorbed per second and the fraction of 
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5 

absorbed photons that are re-emitted as liqht (the Qe) as 

shown by equation 1. 

Iabs(A.) = 2.303 Io0.)e(A.1Cx (1) 

where Io().) is the incident light intensity (photons/sec) 

wavelenqth )., I().) is the molar decadic extinction 

coefficient in units of M-1 cm-1 at wavelength ). and c is 

the molar concentration (in units of Ml of the fluorophore 

10 and x is the optical path length in cm. 

15 

The integrated fluorescence intensity I(A.f) (sum of. 

photons emitted in all direction per sec) at the emission 

wavelength A.f and excitation wavelength A.e is qiven by 

(for low fluorophore concentrations) 

I(Af) • 2.303 I 0 (Ae)Qt(Af)e(Af)Cx (2) 

The assessment of the usefulness of a fluorescent compound 

in an assay application in terms of the listed parameters 

20 is a well known procedure. Use of fluores~ent molecules and 

fluorescent techniques is limited by the photostability of 

the fluorescent molecule, and the ability to detect the 

specific fluorescence emission signal in samples with high 

levels of non-specific fluorescence, phosphorescence, and 

25 scattered light. For sensitive detection of fluorescent 

molecules or other fluorescent substances such as particles 

composed of fluorescent dye molecules, more sophisticated 

in~trumentation is required. 

JO 
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Definitions of Light Scattering Parameters 

Absorption Cross Section (Cabs l of a Particle 

s Consider a particle that is illuminated by a 

monochromatic beam of light of wavelength A. The 

absorption cross section Cabs of the particle is defined as 

an area (usually expressed in units of 

surrounding the particle, such that any photon falling on 

10 this area will be irreversibly absorbed by the particle. 

The value of Cabs depends on the particle size, 

composition, shape and homogeneity. It also depends on the 

wavelength of light and a plot ·of Cabs vs. wavelength gives 

the pure absorption profile of the particle. The Cabs vs. 

IS wavelength profile for any spherical particle with a 

homogeneous composition can be calculated with Rayleigh or 

Mie theory. In our terminology, Cabs is related to 

irreversible light absorption. The nature of Cabs can be 

better understood by reference to the section below where 

20 we define the extinction cross section Cext· 

Relative Absorption Cross Section Acsr 

The relative absorption cross section Acsr is 

25 defined as the ratio of the particle's Cabs divided by the 

physical cross sectional area of the particle na2 where a 

is the radius of the particle, i.e., Acsr ... Cabs/na2
• Acsr 

' provides a measure of the particle's ability to 

irreversibly absorb photons falling on the area surrounding 
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the particle .. Acsr can have values in the ranqe of o to 6 

depending on the composition, shape, and size of particle 

and the wavelength of light. A value qreater than one means 

that· a particle can reach beyond its physical dimensions to 

S attract photons to it and absorb them. In the physical 

10 

literature, Acsr is called the absorption efficiency factor 

of the particle. This nomenclature is misleading since 

Acsr can have values greater than 1, uncharacteristic of an 

efficiency. 

Light Scattering Cross Section (Csca> of a Particle 

There is a finite probability that a photon of 

light absorbed (absorbed here includes reversible and 

IS irreversible absorption) by a scattering particle is re­

emitted at the same wavelength as the absorbed photon 

(quantum mechanical point of view). The re-emitted photon 

can be emitted in directions different from the direction 
of the incident photon. That is, the incident photons are 

20 scattered by absorption and re-emission. The scattering 

cross section of a particle CCsca> at the incident 

wavelenqth is defined as an area surrounding the particle 

such that every photon which falls on that area is 

scattered (that is absorbed and then :ce-emitted in the 

25 quantum mechanical view.J • Csca is usually expressed in 

units of cm2 or µ2 and depends on the composition, shape, 

size and homoqeneity of the particle and the wavelength. 

The liqht scattering profile Csca versus wavelength can be 

calculated for any spherical particle of homogeneous 

30 composition using Rayleigh or Mie theory. 
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Ratio of Csca to l?hysical or Geometric Cross Sectional 

Area of a ·!?article !Scsrl 

The ratio of the particle's Cs ca divided by the 

s physical or qeometrical cross sectional area of the 

particle na2 (where a is the spherical radius of the 

particle) provides a measure of the particle's ability to 

attract, absorb, and reemit photons from the area 

surroundinq the particle) . That is Scsr = Csca /rca2 In 

10 the physical literature, Scar is called the scattering 

efficiency factor. 

Experimental and theoretical results show that the 

value of Scsr· can be in the rang~ of 1 to 5 or greater 

depending on particle composition, shape, homogeneity and 

IS size and wavelength of light. A Scsr value greater than 

one means that a particle can reach beyond its physical 

dimensions to attract photons to it and absorb and then re­

emit them. This is possible because an electrical 

interaction of the particle with the electromagnetic wave 

20 of the photon can occur at distances larger than the radius 

of the particle. In general, Scsr increases with particle 

size. For small particles (less than -40nml the Scsr is 

less than one while for larger particles Scsr equals 

greater than one and can reach a value of five for the 

25 larqer particles. 

Extinction Cross Section (Cext> of a Particle 

The extinction cross section Cext of a light 

JO scattering particle is defined as the sum of the 
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s 

scattering cross section CCsca> and absorption cross 

section (Cabs> of the particle. 

Cext = Cs ca + Caba ( 3) 

Cext is usually expressed in terms of cm2 or µ2 • 

The extinction cross section Caxt of any particle 

can be readily measured at any given wavelength in a 

10 regular absorption spectrom~ter. Let I 0 (photons/sec) be 

the intensity of a light beam falling on suspension of 

particles which are at a concentration of N particles/cm3 • 

X(cm) is the thickness of the solution· and I (photons/sec) 

is the amount of light which exits the solution after 

IS traversing the distance x. The intensities are related to 

20 

Cext by the expression: 

(4) 

This expression shows explicitly the parameters depend on 

~- It is assumed that the photodetector is positioned such 

that it does not detect scattered light. 

When the particles are pure scatterers, that is, do 

25 not irreversibly absorb any light, then Cext = Csca and the 

above equation is written as 

-NC x 
I=Ioe •ca (5) 
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( 6) 

where t := NCsca is the turbidity of the suspension. 

s Molar Decadic Extinction Coefficient 

In the field of chemistry, the strenqth with which 

a substance in solution absorbs light at a given wavelength 

is expressed in terms of the molar decadic extinction e 

10 which has units of M-l cm-1 
(M stands for moles/liter) . 

ts 

This coefficient is related to the experimentally 

determined absorbance by the expression 

Applicant Developed Formulae for Studying Particle Light 

Scattering Parameters 

20 Applicant now briefly presents his own theor~tical 

methods used. One skilled in the art can use the following 

methods to evaluate, modify, and adjust specific particle 

parameters of composition, size, shape, and homogeneity to 

derive one or more desirable light scattering properties 

25 that are easily detected and measured. Considerations must 

be made with regard to sample types,. diagnostic formats, 

and limitations of apparatus means. For example, in one 

application, multi-analyte detection may be performed on a 

solid-phase sample that contains a high non-specific light 

JO background on a high throughput testing apparatus, while in 

another application, single analyte detection in solution 

is performed in the doctors office. 
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Applicant's major interest was in optimizing particle 

types for use in analytical and diagnostic assays. In most 

of these applications, the particles must be coated with a 

mac~omolecular substance such as polymer, protein, or the 

s like to confer suitable chemical stability in various 

mediums. This is known in the art. Applicant also places 

binding agents such as antibodies, receptors, peptides, and 

the like on the surface of the particle so that the coated 

pa~ticle can be used in an analytic or diagnostic format. 

10 In some applications, the binding agent serves a dual 

function in that it stabilizes the parti~le in solution and· 

provides the specific recognition binding component to bind, 

the analyte. The coating of particles with proteins such 

as antibodies is known in the art. However, applicant was 

15 interested in measuring one or more specific parameters of 

the light scattering signals of different types of 

particles which in some cases are of similar size and/or 

shape and/or composition and it was not clear if such 

optical resolvability of one or more of the specific light 

20 scattering properties of coated particles was possible. 

Applicant determined by physical experimentation and 

theoretical modeling that the presence of thin coats of 

binding agents, non-optically absorbing polymers (in the 

visible reqion of the spectrum), or other materials on the 

2s particle surface does not noticeably alter the light 

scattering properties specific for that type of particle 

which is not coated .with these types· of materials. By "thin 

coat" is meant monolayer(s) of different amounts and 

compositions of the above materials coated on the surface 

JO of the particle. 

Applicant determined that a molar decadic extinction 

coefficient can be determined at any wavelenqth for a 

coated or uncoated particle suspensio11 by measuring its 
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absorbance at that wavelength. The molar decadic extinction 

coefficient at that wavelength can then be calculated with 

Eq. (7) and the following expression to convert 

con~entration from N(particles/cm3} to C(M). 

s moles/liter. 

particle 

M is 

C(Ml = 1000 N(particles/cm3 )/6.03xl023 (8) 

The molar decadic extinction coefficient can be 

10 .related to the extinction cross section Cext (or vice 

versa) by the expression 

s(M-1cm-1 )•[Cext<cm2/particle) (6.03xl023
)] /2.303xl000 (9) 

... 2. 63xl02°C.xt (cm2/particle) (10) 

IS or 

20 

Cext ( cm2 /particle) =2. 303 (M91cm-1
) xl, 000/6. 03xl023 ( 11) 

• 3.82x10-21 £(M-1cm-1 > (12) 

With Eq. (9)or (10) we can calculate £ from Cext• 

As described previously, it is well known in the art 

that for particles, the extinction cross section (Cext> is 

equal to the sum of the scattering cross section (Csca> and 

the absorption cross section (Cabsl • The extinction 

2S coefficient £ reflects the loss of photons from the 

incident beam by irreversible absorption as well as by 

scattering (absorption and re-emission) • Applicant has 

determined that the molar decadic extinction coefficient of 

a•particle, evaluated experimentally or by calculation .from 

30 the extinction cross section, can be used to compare the 

absorption power of a particle with, for example, that of a 
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s 

fluorophore as shown later. 

Light Scattering Efficiency (Seffl 

Applicant determined that a light scattering 

efficiency Set! can be defined for a coated or uncoated 

particle, by analogy to fluorescence efficiency Q,, as the 

fraction of photons absorbed (reversible plus irreversible 

absorption)by a particle that are re-emitted as scattered 

10 light. Mathematically, applicant defines the scattering. 

efficiency by the expression 

Seff = Csca/Cext (13) 

= Cscal (Csca + Cabs) 

IS For particles which are pure scatters, that is, 

particles composed of a material which does not 

irreversibly absorb photons but only absorbs and re-emits 

photons, Cabs is equal to zero and Seff is equal to one. 

Small polystyrene particles behave as _pure light scatters 

20 in the visible reqion of the spectrum and Seff is l for 

these particles. For particles composed of materials which 

reversibly and irreversibly absorb photons, Sett is less 

than one. Gold particles display the latter type of 

behavior in the visible region of the spectrum. 

2S 

Intensity of Light Scattered by a Particle 

Applicant determined that the intensity of light . . 
scattered by a coated or uncoated particle is determinable 

30 by the product of the number of photons which are absorbed 

(reversibly and irreversibly) per second and the fraction 
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of the absorbed photons that are re-emitted (quantum 

mechanical point of view) . Light scattering intensity 

measurements are usually done in dilute solutions where the 

amo~nt of light absorbed, Iua (photons absorbed per second) 

S is given by 

labs = I 0 2.303 £ C x (14) 

I 0 is the incident light intensity (photons/sec), E is the 

10 molar decadic extinction coefficient of the particles in 

terms of M·1cm·1 , c is the molar concentration of the 

particles and x is the optical path length in cm. 

Applicant further realizes that the total scattered 

light intensity I 5 , intensity integrated over all light 

· lS scattering angles, is then given by the relation: 

Iso.i=2 .303 Iou.1 Sef:fCl.1Eci.1 (C) (x) (15) 

where Iocu is the intensity of the incident light. This 

20 equation is comparable to Eq.(2) for a fluorophore. 

Note that when the expressions for s and Seu in terms 

of Csca and Cext are inserted in the above equation, the 

result shows that the scattered light intensity is directly 

proportional to and completely determined by the magnitude 

25 of the scattering cross section (Csca>. This means that 

30 

the relative scattering intensities of different P.articles 

can be predicted from their scattering cross sections. 

Specific Light Scattering Properties of earticles 

Applicant now briefly summarizes some of the most 
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important light scattering properties that can be used to 

detect analytes in various sample types using a variety of 

different assay formats. The measured light scattering 

prop.ei:ties that are detected are one or more of the 

S following: the intensity, the wavelength~ the color, the 

polarization, the angular dependence, and the RIFSLIW 

(rotational individual fluctuations in the scattered light 

intensity and/or wavelengths) of the scatt.ered light. 

Coated and uncoated metal-like particles have similar 

10 light scattering properties and both. have superior Hg.ht 

scattering · properties as compared to non-metal-like 

particles. In addition, applicant has determined that it· 

is relativeiy easy to adjust the types of light scattering 

properties in metal-like particles by varying in one form 

IS or another, the si~e, shape, compo~ition, and homogeneity 

such that the specific light. scattering ~ttributes can be 

measured from the metal-like particle in various sample 

types. 

Metal-like particles can be detected to extreme 

20 sensitivity. The individual particles are easily detected 

to the single particle limit using DLASLPO illumination and 

detection methods with inexpensive and easy to use 

apparatus. 

One or more types of metal-like particles are detected 

25 in a sample by measuring their color under white light or 

similar broad band illumination with DLASLeD type 

illumination and detection methods. For example, roughly 

spherical particles of gold (for example, coated with 

binding agent, bound to analyte, released into solution or 

lO bound to a solid-phase) of 40, 60, and SO nm diameters and 

a ~article of silver of about 30nm diam~ter can easily be 

detected and quantitated in a sample by identifying each 

particle type by their respective unique scattered light 
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color and/or measuring the intensity. This can be done on 

a solid phase such as a microtitier well or microarray 

chip, or in ·solution. The measurement in solution is more 

invol~ed, because the particles-are not spatially resolved 

S as in the solid-phase format. For example, one can detect 

the different types of particles in solution by flowing the 

solution pas~ a series of detectors each set to measure a 

different wavelength or color region of the spectrum and 

th~ intensity at these different wavelengths is measured. 

10 Alternatively, a series of different wavelengths of 

illumination and/or detection can be used with or without 

the flow system to detect the different particle types. 

For solid-phase analytical applications, a very wide 

range of concentrations of metal-like particles is 

15 detectable by switching from particle counting to 

integrated light intensity measurements depending on the 

concentration of particles. The particles can be detected 

from very low to very high particle densities per unit 

area. 

20 In other assay applications, the particles which are 

bound to a solid substrate such as a bead, surface such as 

the bottom of a well, or the like can be released into 

solution by adjusting the pH, ionic strength, or other 

liquid property. Higher refractive index liquids can be 

25 added, and the particle light scatterinq properties are 

measured in solution. Similarly, particles in solution can 

be concentrated by various means into a small volume or 

area prior to measuring the light scattering properties. 

Again, higher refractive index liquids can be added prior 

30 to the measurement. 

Both theoretical evaluation and phy&ical 

experimentation indicate that for spherical particles of 

any composition up to about 120 nm in d~ameter and somewhat 
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greater, a large proportion of the light scattered by the 

particle is radiated outside the envelope of the forward 

direction of the scattered light (see Figure 8). Applicant 

determined that detection and measurement of the scattered 

S light at anqles outside of the envelope of the forward 

direction of scattered liqht provides for a significant 

decrease in non-specific scattered light .from the light 

beam and other light scattering constituents and objects 

being detected. This significantly increases the specific 

10 light scattering signal/non-specific liqh~ scattering ratio 
for many samples. 

The intensity of light scattered by a particle in­

different directions and the state of polarization of the 
scattered light depends on the wavelength and state of 

IS polarization of the incident light and on the particle 

size, shape and homogeneity. Below we summarize some of the 

most important facts concerning the intensity and state of 
polarization of liqht emitted in different directions by 

certain types of particles. 
20 Smaller particles of spherical shape (smaller being 

about 1/20 or smaller as compared to the wavelength of 
light) behave as isotropic dipole scatterers or emitters, 

that is, the light is highly polarized. This is very 

different to fluorescent molecules which usually behave as 

25 linear dipole emitters. For example, such particles when 

illuminated with unpolarized light, the light scattered in 

the direction +=o, 9•90 (see Figure 20) is one hundred 

percent linearly polarized (~•1). This property allows for 

the more specific and more sensitive detection of analytes 

30 by measurement of the light scattering properties as 
compared to fluorescent molecules in many different types 

of samples. 
For even larger particles (> 1/20 wavelength of light) 
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there are certain ranges of particle sizes where the degree 

of polarization of light P decreases and becomes dependent 

on the wavelenqth as the size increases. As the particles 

become very large the degree of polarization approaches 0 

S for the direction 9•0, ~-90°. There appears to be certain 

size ranges where the change in polarization changes the 

most, that is, the slope of deqree of polarization versus 

size is at a maximum. Those regions where the slope is 

changing are used in certain analytic applications as for 

10 example, agglutination or aggregation types of assays to 

detect and measure one or more analytes in a sample. 

For larger spherical particles in certain size ranges, . 

for example from about 200 nm to about l.2 microns in 

diameter, the intensity of light oscillates (for 

15 monochromatic incident light) between relative values of l 

to 0 as the anqle + is changed from 90° to -90° for 0=0 

with reference to figure 20. That is, if one views the 

scattered light in the horizontal plane (9=0), the liqht 

intensity oscillates from bright to dark as the eye is 

20 moved from 9 = 90° to 9=-90°. For illumination with white 

light, the light changes color as the eye is moved from 9 = 
90° to 0=-90°. That is, the particles behave as 

diffraction gratings. Such light scattering properties are 

very useful to detect more specifically and to greater 

25 sensitivity one or more analytes in many different types of 

samples. 

Small nonspherical particles behave somewhat as linear 

dipole scatters with the absorption and emission moments 

along the long axis of the particle. Applicant has observed 

30 th~ following under OLASLPD illumination and detection 

conditions in an ordinary light microscope. When the 

illuminating liqht is linearly polarized, the non­

sp~erical particles flicker as they rotate. The particles 
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are most intense when their orientation is such that their 

long axis is oriented in the direction of polarization and 

is at a minimum when the moment is perpendicular to this 

direction. In contrast, small spherical particles do not 

s flicker when illuminated by polarized light. For 

nonspherical particles of certain compositions, the color 

of the scattered light (with white light illumination) 

changes with the degree of asymmetry. As the asymmetry is 

increased, the color shifts towards longer wavelengths. For 

10 example, asymmetric particles of silver were observed by 

applicant to change colors as the particles were rotating 

in solution when viewed with an ordinary light microscope 

under DLASLPD like conditions. This property termed 

"RIFSLIW" by applicant (rotational individual fluctuations 

ts in the scattered light intensity and or wavelengths) is 

used in ~ny different aspects of the current invention to 

more specifically and more sensitively detect and or 

measure one or more analytes or particles in a sample. 

Applicant has also determined that certain mixed 

20 compositions of particles made from metal-like materials, 

and non-metal-like and metal-like materials provides for 

additional light scattering properties and/or additional 

physical properties. These properties include the ability 

to manipulate the particles by applying an EMF field. This 

2s property of the particles can be used in many different 

~ays with the practice of one or more aspects of this 

invention. Applicant now provides further illustrative 

30 

discussions of 

properties and the 

more analytes in a 

It will be 

particle-dependent light scattering 

use of these properties to detect one or 

sample. 
useful to first describe the present 

invention in terms of the light scattering properties of 

homogeneous, spherical particles of different sizes and 
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compositions. However, the basic asp•cts of the invention 

apply as well to non-spherical particles as one in the art 

can determine. In addition, it will be useful to describe 

the . present invention in terms of the incident light 

s wavelengths in the ranqe 300nm. to 700nm. However, the 

basic aspects of the invention apply as well to 

electromagnetic radiation of essentially all wavelengths. 

By "light" is meant ultraviolet, visible, near infrared, 

infrared, and microwave frequencies of electromagnetic 

10 radiation. It will be further useful for the description of 

the present invention to use polystyrene particles to 

represent non-metal-like particles of various types. Other .. 

non-metal-like particle types include those composed of 

glass and many other polymeric compounds. Such particles 

IS have roughly similar light scatter_ing characteristics as 

compared to polystyrene particles. 

The relative intensities of scattered light obtained 

from different particles irradiated with the same intensity 

and wavelengths of incident liqht can be directly compared 

20 by comparing their Csca•s. The higher the Csca• the greater 

the scattering power {light scattering intensity) of the 

particle. In the following sections we use the words 

"scattering power" to mean Csca or scattered light 

intensity. 

2s· We have calculated the light scattering powers, in 

water, of small spherical particles identical in size, and 

different in composition, for incident wavelengths over the 

wavelenqth ranges of 300 to 700 nanometers (run! • In these 

calculations, we have used values of refractive index vs. 

30 wavelength tabulated in standard handbooks for diffe~ent 

b~lk materials in vacuum. 
For some particle compositions, the light scattering 

power decreases continuously from 300 to 700 nm while for 
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other compositions the scattering power vs. wavelength 

profile shows peaks or bands. When these peaks or bands 

are in the visible region of the spectrum the liqht 

scat.tered by the particles is colored when the incident 

s light is white. 

For illustrative purposes we show in some of the 

following tables various comparisons of light scattering 

properties for different types of 10 nm diameter particles. 

Th~ general trends with regard to the relative magnitudes 

10 and wavelengths of scattered light that is demonstrated for 

these 10 nm diameter particles is gener_ally the same for 

larger particles up to about 100 run. For example, the 

calculations of Table l were done with particles of ten 

nanometer diameter. However, for small particles l less 

IS than about 1/20 wavelength of the light) the light 

scattering intensity vs. wavelength profiles do not change 

in shape as the particle size is incre~sed as long as one 

remains in the small particle limit. The apparent effect 

of increase in particle size is to increase the amplitude 

20 of the profile graph. It is well known in the art of 

theoretical physics and light scattering that the 

scattering power of small particles increases with the 

sixth power of the radius. One skilled in the art can 

calculate the relative scattering power of any small 

2S particle of diameter d from the value obtained for the 10 

nm diameter particle by multiplying the light scat:tering 

power of the 10 nm particle by (d/10) 6 where d is in nm. 

This method can be used by one skilled in the art to 

detetmine the usefulness of certain particle sizes in 

30 various diagnostic assay applications where the intensity 

ot the scattered light of a particle is used to detect. the 

presence of an analyte. 

From our theoretical and physical. experimentation we 
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were surprised to find that this general relationship does 

also apply to larger partic:=les outside of the Rayleigh 

limit, that is, for particles with diameters larger than 

abou.t ·30 run. 

presents the calculated Csca values(light 

power) and their respective approximate 

in the visible range where the particles 

scatter light most intensely. The data of Table 1 suggest 

that metal-like particles are much more powerful light 

10 scatterers than, for example, polystyrene. particles. 

s Table l 

scattering 

wavelengths 

Figure 26 shows selected calculated light scattering 

intensity vs. wavelength profiles for certain types of 10 

nm spherical particles. Small particles composed of gold or 

silver exhibit very prominent scattering and absorption 

IS peaks in the visible wavelength region, while copper 

particles exhibit a small scattering and absorption peak in 

this region. The gold and silver scattered light maxima 

occur at about 530nm and 380nm respectively. Even at 

incident wavelengths far removed from the light scattering 

20 maxima, the light scattering power of the gold, silver, and 

other metal-like particles is much greater than that of 

non-metal-like polystyrene particles of similar size. 

Table 2 presents the calculated light scattering power 

(Cscal values for metal-like particles and polystyrene(non-

25 metal-like) of 10 nm diameter when the incident 

(illumination) wavelength has been shifted to much longer 

wavelengths. In many different analytic and diagnostic 

assays, it is preferable ·to work at longer wavelengths. 

Table 2 indicates that one skilled in the art may use 

30 il~umination wavelengths at much lonqer wavelengths and 

that the metal-like particles are far superior to non­

metal-like particles as for example, polystyrene for 

app.lications to analytical or diagnostic methods. For 
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example, at an incident light wavelength of 700nm, a 

wavelength far from the light scattering maximum at SJOnm 

for gold particles, the data suggest that a gold particle's 

sca~tered light intensity is about 220 times more than a 

s polystyrene particle of similar size and shape. We have 

experimentally observed that indeed the light scattering 

power(intensity) of the metal-like particles is much 

greater than non-metal-like particles· across the visible 

wavelengths of the spectrum. 

10 These results indicate that metal-like particles have 

much greater light scattering power than non-metal-like 

particles of comparable size and shape and are broadly, 

applicable as analytical and diagnostic tracers for use in 

most areas where it is desirable to use a signal generation 

ts and detection system. For example, in any assay designed 

to detect the presence or absence of an analyte substance 

by detecting the scattered light from the particles. 

20 

25 

30 
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s 

10 

IS 

'!able 1 

~c:m.AHD (C!S:!) VAi.UBS FOil '?BN DHOMBTD SPBEJllCAL 

PAllTICLBS 01' t>Il'l'BltBHT COW.OSI'r?OH IN WAnl\ 

Partial• Wavelength Haxiaua Jit.elative Caca Coapoaition (na) (a) 
Caca (c:m.2) 

Polystyrene 300 l.32x10·11 1 

Selenium 300 a. 6x10-16 ... 65 

Aluminum 300 l. 9Sx10·15 ... 149 

Copper 300 7. ex10·16 -59 

Gold 530Cb> 1. 24x10·15 -94 

Silver 380(bl l. lx10·14 -833 

la) Incident ~avelength used and at which maximum value occurs 

in the visible range of the EH spectrum (300-700 nm). 

(b) Some particles display peaks in certain regions. See 

Figure 27. 
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Table 2 

CALCULAnJ> VAJ.tJZS 01' (C-) U '700 NM ILLCllJNAT?OH J'OJt DH 

S NMOMZTZll S:tDB.ICAL 11.U.TICLBS 01' Dll'l'BQNT CONl'OSI'!rlOHS %H 

10 

!!!!!! 

' 

•anio1• Jaoidat --·- aelative 
ca.paa:L~on Wn.i~ Ina> c_ 1cm2) 

C.c:a 
Polystyrene 

700 -3.1x10·19 1 

700 -l.4x10·17 -45 
Selenium 

700 1. 4x10·1? -45 

Alwuinwn 

700 4. 7x10·11 -152 
Copper 

Gold 700 1x10·11 -225 

Table 3 shows a comparison of the molar decadic 

extinction coefficients (e) calculated and experimentally 

measured for spherical gold particles of different 

diameter. 

lS ·We calculated thee values at the wavelength of.maximum 

value using the expressions previously described. Measured 

B ~alues were obtained by measuring the optical absorption 

in a standard spectrophotometer at the calculated 

wavelenqth of maximum absorption. The aqreement between 
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calculated and experimentally measured s values while not 

perfect, is quite good. The approximately two-fold 

differences observed between the observed and calculated 

results may reflect inaccuracies in the stated diameters of 

s the gold particles. Details of the experimental methods are 

given in the Example Section. 

UBI.3 3 

Wc:m.Aftl> DD Hl:ASVUD MOLAR. DBCADt:C BftlHCTIOR 
10 COBl'J'?C:tBJr: CS) AllD WAVBLDIG'l!BS 01' MAX:IMUM ABSORP'rIOH l'OR 

GOU> •M'!J:CI.llS 01' D:tl'l'BBll'r S:tZB :tH WADll 

CALcm.A':BZ> (llJ HBASUUDc1t1 

WAva.nrc;u WAVBtol:MQ'!H 
PM~ICLS sCK"' aa·:i.> ll~ B()C:L ca•l) ll MAXDmM 
DI»a:ftll6•b ABSORftION ABSORPJ!lON 

lOnm 1. 8xl08 .. 5Jonm 2.3xl08 -525nm 

16nm 9xl08 ... 5Jonm 5 .2xl08 ... 522nm 

20nm l. 8xl09 .. 52anm 1.2xl09 -525nm 

40nm l. 6xl010 -532nm 8.Sxl09 -S28nm 

60nm 5. 6xl010 -542nm 2. 6xl010 -S47nm 

80nm l. lxl011 -ssonm 5. sx1010 -sssrun 

lOOnm l. 6xl0 11 -574nm 9.2xl010 -575nm 

(a) Denotes exact diameter of particle for calculatinq values. 
(~I Denotes approximate diameter of qold particles used for 

measurements. Actual diameters were slightly hiqher or 
lS sliqhtly lower than the diameters noted. 

At visible wavelengths of incident light, the light 

scattering power (i.e., Csca> of metal-like particles is 

20 much greater than for a comparable non-metal-like particle . . . 

such as polystyrene. Another important distinction between 

the light scattering properties of metal-like and non­

me~al-like particles is that for metal-like partic~es, the 
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profile of scattered light intensity versus incident light 

wavelength for metal-like particles of same composition but 

varying_ size can be very different. This is in contrast to 

non-.metal-like particles where in the size ranges of about 

s lOnm diameter to a few hundred nm diameter the profile is 

essentially the same. These . differences are extremely 

useful to more specifically and more sensitively detect 

metal-like particles in various samples. The incident 

wavelength at which maximum light scattering (Csca> occurs 

10 for various diameter particles of silver,· gold, copper, and 

aluminum are presented in Table 4. 

Figure 16 shows the experimentally measured scattered · 

light intensity vs. incident light wavelength profile for 

roughly spherical lOOrun diameter gold particles coated with 

IS polyethylene compound CMW•20,000) and without the 

polyethylene compound. The data show that the wavelength 

dependent light scattering intensity properties of the 

coated and uncoated lOOnm diameter gold particle are very 

similar. 

20 Figure 27 shows the calculated scattered light 

intensity versus incident light wavelength spectra profiles 

for spherical gold particles of varying diameter. The 

scattered light intensity peak wavelengths shift to longer 

wavelengths as the size of the gold particles is increased. 

2S We have directly observed these light scattering properties 

for coated or uncoated gold particles of 40, 60, 80, 100 nm 

diameters and they appear as green, yellow-green, orange, 

and oranqe-red particles when illuminated with a white 

liqht source in solution or in a light microscope usinq 

30 DLASLPD illumination methods. Small spherical silver 

patticles appear blue. Thus, metal-lilce particles coated 

with various types of bindinq agents can be used in 

numerous ways in analytic type assays. The color properties 
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of the scattered light of di~ferent types of metal-like 

particles allows for mul ti-analyte visual detection. E'or 

example, spherical 9old particles of 40, 60, 80, and 100 nm 

diail).eter and 20 nm diameter silver particles, each coated 

s with a different type of bindinq aqent, can be used in the 

same sample to detect five different analytes in the 

sample. In one format, five different types of cell surface 

receptors, or other surface constituents present on the 

cell surface can be detected and visualized. Detection of 

10 the scattered light color of the differently coated 

particles that are bound to the surface of the cell under 

DLASLPO cor itions with a light microscope with white light. 

illumination makes this possible. The number and types of 

analytes are identified by the number of green, yellow, 

15 orange, red, and blue particles detected. Similarly, 

chromosome and genetic analysis such as in situ 

hybridization and the like can also be done using the 

method as described above where the different types of 

metal-like particles are used as "chromosome paints" to 

20 identify different types of nucleic acid sequences, nucleic 

acid bindinq proteins, and other similar analytes in the 

sample by the color of the scattered light of the different 

types of metal-like particles. These examples are provided 

as illustrative examples, and one skilled in the art will 

2S recognize that ~he color of the scattered light of 

different types of metal-like particles can be used in many 

different assay formats for single or multi-analyte 

detection. 

Thus, adjusting the size of certain types of spherical 

30 metal-like particles is a useful method to increase their 

detectability in various samples by using the color and/or 

other properties of their scattered light. By using a 

white light source, two or more different types of 
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particles are easily detectable to very low concentrations. 

·Table 5 shows that modest increases in gold particle 

size results in a large increase in the light scattering 
. 

power of the particle (the Csca>. The incident wavelength 

s for the maximW'll Csca is increased significantly with 

particle size and the magnitude of scattered light 

intensity is significantly increased. For example, the 

incident wavelength for maximum Csca is around 535nm, 575 nm 

and 635nm for gold particles 40nm, lOOnm, and 140nm in 

10 diameter, respectively. When illuminated with white light, 

the 40nm gold particles strongly and preferentially scatter 

the wavelengths around 535nm and the particles appear 

green, while the lOOnm particles appear orange-red and the 

140nm particles appear red in color. This further shows 

15 that when illuminated with white light, certain metal-like 

particles of identical composition but different size can 

be distinguished from one another in the same sample by the 

color of the scattered light. The relative magnitude of the 

scattered light intensity can be measured and used together 

20 with the color or .wavelength dependence of the scattered 

light to detect different particles in the same sample more 

specifically and sensitively, even in samples with high 

non-specific light backgrounds. 

In contrast, for non-metal-like particles, these 

is particles do not possess these specific types of liqht 

.scattering properties and thus, it is more difficult to 

detect the non-metal-particles in most types of sample 

medium as compared to the metal-like particles. 

30 
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CALCULA'!BD IHClDBl1'1' VlSIBLZ WAVBI.ENG'fB AT WBICB MAXIMUM 

~- lS OBSBP.VZD nr -~•a 

P~ICLI P~ICLI WAVllol:NG3 01' mcmurr :i:.zmrt ll WH'ICH 

MUlllUAL DIAHBDR M1oXDIJM c •• OCCURS 

Silver LOnm -380nm 

40nm -400nm 

lOOnm -47Snm 

Gold lOnm -528nm 

40nm -53Snm 

lOOnm -575nm 

L40nm -63Snm 

Copper lOOnm -610nm 

150nm -644nm 

Aluminum lOOnm -377nm 

Seleni\Jlll 130nm -660nm 

200nm -702nm 
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TUJ.8 5 

CALC'DLA'fEI> VAZ.UBS l'OJl J.lQB~ SCA!nBJWIG CBARACHJllST?CS 01' 

SPBBRlCAJ. GO.LI> PARTICLBS 01' DZITSRSllT S%ZBS 

PAil.~ICLB WAVZI.ZNGTH A'! 

DI»alftll MAXIMUM c_ H1iXDGJM c,. CALCOLATED RILA~IW 

(ma) (ma) (c:a•) SCA'f'?ZRIS l'Onll . 
10 -528 1.26x1o·u 1 

20 -525 8.4x1o·u 67.S 

30 -530 l.03x10·12 817 

40 I -535 6x1o·u 4.8x10> 

60 I -545 6. 3x1o·u 5xl04 

80 -SSS 2.Jx1o·u 1.8xl05 

100 -575 4. 6x10·10 3.6xl05 

120 I -605 6. 9x10·10 S.SxlO~ 

140 -635 8. 8x10·10 7xl05 

160 -665 lx10·• 7. 9xl05 

200 -567 l.4x10·• l.lxlO' 

300 -670 2.9x10., 2 .3xlO' 

600 -600 i. oix10·• 8xlO' 

1,000 -620 2.5x10·• I i.sx101 

1,000 -670 2.s:x10·• I i.sx101 

The relative light scattering powers of particles 

of the same shape and size, but of different composition, 

can be directly compared experimentally by comparing the 

10 light scattering intensities at right angles to the path of 

the incident light. We experimentally compared the relative 

light scattering powers of gold and polystyrene particles 

of. similar size and shape, using a light sc.attering 
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instrument we built designed to measure scattered light at 

riqht angles to the path of the incident light and which is 

described elsewhere. Table 6 shows that the experimentally 

measured scattering power of a particle composed of gold is 

s much greater than the scattering power of a particle 

composed of polystyrene when both particle types are 

compared at the same incident visible wavelength. The 

experimentally measured values of Table 6 are a factor of 

two to three lower than the calculated values. A large 

lD part of this difference can be attributed to the 

approximately two-fold lower values obtained for the 

experimentally measured molar decadic extinction 

coefficients of gold particles relative to the calculated 

values (see Table 3). In addition, there is a certain level 

ts of uncertainty in particle sizes (e.g. for a polystyrene 

particle preparation 2lnm.:tl. Snm the actual size could be 

about 1.5 nm larger or smaller). This uncertainty makes the 

quantitative values less certain for both the polystyrene 

and gold particles but does not change the basic conclusion 

20 concerning the relative scattering powers. Even at the 

greatest level of uncertainty, Table 6 indicates that at a 

minimum, the scattering power of a gold particle is 100 to 

200 times greater than that of a polystyrene particle of 

comparable size and shape. 

2S Table 7 compares the relative light scattering power 

of spherical gold and polystyrene particles of similar size 

and shape, at different wavelengths of visible light. Table 

7 indicates that even at illumination wavelengths far away 

from the wavelength of maximum light scattering intensity, 

30 the light scattering power of a gold particle is much 

gr~ater than that of a polystyrene particle of comparable 

size and shape. These experimental results agree with our 

calculated results(see Table 2). 
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Table B shows that ~he experimentally determined light 

scatterinq power of spherical qold particles is much 

qrea~er than comparable polystyrene particles using white 

incandescent light illumination conditions. 

Overall, the agreement between our calculated and 

experimentally determined results presented herein is quite 

good. This validates the calculated results as well as the 

use of the calculation process for identifying potentially 

useful particle materials and compositions and for 

10 evaluating the utility of the liqht ~cattering properties 

of such particles. Most types of light sources which 

produce polychromatic and/or monochromatic light, steady-· 

state and/or pulsed light, and coherent or not coherent 

light can be used for illumination. Our results indicate 

15 that more specific and more intense light scattering 

signals can be can be obtained from metal-like particles as 

compared to non-metal-like particles of comparable size and 

shape. Our results indicate that the present invention 

provides a _means to detect lesser amounts of particles, and 

20 to more specifically detect lesser and greater amounts of 

particles than was previously possible. 
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CA?.CULA'?ZD AND Ml:ASUltZD ULAT%VJ: SCAftBRIHG l'OWBl\ DI WATJ:l\ 
s 01' l'OLYSTYDNll AND. GOLD PART:ICLBS or snaua S%ZS AND SllAPB 

AT 'l'D mcmmrr WAVl:LBJIG'J:B AT WB%CB NAXZHOM SCA'!'!BlUNG 
OCCUl\S l'Ol\ TBB GOLD PARTICJ:.BS 

lS 

uanc.a •MnCLll :aa:mm UU.ft'IS ~ ICllllSA 

ccaclOIZUCll a:rDCbl avs:r.mwmr (a) ca:.cuLAftD ICIUUUD 

PSTICI 

Gold 

PST 

Gold 

E'ST 

Gold 

PST 

Gold 

(a) 
(bl 

(c) 

21 ± l.Snm -525nm 1 l 

19.B±<l.9nm -s2snm -664 -220 

32 ± l.3nm 1-527nm 1 l 

29.5 ±<3.Snm -527run 1-663 -318 

I I 
41 ± 1.8nm -530nm 11 1 
39.5 ± <6nm -SJOnm 1-985 -461 

83 ± 2.7run -S60nm 1 l 

76.4 ± lSnm -560nm -708 -211 

Calculated for perfectly spherical particles 
Manufacturer's measured particle sizes. The manufactured 
particles are spherical in shape but not perfectly spherical. 
This will have little effect on the quantitative aspects of 
this comparison. 
PST-polystyrene 
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Ml!ASUUD IUl:I.A'?IVB SCA'r'?BIUHG l'OWB1t DI' WAHR 01' l'Or.rsnum: 

S AND GOLD PARTICLllS 01' SIHI?.All S%ZB AND SDRB A'I! DICtDBR'J.' 

WAVBLEHG'?BS AWAY l'llOIC TllB GOLD Pll'l!ICLB-·AaSOIU''?lOR BUD 

10 

lS 

20 

P.AllTICLE P.tilTICU INCIDENT YISIBLI REIATIVE SCATl'EIUNG 

COMPOSmON SIZl'"I WAVEL~GTH WA'VELENG'IB POWER 
orMAXJMtJM '"'coRREcru 
SCATRRING FOR 

DIRECT PilllCLE 
COMPARISON SIZE 

PST1b1 41. l ± -S30run -300nm l l 
l.Bnm -460nm 1 l 

-400nm 1 
l 

GolCl 39.9 -S30mn -S30nm .. 377 -443 
±<6nm -460nm -96 -113 

-400nm -so - 94 

l?ST 83 ± .. S60nm .. JODnm l 1 
2, 7nm. -430nm 1 1 

-380nm l 
1 

Gold 76.4 -S60nm -S60nm -2.51 -412 
±<lSnm -430ma - 36 

- 55 
-380nm - 27 - 41 

(&)Manufacturer's measured particle size 
!bl PST-Polystyi:ene 
Cc)Acljust the relative liqht scattering values for the gold particles for any 
difference in size between cha PST and qold particles by using the 
relationship that scattering power increases as the sixth power of tha radius. 
Although in these size ranges, this is not quite accurate, tile corrected 
figures are a good approximation. 
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~ABLll 8 

MBAStJU:D Ul.A'r::tVE SCA'r'l'BlUllG POllBR 111 WAHR 01' 'llBI'fZ LIGB'r 

ILLOMINA'?ID 1'oLYS'rYUD (PST) DD GOU> PM'HCLIS 01' A 

S?MILAR SIZB DD COMPOSITION 

1• 111AaTICl.B CltlpAJlf?CLa RBLA'HVll 101Rl:LATIVE 
COMPOSITION SIU SCA'!DRDIG SCA'fDRING llOWZll AD.JUS'!ID 

1'CINZa l'Olt. llAR'ZICI.I: SIZE 
A't SAME 
CONCmmtA'J:?ON 

PtT 21na 1 1 

GOU> 19.Bna .... o -51 

PS'! 38na 1 1 

GOLD 39.ha ... 212 ... 151 

llS'r 37.ha 1 1 

GOU> 39.9ma -105 .. 77 

PH Sha 1 1 

GOU> 59.Sna -100 •H 

PS'J! 79- 1 1 

GOU> 76.4na -101 -132 

!al Polystyrene particles obtained frOllL intarfacial Dynamics, Inc., 
Portland, Oreqon or Duke Scientific, Inc., Palo Alto, CA. While the qold 

particles were obtained from Goldmark Bioloqicals, Phillipsburg, N.J. a 
distributor for British Biocell LTD., Cardiff, UK. 

10 (b)Hanufacturers represented particle diameter. 
(c) Done usinq the relationship that scatterinq power increases 

approximately as the sixth power of the particle radius. 

lS Particle Light Generation Power Compared to Fluorescence 

20 

E'luorescence is currently being used in many assays 

designed to detect the presence or absence of an analyte 
su,bstance. 

Fluorescein is one of the best understood and most 
widely used fluorescent compounds. Many studies have been 

conducted with the purpose of detecting as few flqorescein 
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molecules as possible. Fluorescein has a high molar decadic 

extinction coefficient (about 6xl04 M •1cm-1 ) and has a very 

hiqh fluorescent quantum yield of about 0.8. 

Table 9 compares the calculated signal generating 

s power of certain particles to fluorescein. Clearly, a 

sinqle gold or silver particle is a much more intense light 

source than a single fluorescence molecule. Under ideal 

conditions and using appropriate optical filters, a good 

fluorimeter can detect fluorescein at a lower concentrati.on 

to of about 10·10M to 10-11M. The comparison presented in Table 

9 indicates that this same fluorimeter should be able to 

detect a lower concentration of a 60nm gold particle of, 

around io-15M - 10-16M. We have verified these observations 

experimentally. 

IS Table 9 indicates that the total scattered light 

output from a single 60nm gold particle is equivalent to 

the output of about 350, 000 fluorescein molecules. While 

one fluorescein molecule cannot be directly visualized in 

the light microscope, we are able to directly visualize 
20 individual metal-like particles in many different types of 

samples and assay formats. The liqht is directed at the 

sample with such an anqle so that the light scattered from 

the particle is maximally visualized or measured by the eye 

or photodetector. This broadly applicable method of 

2S illumination and detection as we have developed in one form 

or another for use in analytic and diagnostic applications 

is called DLASLPD (direct light angled for scattered liqht 

of particle only to be detected). These methods are 

described in greater detail elsewhere. This allows the 

30 detection of single particles and the quantitation of such 

particles by particle counting methods including imaqe 

analysis, photon correlation spectroscopy, light microscopy 

and other methods. In contrast, only very large particles 
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of polystyrene can be seen in the light microscope using 

DLASLPO techniques. 

Table 10 presents results comparing the experimentally 

measured relative signal generating power of fluorescein 

s and gold particles of various sizes using white light 

illumination. These results are similar to those presented 

in Table 8 and show that the light generation power of a 

gold particle is much greater than a fluorescein molecule. 

For example, gold particles of a diameter of 39. 9run and 

10 59.6nm emit a light intensity equivalent to that given off 

by about 2xlO' and 2.3x105 fluorescein molecules 

respectively, when illuminated with white light. 

The scattered light emitted by gold particles 

illuminated with white light is composed of all of the 

15 wavelengths present in the incident white light, but the 

efficiency of light scattering at any particular wavelength 

varies such that one or more bands of scattered light 

wavelengths are scattered more intensely. The actual 

wavelength composition and the scattered light wavelength 

20 versus scattered light intensity profile obtained when 

white incident light is used, depends on a number of 

variables which include the type of light source used and 

the method of light detection. The results of Table 10 

were obtained with an incandescent light source or color 

2S temperature of 2,800° Kelvin and the light was passed 

through a simple filter to reduce the infrared component 

before passing through the sample. The scattered light 

intensity was measured with a standard photomultiplier 

tube. The results of Table 10 have not been corrected for 

30 phototube or light source properties. Any such corrections 

wduld not affect the conclusions discussed herein. 
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'l'ABLB 9 

CAI.Cm.A'DID IU!lliAT:tVB SlGllAL GBNBM'l'tHG PORP. 01' l'LtJOIU!ISCZIR 

JUID SPBEJu:CAI. PAR'l'la.BS CF VUIOUS CClaOSl'rIORS .AND StZZS 

PARTICLZ P~:ECU: Jiil'AR'!ICLZ HUH8Ul 01' l'LUQUSCZDI IC>LZcm.&S 

COMIOSU:EON D:tAHll'l!Za VOi.UHi llECZSSARY '!O M14CH THS TOTAL L:EGH'J! 

(lliCZOll) ) Dl'l!lllSI'J!Y l'a<lM 0'1B PAllTtC:U: Cal 

-

Pol:£sti1:rene lOnm 5.23xl0"7 -0.07 

20nm 4 .2x10-• -s 

I 40nm J.JSxlo-5 -280 

l 60nm l. L3x10-4 -2800 

lOOnm s.2Jx10-4 -42,000 

lOnm 5.23xl0"7 -46 

2onm 4 .2xio-' -3,500 

40nm J.Jsx10·5 -150,000 

60nm i.1Jx10-4 -770,000 

lOOnm 5 .2Jx10-4 -2,300,000 

lOnm S.23xl0-7 -7 
.. 

20nm 4 .2xl0"6 -455 

40nm J.Jsx10·5 -35,000 

60nm L.13xl0-4 . -350, 000 

lDOnm S.23xl0"4 -3,100,000 

{a) Fluoresce1n and the particle are illuminated :with the same liqht 

S intensity at wavelenqths which generate the maximum fluorescent or 

light scattering siqnal. For polystyrene the · incident light 
wavelenqth · used was JOOnm, while the incident light wavelenqth used 

10 

for eacl'l qold or silver particle was the wavelength at maximum Csca 

for the various sizes. 

Results from measurement of the relative signal 
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generating powers of fluorescein and 

gold particles of different size when 
roughly spherical 

illuminated with 

incident m6nochromatic light are presented in Table 11. The 

fluor-escein sample was illuminated with monochromatic light 

s of an incident wavelength (490nrnJ and the resulting emitted 

light was not monochromatic or polarized and was composed 

of the wavelengths characteristic of fluorescein emission. 

Different sized spherical gold particles were illuminated 

with monochromatic light of an incident wavelength at which 

10 maximum scattering of incident light occurs and the 

resulting scattered light was either completely or 

partially polarized, depending on the size of the particle.· 

'l?ul• 10 

IS MZAS'OllBD ULA'HVZ S%GRAL GDZBA'l?ntG POWZB. 01' l'LtJOUSCZIH 

wasus GOr.D PU'!tct.llS WBB1I %%.1.UM?HATBD WI'!B WB%'!B I.%GB'!(a) 

SIGHJU. l>U'l?ICJ.a (CIDASmum NtJDZlt. or l'LUORBSCBIH 

SOUllCZ DIMISftlt. 
MOl.Bcm.BS DC&SSU'f '!O MM!CB 1'BI! 
I.J:Gft :nn:BRSift l'ROH OD GOLZ> 

(na) •.All'!Ict.11 

GOLD 10 .1± < 1.2 -9 

GOLD 19.8± < 2 -2.Jxl02 

GOLD 29.5± < 3.5 -4. lxl03 

GOLD 39.9± < 6 -2xl04 

GOLD 49.2± < 9.8 -7. 3xl04 

GOLD 59.6± < 11.9 -2. 3xl05 

GOLD 76.4± < 15.3 -9xl05 

l?STlbl 80± < 6.6 -8 .3xl03 

Cal Incident light from an incaDdeacent Leica microscope liqht source 
~ 0 
with a color temperature of 2,800 K, and the emitted liqht was 

20 passed throuqh a qlass lens to decrease the infrared component. 
Cbl PST - polystyrene 
Cc) Results not corrected. 
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s 

10 

IS 

20 

i'abl• 11 

llZAS01'DIENT 01' UI.A'l'IVB SIGRAJ. GZDRA1'ING l'OWl:R 01' 

l'LUO:U:SCEJ:H VBllSU'S GOU> P.U.'l'?CLJ:S W1mH ?t.l.UMnftm> WI1'B 

MOHOCllROMA1'%C LIGB~ 

l'Aa!rICLI cal l'Aa'J!IC:LB ;~1DICIDIW •c1H1ASUUD HUMBZa or 
'nR DUMB'lEll WAWLZHGD l'LUOJt&SCZDf HOLl:c:tn.ES 

DaSSARY TO NMCH 'J!HE LICHT 
SIGNAL l'RCM OMS GOU> 
:PAa'!Ic:LB 

GOLD 10. lnm .. 52snm -4 

GOLD 19.Bnm -SJOnm -120 

GOLD 29.Snm -S32nm .. 1,400 

GOLD 39.9nm .. sJSnm .. 1,aoo 

GOLD 49.2nm .. 5sonm -25,000 

GOLD 59.6nm .. 542nm -78,000 

GOLD 76.4nm .. 565nm .. 190, 000 

GOLD -lOOnm -560nm .. 550,000 

(al Measurements represented size 
!bl Ineident monochromatic li9ht C0111Posed of a significant fraction of 

norizontally polarized li9ht arisift9 from the manochrometer. Vertically 
polarized incident light would yield a si9nif icantly lar9er particle 
siqnal intensity but would not affect the siCJUal intensity from 
fluorescein. 

(cl Results not corrected. 

Table ll illustrates that the scattered light signal 

intensity generated from various sized individual gold 

particles illuminated with incident monochromatic light is 

much more intense relative to the light signal intensity 

from a single fluorescein molecule. These results further 

illastrate that individual metal-like particles, as for 

example, gold particles when illuminated with incident 
' monochromatic light can be detected to very low 

concentrations. Such detectabilty is extremely useful for 

using such particles with appropriate detection methods as 
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extremely sensitive light scattering labels in diagnostic 

assays and analytical applications. 

Non-metal-like particles as for example, polystyrene 

which' have 100' s-1000' s of highly fluorescent molecules 

s incorporated into the body of the particle are well known 

in the art. An example of such a particle is a llOnrn 

diameter particle into which has been incorporated a 

fluorescent compound which has excitation and emission 

wavelenqth maxima, 490nm and SlSnm respectively, which are 

10 similar to fluorescein. Each particle c_ontains an av·erage 

of 4, 400 highly fluorescent molecules and the volume of 

such a particle is about 7x10-16cm3 and the fluorescent 

molecule concentration in the particle is about 10-5M. 

Table 12 presents the experimentally measured results for 

IS the light qeneration power of 110 nm diameter polystyrene, 

polystyrene particles loaded with many molecules of highly 

fluorescent compound, and 100 run diameter gold particles. 

The light qenerating power of these are directly compared 

20 

against a solution of 

light generation power. 

total scattered liqht . 

fluorescein which gives the same 

It is interesting to note that the 

signal from the llOnm polystyrene 

particle alone is equivalent to the light signal from about 

12, 000 fluorescein molecules. The presence of the 

fluorescent molecules in the polystyrene particle only 

25 increases the total liqht signal by about 1.5 fold of the 

particle. The fluorescence siqnal from this particle can 

be separated from the liqht scattering signal by using the 

proper filter between the sample and the detector which 

excludes incident light wavelengths and passes the 

30 wavelenqths characteristic of the fluorescence emission. 

Such a filter results in this particle generatinq a 

fluorescent signal intensity equivalent to about 3,000 

fluorescein molecules. The lOOnm diameter gold particle 
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was clearly far superior in emitted light generation power 
as compared to these particles. 

'l'ABU 12 

S MZASlmBD RELATIVE SIGNAL GENBRA'l'ING POWER 01' l'LUOUSCEIN, 

10 

l.S 

POLYS'l'YRBNB PJ\R'l'lCLES, POLYSTYRENE PAJl'l'ICl.BS CONTAINING 
!'LUORESCENT MO:r.ECOI.ES AllD GOLD PA1\1'ICLBS 

PART:tCLI '"' .PAU:tet.S J'J.OOUSCUl'f 
TUI Dt»m'l'SR HOL&CULSS 

na 
PAR'nCLll 

ld)l'ST 110nm 0 

l'ST llOnm -uoo 
ce>Gold lOOnm 0 

la) Measurements represented size 
!bl See Table ll(b) 
(c) Results not corrected. 
ldl Polystyrene 

%lfCUWl'1' 'GIMUSUlllD iamaa or 
la'VZLQIG'rl! n.aaailsczx111 MOL&CUX.Sa 

JllC:USM7 'fO HeCll l'JIS LZGJft' 
a:tcaaz. nae OD PAM:tCL& 

490Nll 
.. 

-12,000 

490nm. •19,000 

555nm!b> 1
"

1 •l. lxlO' 

Cal The LOO:nm diameter particle used herein was from a different production 
batch than that used in Table 11. 

Mixed Composition Particles 

Spherical particles of mixed compositions were 

20 evaluated by theoretical and physical experimentation to 

assess their possible utility in various diaqnostic and 

analytic applications. For theoretical evaluations, a gold 

"core" particle coated with different thickness of silver 

and a silver core particle coated with different thickness 

2.S of either gold or polystyrene were studied. By "core" is 

meant a spherical particle upon which an additional layer 

or thickness of different light scattering material is 

placed, resulting in a mixed composition of certain 

proportions. Direct physical experimentation was done for 

30 pakticles composed of a mixed composition where · an 

additional thickness of silver was added to a core gold 

particle of 16nm diameter. In these illustrative examples, 
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gold and silver are representative of metal-like materials 

and polystyrene is representative of non-metal-like 

materials. fliei-~e examples are only a few cSf a larger number 

of different possible combinations which involve particles 

S composed of mixtures of one or more different metal-like 

and/or non-metal-like materials. 

Results from calculations for the light scattering 

properties of the above illustrative examples are presented 

in Tables 13 and 14. Table 13 section A shows that for a 

10 series of spherical 10 nm diameter particles which are 

composed of increasing proportions of ~ silver coat on a 

gold core, the light scattering properties are changing to 

\S 

those more like a pure silver particle. 

we observed in these calculations 

Most importantly, 

and by physical 

experimentation, that 

coated gold particle 

certain proportions of a 

can exhibit two intense 

silver 

light 

scattering maxima at incident wavelengths close to those 

characteristic of pure gold and pure silver particles of 

this rough size. 

20 Direct experimental observation of 16 nm diameter gold 

particles coated with silver using white light illumination 

under DLASLPD conditions with a simple iight microscope 

showed that there were new colors of scattered light from 

these particles which had not been previously seen in pure 

2s gold or pure silver particle preparations. Many of the 

particles had a brilliant purple to magenta color of 

scattered light. 

30 

79 



W099/20789 PCT/US98123160 . 

Table 13 section B presents a comparison of the calculated 

results for mixed composition particles composed of a lOnm 

diameter gold sphere coated with different thickness of 

silv.er. The results show similar trends as seen in Table 13 

s Section A for· the light scattering properties of these 

mixed compositions as the proportion of silver to gold is 

varied. In additional calculations (Table 14), where a 

silver core particle is coated with varying gold thickness, 

the light sc;:attering properties show similar trends in 

10 their changes as the proportion of gold and silver is 

changed as seen in Table 13. 

'fABl,Z 13 

CAI.~ SCATftantG PRORUU:S 01' Sl'DUCAI. l'A~lCJ.BS 

IS COHPOSBI> 01' HIDD COMPOSl:~lOH - A GOU> COU COA'!ED Wl'J!B 

ll'aanc:r.s GOl.D SU.VD 
D~ ems Cl*'I 

DJ:llllft'D ftJ:CllllUI 

1011111 101111 0 

" lO:na 91111 o.s 

I 11onm I o.anm 

101111 411111 311111 

lOnm 10nm 0 

a 111111 101111l o.sna 

12nm LO nm 11111 

:ZOnm 101111 511111 

~~lt~Fe·ne 
c I lOna 0 0 

20nm 0 0 

25 

s:r:r.vza 

""" GOr.D 'l'ODL ,,m, 

1 

0.73 

I o.u 

0.064 

1 

0.75 

o.sa 

o.12s 

--

80 

c-u 
laVSUll!ml 
NUDal ,_., 
1.26x10··· 

1. Jx1o·u 
a x 10·". 

s. 1x10·15 

l.26x1o·u 

i.:zsx10·•5 

1.4Sx10"" 

I :Z.8XJilf" 2x10 

12.tx1o·n 

1.3xl0"1 

8.3x10"" 

DIC~ 

llAva.lllftll A'I 
ICl.'l'IDlllll 
llUDCIDC(IJ 

-5301111 

-34011111 
-516 1111 

1
-3401111 
-s1onm 

-380Dll 

-53011111 

-34011111 
-sl8nm 

1-34011111 -sosnm 

I -375nm 

•JOOnm 
-3001111 

I 
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We have determined from our combined theoretical and 

physical experimentation the following. For particles 

composed of certain mixed compositions of metal-like 

mater~als, as for example, mixed compositions of qold and 

S silver, new light scattering properties appear which are 

useful in many different sample types and specific 

diagnostic and analytic applications. Particles with two or 

more optically distinct and resolvable wavelengths of high 

scattering intensities can be made by varying the 

10 composition of the metal-like-materials. 

In contrast, particles composed of mixed compositions· 

of non-metal-like and metal-like materials generally 

exhibit light scattering properties similar to the metal­

like materials at equal proportions or less of non-metal-

IS like materials to metal-like materials. Only at very high 

proportions of non-metal-like to metal-like materials do 

the light scattering properties of the mixed composition 

particle resemble that of the non-metal-like material as 

the results of Table 14 section B indicate. 

20 Both the mixed silver-gold compositions and the 

silver-polystyrene compositions exhibit the high light 

scattering power and visible wavelength scattering bands 

which are characteristic of particles composed of pure 

metal-like materials. Particles of certain mixed 

25 compositions are detectable by specifically detecting the 

scattered light from one or both of the scattering 

intensity peaks and or by the color or colors of these 

mixed composition type particles. such mixed composition 

type particles enhances the capability for detecting lesser 

30 amounts of particles and more specifically, detecting 

le..sser and greater amounts of particles than was previo~sly 

possible. 
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Asymmetric Particles 

The physical orientation of asymmetric particles with 

regard to a light beam allows for additional scattered 

5 light properties to be used in the detection of these 

particles. The property of RIFSLIW can be used in many 

different aspects of the current invention to more 

specifically and more sensitively detect and or measure· one 

or more analytes or particles in a sample. For example, the 

10 flickering of the scattered light intensity and/or change 

in color provides additional detection means to determine 

which particles are bound to a surface and which particles. 

are not. This allows for non-separation type of assays 

(homogeneous) to be developed. All that is required is to 

15 detect by particle counting, intensity measurements or the 

like the particles that do not flicker and/or change color. 

Unbound particles in solution will flicker and/or change 

color while those bound to the surface will not. 

Additional image processing means such as video recorders 

20 and the like allow for additional methods of detection to 

be used with both asymmetric and spherical (symmetric 

particles). For example, In either a separation or non­

separation format, the bound particles are detected by 

focusing the collecting lens at the surface and ¢nly 

25 recording thos'e scattered light signals per unit area which 

are constant over some period of time. Particles free in 

solution undergoing brownian motion or other types of 

motion results in variable scattered light intensity per 

unit area per unit time for these particles. Bound light 

30 scattering particles are fixed in space and are not moving. 

B~ using image-processing methods to separate the "moving" 

light-scattering particles from the "bound" light 

scattering particles, the amount of bound particles is 
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determined and correlated to the amount of analyte in the 

sample. One of skill in the art will recognize there are 

many other image processing methods that can be used to 

discriminate between bound particles to a surface and 

s unbound spherical or asymmetric particles in solution. 

10 

Addition of Other Materials to the surface or Core of the 

Particle to Provide Additional Physical Attributes not 

Related to the Light Scattering Properties 

In certain applications and with the use of certain 

types of compositions, it may be useful to "coat" the 

surface of a particle to further chemically stabilize the 

particle, or to add additional surface binding attributes 

15 which can be very important in specific applications to 

analytical diagnostic assays. For example, it is well known 

that silver rapidly oxidizes. For use of silver particles 

or particles of mixed composition which contain silver, one 

can chemically stabilize the silver-containing particle by 

20 applying a thin coat of gold or other substance on the 

surface such that the silver is no longer susceptible to 

environmental effects on it's chemical. stability. 

In another example, one may want to coat the surface 

with another material such as a polymer containing 

2S specifically bound binding agents, or other materials 

useful for attaching binding agents, or the binding agents 

themselves to the particles. In each of these examples, 

these "thin" coats do not significantly al.ter the light 

scattering properties of the core material. By "thin" coats 

30 is meant a monolayer or similar type of coating on the 

sl.frface of the particle. 

Manipulatable Light Scattering Particles (MLSP's) are 

particles which in·addition to having one or more desirable 
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light scattering properties, these particles can also be 

manipulated in one-, two- or three-dimensional space by 

application of an EMF. A MLSP particle can be made in many 

different ways. For example, a MLSP particle is made by 

S coating a small diameter "core" ferroelectric, magnetic or 

similar material with a much greater proportion of a 

material ~hat has the desirable light scattering 

properties, for example a lOnm diameter core of magnetic or 

ferroelectric material is coated with.enough gold to make a 

10 SO, 70, or 100 nm diameter particle. This is shown in 
Figure 29 ·A. 

Another method of making such a particle is to coat. 

the material that has the desirable liqht scattering 

properties with a thin coat · of the magnetic or 

IS ferroelectric material. For example, a qold or silver 

particle of about SO nm is coated with a l-2 nm thick coat 

of the magnetic or ferroelectric mate~ial. This is shown in 

Figure 29 B. 

Alternatively, the MLSP particles are made by mixing 

20 in the appropriate proportions the light scattering 

desirable· materials and the ferroelectric ·or magnetic 

materials such that as the particle is formed, the 

appropriate proportions of light scattering desirable 

material to magnetic or ferroelectric material per particle 

25 ratio is attained. This is shown in Fig~re 29 c. 
An alternative to the above MLSP particles is to link 

or assemble one or more types of particles with desirable 

liqht scattering properties to one or more particles that 

can be moved by a EMF. such multi-particle structures can 

30 then have similar properties to the MLSI?' s. For example, 

small particles of magnetic or ferroelectric material.are 

linked to one or more particles who's liqht scattering 

properties are detected. The linking is by ionic, chemical 

84 



WO 991.20789 PCTIUS98/23160 · 

or any other means that results in a stable multi-particle 
structure. For example, the different particles are coated 

with apprdpriate polymers so that when mixed in the proper 

portion, a defined distribution of discreet multi-particle 

S structures are achieved by crosslinking the different types 

of individual particles together. There many different 
ways to link the particles together to achieve the desired 

multi-particle structure(s). For illustrative purposes, a 

few•of the possible multi-particle structures are shown in 

lO Figure 30. Figures 30 A, B, and C show dimer, tetramer, and 

higher order particle constructs respectively for 

orientable MLSP particles. One skilled in the art will 

recognize that these are just a few of the many different 

types of multi-particle structures possible and there are 

lS numerous methods to make such structures. 

These examples of particles composed of mixtures of 

one or more material are but a few of a very large number 

of different compositions of different materials which are 

possible, and which would be apparent to one of skill in 

20 the art. 

Particle Size and Shape Homogeneity 

Oependinq on how the light scattering properties of 

25 particles are detected, the approximate size and 

distribution of particle sizes in the particle population 

can be extremely importa_nt. As an example, many of the 

commercially available gold particle preparations quote the 

particle size distributions anywhere from about <10 to 

30 about <20 percent coefficient of variation. Percent 

coefficient of variation is defined as the standard 

deviation of the particle size distribution divided by the 

mean of the particle preparation. Thus, for a 60nm particle 
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preparation with a coefficient of variation of 20%, one 

standard deviation unit is about ,:!:12nm. This means that 

about 10% of the particles are smaller than 48nm or greater 

tha~ 12nm. Such variation in size has significant effects 

s on the intensity of scattered light and the color of 

scattered light depending on the approximate "mean" size of 

the particles in the preparation. 

We have developed a particle growing procedure which 

seems to give narrower size distributions than those 

10 available commercially. The procedure involves first making 

a preparation of "seed" gold particles which is then: 

followed by taking the "seed" particle preparation and, 

"growing" different siz.e gold (see examples 11 and 15) or 

silver particles (see Example 13) by chemical methods. For 

15 example, 16nm diameter gold particles are used as the 

"seed" particle and larger diameter gold particles are made 

by adding the appropriate· reaqents (see Example 1.5) . This 

method is also very useful for making mixed composition 

particles. 
20 

Particle Komogeneity - Detection of Analytes by Scattered 

Light Color of Individual Particles 

In certain applications, the color of the individual 

25 particles are u·sed to identify and quantitate specific 

tYReS of analytes. For example, in imaqe cytometry 

applications, it may be of interest to identify and count 

different types of cell surface antigens or the like by 

detecting the number and color of different types of 

30 particles attached to the surface. For this or any othe.r 

reJ.ated type of multi-analyte detection, the ~ize 

distributions of the different particles need to be kept as 

tight as possible. The average particle diameter of the 
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particle preparation should be chosen to provide the 

desired color of scattered light under white light 

illumination, using an average or "mean" particle size that 

is as·close to the size midpoint between the mean particle 

S sizes of smaller and larger particles which will be used in 

the same application to produce different colors of 

scattered light. In this fashion, the resolvability of the 

different types of particles by their color of scattered 

light is maximized. 

10 

~article Homogeneity-Integrated Light Intensity Measurement 

In other sections we have described how the intensity 

of scattered light can vary greatly as particle size is 

15 increased or decreased. This variation in the intensity 

must be taken into consideration especially when integrated 

light intensity measurements are being performed. Using 

the 60nm particle preparation described above with a 20% 

coefficient of variation, this means that 10% of the 

20 particles have intensities about 3 times greater or less 

than a 60 nm particle. In addition, the particles within 

the remaining 90% of the population have quite varying 

intensities. In applications where there are many particles 

being measured, the "average" integrated light intensity 

25 should approximate a 60nm particle. However, at lower 

concentrations of particles, the statistics of such a 

variation may affect the accuracy of the reading from 

sample to sample, and correction algorithms may be needed. 

By using the narrowest distribution of particles possible, 

30 the accuracy and ease of measurement is enhanced. 

Useful Metal-like Particles for Detection of Analytes by 

their Light Absorption Color 
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For some types of analyte assays, analytes are at 

concentrations where detection of the analytes by the light 

absorption properties can be accomplished. For example, a 

s current problem in the art of immunochromatographic assays 

and the like is that the use of gold particles of the sizes 

typically used (4 to 50 nm diameter) only provides for 

particles that can not be optically resolved by their light 

absorption color. These particles have a pink to red color 

10 when observed on filter paper or similar diagnostic assay 

solid-phase media. By varying the size and/or shape of 

silver particles and other metal-like particles many. 

different colors of light absorption can be achieved. These 

different colors of the particles by light absorption can 

IS be used to detect different analytes by the light 

absorption color of a particle. These colors which can be 

detected by the eye are very useful in many types of solid­

phase assays such as immunochromatographic flow assays, 

panel type, and microarray or larger solid-phase single or 

20 multi-analyte assays. Spherical and asymmetrical particles 

of silver and certain mixed compositions of other metal­

like particles allow for a wide range of colors by light 

absorption. 

2S Autometalloqraphic Enhancement of Liqht Scattering 

Properties of Particles 

It is well known in the art that autometallography and 

related techniques can be used to enlarge the size·of 

30 existing metal-like particles by small or large factors. 

The light absorbing power of particles composed of metal 

and/or semiconductor material, and in particular, gold and 

silver particles has often been used to quantitate and or 
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detect the presence of these particles, by using either the 

eye "or an instrument designed to measure light absorbance. 

Such a method is inferior to the light scattering detection 

methods of the present invention in its ability to detect 

S small numbers of particles enlarged by metallography. 

As an example, it has been reported (see Immunogold­

Silver Staining, Principles, Methods and Applications, CRC 

Press, 1995 M.A. Hayat Ed. l that one nanometer diameter 

gold particles were enlarged by metallographic methods, 

10 coating the lnm diameter gold particle~ with silver to an 

average diameter of about llOrun in about twenty minutes. 

The particles in this preparation ranged in size from about· 

40nm to 200nm diameter and were roughly spherical in shape. 

surprisingly, our calculations show that enlarging the 

15 diameter of the lnm core tracer pa~ticle to llOnm results 

in an increase in scattering power of roughly 1010 while 

the light absorption power is only increased by roughly 

105 • 

By increasinq the diameter of a sma:~l particle, the 

20 incident wavelength at which maximum light scattering 

occurs shifts to much longer wavelengths, as compared to a 

small core particle of the same material. Thus, enlarged 

particles are easily detected in the presence or absence of 

small lnm particles by measuring the light scattering 

is signal from the enlarged particles. The utilization for 

detection of the enlarqed particles of incident light of_ 

the wavelength at which maximum scattering occurs for the 

enlarged particles allows the more specific detec;:tion of 

the enlarged particles relative to the smaller particles 

30 which constitute the major source of non-specific light 

scattering background. 
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TJUll.B 14 - CALCO't.A!rBD SCATTERING PROPBR.TIBS or SPBBRICAL 

MIXED COMPOSITION PAJlTICU:S - SILVER. con PMTICLB COATED 

S w:tTB GOLD OR. POLrS'rDBHB (l•S'f) 

1'ARTICtE SILvEI\ CoAT c .. 0 AT lllCIDEllT 
D:tllMETER COl\E COMl'OSIT:tOll COAT VOL StLVEll WAVILENGTH WAVELEHGTK 

DIAHETEI\ THIClCllESS TOTAL VOL lWCIMA AT 
1cm21 SCl\TTERlllG 

MAXIMA 

Ulnm lOnm - 0 - 1.1x10·•• •38411111 

! 1411111 lOnm Gold 211111 . 0.36 4.Sxl0"19 
1-37211111 

5x10"1' -51811111 

2011111 lOna Gold Snm 0.125 t .sx10·11 •52511111 

lDnm lODIL - 0 1 l.lx10"U -38411111 

! 1011111 
,_ I Gold I o.s= 0.7J l.9x10"" •JHnm 

1011111 7na Gold 1. Sna 0.34 S. lixl0·1• ·JOOnm 
li.8'c10•H •• 520Nll 

1a11011111 0 - 0 - l.JxlO"" •300nm 

m 
I 1onm 1011111 - 0 0 I L.lx10"

14 -38411111 

1a12onm 0 1- 0 - 8.3xl.O"'' •30011111 

PST 

~ 20nia 20nm I - 0 1 7xl.0"13 •382nm 

40ma 2Dnm I est 101111 0.125 9.Jx1o·u -41211111 

60nm I 2onm PST 20na I 0.031 L.2sx1o·u •4181111!. 

2011111 121111 PST •1111 0.21.lli •x1o·u •408nm 

2011111 lOnm PST 51111 I 0.125 1.4x10"11 -uonm 

2011111 8nm PST 6nm 0.064 4.JxlO"" •4Unm 

!al Particle compo.mad of pol.yaty~ane only 

lO Table 15 provides additional data with regard to the 

light scattering properties of small particles that are 

increased in size by metallographic or related methods. Our 

calculated data show that enlarging the size of a particle 

results in a greater increase in the particle's light 

15 scattering power as compared to it's light absorption 

power. ~or example, a twenty percent increase in particle 
• diameter increases the small particle light scattering 

power by ( 1 . 2 ) 6 or about three-fold. An increase of two 

and ten-fold in small particle diameter will result in a 
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scattering power increase of about sixty-four and one 

million-fold respectively, while the light absorbing power 

is increased by only eight-fold and one thousand-fold 

respectively. 

Thus, when the method of the present invention is 

used to quantitate and or detect the presence of particles 

which have been enlarqed by metallography (that is, the 

deposition of a coat of a metal-like material onto a small 

diameter composed of either metal-like or non-metal-like 

10 materials), it is possible to detect lesser amounts of such 

particles, and to more specifically detect lesser amounts 

of such particles, than was previously possible. 

The above is an illustration of the combination of 

metalloqraphic enlargement of a metal-like particle core by 

lS the deposition of a metal-like coat on the core, followed 

by the detection of the enlarged particles by the method of 

the present invention. Such methods can be used for 

enlarging particles free in solution and or particles 

attached to a surface. The preceding example is only one of 

20 the many different permutations of this combination method 

which include the use of the many different strategies and 

methods discussed herein for detecting particles by light 

scattering as well as different combinations of core and 

coat compositions and different degrees of enlargement. 

2S These alternate combinations will be readily apparent to 

one of skill in the art. Such a combination approach can 

be applied to almost any situation where it is desirable to 

use a siqnal generation and detection system to detect an 

analyte. 

30 
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TULB 15 

s 2nm Dl»IBHR. GOU> 'rllACBI\ con PARTICLE - DIITBUlrr 

TBICIQIESS or A S~LVJ:R COAT or UNIFORM THICKNESS- CALCtJI.ATBD 

LIGHT SCATTBl\ING PaO•BRTIBS 

DDHISD DZCJQIQS •AaUCZ.S 1'A\ISl.l:llO'ftf 11111.nc:u• JIU.MZYS 
OI' OI' SU.VD t.%Gft A'f WllZCll 11&1.AftW DllCaDZC NCll.U. 

PAanC.S c:OU' SU.ftDDIQ IC14'DllZllO llCAftD8D llX'IDICUCll 

IOllD 1c-> HUDlllll f.HH cauncD:lft °" 
•-'> oc:cau DlftllUft IPMnc:r.11 

2nm Onm -ax1o·io -520nm 1 1 

lOnm .fnm •10•U -38211111 ·1.25x105 -lx102 , .. 
2onm I 9nm -6.sxio·u -J84nm -8.lx101 -2.3xl01 

40nm I l9t1D1 -2.ex10·11 I -400111\\ -3.sxio• -1.6x10• 

BONIL 39nm -2. 9x1o·u I •447nm I •3.6x1o' -s.ex10• 

lOOnm 

I 
4911111 -4 .Jx10·10 •4Blnm •S.4xlO' I -7.6xl04 

150nm 74nm -1 .9x10"10 -4321111L -9.9xl09 

I -1.sx105 

15011111 74nm -1.&x1cr10 -&OOlllll -9.SxlO' •l.2xl05 

(a) The molar decadic extinction coefficient, the Coca and the 
10 incident wavelenqth at which maximum liqht scatterinq occurs are 

essentially identical to those for a pure lOnm diameter silver 
particle. 

IS 

Method of Refractive Index Enhancement 

The use of refractive index matching techniques in 

20 liqht microscopy, telecommunications, and other related 

fields is well known in the art. This technique is 
ge~erally used to decrease the nonspecific light scatte~ing 

and reflections that occur as a light beam passes from one 

·medium or device to the other as for example, from the 

25 sur.face of one material to the surface of another different 
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material. 

We have determined that the light scattering power 

<Cscal of a specific type of particle is affected by the 

medium in which the particle resides. Altering the 

s refractive index of the medium results in a change in a 

particle's light scattering properties. 

Table 16 provides an illustrative e,xample of medium 

refractive index effects on selected particles. Calculated 

refractive index medium effects for gold, silver, and 

10 polystyrene spherical particles of lOnm diameter are 

presented. 

The effects of the refractive index of the medium are' 

quite different for metal-like particles as compared to 

non-metal-like particles as Table 16 shows. Increasing the 

IS refractive index of the medium for metal-like particles as 

for exa~ple gold, results in increasing the intensity and 

wavelength maximum of the light scattered from the particle 

while for a non-metal-like particle, as for example 

polystyrene, the light scattering power is decreased. 

20 The unique light scattering properties of metal-like 

particles as compared to non-metal-like particles as an 

effect of the refractive index of the sample medium can be 

used to more specifically and with greater sensitivity 

detect metal-like particles in samples including those 

25 which have high non-specific light scattering backgrounds. 

30 

This is important for many different types of diagnostic 

analytical assays. 
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TABLB 16 

CAI.Ct11.ATED MlnitJIC Ul'RACT?VB IHl>BX Bl'l'ICTS l'OR RH 
NAHOMBTBB. DIAMBna PAa'HCLBS 01' Dil'!'BllZHT COMPOSI'HON. 

S WAVBLZNG'rll AHl> tH'?BHSITY ZITECTS 

GOLD SILVBR IOLYSTYUHB 

•1 (A) (B) (A) <•> <•> (B) 

1 1 520nm 1 355nm l 400nm 

1.1 l. 9 1 s2snm 1. 6 360nm 0~9 400nm 

1.2 3.9 j s2snm 2.3 370nm 0. 75 400nm 

1.3 7.7 js30nm 2.9 380nm 0.52 400nm 

1.4 15.l I 53Snm 3.9 390nm 0.27 400nm 

l.S 27.7 j s40nm 5.3 400nm 0.084 400nm 

1.6 45.4 550nm 7.3 41Snm -o 1-
1. 7 71.S 555nrn 9.7 425nm 0.1 \ 400nm 

(A)= Relative scatterinq power at different medium refractive 
10 indices · 

(B)• Navelenqth at which scattering maximUll\ occurs 
N1 = refractive index of mediUll\ 

IS In many types· of samples and diaqnostic assay formats, 
the problem of non-specific scattered, reflected, and other 
background light from sample containers and non-analyte 
sample constituents are well known. These non-specific 
light backgrounds make it difficult, i~ not impossible to 

20 perform sensitive to ultrasensitive detection of :analytes 
by detection and/or measurement of the scattered light 
properties of a particle. 

We have determined that metal-like particles can be 
detected to much greater specificity and sensitivity as 

25 compared to non-metal-like particles when the method of 
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refractive index enhancement is used. The method is now 

described. The effect of the refractive index of the 

particle ~lid medium on the scattered ii~ht intensity can be 

evaluated by using the following expression (RI is 

S refractive index factor) 

RI= refined• mz -1~1 2 

m +2 
(16) 

where refmed is the refractive index of the medium, and m 

10 is equal to the refractive index of the particle/refmed. m 

depends implicitly on wavelength but the exact dependence 

varies with particle composition and medium. The refractive 

index of most solvents which have no color is usually 

independent of wavelength,. at least in the visible region 

IS of the spectrum. 

It is of interest for the use of light scattering 

particles in sensitive assays to determine which values of 

refractive index leads to higher light scattering 

intensities. This is dete.rmined from the refractive 

20 index factor (RI) of Eq.(16). This factor has it's highest 

value when the denominator of Eq. (16) is zero. For this 

condition, the refractive index factor has an infinite 

value. Thus, the condition for high light scattering is 

(17) 

Solving above equation for m, we qet 

m = ..J-2 (18) 

30 

= l.4li (19) 
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where i =~-l. The above equation indicates that the 

refractive index factor has its highest value and light 

scattering from the particle is at a maximum when the 

5 refractive index is a pure imaginary number with a value of 

1.41. The calculated data presented in Table 16 do follow 

the expected trends. In addition, the method of refractive 

index enhancement works very well at incident wavelengths 

far removed from the incident wavelength at which maximum 

10 light scattering occurs for the metal-like particles. 

An illustrative example of the use of the ·refractive 

index enhancement method is now provided. In highly, 

scattering samples, such as samples where there is a high 

level of non-specific light scattering background, metal-

15 like particles and the method of refractive index 

enhancement are used as follows. 

One skilled in the art increases the refractive index 

of the sample medium as for_ example, placing a film of 

water or other liquid on top of a dry or wet sample. This 

20 increases the refractive index of the medium. In another 

example, a serum or other type of highly scattering sample 

is diluted wit~ a high refractive index liquid which 

substantially increases the refractive index of the medium. 

For the above mentioned examples, the following 

25 processes occur. The specific light scattering signal of 

the metal-like particles increases and the non-specific 

light scattering background decreases as the refractive 

index of the sample is increased. The largest increases in 

particle light scattering/non-specific scatter background 

30 ratio is achieved when the refractive index of the sample 

medium approaches the refractive index of the metal-like 

particle as demonstrated in Table 16. This means that at 

the proper medium refractive index values, the non-specific 
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light scatter from serum proteins or similar constituents 

can· be significantly reduced or eliminated while the 

specific light scattering intensity of the particles is 

increased. This results in superior analyte detection 

S signal/background ratios when the light scattering 

properties of metal-like particles are used as the 

analytical tracer. These methods can be applied to samples 

such as dry surfaces, surfaces covered by solutions, or 

solutions. 

10 These index matching methods can also be used with 

longer wavelengths for the metal-like pa~ticles to increase 

the specific light scatter signal/non-specific scatter. 

background ratio even further. While Table 16 only shows 

the effects for gold and silver particles, particles 

lS composed of othe~ metal-like materials can also be used to 

detect lesser amounts of particles using the methods we 

have described. The description of the method of refractive 

index enhancement described herein presents only a few of 

many possible variations of this practice of the invention. 

20 Many other variations of the method are pouible and will 

be apparent to one of skill in the art. One or another of 

these variations can be effectively utilized in most 

diagnostic formats to determine the presence or absence of 

an analyte. This aspect of the present invention provides a 

25 means for the detection of lesser amounts of particles, and 

for the more specific detection of lesser amounts of 

particles, and for the more specific detection of lesser 

and greater amo.unts of particles than was previously 

possible. 

30 A method of the present invention which combines 

refractive index enhancement with the narrow band pass 

filter approach described earlier has qreat utility for 

detection of lesser and greater amounts of particles than 
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was previously possible. These approaches are 

complimentary. The refractive index enhancement method is 

used to decrease non-specific light scattering background 

while· the narrow filter is used to reduce and minimize 

s other sources of non-specific light background such as 

fluorescence and the like. A combination of these methods 

results in highly optimized particle specific scattering 

signal/non-specific light background ratios and allows for 

the more specific and more sensitive detection of 
10 particles. 

The above example is only one of many possible 

variations of this combined method. Other variations will. 
be apparent to one of skill in the art. 

IS Detection of Light Scattering Particles in Highly 

Scattering and Fluorescent Samples - Serum 

Mammalian serum contains many medically important 

substances whose quantitation and or presence is determined 

20 in the clinical laboratory as well as elsewhere. Many 

different signal generation and detection systems are used 

to determine the presence of these analytes in serum and 

these include light signal generation methods such as 

fluorescence, light scattering, and chemiluminescence, as 

25 well as colorimetric methods which are used in formats 

involving both direct labeling and signal amplification 

methods. Natural serum contains a variety of substances 

which are capable of producing a non-specific light signal 

by either fluorescent, chemiluminescent or light scattering 

30 mechanisms. In addition, the serum often contains 

st.fbstances which interfere with the generation anq or 

detection of the specific light signal from the tracer 

entity. These difficulties make it difficult if not 
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impossible to conduct analyte detection in pure or nearly 

pure serum samples. 

In order to be able to effectively employ most, if not 

all,. of the existing test systems for detection of serum 

s analytes, it is almost always necessary to pre-process the 

serum in some way to make it suitable for testing. Many 

such serum processing methods exist and perhaps the 

simplest is dilution of the serum into some appropriate 

solution which is usually aqueous in nature. Another 

· 10 commonly used approach is to conduct the actual test in 

such a manner that the undesirable serum components are· 

removed before the presence of the specific light producing 

tracer is determined. From a cost and labor point of view, 

the less effort and reagents needed to conduct the test, 

IS the better. It is highly desirable not to pre-process the 

sample at all. Such capability could also be beneficial to 

the performance of the test. The method of the present 

invention provides a means to conduct such analyte tests in 

almost pure serum and further provides a means, to detect 

20 lesser or greater amounts of particles more specifically in 

high concentrations of serum than was previously possible. 

For example, it is common to dilute serum samples to a 

final concentration of about 5 percent serum before 

analyzing it with a fluorescent tracer such as fluorescein. 

25 The serum sample is illuminated with monochromatic light at 

490nm, and optical filters are ·used to. minimize non­

specific scattered light background. The non-specific light 

siqnal is equivalent to a highly pure liquid sample of 

fluorescein which contains 10-•M to l0-9M fluorescein. 

30 Thus, in the 5% serum sample, one can detect 10-•M to l0-9M 

fluorescein at a signal to noise ratio of 2. In a 95 

percent serum sample, the lower limit of detection of 

fluorescein would be about 19 times higher, or about 
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1. 9x10·7 M to 1. 9xl0 -e M. Thus, in 95 percent serum with 

optical filters, the lower limit of detection of 

fluorescein is about 1. 9x10·7 M to 1. 9xl0"8 M and this amou.nt 

of fluorescein light signal results in a (total light 

s signal) to (non-specific light signal) ratio of about 2 to 

l. 

Table 17 presents the experimentally measurable 

detection limits, at a (total light signal) to (non­

specific light signal) ratio of 2 to 1, of fluorescein at 

10 very high serum concentration. At this high serum 

concentration, and in the absence of optical filtration to 

remove non-specific light signal due to scattered incident 

light, the lower limit of detection of fluorescein is about 

6x10·7M. 

lS Table 18 presents the lower limit of detection of 

fluorescein at very high serum concentration when an 

optical filter which eliminates the non-specific light 

signal due to scattering of incident light is placed 

between the sample and the photomultiplier tube. In this 

20 situation, the lower limit of detection of fluorescein in 

high serum concentration is about 2x10-8M. 

IQ contrast to fluorescein, the results presented in 

Table 17 Section B and Table 18 demonstrate that in the 

absence of optical filtration the presence of 59.6nm 

25 diameter gold particles in 95 percent serum can be detected 

with a· (total light signal) to (non-specific liqht signal) 

ratio of 2 to 1 at a concentration of about l. 8x10·12 M. 

The non-specific light signal observed from the serum was 

equivalent to that from about Sxl0-7 M fluorescein. Under 

30 these same conditions 60nm diameter polystyrene particles 

in~high serum concentration can only be detected at a lower 

limit of about 6xl0-9M (see Table 18). 
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DBU 17 

Dll'.rBC'l!IOH OJ' 59. 6ma l>I.aHll'.rBR. GOLD Pll'l!ICLBS A'l! BIGB SER.UM 

COHcmrraA'rIOH 

PDCSH'1' QO:r.D •MnCLS DtCIDBn l'UIDUSC:Silf DloMrn: 

SumM 
COllCDftMJ:OH 

WAVBLZHGl'l!B 
COHCIJITM'fJ:OH LJ:Qft 

Dl'nJISJ:ft 

97.8% 0 490nm 0 1.02 

95.7% 0 490nm 8. '7Xl0-6M 15.8 

A 

97.8% 0 545nm 0 0.52 

95. 7% 0 54Snm B. 7Xl0-6M 0.56 

97. B% 0 490nm 0 0 1c:1 

95.8% 1. nx10·12M 490nm 0 1.1 

B 

91.n 0 543nm 

I 
0 o.ss 

95.8% 1. 77Xl0-12M 543nm 0 1.05 

Fetal bovine serum purchased from Biowhitaker, Walkerville, HD cataloq number 
l4•501F. serum was passed chrouqh a one micron filter before sale and was 
clear bQt straw colored. serum pK was adjusted to about ph' to 9.5. 
No wavelength filtration of the emicted liqht was done 
(a) The liqht siqnal ol:ltained here represents a value of 1. This signal was 
equivalent to 3.7xl0-7H fluorescein. 

·• 
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~ur.z 18 

LOWJ:a Lmn• ol' I>BftC'l'IoH or n.oousa111, GOLZ> .um 
POI.'!S'rYUNB PU'l'ICLBS AT 92.Billl SDDM COHCZNTRA'l'IOH 

nacSlft n.uouac:s:m nnam DICJnlft nz.na llU.AftV'li IOI 
UIWN CClllCKlmlA.'fZCK CCIHCDl'DAnOlf or tlll.'llU.lllG'fll l'OI. SZGllU. nlftlllZTr •uncr.aa IMEISZQf 

92.8\ 0 0 554nm NO l c-520mu) !bl 

92.8' 0 Gold l.Sx10-12H 554nm NO 2.l <-llOOmu) 

92.8' 0 0 496nm YES 1• 1 
1 1-3911\u) 

92.8' 2.3Kl0-8M 0 496nm YES -2 (-79mul 
92.n 0 0 554nm NO 

1 (-468mU) 
92.n 0 PST 6Xl0-1M 554nm NO 

-2 <-960muJ 

Polystyrene !PST) and gold particles had a 111ea1ured dia111eter of 60nm and 
S9.6nm respectively. The pH of the solutions containing fluorescein was 
adjusted to pH 9-LO before measurement. Th• maxlmum liqht intensity in serum 
was observed at an incident wavelanqth of about 496nm for fluorescein and 
about 55411111 for the S9.6nm gold particle. · 
(a) The light Si9Jl&l emitted fram the sample was passed through a No. 16 
Wratten filter before encountering the photcmultiplier tube. 
(bl The instrument 111easurements were all Obtained at identical instrument 

settinga and are directly comparal>le to one another (11\V • millivolts> . 
(cl The Light detection inatrwnent detects fluorescein enisaions sliqhtly 

more efficiently Chan the particle emitted liqht. !n addition the 
incident monochrOlllAtie light is enriched for bodz:ontally polarized light 
and chis reduces the particle results due to a lower level of light 
scattering from the particles but does not affect the fluorescein light 
intensity. The total instr\llllent bias towards the fluorescein si9nal is 
rauqhly 1.5-2 fold. 

Results presented in Table 19 present a comparison of 
the relative detection limits (at total liqht siqnal to 
non-specific liqht siqnal ratio of about 2 to l} of lOOnm 
diameter gold particles, llOnm diameter polystyrene 
particles, and llOnm diameter polystyrene particles 
containinq 4,400 molecules of highly fluorescent compound 
p~r particle, in 95.7 percent serum. These results further 
demonstrate that the lOOnm diameter gold particles can be 
detected at a much lower concentration than llOnm diameter 
particles composed of polystyrene or polystyrene containing 
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many molecules of highly fluorescent compound. The gold 

particles can be detected in serum at about 230 times lower 

concentration than the other non-metal-like particles. 

·Table 20 compares the amount of scattered light 

s measured from identical concentrations of 59.6nm gold 

particles in a solution containing a high concentration of 

serum and a solution containing only water under the same 

illumination conditions. Under these conditions, a gold 

particle concentration of 1. 8 x 10-12M was detectable at a 

10 signal/background ratio of about 3. These results indicate 

that the presence of serum or any of the common 

constituents does not appear to have any direct effect on. 

the light scattering power of the gold particles. Such 

stability and inertness of the light scattering properties 

IS of metal-like particles make them extremely useful in 

samples such as serum and other related samples which 

contain many other constituents. 

The detection of lOOnm diameter spherical polystyrene 

or gold particles in serum provides a further illustrative 

20 examp~e. 

Mammalian serum contains around J.7 gram percent of 

protein, of which about two-thirds is serum albumin. The 

detection of polystyrene particles in serum is hampered by 

the non-specific light scattering which originates from 

25 protein and other substances in serum, as well as many 

other sources. The similarity of the light scattering 

intensity versus the incident visible wavelength profiles 

for polystyrene particles and the proteins and other 

substances in serum severely limits the ability to detect 

30 the polystyrene particles in serum or any other highly 

soattering medium. 
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TUI.II 19 

DBftCTJ:ON OF PAR1'l:CLllS COMPOSED 01' GOLD, POLTS'?YBDB (l'S'l'), 

Alm POLYSTYRENE COHTAIHING A l'LOUUSCBllT COMl'OUHD A'l' ll:GB 

SDlJK COHCBN':RA'l'IOH 

PJ:RCml't PAP.'?ICL& PAR'UCL& INCIDZN'f ltll:t.A'?IVB 

SlllWM DINGIDR MD ~ft WA'YSI.INGD l.IGft 

CCHPOSI'?ION D1DNSI'?Yc111 

lOOfl 0 0 490nm i••• 
580nm 0.27 

I 
95. 7' ll0nmPST 1111 l. 9xl0-11H 490nm 1.9 

580nm 0.54 

95. 7' ll0nml?ST1a1 l. 9xlo-uM 490nm 2.2 

+fluor seonm 0.54 

95.7' lOOnm qold(CJ 8.2xl0-14M 496nm l.l 

580run 0.59 

(a)Obtained from Interfacial Dynamics Corp., Portland, Oregon. Each 

particle contains an averaqe about 4400 fluorescent molecules. The 
excitation and emission 11111xima are 490nm and S15Nnm respectively for 

the fluorescent molecules. The fluorescent c0111pound concentration 

in the particle is about 3xlO'zM. 
(b)Obtained from Interfacial Dynamics Corp. 
(cli'roduced by art known methOds. 
(dlNo wavelength filtration of emitted light was done. 
(e)The light signal observed here represent: a value of one. All 

other values are relative to this value. This signal is equivalent 

to that froa about 2xl0-7M fluorescein. 
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TABI.11 20 

SIGNAL GBNBBA~IOH !'RON 59.6na DlJUCITBa GOLD PAa~ICLBS AT 

BIGS" SERON COHCZllTRATION Am> AT ZERO s:a.mc COHCBN'rRATIOH 

nm:DIT GDt.D . •aana.s DICmmr&' BSLA:rYS 'E'01'Alo 

IDllll c:oJl'Cl:ll'1'JT%Cll WAvu.sHGn S%12C11. 1%1S 

0 i. ax10-12M 543nm l 

9~.n 0 543nm 0.58 

95. 1% l. ax10-12M 543nm 1.38 

Gold particles had a measured diameter of 59.&nm respectively. 95.7t serum is 
straw colored and ha.s an optical density at lcm pathlenqth and wavelenqth of 
543nm of Gout 0.14, The.limit scatterin11 uasurements were made in a &mil by 
SOlllll qlass tube with an inner diameter of about 511111. It is estilllated that 
absorbance of liqht by the serum redw:es the scattered li;ht si;nal by about 
lS percent. 

The use of an incident wavelength of 575nm instead of 

300nm to illuminate the serum results in an about 13 fold 

reduction in the non-specific light scattering signal, but 

also results in about the same extent of reduction for the 

specific scattering signal from the polystyrene particles. 

20 Increasinq the wavelength of illumination for polystyrene 

or other non-metal-like particles does not appear to 

significantly increase the specific siqnal to background 

ratio, that is, the detectability of the polystyrene 

particles in the sample. 

25 In contrast, metal-like particles are detected to 

greater signal to background ratios as compared to non­

metal-like particles by increasing the visible wavelenqth 

of illumination and/or detection. A 100 nm diameter gold 
~ 

particle maximally scatters light around wavelengths of 

30 _about 575nm in aqueous media similar to water. Illumination 

of the sample with monochromatic light of wavelengths 
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around 575nm results in the generation of the maximum light 

scattering signal from the gold particles and significantly 

reduces the non-specific light scattering signal. For 

exampie, under these conditions, the total non-specific 

S light scattering is reduced by about thirteen-fold as 

compared to an illumination wavelength of 300nm relative to 
an incident wavelength of 300nm. 

The illumination of the serum sample with incident 

white light and appropriate optical filters which minimize 

10 the amount of light. outside of the wavelengths of interest 

(less than and or greater than a specified band centered 

at about 575nm) provides another means to detect lesser­

amounts of metal-like particles in serum. Under these 

conditions the incident visible wavelength which produces 

IS the maximum light scattering intensity from the gold 

particle is utilized, and the non-specific light scattering 

signal originatinq from serum protein and other substances 

as well as other sources is greatly reduced. Multiple types 

of different metal-like particles are detectable in serum 

20 samples when illuminated by white light (or several 

different wavelengths) and using an appropriate array of 

optical filters. This method makes use of each type of 

particle having 'a different incident wavelenqth at which 

maximum light scattering occurs. 

25 Another approach involves filtering the total light 

siqnal from the sample through a proper polarization filter 

and/or a bandpass filter. Use of the proper polarization 

filter will result in the effective removal of unpolarized 

fluorescence background but will have little effect on the 

30 non-specific light-scattering background since it is mostly 

polarized. When using broad band illumination, as · for 

example, white liqht illumination, using optical band pass 

filters of higher wavelenqth allows for significant 
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reduction of the non-specific liqht scattering and 

fluorescence background. Many of the metal-like particles 

have high light scattering ~~tensities at longer 

wavel:engths and this property can be utilized in 

s combination with the bandpass filter and/or polarization 

filter approach. For example, a spherical gold particle of 

300nm diameter has near maximum scattering efficiency at a 

wavelenqth of about 700nm and it's scattered light 

intensity is about six times than a lOOnm diameter gold 

10 particle. Using the 300nm particle and a bandpass filter 

centered at 700nm decreases the non-spec~fic light by half 

and increases the gold particle scattering power by a .. 

factor of 6 (as compared to the lOOnm particle). Thus, the 

signal to background ratio in this system has been 

1s increased by a factor of 12. Use of this approach with non­

metal particles, for example, polystyrene of comparable 

size, does not significantly increase the signal to 

background ratio but may actually lower it. The use of 

anti-reflective coatinq on the optical components of the 

20 apparatus, and/or sample chamber may also improve the 

siqnal to background ratio. Many other schemes and 

approaches are also possible and these would be apparent to 

one of skill in the art. 

This aspect of the invention results in improved 

2S discrimination between the specific light scattering signal 

and the.non-specific liqht scattering background siqnal of 

a diagnostic assay system over that attainable by other 

methods which use the detection of scattered light as part 

of a test system format. In addition, the availability of 

30 different types of metal-like particles which exhibit 

di~ferent colors when illuminated by white light makes it 

possible to detect the presence of multiple types of 

particles in one sample, which has utility for detecting 
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multiple analyte types in one sample. 

A further advantaqe of particles of metal-like 

particles is the chemical inertness of these particles, 

relative to fluorescent compounds. Such particles do not 

s photobleach and their signal generation capacity is not 

affected by such mechanisms. 

The abo~e approaches are just a few examples of the 

many possible approaches for using particles composed of 

metal-like materials to improve discrimination between the 

10 specific light scatterinq signal due to the particle, and 

the non-specific light scattering signal which can 

originate from a variety of sources. For example, a large 

number of schemes are possible in which such particles are 

specifically detected at a wavelength different from the 

IS wavelength at which maximum light scattering occurs for the 

particle being used. Many other schemes or approaches are 

also possible· and these would be apparent to one of skill 

in the art. 
The detection of one or more analytes in a solid-phase 

20 or related sample by detection of one or more of a light 

scattering particle's properties is now discussed. 
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Solid-Phase Detection Methods 

In the previous sections we have described various 

aspec.ts o·f the invention as they relate to certain light 

S scattering properties of metal-like particles, and the 

detection of these particles in a solution. We now describe 

our methods for detection of particles that are on a 

surface or very close to a surface. 

We have determined that by using gold, silver, and 

10 other metal-like particles with our methods of DLASLPD 

15 

illumination and detection, we are able to detect very low· 

quantities of particles and particle-labeled binding agents, 

(coated particles) per unit area, being able to detect 

single particles and particles coated with binding agents 

on or near a surface 

detection means. These 

optically transmiss~ve 

surfaces. 

using simple illumination and 

methods can be used on either 

or non-optically transmissive 

We have determined that with the use of certain 

20 combinations of particles and methods of illumination and 

detection, we can detect a wide range of particle densities 

from about 0.001 to 103 particles per square micron (µ2 ) in 

a sample. By using the proper type(s) of particles, 

different types of analytes can be detected to very low 

25 le:vels and across very wide concentration ranges in the 

same sample, as for example, in microarrays. This is 

accomplished on one apparatus by utilizing both particle 

counting (at low particle densities) and integrated light 

intensity measurements (at high densities) on the same 

30 sample. For example, if a sample is to be analyzed for two 

or• more different analytes by using solid-phase related 

means such as array chips or other solid-phase methods, 

different types of analytes exist at different 
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concentrations in the samples. That is, some analytes may 

be at hiqher or lower concentrations from a couple to a (ew 

orders of maqni tude as compared to other analytes in the 

sample. The selection of the proper types of particles is 

s extremely important in achieving the desired analyte 

detection sensitivity and range of concentrations the 

method will work for. Our methods as we describe herein 

provides for detection of analytes in such samples . Even 

wider detection ranges and greater sensitivities are 

10 possible if more powerful liqht sources such a~ lasers are 

used, and more sophisticated detection methods such as 

confocal imaging are added to our basic illumination and· 

detection methods. 

We have determined that we can detect high densities 

15 of particles more specifically and easily, that is, with 

very good signal to background ratios using simple methods. 

In some aspects of the present invention, a collection 

lens(imaging lens, mirror or similar device) is used and in 

other aspects, a collection lens is not used. 

20 The scattered light from the particles is detected by 

a photodetector as for example, a photodiode or photodiode 

array, photomultiplier tube, camera, video camera or other 

CCD device, or the human eye. The amount of particles is 

determined by counting the number of particles per unit 

2S area and/or measuring the total integrated liqht intensity 

per unit area. The specific scattered light properties 

detected and measured are one or more of the following: the 

scattered light intensity at one or more wavelengths, the 

color, the polarization, the RIFSLIW, and/or the angular 

30 dependence of the particle scattered liqht per unit area. 

Thls is then correlated to the presence, absence, and/or 

amount of the analyte(s) in the sample. 

In some assays where one or more· analytes is to be 
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determined, one or both of the particle counting or 

integrated. l.ight intensity measurements can be used. It 

should be noted that with proper selection of particles and 

the use of DLASLPD illumination and detection methods, 

s there is usually so much optically resolvable and 

detectable scattered light intensity available that more 

sophisticated light sources, 

filtering techniques are not 

samples where there may be 

and spatial and 
necessary. However, 

significant amounts 

optical 

in some 

of non-

10 specific light background, the ultimate signal to 

background is improved by using optical filters, confocal 

imaging, or other aperture 

techniques to increase the 

type spatial filtering 

particle scattered light 

signal(s) to total non-specific light background ratio. 

IS In some analytical and diagnostic applications, the 

scattered light intensity can be detected and measured 

using our basic methods without the use of a collection 

lens or mirror. In these samples, one or more properties 

of the scattered light is detected and measured in the same 

20 manner as described above without the use of a collection 

lens. The methods are now discussed in more detail. 

25 

Detection of scattered light from light scattering 

particles using a collection lens or mirror 

We have found that we can use various types of light 

collection optical devices to collect the scattered light 

of the particles. We have used both particle counting and 

intensity measurements (integrated intensity per unit 

30 surface area) to detect one or more of the specific light 

scattering properties of the particles in a given area with 

our methods of DLASLPO illumination and detection. We have 

found that in most of the experiments we have done, that it 
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is generally useful to use the counting measurement method 

when the particle densities are about 0.1 particles per µ2 

or less. When the particle densities are greater than about 

0. l · particles per µ2
, we find that measuring the total 

s integrated light intensity is a useful measurement method. 

It should be noted however, that one can use the counting 

measurement or integrated liqht intensity measurement 

methods at particle densities greater than or less than 

about O.l particles per µ2 • 

10 The use of a specific type or types of lens to collect 

and/or image the scattered light from the sample we have 

found useful relates to the field or area of the surface we· 

are interested in measuring, the type of sample container 

that is being measured, and the upper limit of particle 

IS densities that are to be measured by particle counting. 

For example, if we are interested in measuring larger areas 

to detect the scattered light, a xlO or even smaller 

microscope objective or lens or mirror can be used to 

collect the scattered light from the sample. Similarly, if 

20 smaller areas of the sample is to be measured, a x20, x40, 

xlOO, or greater microscope objective lens or similar lens 

or mirror can be used to collect the light. If the method 

of particle counting is to be used at higher particle 

densities, greater power objective lenses allow for better 

2S resolution of the particles at high densities. It should 

be noted that when larger objectives are used, additional 

requirements and limitations come into play. For example, 

the working distance becomes very small and immersion oil 

may be needed to be added to the sample. When a camera, 

30 video camera, or similar CCD type photodetector is used, 
• 

the total scattered light from the sample area is detected. 

This information :can then be processed by simple hardware 

and/or software means to analyze the scattered light 
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measurements. This is a powerful capability, because many 

different analytes in a sample. can be detected and 

quantitated by use of a solid-phase microarray, array chip, 

or similar format. In the microarray format, small areas of 

s the surface are each covered by a different type of binding 

agent in a spatially distinct region that specifically 

binds a particular analyte. Ne describe later specific 

applications of the present invention to _solid-phase multi­

analyte microarrays and the like. 

10 The method of particle counting is usually more 

instrumentally demanding than the method of integrated 

light intensity measurement. However, for very sensitive . 

detection of one or more of the light scattering properties 

of a particle, there are many advantages to using the 

lS counting technique. For example, fluctuations and 

inhomogeneities in the light source or sample chamber do 

not effect the particle counting measurement whereas these 

problems can cause severe problems when the method of 

integrated light intensity measurement is used. In 

20 addition, there are many software and hardware options to 

enhance the quality and signal/background ratios of the 

measured particles by counting techniques. 

Detection of light scattering particles without. the use of 

2S a collection lens or mirror 

We have also developed methods where the use of a 

collection lens is not necessary to detect the scattered 

light of the particles at or near a surface. ·rn this 

30 arrangement we usually detect the scattered liqht coming 

from the area of interest by the integrated light 

intensity. This can be done by the aided or unaided eye, or 

a photodetector as previously described. We have found 
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that when we use metal-like particles that are about 120nm 

in diameter or less, we can significantly increase the 

particle ~ight scattering signal to total non-specific 

lig~t background ratio by placing our detector (either eye 

5 or photodetector) at angles outside of the envelope of the 

forward direction of the scattered light. 

Key Concepts for Increasing Signal/Background Ratios 

10 Before we describe the DLASLPD methods of illumination 

and detection in detail, it is useful to summarize the key 

concepts that when used in one form or another determine. 

the signal and signal to background ratio limits tor the 

detection of the light scattering particles. These methods 

lS are in addition to adjusting or changing various apparatus 

components such as using a more powerful light source, a 

more highly collimated light source, a smaller wavelength 
band light source, a different wavelength light source, a 

more sensitive photodetector, optical and/or spatial 
20 filters between the illumination source and the sample 

and/or between the sample and the detector, and/or confocal 
or similar imaging techniques. These strategies and methods 

are outlined below. 
(1) by the use of larger diameter metal-like 

25 particles, the light scatterinq power of the particle can 

be significantly increased. The increase in size may also 
change the scattered liqht intensity versus incident 

wavelength profile. These properties can be adjusted to 

suit the need of any particular assay such that one or more 

JO of the scattered liqht properties are easily detectable. 
For example, fo·r the measurement of analytes in samples 

with hiqh non-specific light backgrounds, a larger gold 

particle, about 80-l20nm or greater in diameter is useful. 
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The maximum wavelength at which maximum light scattering 

occurs shifts to higher wavelengths and the intensi~y of 

the scattered light also increases as compared to a 40 iun 

diameter gold particle. The combination of these two 

s effects significantly increases the signal/background· ratio 

as compared to the 40nm diameter gold particle. 

(2) by measuring the scattered light of the sample at 

angles outside the envelope of the forward direction of the 

scattered light, the signal/background ratio in either the 

10 intensity or counting mode is substantially increased. We 

have observed that the detector can be placed either above 

or below the surface plane of the sample as well as on the 

same side or opposite side of the sample plane where the 

illumination beam is located. In these various 

IS orientations, the specific light scattering signals from 

the particles are detected outside the envelope of the 

forward direction of the scattered light, while most of the 

non-specific scattered light from optical aberrations in 

the sample chamber and other constituents in the sample are 

20 within this envelope of the forward direction of scattered 

light. This allows for more sensitive and specific 

detection of the particle scattered light. 

{ 3) the amount of non-specific reflected light also 

affects the sensitivity of detection as we have previously 

25 described. We have found that the amount of reflected light 

can be substantially reduced by moving the incident light 

surface as far as possible away from the collection area 

that is being detected. This can be accomplished in many 

different ways, including the proper design of the sample 

30 chamber (discussed later). For example, we noticed that if 

we, put a thin layer of immersion oil on the bottom of a 

glass slide,· through which the light beam illuminates the 

particles on the opposite surface, we saw highly improved 
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results. In another experiment, when we glued a small 

plastic light guide to the bottom of a plas.tic sample 

chamber with a microarray of bound particles on the 

opposite side .of the surface, we saw very improved results. 

s We have also used much larger optical alignment means such 

as an equilateral prism and/or other types of prisms or 

optical light guides and placed immersion oil at the 

surface where the sample container interfaces with the 

prism. We have concluded that these superior results are a 

10 result of (i) having the light incident surface removed a 

greater distance away from the area of detection that 

contains the light scattering particles; (ii) having an. 

angle of incidence of 0 degrees on the surface of the light 

guide such as a prism face and the like (with respect to 

lS the perpendicular) and (iii) that much of the reflected 

light which occurs in the system is guided out of the 

system and away from the collection point. All of these 

methods are useful in increasing the signal/background 

ratios for the detection of light scattering particles in 
20 various samples. There are several light guiding strategies 

that can be used to effectively remove the reflected light 

out of the system to improve signal to backqround. 

(4) refractive index enhancement methods are also 

extremely useful · in increasing the signal to background 

25 ratios in many different types of samples. We have found 

several methods to increase the signal to background, a few 

of which are now discussed. The use of liquid to cover the 

surface containing the particles, where the closer the 

liquid's refractive index is to the refractive index of the 

JO surface that contains the particles, the better the 

si-qnal/background ratio. We have found that for detecting 

a~alytes on a dry solid-phase, the signal/background ratio 

is improved by placing a liquid layer on top of the 
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surface. For example, when an aqueous buffer solution of 

refractive index of about l.33 is used to cover the sample 

surface we get much improved results as compared to 

meas.u.ring the particles on the same surface in air. Even 

s better signal/background ratios are obtained by using 

liquids which more closely match the refractive index of 

the solid-phase. For example, an assay can be performed by 

first binding the analytes with light scattering particles 

coated with binding agent to the solid-phase in the sample 

10 medium or other appropriate reaction mixture or buffer. The 

solution in the sample is then diluted.or replaced with a 

solution of chosen refractive index that covers the solid­

phase prior to detection of the particles. In this fashion, 
highly sensitive results can be achieved. 

lS In addition to the above methods, the further use of 

narrow band pass optical filters, cutoff optical filters, 

spatial filtering such as apertures either between the 

illumination beam and the sample and/or between the sample 

and the photodetector or eye will also increase the 

20 signal/background ratio. Use of confocal imaging techniques 

may also be useful in certain analytical assay applications 

where the cost and sophistication of such techniques and 

apparatus are not an issue. The use of longer wavelength 

sources either optically filtered or not are also ways to 

25 increase the signal/background ratio. Guiding the excess 

non-specific liqht out of the system by using specifically 

designed sample chambers to remove the excess light is 

another useful method. General sample chamber designs that 

are useful are described later. All of these variations on 

30 one or more aspects of the current invention provide for 
im:reased signal/background ratios and thus provides. for 

the more specific ·and sensitive detection of one or more 

analytes in a sample. 
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There are many different ways the-DLASLPD illumination 

and detection methods can .be specifically- applied to a 

sample and these are outlined in Figure 15. Figure 14 

prov.ides a diagram for orientation and description of the 

s outline of the DLASLPD methods shown· in Figure 15. One 

skilled in the art will recognize the utility the method 

affords when used with certain metal-like particles to 

detect one or more analytes in a solid-phase or similar -
sample. 

10 The detail of the methods is now described-. 

lS 

Illuminating and Light Collection-Optics 

1. General Concepts 

The solid-phase methods we now describe can be applied-· 

to the detection of light scattering_ particles. The 

detection and measurement of one or more light scattering 

properties is then correlated to the presence, absence., or 
20 concentration of one or more ana-lytes in a sample. These-· 

methods can be used with most, if not all.-known solid-phase 

analytic methods including m.icroarray, array chip, or 

similar formats. The method is designed to have a __ wide 

range of sensitivities (from low-sensitivity to the ultra 

2S sensitive range). This range of sensiti-vities is achieved 

with easy to use and inexpensive apparatus. 

In the technology, the number or relative number of 

particles on a surface is determined through methods that· 

depend on the liqht scattering properties of pa-rticles. 

30 The detection system __ consists fundamentally_: of ( l} a 

ma;nifyinq lens (also called-an imaging or collectio~-l~nsl 

that forms a magnified imaqe of ___ the light scattering 

particle patch or a portion of the --patch and (2) an 
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s 

illuminating system that makes the particles appear as 

bright objects on a dark background (the DLASLPD method) . 

The method can be performed without the need for the 

collection lens also. The number of particles in the 

magnified image can be quantified by particle counting or 

by mea·suring the scattered light intensity (which is 

proportional to particle number or density). !?article 

counting can be done by (a) eye (unaided or with an 

ocular lens, depending on particle size), (b) an electronic 

10 imaging system (for example video camera, CCD camera, image 

intensifier) or (c) a photosensitive detector with a 

field limiting aperture and a scanning liqht beam 

arrangement. Scattered light intensity can be measured 

with an electronic imaging system or photosensitive 

ts detector. At low particle surface densities (less than 

about O. l particles per µ2
) , the particle counting method 

is preferred while at higher surface densities (especially, 

where the ~ndividual particles are closer than the spatial 

resolution capabilities of the magnifying lens) the steady 

20 light scattering intensity measurement is preferred. The 

technology is designed to easily shift between these two 

methods of detection, that is, between particle counting 

and intensity measurements and can be used with particle 

diameters down to about 20 nm depending on the light 

25 scattering power of the particles and specific hardware 

components of the detection apparatus. 

Light Illumination Systems 

30 The illuminating system is a key element in the 

technology. The illuminating systems are designed to 

illuminate a particle patch or group of particle dots with 

high light intensity in such a manner that the individual 
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particles appear as bright objects on a dark background. 

This allows visualization of particles attached to a 

surface or free in a fluid film above the surface. Free 

parti9les are distinguished from attached particles by 

s their Brownian motion which is absent in attached 

particles. In the following sections we describe the 

details and logic of the illuminating systems. 

Applicant has experimented with many different 

il~umination systems including an expensive commercial dark 

10 field illuminator called an ultracondenser (Zeiss). Two 

fundamental methods of illumination and several versions 

15 

of these two methods can be used. These methods are 
simpler and seem to produce higher illuminating light 

intensities than, for example, the ultracondenser. 

General description of the fundamental illuminating methods 

The illuminating systems are designed to (1) deliver a 

beam of high light intensity to a patch (or group of dots) 

20 of light scattering particles and C2) minimize the amount 

of the illuminating light that enters the detecting system 

directly or through reflections. This is achieved by 

constraining the light beam and its reflections to angles 

that are outside the light collecting anqles of the 

25 detectinq system. In one illuminating method, the 

30 

collecting lens and the light source are on opposite sides 

of the solid-phase surface (illumination from below) and in 

the other method, the illuminating light source and 

magnifying lens are on the same side of the surface. 

DifeCt Illumination from below the Magnifying Lens 

Figure 1 presents a schematic diagram of one of the 
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basic methods of illumination used. In this method, the 

light impinges on the solid-phase surface s from below the 

surface. It is assumed that S is transparent (although it 

could.have some color). 0 is a region on the surface that 

S contains light scattering particles. The magnifying or 

light collecting lens L is located above S. The angles at 

which L collects light are shown as a shaded cone c (light 

collecting cone of lens L) with an apex at the surface s 
(where the light scattering particles are located) and a 

10 base determined by the diameter D of the lens. The 

illuminating light beam (LB) is angled so that is does not 

enter the light collecting cone of L. The arrows show the 

direction of travel of LB. 

The solid-phase can be, for example, a microscope 

IS slide, a microtiter plate or other types of transparent 

solid-phases used in clinical diagnostics. The light 

source can be any type of light source, such as filament 

lamps, discharge lamps, LEDs, lasers and the like. Light 

is collected from the illumination light beam using optical 

20 light fibers and/or light collecting lenses, and then 

focused onto the scattering light particles using a 

condenser lens. The mean angle 9 which the light beam makes 

with the surface S is adjusted so that the beam of light 

does not enter the lens L as explained above. The 

2S adjustment of the angle 9 can easily be done by visual 

observation of the light scattering particles through the 

magnifying lens and occular (compound microscope 

arrangement),adjusting the angle so that the particles 

appear as bright objects on a dark background. This angle 

30 also serves well for light 

measurements although at high 

scattering intensity 

particle densities, -the 

focusing requirement is not as stringent. 

The magnitude of the angle 9 can be deduced from the 
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numerical aperture of the magnifying lens. For 

ultrasensitive detection, a microscope objective is used as 

the magnifying or imaging lens. A microscope objective 

usu~lly has its numerical aperture inscribed on its 

s ·housing. Numerical aperture can be defined in terms of the 

diagram of figure 2. This figure shows a magnifying lens 

(with focal length fl that is focused on a patch of light 

scattering particles at o. The distance between the lens 

and O is equal to f. The lens (L} collects all light 

10 scattered from O into the solid cone whose base is the 

diameter 0 of the lens. The angle 9K. is defined as the 

planar half angle of this solid cone. The numerical 

aperture (N.A.} of the cone is related to 98 by the 

expression 

15 

N.A. • n sin (9a) (36) 

where n is the refractive index of the medium between the 

lens and the point o. The medium, for example, can be air 

20 (n=l) , water ( n=l. 33) or immersion oil ( n=l. 5} • For small 

values of 9H, N.A. is approximately equal to D/2f where D 

is the diameter of the lens and f is focal length. 

The following table . gives typical values for the 

numerical apertures and 98 of objectives that can be 

25 commonly used (for n•l) . 

Magnification 

xlO 

x20 

x40 

x63 

0.25 

o.s 
0.65 

0.85 
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~ in degrees 

14.47 

30 

40.54 

58.2 
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As already mentioned, the exciting light beam must be 

angled so that it is outside of the liqht collectinq solid 

cone of the maqnifying lens. For high maqnifications~ the 

s angle at which the excitinq beam impinges on the solid­

phase surface must be large. For example, for a x40 

objective, the incident angle must be larger than 40•. 

Since the fraction of liqht reflected at a su·rface 

increases with incident angle, we must consider whether the 

lO angles that have to be used in our ill umiria ting system· 

result in a large loss of light due to reflection. 

Furthermore, we must consider whether critical reflections 

(total internal reflections) are involved at high incidence 

angles. The following is a brief discussion of the 

lS fundamental laws of refraction and reflection needed in the 

subsequent discussion of· the effects of reflections in this 

illuminating system. 

Snells Law of Refraction 

20 

We describe Snells law of re.fraction in terms of the 

diagram of Fig. 3. This figure shows a light beam that 

travels along a mediwn of refractive index ni (i for 

incident mediwnl and impinges on the surface s of a medium 

2S of refractive index nt (t for transmission medium) . Part 

of the incident light is transmitted into medium t (the 

refracted beam) and part is reflected (the reflected beam) 

back into medium i. If the angle of incidence is 9i then 

the angle of the refracted beam is given by Snells · Law 

JO which can be written as 
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ni Sin (9i) = nt Sin {9t) (37) 

If ni < nt then 0i < 0t. If ni > nt then 0i >·0t. Note 

that ·angles are measured with respect to a line that is 

s perpendicular to the surface s. The reflected beam makes 

an angle 0r=0i (that is, the reflected and incident angles 

are equal) . 

Laws of Reflection. Fraction of Incident Light that is 
10 Reflected at a Surface. 

The fraction R of incident light intensity which is· 

reflected for different incident angles 91 can be 

calculated using Fresnels equations of reflection. (It 

lS should be noted that intensity is . here defined as energy 
per unit time per unit area. Intensity is also called 
irradiance) . However ·for simplification, we present our 

discussion in terms of plots relating R to Bi. The exact 

dependence of R on 9i is determined by the values of ni 

20 and nt and the state of polarization of the incident 

light. Important facts concerning reflectance are as 

follows. 

i. Reflectance for the case where the light beam travels 

25 from a medium of low refractive index to one of hiqh 

refractive index {ni < ntl • 

Figure 4 shows plots of R vs. 9i <+ =- 8i) · for the 

case where ni = l (air) and nt • 1.5 (the latter is close 
JO tq the refractive index of glass or plastic) and for light 

polarized parallel (rp) and perpendicular (rs) to the plane 

of incidence. The plane of incidence · is defined as the 

plane which contains the incident light beam and the line 
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perpendicular to the surface (see Fig. 3). The reflectance 

R of · unpolarized light is given by the average of the 

graphs for light polarized parallel and perpend;icular . to 

the plane of_ incidence. In Fig. 4, the reflectance graph 

s for unpolarized light is labeled Ord (for ordinary). The 

graphs of Fig. 4, show that 

a. rs increases 

Fig. 4 is the same as 

continuously with increasing ' in 

9i as used herein) . The increases 

in· rs is small up to about 70° (where the reflectance is 

10 only about 15%) and then increases much more rapidly 

reaching 100%" reflectance at go•. Thus., the fraction of 

light that is reflected is less than 20% up to incidence -

angles of 60"-. 

b. rp decreases with increasing + up to about 57° where 

IS rp is zero. The angle at which rp•O is called the 

Brewster angle or polarizing angle. The Brewster angle 0b 

20 

can be calculated with the expression 

Tan (9b} = nt (38) 

assuming that ni ... 1 (air). For nt = 1.5, above equation 

gives 9b = 56.3. It should be noted that at the Brewster 

angle, 91 + 9t = go 0
• Thus for nt=l.S, 91 • 9b = 56.3° and 

9t = 33.7°. For angles greater than the Brewster angle, 

25 rp increases rapidly with increase in + and reaches a value 

of lOOlfs at 90°. 

c. For unpolarized (ordinary light), the reflectance 

increased gradually with increase in + up to about 70° and 

then increases rapidly reaching 100% at 90°. Less than 

30 20\ of the incident light is reflected for 8i <70°. 

d. It should be noted that the intensities of the 

reflected and transmitted light do not add up to the 
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intensity of the incident light. This seems to violate the 

law of conservation of energy. This apparent violation is 

actually due to the definition of intensity as energy per 

unit ·time per unit area. Because of refraction, the 

S incident and transmitted light do not have the same cross 

sectional area. If the differences in cross sectional 

areas are taken into consideration, then it can be shown 

that the energy per unit time in the reflected and 

transmitted beams add up to the energy per unit time in the 

10 incident beam. 

15 

ii. Reflectance for the case where the light beam. 

travels from a medium of high refractive index to one of 

low refractive index {ni > ntl • 

Figure 5 shows plots of reflectance of polarized light vs. 

angle of incidence <+ = 9i l for ni • l. 54 and nt = 1. 

The plots are quite different than those of Fig. 4 for ni 

< nt. The most siqnificant difference is that at an 

20 incident greater than about 41 ° all of the light is 

reflected { lOOt reflection, total reflection) • The 

smallest incident anqle at which total internal reflection 

occurs is called the critical reflection angle 9c. The 

value of this angle depends on the values of ni and nt. An 

is expression for calculating 9c from values of ni and nt can 

be derived by considering the angles of the incident and 

transmitted light beams at the critical angle. At the 

critical angle ec, the reflected beam contains most of the 

incident liqht and makes an anqle 9c with the respect to a 

30 line pe:pendicular to the surf ace as required by the laws 
\ 

for specular reflection. The transmitted liqht has low 

intensity and its angle 9t with respect to perpendicular 

line is 90°. That is, the transmitted liqht beam travels 
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s 

parallel to the surface. We can therefore obtain the value 
of 9c by inserting 0t =90° in Snell's equation. This 
insertion gives 

nt Sin (90) = ni Sin (9c) (39) 

Since Sin (90) =1, we can write 

Sin (9c) • ni/nt (40) 

10 For nt = 1.54 and ni •l (air), the above equation gives 
9c = 40.5°. It should be noted that the critical angle 

is the same for unpolarized light and light polarized 
perpendicular or parallel to the incident plane. That is, 
9c is independent of whether the light is unpolarized or 

15 plane polarized. 

20 

iii. Effects of reflectance and refraction on the 
illumination of a patch of light scattering 
earticles. 

We first consider the simple case where the particles 
are on the surface of a dry microscope slide in air. That 
is, the particles are dry and air is the medium on both 
sides of the microscope slide. Figure 6 shows a schematic 

2S diagram of the reflections and refractions involved in this 
case. The first reflection occurs at the surface Sl (ni<nt, 
ni•l and nt=l.5). Figure 4 shows that the fraction of light 
reflected is below 20% for incident angles up to 70°. 
Therefore, reflections at Sl are not problematic in this 

30 · method of illumination. surface 2 could be problematic 
be~ause the light beam passes from a low to a high 
refractive index and the possibility exists for total 
internal reflection at this surface. The critical angle 
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for total internal reflection at a surface where ni=l.5 and 

nt=l (air) is about 42° (calculated with Eq. (40) J • The 

question now is whether this critical angle is attained 

when ·the incident light beam at surface 1 has a large 

s angle. 

Figure 7 shows a plot of 0i2 [9tj] vs. au [9ij I 

calculated with Snells Eq.( (37)) and using 9tl = 9i2. As 

can be seen from the plot, 9i2 rapidly increases with 

increase in 9il up to about 9il • 70°. The increase in 9i2 

10 then levels off and does not reach the cr.itical angle until 

8il = 90°. However at 9il = 90°, no light is transmitted 

across Sl. We thus conclude that for the arrangement of 

Figure 4, critical illumination is never achieved at any 

practical angle of 811. Furthermore, reflections do not 

lS significantly diminish the amount of light delivered to the 

particles on S2 for 9il values less than about 70°. 

20 

We have verified the above conclusions experimentally. 

In our experiments, however, we have found that light 

scattered by smudges, dirt, scratches and other 

irregularities or artifacts. on surfaces Sl and 52 (non­

to the 

thus 

specific light scattering) 

light scattered by the 

significantly increases 

can become comparable 

particles on S2 and 

the background light and 

diminishes the sensitivity of particle detection. However, 

25 tne non-specific light scattered by artifacts on Sl and 52 

ts concentrated in the forwa.rd direction of the 

illuminating light beam whereas the light scattered by the 

particles (for small particles) is in all diJ:ections. 

These effects are demonstrated in Fig. 8. 
30 ~ In Figure 8, the intensity of non-specific light 

scattered by surface artifacts in any direction 9 is given 

by the length of the line (with angle e ) extending from 
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the origin O to the intensity envelope. The light scattered 

by the particles is shown as dashed lines which go out in 

all directions from O. The effects of non-specific light 

scat;tering on the detection of specific light scattering 

S can be demonstrated experimentally using a microscope slide 

containing 60 nm gold particles on the surface. In air, 

these particles scatter green light, and in the absence of 

non-specific light scattering, an illuminated patch of 

particles appears as a green patch on a dark background. 

10 Surface artifacts scatter white light and when this type of 

non-specific light scattering is superimposed on the 

specific particle light scattering, the light scattered. 

from a patch of particles has a greenish-white color 

instead of a pure green color. The effects of preferential 

lS forward scattering by surface artifacts can be seen by 

viewing the scattered light by eye positioned at different 

angles 0v as shown in Fig. 8. When the eye is placed at 0v 

= O, the scattered light has a greenish white color. As 

the angle of observation 9v is i~creased, the white color 

20 decreases and, at 9v greater than 30", only the pure green 

color of gold particles is seen. Thus, in the present 

invention, it is useful to observe by eye or detect with 

photodetector means at an angle-greater than 9v of 30°. As 

we show later, non-specific light scattering due to 

2S surface artifacts can be further reduced by illuminating 

through light guides as for example, a prism type of 

arrangement. 

Ne next consider the case where the light scattering 

particles are in a thin film of water that is on a 

30 microscope slide and covered with a cover glass as shown 
' in Fig. 9. The illuminating beam encounters four surfaces 

where changes in refractive index occur, namely Sl (air to 

gl~s.s), S2 (glass to water), S3 (water to glass), S4 (glass 
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to air) . Consideration of the reflection and refraction at 

each surface as done in previous paraqraphs leads to the 

conclusion that in the system of Fig. 9, reflections do not 

significantly reduce the amount of light energy delivered 

S to the scattering light particles and that critical 

reflection does not occur at any surface. Non-specific 

light scattering due to surface artifacts on surfaces Sl 

and S4 are present as in the case of Fig. 8. However, the 

presence of water greatly reduces non-specific light 

10 scattering for surfaces S2 and S3. 

Direct Illumination from the Same Side as the Magnifying 

~ 

15 This method of illumination is shown in Fig. 10. The 

meaning of S, L, C, and LB are the same as in Fig. 2. In 

this Figure, the exciting light beam impinges on the 

surface S from above the surface. The light collecting 

lens is also above S. The exciting light beam is angled so 

20 that neither the incident or reflected light enter .the 

light collecting cone C of the lens L. In this method of 

illumination, it is necessary to keep the light reflected 

from the different surfaces in the path of the beam from 

being reflected into the light collecting cone C of the 

2S magnifying or imaging lines L. Since the angle of 

reflection is the same as the anqle of incidence at each 

surface, collection of unwanted reflected l_ight by L can be 

minimized by confining the illuminating light beam to those 

angles which are outside of the cone c. It can be shown, 

30 as in the previous section, that reflections do not 

siqnificantly reduce the amount of enerqy delivered to the 

light scattering particles and that critical reflections do 

not occur in dry or water covered particles. Nonspecific 
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light scattering due to surface artifacts are the same as 

discussed in the previous section. 

Illumination through a Prism Arrangement. 

i. Illumination from below. 

Figure 11 presents a schematic diagram of a prism 

setup. In one of its simplest forms, it consists of a 

triangular prism on which can sit microtiter wells, glass 

10 slides, microarrays on plastic or glass substrates and the 

like which contain the light scattering particles to be 

detected. 'I'he sample chamber or slide that contains the .­

light scattering particles is located on the upper surface 

S2 of the prism, the surface containing the particles is at 

lS the focal point of the lens L. Immersion oil is placed 

between the sample chamber or slide and the prism to 

minimize non-specific light by re;ractive index matching. 

The particles are dry in air. If the index matching at S2 

is exact or almost exact, then the light beam does not 

20 undergo significant refraction or reflection at 52. 

Thus, an illuminating light beam travels in an 

approximately straight line as it transverses the prism 

and surface containing the light scattering particles. 

However, there is "refraction at the air-prism interface Sl 

2s and at SJ. Consider an illuminating light beam which 

enters the prism in a direction which is perpendicular to 

Sl (angle of incidence is o°) and suppose that the prism is 

a 45" prism (angle y = 45°). Because the beam travels in 

a straight line from Sl to the point O on S3, it strikes 

JO the surface Sl at an angle of 45°. The beam will then 

undergo total internal reflection since the critical angle 

for glass to air is about 42°. Thus, in contrast to 

illumination from below without a prism (see Fig.6), the 
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prism arrangement allows critical reflection. Recall, that 

in the absence of a prism ( E'ig. 6)., critical reflection 

cannot be achieved because of the refraction of light at Sl 

as shewn in Fig. 6 (also see Fig.7). In order to deliver a 

s high energy light beam when using a light guide such as a 

prism, the illuminating light beam must be directed so that 

it stt:ilces S3 (Fig. "ll) at an angle less than 42° The 

question now is whether incident angles less than 42° at S3 

allow one to satisfy the condition that the light which 

10 exits at 53 must be outside the collecting cone of the lens 

L. Suppose that the angle of incidence at S3 is 35°. E'rom 

Snells law (with ni •l.S and nt•l) we calculate that the. 

exit angle is 62° which is outside the collecting cone of 

our most demanding objective, namely the x40 objective with 

15 0H = 41°. We conclude that the prism arrangement of Fig. 11 

permits delivery of high light energy to dry light 

scattering particles in air while maintaining a dark 

background. 
We now consider the prism arrangement of Fig. ll in 

20 which the light scatterinq particles are covered with water 

and a cover glass. As described before, an exciting light 

beam travels in a straight line from Sl to o where it 

encounters the glass-water interface. It then travels 

through the water and cover glass, finally encountering 

25 the glass-air interface at the upper surface of the cover 

glass. It is of interest to consider the reflections that 

occur at the glass-water and glass-air interfaces. The 

angle for critical reflection at the air water interface is 

equal to 62.5° (using ni=l.5 and nt•l.33 in Eq. (40) l. The 

30 introduction of water at the surface SJ thus permits 

iJ:lumination at much higher anqles, than in air, without 

encountering total internal reflection. Furthermore, at 

angles less than 62. 5., reflectance is low at the glass-
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water interface. We now consider the reflection at the 

cover glass-air interface. Consider a beam or light which 

enters perpendicuiar to the surface at Sl. If the prism is 

a 45°.prism, then the beam strikes 53 at an angle of 45• 

s where it undergoes total internal reflection. Refraction 

at 53 (glass to water) changes the angle of the beam to 

55•. However, refraction at the water-cover glass interface 

bends the beam back to 45". The beam thus strikes the 

cover glass-air interface at 45°. The prism arrangement 

10 with particles in water and a cover glass thus permits 

efficient delivery of light energy to the light scattering 

particles (attached to the surface 53 or free in water) but 

the incident light is totally reflected at the cover glass. 

From the above discussion we conclude that there are 

lS no reflections that seriously affect the delivery of light 

energy to light scattering particles in a film of water. 

Total reflection does occur at the cover glass-air 

interface but these reflections do not affect the delivery 

of incident light energy to the scattering particles. 

20 From the above discussions, it is evident that both 

prism and non-prism arrangements permit efficient delivery 

of energy by angled illumination of particles attached to a 

surface or free in solution. By efficient delivery we mean 

that the beam of light does not undergo total internal 

2S reflection at any pertinent surface and the collection of 

non-specific light is minimized. However, we have found 

experimentally that superior detection capabilities occur 

with the prism arrangement in certain applications because 

it eliminates or considerably reduces artifacts. due to 

30 scattering from irregularities on glass or plastic surfaces 

cl~se to the liqht scattering particles. The immersion oil 

used to couple the solid-phase to the prism, eliminates 

almost completely non-specific light scattering from 
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irregularities at S2 (Fig. 11) . These effects seem. to be 

due to an index match+nq mechanism. The non specific light 

scattering at the point of entry of the liqht beam at Sl 

is far removed from the specific scattering particles at 

s point 0 (if the prism is sufficiently large) and does not 

contribute to the scattered light collected by the 

magnifying lens. Furthermore, if the specific scattering 

particles are in water, index matching by the water film 

considerably reduces non-specific scattering on the surface 

10 SJ. Moreover, in the presence of water and a cover glass, 

the illuminatinq liqht beam undergoes total reflection at 

the cover glass-air interface. This reflection. 

considerably diminishes non-specific scattering from 

irregularities at the cover glass-air interface because 

lS only a small amount of light energy reaches the 

irregularities on this surface. In addition, the total 

internal reflection diminishes or eliminates the 

probability that illuminating light can enter directly the 

light collecting cone of the magnifying lens. It should 

20 be noted that total internal reflection can also affect the 

collection angle of the lens L because particle scattered 

light which makes an angle greater than 42° at the cover 

glass-air interface is totally reflected. This effect 

however is not a serious one. 

25 

Microscopic Observations 

In the previous section we discussed our illumination 

and detection (magnifying lens) systems with emphasis on 

30 the factors (reflections and refractions) that govern the 

e~ficient delivery of light energy to light scattering 

particles (which are attached to a surface or free just 

above the surface) while minimizing the non-specific light 
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that is collected. In this section we present experiment.al 

details obtained by visual observation, through an ocular, 

of the magnified image produced by the magnifying lens L: 

s a. Details of Light Sources and Optical Fibers 

10 

We have used three different types of light sources as 

follows. 

i. Leica Microscope Illuminator 

This is a standard, commercial microscope illuminator. 

It uses a tungsten filament light bulb and lenses that 

IS produce a 5 x 7 mm focused image of the filament at a 

distance of about 22 mm from the tip of the illuminator. 

To produce a more focused light beam, we attached a xlO 

objective lens to the microscope. The lens is about 6.5 cm 

from the tip of the illuminator. The objective produces a 

20 focused spot of light of about 4 to 5 mm in diameter at a 

distance of about 7 mm from the objective lens. 

ii. Bausch and Lomb Fiber Lite Illuminator 

2S This is also a commercial illuminator. It uses a 150 

watt tungsten filament lamp that is mounted on a parabolic 

reflector. The reflector produces a beam of almost 

parallel light with a diameter of about 25 mm. An 11 mm 

diameter optical light guide (consisting of many small 

30 optical fibers bundled together) is positioned close to the 

filament lamp. The optical light guide is then split into 

two equal light guides, each with a diameter of about 5. 3 

mm and a length of about 2 feet. We use one of the light 
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quides. To produce a focused light spot, we collimate the 

light from the optical fiber using a 25 mm focal length 

lens (20 mm diameter) positioned about 25 mm from the end 

of tbe optical fiber. The collimated light is then 

s focused, into a S mm diameter light spot, by a xlO 

objective which is positioned about 50 mm from the 

collimating lens. The collimating and objective lenses are 

in a compact holder that is riqidly attached to the optical 

fiber. The flexibility of the optical fiber makes this 

10 type of light source system much easier to use than the 

rigid Leica Microscope Illuminator. 

iii. Custom Illwninator 

IS This is an illuminator which we constructed. It uses 

a 12 V, 28 Watt tungsten filament lamp that is mounted on a 

parabolic reflector. The reflector produces an almost 

parallel beam of light which i:;s focused into an optical 

guide that has a diameter of ·o .125 inches. The optical 

20 guide is 36 inches long. Light from the reflector is 

focused unto the optical fiber with a lens (23 mm focal 

length, 9 mm diameter) that is positioned close to the 

lamp. The light guide has a numerical aperture of 0.55 and 

accepts a cone of· light with a planar half angle of 60 °. 
25 Light which exits at the other end of the light guide is 

collimated by a 12 mm focal length lens (diameter 11 mm) 

positioned about 17 mm from the end of the fiber. The 

collimated light is finally focused into a briqht spot of 5 

mm diameter by a x 10 objective. The objective lens is 

JO positioned at a distance of about 26 mm from the 

collimating lens. The 5mm bright spot is at a distanc~ of 

about 12 mm from the end of the focusing lens. 
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b. Prisms (light guides) 

Figure 12 shows diagrams of some light guides such as 

prisms which we have found useful in our illuminating 

s systems. Some of these are not actually prisms in the 

classical se~se but may rather be called light guiders or 

light guides. The light guider allows light to be delivered 

efficiently at an angle while allowing the reflected light 

beam to exit at the face opposite to the incident light 

10 fa~e. It must have some minimum dimensions for the 

following reasons. The spots where the liqht beam enters 

and reflected light exits can produce significant non-­

specific liqht scattering due to surface irregularities. 

These spots must be sufficiently removed from the patch of 

IS specific light scattering particles to minimize their non­

specific light scattering contribution. The light guides 

can be molded into one piece with the sample chamber thus 

eliminating the need to use immersion oil between the light 

guider and analysis piece. We have proto-typed such a 

20 device by gluing a small light guide to the bottom of a 

plastic chamber which has a microarray of streptavidin 

spots coated on the inner surface of the sample chamber 

well. Our detection and measurement of bound light 

scattering particles to the individual microspots of the 

25 microarray using this device were essentially the same as 

our measurements by particle counting and intensity 

measurements with the sample chamber placed on a prism with 

immersion oil between the two surfaces. 

30 c. Microscopic Observations 

Using an ocular for visual microscopic <;)bservations, 

we have evaluated several illuminating arrangements with 
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special emphasis on brightness of particles, darkness of 

background, and usefulness in different types of clinical 

assay formats. Ne have found several arrangements that give 

good results. Here we will limit our discussion to one of 

5 the easiest to use and least expensive arrangements which 

gives excellent results. By excellent results we mean 

bright particles on a dark background using xlO and x40 

objectives as magnifying lenses. 

The imaging system is an inexpensive microscope from 

10 Edmund Scientific. The microscope consists of an objective 

(xlO or x40) and an ocular in a standard 160 mm tube. The 

reason for using a microscope, instead of just simply an 

objective and an ocular, is the convenience provided by the 

fine/course focusing mechanism of the microscope. 

15 However, we have modified the stage of the microscope to 

adapt it to our method of illumination and have replaced 

the microscope condenser with a light guide (prism type) 

as shown in Fig. l2(d). The cylinder below the prism fits 

into the condenser holder. The modified stage and 

20 illuminator make it possible to work with microscope 

slides, microtiter plates and other plastic plates. 

However, the x40 objective cannot be used with the thick 

plastic plates because of the small working distance (about 

O. 45 mm) of this objective. x40 objectives with longer 

2s working distance are available. The custom Illuminator is 

used for illumination. 

To setup the microscope system. for the DLASLPD method, 

a microscope slide containing free or surface bound gold 

particles (60 nm gold particles in a thin water film 

JO covered with a cover glass) is placed on the microscope 

stage. The prism is positioned so that its surface. is 

almost in contact with the microscope slide. The slide and 

prism surfaces are .coupled with immersion oil. The xlO 
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focusing objective of the illuminating system is positioned 

so that it is almost in contact with the side of the prism 

that is illuminated (see Fig. 131. The objective is angled 

so t.hat the light enters perpendicular to the illuminating 

s surface and strikes the surface S (surface in contact with 

the microscope slide) at an angle of about 45·. If the gold 

particle film on the slide has a sufficiently high 

concentration of particles (about 6 x 109 particles/ml or 

higher) the spot where the light crosses the particle film 

10 displays a strong yellow-green color due to light 

scattering by the particles. The position of the KlO 

focusing objective is adjusted so that the yellow-green . 

spot is centered with respect to the microscope 

(magnifying) objective. The microscope is then focused on 

lS the spot so that the particles appear as sharp objects when 

viewed through the ocular. The position and angle of the 

xlO illuminating objective is than repositioned to produce 

bright objects on a dark background. This adjustment is 

repeated with the x40 objective of the microscope. There 

20 is a narrow range of positions which produce bright objects 

on a dark background for beth xlO and x40 objectives. 

It should· be noted that none of the illuminating 

light is transmitted into the air space above the 

microscope slide when the illuminating light beam strikes 

2S the prism surface at greater than about 42• (critical angle 

for total internal reflection at the plastic or glass-air 

interface). In our arrangement, the angle of incidence is 

45•. This can be verified by placing a piece of white 

paper above the microscope slide. No illuminating light 

JO falls on the paper. However, it is of interest to 

visualize the illuminating baiUJl to determine its shap~ or 

profile in space. This can be done by placing a rhodarnine 

plastic block on top .of the slide using immersion oil for 
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coupling. The rhodamine block is a transparent plastic 

block that contains the fluorescent molecule rhodamine. A 

beam traveling through the block can be seen from the 

rhoda~ine fluorescence that it produces. The immersion oil 

S eliminates the air space and allows the illuminating beam 

to enter the plastic block. The profile of the illuminating 

beam seen by fluorescence inside of the block is shown in 

Fig. 13. 

Once the illuminating system has been properly 

10 positioned, gold particles greater than about 30 nm can 

easily · be seen on microscope slides, plastic wells, and 

solid-phase microarrays or array chips. The xlO objective 

permits detection of particles densities less that 0. 005 

particles per µ2 • The xlO objective has a working distance 

15 of about 8.5 mm so that it can be used with plastic pieces 

that are about 8 mm thick. 

Method of DLASLPD Video Contrast Enhancement 

20 We have determined that metal-like particles and non-

metal-like particles can be detected to greater 

sensitivities in samples by using the method of DLASL!?D 

Video Contrast Enhancement. This method involves adjusting 

the imaged non-specific light background electronically 

2S such that it is essentially removed from the imaged field 

while keeping individual particles visible. The method 

works extremely well with the other methods as described 

herein. We have observed improved specificity and 

sensitivity results using this method. 

30 

SaJl\ple Chamber Improvements 

In the spirit of taking certain aspects of the present 
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invention and now further improving it in terms of ease of 

use, adaptability to different testinq environments and 

conditions, we have found that several aspects of the 

present invention can be embodied in the design of sample 

S chambers that are used to conduct the assay and detect the 

analytes. 

For example, based on our observations and 

conceptualizations we can apply our principles to the 

general design of the sample chamber, that is the container 

10 which contains the sample to be analyzed. These 

improvements can facilitate the ease of use and 

applicability to the types of tests and testinq conditions· 

briefly outlined above. It should be stated however, that 

the invention as described herein can be practiced equally 

15 well without use of the following sample chamber 

improvements. These improvements are for the means of 

increasing the practical applicability of the present 

invention to specific testing conditions and environments 

and described elsewhere herein. 

20 We have found that by moving or displacing the surface 

Sl (incident liqht surface) as far as possible away from 

the area that contains the particles to ·be measured, the 

signal/background ratio is significantly increased. We have 
•. 

previously described the use of an optical alignment means 

25 such as a prism or similar optical light guide which is 

used to assist in orienting the delivery of the 

illumination beam to the surface Sl. Usually one will use 

immersion oil between a surf ace of the light guide (prism 

etc.) and a surface of the sample chamber. There are 

30 numerous conditions in analyte testing where it may be 

pr•ferable to not have immersion oil as a component in·the 

analytical methodoloqy. We have determined that . by 

increasing the thickness of the surface upon which the 
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particles are on or nearby significantly reduces the level 
of non-specific light as described earlier. 

We have applied this and other aspects to the design 

of sample chambers for the detection of one or more 

s analytes in a sample. These general sample chamber designs 

are diagrammed in Figures 17, 18, and 19. Figure 17 shows a 

sample chamber that has beveled flat sides. The degree of 

angle of the beveled sides is matched to the angle of 

illumination such that the illumination beam strikes the 

10 face of the beveled side at an angle as close to O degrees 

as possible {with respect to the perpendicular) • In this· 

fashion non-specific reflected and scattered light is. 

minimized. Figure 18 shows a sample chamber that has curved 

sides instead of the flat beveled sides as described for 

lS Figure 17. In this sample chamber, for the exit beam which 

is diverging, the curved surface allows for the more 

efficient removal of this non-specific light. Figure 19 

shows a sample chamber that utilizes both concepts of 

moving the incident surface where the liqht beam strikes 
20 the sample further away from the area to be measured and 

the ~urved sides to allow for more efficient removal of 

non-specific light. Thus, this sample chamber has an 

increased thickness of material below the bottom surface of 

the well, beveled flat surfaces below the plane of the 

25 surface for illumination, and curved sides above the 

surface plane of the bottom of the well to allow for the 

efficient removal of non-specific light. The sample 

chambers as shown in Figure 17, 18, and 19 are useful for 

measuring immobilized samples as well as solution samples. 

30 

~ . 
Selection, Detection, and Measurement of Light Scattering 

Particles 
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In most forms of the present invention, the light 

scattering signals from the light scattering particles are 

detected from particles that are suspended in solution or 

S from· particles that are associated with a solid-phase. We 

have descr :ed many variations of the method of DLASLPD 

illumination and detection for samples in the liquid-phase 

and solid-phase. These variations in the DLASLPD methods 

are primarily related to the nature of the sample and the 

to sample container. 

The present invention has great utility in that many 

different types of assay formats and hence assay containers 

or other devices can be used to detect and measure the 

presence and amount of one or more analytes in a sample. 

lS For example, microtiter wells and plates, test tubes, 

capillary tubes, flow cells, microchannel devices, 

cuvettes, dipsticks, microscope slides, optically 

transparent surfaces, beads, magnetic beads, dot blots, 

and high and low density arrays can be used. 

20 Of great importance for application of the present 

invention to the detection of analytes is the proper 

selection of the best mode of the particle type for a given 

analyte detection application. This in part is dependent on 

the· assay format and the level of detection sensitivity 

2S required. The light scattering signals of the particles are 

either determined on an individual particle basis, or, the 

light scattering properties of many particles are detected 

and measured. 

There are many considerations that come into play in 

30 selecting the best light scattering particle for any given 

specific assay application. These considerations are 

generally related to (1) the attributes of the illumination 

and detection system being used; (2) the natu~e and 
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properties of the container or device which is used for 
measurement; (3) the assay format being used; (4) if 

· individuai particles and/or many particles are being 
dete~ted and measured and (5) the concentration and ranges 

S of analyte(s) detection. We now describe how one of average 
skill in the art can optimize one or more forms of the 
present invention to the detection of analytes. 

Of critical importance in either liquid phase or 
solid-phase based assays is the relationship of scattered 

10 light signal to the concentration of particles being 
detected. In order to measure the amount of light 
scattering particles present in the sample, an algorithm 
which relates one or more of the detected light scattering 
siqnals to . the amount of particles must be developed and 

IS used. The light scattering si_qnals from individual 
particles or many particles can be detected and measured in 
many different forms in the present invention. 

For the case where the collective light scattering 
signal of many particles(i.e. individual particles are ~ot 

20 detected) is detected on a solid-phase or in solution we 
have determined how the relative light scattering 
intensity, polarization, and color spectrum of the 
detected particles change as a function of concentration. 
As described herein, the intensity of scattered light and 

2s color spect~um is dependent on particle size, shape, and 
composition, the concentration of the particles, and the 
refractive index of the medium. In the method of detection 
and measurement of the collective light scatteri~g signal 
of multiple particles, the detection and measurement of the 

30 integrated ·light scattering intensity is a very useful 
lfqht scatterinq property for measurement. Figures 31· and 
32 show the relationship of scattered liqht intensity to 
concentration of particles for particles suspended in 
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solution or associated with a solid-phase respectively. In 

these illustrative examples, the refractive index of the 

medium iit ;.; 1. 33. The suspended particles in solution were 

measured with the SpectraMetrix Liquid Phase detection 

s apparatus and the solid-phase particles were detected with 

the microscope based detection apparatus described herein. 

In the examples given, the SpectraMetrix liquid phase 

detection apparatus and the microscope based detection 

system used a photomultiplier and a CCD single chip color 

lO video camera to detect the scattered light signals 

respectively. 

As an illustrative example, E'iqure 31 demonstrates. 

the scattered light intensity versus particle concentration 

properties for a series of roughly spherical gold particles 

lS of different diame~er. Similar graphs for silver, selenium, 

and other metal-like particles are also obtained by 

measuring the light scattering intensity of the particle 

scattered light ~s a function of particle concentration. 

The wavelength of illumination light was adjusted to 

20 maximum wavelength of scattering for the different 

particles. The collective data of Figure 31 show that the 

sensitivity of detection and working concentration ranges 

for detection and measurement vary as a function of the 

gold particle diameter. Utilizing plots of scattered light 

2S intensity versus particle concentration obtained with any 

specific embodiment of the present inventions methods of 

illumination and detection allows one skilled in the art to 

determine which particle types are best suited for any 

given analytical application. For maximum analytical 

30 performance the best light scattering particle type is 

chosen based on Cl) an acceptable dynamic ranqe. of 

detection; (2) adequate detection sensitivity at the low 

end of the expected analyte concentrat~ons in the sample; 
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(3) and adequate resolution of detection (e.g. number of 

discreet detectable intensity values over a certain range 

of particle concentrations). Using Figure 31 as an example, 

the 92 nm diameter gold particles are best used for analyte 

S detection applications where the minimum and maximum light 

scattering particle concentrations detected are about S x 

l0-13 M and l x 10-11 M respectively. The 87 nm particles 

are best used for the detection of analytes where the 

minimum and maximum detection concentrations are about l x 

10 10-15 M and S x l0-11 M respectively. The absolute detection 

sensitivities for any particle are based on the inherent 

light scattering power of the particle and the method of 

illumination and detection. One of average skill in the art 

realizes that the upper and lower absolute detection limits 

15 can be expanded or reduced by variation of the illumination 

source and optics (e.g. wavelength, power, beam size, path 

length etc. ) and the collection optics and photodetector 

used. As disclosed herein, silver particles have greater 

scattering power than gold particles of comparable 

20 diameters. Metal-like particles are preferred with silver 

and gold particles most preferred. Optimization of the 

generation of light scattering signals from any given 

particle type is achieved by illuminating the particle at 

wavelengths close to or near their wavelength maximum for 

25 scattering. However, the light scattering power of many of 

the particle types we have studied is so great that in many 

cases, adequate light scattering signals can be obtained by 

using illumination wavelengths which are not close to or 

approximate the wavelength of maximum scattering. For 

30 example, we have been able to detect the light scattering 
' of roughly spherical 60 nm gold particles to very low 

concentrations ( 10-14 M <) utilizing a 3 milliwatt laser 

light pen with an illumination wavelength of about 630 nm 
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and using the unaided eye as a photodetector. In this 

system, clear microtiter wells were used as a sample 

container. The wells were illuminated with the laser pen at 

angles approximating the perpendicular of the surface of 

s the side of the wells. By placing our anqle of observation 

below or above the well, or, at angles approximately 90 

degrees to the illumination beam the scattered light of the 

particles could be detected with the unaided eye. 

For solid-phase based assays, the selection and 

10 optimization of the best particle type is determined as we 

have described for the liquid phase except that (1) the 

particles are associated with a solid-phase during· 

detection and measurement and (2) additional factors come 

in to play. Figure 32 shows an illustrative example of the 

15 relationship of scattered light intensity as a function of 

particle concentration for 60 nm diameter gold particles. 

For detection and measurement of light scattering particles 

associated with solid-phases, we describe the concentration 

of particles by particle density (number of particles/ 

20 square micron surface area) • An additional consideration in 

selecting the best particle type for applications to solid­

phase assays and detection is the particle size. For 

example, array chips and the like may contain individual 

binding sites which could be as small as 10 square microns. 

25 Thus, the relative physical size of the light scattering 

particle limits how many particles can be bound to the 

surface at saturation of the available binding surface 

area. Careful studies as to the sensitivity of detection 

and dynamic range of detection of different particle types 

30 must be evaluated on the apparatus to determine the best 

mo Cle of particle type with respect to the required 

sensitivity of detection and range of particle 

concentrations that will be detected. For example, 
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selection of smaller particle types with lower scattering 

powers may lead to many more particles being bound per the 

binding surface. Rowever·, at low binding densities, the 

signal may be too weak for detection. On the other hand, 

s particle types· which are larger in si:ze and with much 

greater light scattering power may allow for detection at 

·low binding densities, but may have a limited dynamic range 

because the binding site saturates with particles at much 

lower number of particles and/or the overall intensity may 

10 be saturating to the detection apparatus. One of ordinary 

skill in the art can thus select the best light scattering 

particle type which allows for maximum analytical· 
performance in a given analytical application. 

The relationship of detected light scattering 
15 intensity as a function of particle concentration for any 

light scattering particle within the illumination and 

detection constraints of a detection system provides the 
basis for the development of algorithms from which the 

particle concentration of a sample can.be determined from 
20 the measured light scattering intensity. 

One of ordinary skill in the art determines the best 
particle type and develops particle type-system specific 

algorithms for relating the measured light scattering 

intensity or any other detectable and measurable light 

25 scattering signal to the concentration of particles in a 

sample as follows. An existing apparatus, breadboard or 

prototype optical train (e.g. illumination source, sample 

holder, photodetector and optics) and the sample container 

or device are used to determine the relationship of light 
30 scattering signal to concentration of particles. These 

standard curve plots for each of the different particle 

~ypes evaluated are then used to determine which particle 
type has the best ·performance parameters · (dynamic range, 
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resolution, minimum detection sensitivity etc.) for the 

analyte(s) being detected. The mathematical relationship of 

the measured light scattering intensity or other light 

scattering signal to particle concentration of particles is 

s then as the basis of algorithms from which the 

concentration or amount of particles in the sample can be 

determined from the measured light scattering signal. In 

associated algorithms, the amount of particles detected is 

related to the amount of analyte in the sample. One of 

10 ordinary skill in the art can thus selec~ the best particle 

type and develop specific particle type/ sample container/ 

detection apparatus alqorithms that relates the measured· 

light scattering signal to the amount of particles detected 

for most any form of the present invention. 

IS 

Detection and Measurement of Individual and Multiparticle 

Structures 

E'or applications where the method of detection and 

20 measurement of individual particles or multiparticle­

particle aggregates ·thereof is utilized, there are two 

general sample analysis approaches: (1) the particles are 

flowed by an illumination source and detector or (2) 

particles in a field of view (~ither associated with solid-

25 phase or in liquid phase) ·are detected with an imaging 

photodetector. 

Examples of flow-based methods include the use of 

capillaries, microchannels, or, devices consistin,CJ of such 

structures therein. Additional examples include flow cells 

30 for optical spectroscopic analysis such as used in 

commercial spectrophotometers and flow cytometry. 

In contrast to the flowinq of the sample pass the 

detection system, all or part of the sample can be detected 
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and measured by the method of field analysis. In the method 

of field analysis, a solid-phase or thin film of liquid is 

detected and analyzed by imaging a certain surface a~ea 

and/ ·or depth of view of the field. Microscopy is an 

S example of a general method of field analysis. Specific 

applications include the detection and measurement of dot 

blots, microarrays, biological cells, tissues and the like. 

Flow-based Detection and Measurement of Light Scattering 
10 Particles 

For applications to flow-based systems, the detection 

and measurement of light scattering signals from light 

scattering particles can be accomplished by various methods 

IS utilizing one or more aspects of the present invention. The 

methods can be broadly grouped into two classes: 11) 

applications where single particles and multiparticle­

particle aggregates are detected; and (2) applications 

where one or more particles are attached to a mobile solid-

20 phase as· for example a bead, biological cell, or other 

particulate matter. 

2S 

In the method of detection and measurement of 

individual particles and 

based system, there are 

illumination beam and 

particle aggregates in a flow­

pref,rred arrangements of the 

detector. These preferred 

orientations are dependent in part Oll the nature of the 

sample being analyzed. One or more photodetecto:rs can be 

used to detect and measure the light scattering signals of 

the light scattering particles. In some embodiments the 

30 detector ( s) may be placed outside the envelope of the 

fokward direction of the scattered light. In other 

embodiments, if the background lighi; scattering signals 

from other material in the sample is +elatively low, the 
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detector(s) may be placed within the envelope of the 

forward direction of the scattered light. The illumination 

beam(s) should be highly collimated and can be 

polychromatic or monochromatic. One or more components of 

s the light scattering signal from the light scattering 

particles can be detected by one or more photodetectors. 

The polarization of the detected scattered light, the 

intensity of the scattered light, and the color spectrum of 

the scattered light can be detected and measured. As an 

10 illustrative example, an assay is performed on a sample to 

detect the presence of a target nucleic acid. A solution­

based sandwich assay format is used in which two or more. 

probe nucleic acid stands with unique sequences which bind 

to a different region of the target strand are used. The 

IS probes in one form or another each have a light scattering 

particle attached to them. The probes are mixed with the 

sample, allowed to incubate and then some or all of the 

sample is placed on the flow-system for analysis. The 

physical attributes of the flow cell and the flow cell 

20 dynamics are adjusted such that single and multiparticle­

particle aggregates are passed through the detection zone 

one at a time. The detection system is calibrated and set 

such that the signal from one particle can be distinguishe~ 

from the signal from two or more particles. If the target 

25 nucleic acid is present, there will be some fraction of 

particles in the sample which have two or more particles in 

multiparticle structures. The amount of target nucleic 

acid in the sample is determined by detecting and measuring 

the amount and/or type of multiparticle aggregates. 

30 Immunologically based agglutination assays are well known 

in~ the art and these too can be used in the present 

invention to dete~t an analyte. In this method, light 

scattering particles are attached to one or more types of 
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antibodies or antigens that can bind to the analyte such 

that multiparticle structures form. The multiparticle 

aggregates formed are detected and measured, 

In another variation of the present method using a 

s flow-system approach, the light scattering particles are 

associated with biological cells, beads, or another 

substance in the sample. As an illustrative example, 

biological cell typing and the determination of the levels 

of surface receptors and other cellular constituents are of 

10 great interest in the art. In one method of the present 

invention, biological cell identification and counting, 

and/or the determination of the amounts of cellular· 

constituents of a cell is accomplished by using light 

scattering particle reagents wherein the particle-binding 

15 agent reagents have specific binding activity for a 

component of the cell. A requirement for adequate 

detection and measurement of the aforementioned cell 

properties is the ability to detect and resolve the light 

scattering signals of the light scattering particles 

20 attached to the cell from the light scattering signal of 

the cell. Light scattering particles with high light 

scattering power are most preferred. One or more detectors 

can be used. Detector(s) placement and light scattering 

particle type used must be optimized for best performance. 

2s For example, in one embodiment of the method, a single 

beam illumination source with two photodetectors placed at 

different positions can be used to detect and measure the 

light scattering signals of the sample. One detector is 

used to detect the light scattering signal of the cell and 

30 is generally placed inside the envelope of the forward 

direction of scattered light. Another detector is used to 

detect the light scattering signal of the light scattering 

particles and is generally placed outside the envelope of 
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the forward direction of scattered light. The basis for 

this method is our finding that for many of the metal-like 

particles at sizes less than ab9ut -120 nm in diameter they 

essentially radiate scattered light in all directions in 

S about the same proportions. Larger particulate matter, as 

for example biological cells and micron-sized and larqer 

beads generally radiate a majority of their scattered light 

in the forward direction. The exact placement of the 

detectors can vary and depends on the type (s) of light 

10 scattering particles used, the illumination and detection 

optics, and the nature of the sample .. To optimize the 

method for a specific application, one places a sample . 

containing the beads or cells in the sample container and 

while illuminating the sample, moves the first detector to 

lS various positions recording the values of the light 

scattering signals detected. This procedure is then 

repeated with a flow cell with light scattering particles 

and a second photodetector. An analysis of the cell 

specific and light scattering particle specific scattered 

20 light by the two detectors at the various positions is 

performed to determine the best placement positions for the 

photodetectors. The photodetector that is to be used for 

detection of the bead or cell specific scattered light is 

placed at a position where the scattered light from the 

2S light scattering particles is at a minimum and adequate 

detection of the light scattering signal from the beads or 

cells can be detected. The photodetector used for the 

detection of the scattered light of the particles is placed 

at a position where the specific scattered light of the 

30 particles can be adequately detected over the scattered 

light from tl:le be.ad or cell. Two or more wavelengths of 

light and/or optical filters may be used to further resolve 

the two types of Li,ght scattering signals. More than one 
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type of light scattering particle can be detected by using 

two different particle types such that the light scattering 

signals of the different particles can be resolved in one 

form· or another. An appropriate algorithm is used to 

s measure the amount of beads or cells and particles per bead 

or cell based on the detected light scattering signals 

10 

from the two detectors. E'or example, in one algorithm, for 
each object detected, the intensity of light detected by 
each of the detectors is measured. Depending on the 
intensities detected by each of the detectors, it is 

determined that either (l) no particles are associated with 

the bead or cell; (2)a relative level of light scattering 

particles are associated with the bead or cell; or (3) 

discreet numbers of particles are associated with the bead 

15 or cell. Each bead or cell then ca~ be identified based on 

the presence, absence or amount of particles associated 

with the bead or cell. The detector that measures the cell 

specific scattered light is used to count the number of 

beads or cells. There are many other variations on the 

20 measurements and algorithms possible for the analysis of 

cells possible as is evident to one of average skill in the 

art. 

Identification and Measurement of Individual Light 

2S Scattering particles and Multiparticle Structures 

In many forms of the present invention individual 

particles and multiparticle structures can be obs~rved and 

detected. Qfe have determined that particle type and the 

JO nature of multiparticle structures can be identified by one 

oi more of the observed and detected liqht scatte~ing 

properties. These properties are then used to detect and 

measure the presence and amount of an analyte in a sample. 
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This aspect of the invention is of great utility in that 

cu:rrently available label and detection technologies as 

applied to analyte detection do not have such capability. 

For · example, fluorescence labels and methods of 

5 fluorescence detection are generally regarded as one of the 

most sensitive direct label and detection systems currently 

available in the art. However, the direct visualization of 

individual fluorescent molecules and individual molecular 

binding events in biological or other samples with 

10 inexpensive, robust, and easy to use microscope-based 

systems has not been achieved. Florescent particles or 

beads of several hundred nanometers in size which contain· 

thousands of fluorescent molecules can be detected in such 

systems but the large size of these particles and tendency. 

15 to aggregate in many applications has limited their 

utility. The p:resent invention thus provides new means for 

the detection and measurement of single molecular binding 

events, individual analyte substances, and the localization 

within the sample thereof. The ability to identify and 

20 locate the analyte is of great importance especially in the 

fields of cellular, molecular, 

biology and the related use 

developmental, and neuro 

in the identification and 

development of new drug targets and pharmaceutical agents. 

The identification and quantification of light 

25 scattering particles and multiparticle structu:res thereof 

can be accomplished generally by (l)direct visualization by 

viewing through suitable collection optics or (2) use of 

imaging photodetectors and image analysis hardware and 

software to collect images, digitize the information, and 

30 analyze the optical information collected. The requirement 

of•the photodetector be only that it has the ability to 

spatially resolve objects .in the field of view based on 

their respective optical propert~es. For direct 
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visualization, the human eye is an example of a 

photodet~ctor which possesses great spatial resolution 

capabilities. Examples of imaging photodetectors include 

charge-coupled devices (CCD) and charge-injection devices 

s (CID) . Monochrome or color images of various resolutions 

can be obtained depending on capabilities of the 

photodetector used. 

The detection, measurement, and ident.ification of 

light scattering particles in a sample are defined by (1) 

10 the specific light scattering properties of the 

particle; (2) the method of illumination and detection; (3) 

the capabilities of the photodetector, digitizing and image 

processing hu:dware and software; and (4) the algorithms 

used to identify and measure the light scattering particles 

lS based on the detected optical signals. 

One or more variations of the method of DLASLPD 

illumination and detection are used preferably such that by 

proper spatial filtering, stray illumination and reflected 

light is minimized. The collection optics and photodetector 

20 are generally placed perpendicular to the sample being 

detected. An imaging photodetector is used which provides 

adequate spatial and/or color resolution of the light 

scattering particles being detected if images are to be 

collected. The particles are identified, localized, 

2S classified, and quantified in one or more variations by 

direct visualization and/or utilizing appropriate 

digitizing and image processing hardware and software. ror 

example, in some applications, a monochrome CCD chip with a 

8-bit optical digitizer may be adequate while in other 

30 applications a 3-chip color CCD photodetection camera with 

8-Bit or higher optical digitizer may be required; A 

computer or other microprocessor based controller is used 

to operate the system. The software which. is used to 
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analyze the digitized data collected is based on algorithms 

which identify and quantify in one form or another the 

particle type(s) and amounts in the sample based on one or 

more measurable properties of the liqht scatterinq 

s particles. A diaqram of an apparatus containing the 

essential features required for image analysis of light 

scattering particles is given in Fiqure 33. 

The variation of the apparatus now described is an 

illustrative example and one of average skill in the art 

10 recognizes that there are many other configurations 

possible in the present invention. For any given 

application, the basic system described herein can be made' 

into a cormnercial grade apparatus in many different forms 

depending on the nature of the application. In this 

lS illustrative example, the apparatus is designed for maximum 

operator flexibility as would be desirable in the fields of 

research. For example, a manual system for use by 

researchers can be made which accepts microscope slides or 

most any other sample device. Many of the system parameters 

20 such as the angle, waveiength, polarization, and beam 

diameter of illumination light, magnification and focusing 

of the collection optics, biasing of the photodetector, and 

movement of the sample with respect to the detector can be 

performed by the operator. A light source and light guide 

25 is used to direct the illumination light to the sample. The 

sample is placed on a stage or other mechanical component 

which allows movement of the sample in two or three 

dimensions by the operator. The light illumination position 

is adjusted with the desired collection optics in pl~ce 

30 such· that the particles can be maximally detected and 

resolved within the sample. The radiated light from· the 

sample is collected with a lens or series of collection 

lenses and imaged onto the face of an imaging 
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photodetector·. The photodetector may be monochrome or 

color. In the case of color, a three chip camera device 

can be used if desired to optimize the color resolution of 

the ~ollected image. The photodetector is connected to a 

S digitizer and image processor which in turn are attached to 

or part of a computer. Image process~nq software and 

algorithms for the identification, classification, and 

quantification of light scattering particles is used to 

collect, store, and analyze the optical information as 

10 detected by the imaging photodetector. 

The analysis, measurement, and det!irmination of the 

particle types and number thereof by image processing means 

rely on specific algorithms which identify the particles by 

one or more of their light scattering properties. In 

IS general, in the analysis of the image data three operations 

must be performed: ( 1) identification of particles; (2) 

measurement of one or more of·· each particles light 

scattering properties and (3) classification and 

quantification of the particles. 

20 The light scattering particles radiate specific light 

scattering signals which can be used to identify them. For 

example, the intensity and color spectrum of the radiated 

light from individual particles and multiparticle 

structures can be easily detected and measured with an 

2S imaging photodetector. In addition, the imaged particles 

also posses properties of size and shape which can be used 

to identify and further characterize particle types. The 

identification and classification of particles by image 

analysis methods is dependent on the ability to resolve the 

30 particles from the backqround and other particle types by 

one or more of the detected particles properties. ·The 

background may consist of other light scattering 

particulate matter of varying size, intensity, and color as 
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recorded by the photodetector. For the identification and 

spatial localization of light scattering particles by image 

analysis methods, one form or another of edge detection is 

generally used. The method of edge detection is used to 

S display the boundaries of regions within the image with 

different intensities of detected optical signal. The 

photodetector is made of individual pixels, each of which 

can sense the amount of light radiating from the sample at 

a given position. The method of edge detection groups 

10 together associated pixels of specified intensities and 

marks them in one form or another as an identified object, 

in this case a light scattering particle or multiparticle 

structu1:e. The criteria for the discrimination of 

intensities can be varied depending on the nature of the 

15 imaqe being analyzed. We have determined that light 

scattering particle types can be identified and localized 

using many variations of the edge detection method for both 

monochrome and color images. All the art known methods of 

edge detection, image processing, and image analysis 

20 processing are incorporated herein by reference. The end 

result of performing the edge detection method is that 

specific areas of the image have been identified as liqht 

scattering particles. 

The accuracy · and discreet resolvability of light 

25 scattering particles in a sample by image analysis methods 

is dependent on the selection criteria used and the 

resolution capabilities of the photodetector. For example 

in an image collected with a monochrome photodetector and a 

8-bit digitizer, there are 256 gray levels that ·can be 

30 associated with the detected intensity signal at each pixel 

location of the photodetector. Using a single or multiple 

chip color photodetector the Red, Green, and Blue 

wavelengths (i.e . RGB components) of the radiated light 
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detected can be measured. One of skill in the art can use 

higher resolution photodetectors and greater resolution 

optical digitizers to improve the resolution of the 

collec:ted image. Most of the preferred light scattering 

s particles we have studied and used in various analytical 

and analyte detection applications ~ppear as bright point 

light sou:rces of a given ·color spectrum of roughly 

spherical shape. The eye and brain 'can easily detect and 

idenci.fy the various particles by measuring one or more 

10 properties of the imaged light scattering particles. The 

accuracy and precision of these dire~t.measurements by eye 

may vary according to the abilities of the observer. In 

order for such an analysis to be performed on a 

photodetected image by image processing means, software 

15 algorithms which in one form or another perform the method 

of edge detection are used to evaluate the image. For any 

given combination of light scattering particles, 

illumination source, photodetection and sample optical 

background conditions, there is a preferred selection of 

20 the type (s) of discrimination used in the edge detection 

routine and optimum minimum and/or maximum threshold value 

settings thereof. For example, in ~ome applications a 

monochrome photodetector is used to collect the image data. 

It is determined that by setting the gray scale minimum 

25 threshold value at 50 and the maximum gray scale threshold 

value at 220 for the discrimination·, the light scattering 

particles can be accurately identified and quantified in 

the sample. The threshold.values andtype of discrimination 

may vary from sample .to sample. 

30 ~ In a manual mode of operation, the operator can 

directly visualize the sample a_nd the. collected imaqe. The 

operator varies the method of discrimination and limiting 
. . 

threshold values to determine which qive the most accurate 
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results with respect to his visual interpretation of the 

collected image with regard to identification and 

quantification of light scattering particles. For semi­

automated or fully automated optimization of the type(s) of 

s discrimination and limiting threshold values used to 

analyze the image, these can be (1) preset for any sample 

type or (2) calibration particles and or other materials to 

reflect background conditions are used to calibrate the 

discrimination type ( s l and threshold settings prior to, 

10 during, or following photodetection of the sample. Based on 

the type (s) of discrimination and settings of the 

threshold(s) values, objects (in this case liqht scattering· 

particles) are identified as groups of pixels grouped 

together and identified in one form or another as a light 

IS scattering particle. Any measurable property of the light 

scattering particle which can be used to identify different 

light scattering particle types and optimize the accurate 

identification of the particles in the sample can be used. 

Once the light scattering particles have been 

20 identified, the particles can be further resolved, 

classified, and quantitated by various means. We have 

determined that the light scattering particles can be 

accurately classified based on many detectable properties. 

These properties include (1) the sum of all pixel intensity 

25 values in the identified particle area (either gray scale, 

red, green, or blue wavelengths or some combination 

thereof); (2) the mean or average value of the pixel 

intensities in the identified particle area {either gray 

scale, red, green, or blue wavelengths or some combination 

30 ther~of); (3) the dimensions of the area of the particle 

identified; ( 4) the shape of the particle identified; or 

(5) a combination of two or more of these detectable and 

measurable properties is used. 
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The quantification of each type of light scattering 

particle in the sample is an important result and can be 

accomplished by various means. For example, the number of 

ident·ified particles in any given area of the sample are 

5 counted. In another variation, for the particles identified 

as a given particle type, the sum or ratios of any of the 

sums of any of the measurable light scattering particle 

properties described above can be used to quantify each 

particle type in the sample. 

10 In some applications, the detection and measurement of 

only one particle type is required while in other 

applications, the detection and measurement of two or more 

particle types including multiparticle structures is 

required. For example, in microarray based methods of 

15 analysis, the same particle type may be used to determine 

the amount of binding in each separate binding zone of the 

array. In other applications such as biological cell based 

analysis, two or more types of light scattering particles 

may be used to identify and quantify different cellular 
20 constituents. In other 

invention, the presence 

structures are detected 

applications of the present 

and amount of multiparticle 
and measured. In yet other 

applications, the distribution of particle sizes and 

multiparticle structures is determined. 

25 As an illustrative example, in applications to cell 

biology, the cell is a highly scattering object and 

contains intracellular components that can appeer as 

particles of various shape, size, and color. On~ of skill 

in the art uses light scattering particle type e's> which 

30 have one or more detectable and measurable properties which 

can be resolved from the cell. For example, particles whose 

radiated liqht color (s) are different from the. scattered 

light radiating from the cell can be used with a color 
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photodetector and appropriate discrimination methods and 

limiting threshold values to specifically detect, measure, 

and quantify the light scattering particles. 

In summary, for each application of the present 

s invention where light scattering particles are detected, 

measured, and quantified by image analysis means, the 

particle detection and measurement algorithms are 

optimized. One of skill in the art determines which of the 

de~ected properties of the light scattering particle(s) can 

10 best be used to resolve the particles in the sample. 

Particle identification is based on any· of the measurable 

properties of the identified particles which provide the . 

ability to specifically identify the particle. Minimum and 

maximum threshold values for the different particle type 

lS detection criteria are set in the algorithm to further 

resolve and properly identify and measure the particles. 

Minimum threshold values are used to set the cutoff for 

what is considered to be a specific light scattering 

particle and maximum threshold values are used to provide a 

20 high end cutoff value to separate other particulate matter 

such as dust, dirt, or other particulate matter and the 

like from being identified and counted as a specific light 

scattering particles. 

25 Practice of the Present Invention to Analytical Diagnostic 

Assays - Apparatus TYpes and Test Kits 

It is well known in the art that there is a wide range 

of analyte types. These analytes exist in different sample 

30 environments such as water, urine, blood, sputum, tissue, 

soil, air, and the like. Depending on the requirements of 

a particular type of analytic assay, one may want to get 

semi-quantitative or quantitative inform~tion, or both with 
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regard to the analytes of interest. There are conditions 
where it is desirable to perform the analysis with a small, 

inexpensive, and highly portable instrument. For example, 

consul'l\er use, use in the field (away from a lab), or at 

s bedside in the hospital. One wants to be able to quickly 

get either semi-quantitative and/or quantitative 

measurements on the analytes in question. In other 

applications, it is desirable to have a small and 

inexpensive instrument for analyte detection in a small lab 

10 where from a few to several samples are tested a day, 

capable of quantitative results. For example, doctor's 

office, clinic, satellite testing lab, research labs and· 

the like. There are also conditions where one wants to 

test several hundred to thousand sample~ per day, such as 

ts high throughput testing. Each of the above testing 

conditions and environments thus require different types of 
apparatus means. The advantages and disadvantages in terms 

of ease of use and cost of such apparatus can only be 

determined in detail when the exact requiremen~s of testing 
20 for the analyte(s) in a sample is well defined. 

We have determined that the use of certain metal-like 
particles with certain variations of the DLASLPD methods of 

detection allow for the development of specific test kits 
and apparatus for the above mentioned testing environments 

2S and applications. There are numerous different combinations 

of analytes, testinq environments, sample types, assay 

formats, analyte detection requirements, and apparatus 

cost and size requirements. One of average skill in the 

art will recognize the tremendous utility of the present 

JO invention in that the practice of the current invention in 
one fo.tm or another leads to easy to use and inexpensive 

apparatus and test kits to solve most analytical or 

diagnostic testing· needs. 
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There are· many different configurations and 

combinations of the OLASLPD methods, particle types, and 

sample types that are used together to achieve a specific 

anal,.yte detection capability. In any specific diagnostic 

S assay application, the sample type(s), and method(s) of 

illumination and detection are usually fixed, as for 

example, assay format, sample chamber type, and detection 

apparatus. The metal-like particles have unique scattered 

light properties which vary by size, shape, composition, 

10 and homogeneity of the particles. The specific properties 

of light scattering that can be detected and/or measured· 

from the particles is set by the previous mentioned-­

particle properties, and the method and apparatus used to 

detect and measure the scattered light properties. 

IS Therefore, the ultimate utility and practice of the current 

invention in one _form or another is achieved by combining 

various aspects of the illumination and detection means, 

and sample type, with the appropriate type (s) of light 

scattering particles. This results in specific apparatus 

20 and test kits. 

One skilled in the art can practice many different 

aspects of this invention by using various particle types, 

assay formats, and apparatus in many different 

configurations to achieve many different resultant 

2S diagnostic analytic detection capabilities. Figure 22 

diagrams the various aspects of the invention which, when 

configured in a specific combination, yields apparatus and 

test kits to suit a specific diagnostic analytic testing 

need. The resultinq apparatus and test kits are made by 

30 choosing the appropriate components of the Methodology/ 

Apparatus Type Configuration (Figure 23) and the Particle 

Type Configuration (Figure 24) .. Figure 23 shows that one 

skilled in the art chooses the illumination source, method 
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and other apparatus components, the assay and sample type, 

and the detection method and apparatus components. Figure 

24 shows that one skilled in the art chooses the 

appropriate particle composition, shape, size and 

s homogeneity to detect the desired. light scattering 

properties of the particle. These processes as outlined in 

Figs 23 and 24, and summarized in the diagram of Figure 22, 

lead to specific apparatus and test kits. The diaqram in 

Figure 25 shows one of the general methods we have used to 

10 develop specific apparatus and test !Cit~ for a particular 

diagnostic testing need. One skilled in the art does not 

need to practice the method in Figure 25 to practice the . 

present invention in one form or another. 

The remarkable signal generation and detection 

15 capabilities of combining metal-like particles with the 

DLASLPO methods of illumination and detection as described 

herein allows for a wide range of analyte detection 

sensitivities. With regard to the general types of testing 

environments and the Figures 22-25 briefly described above, 

20 one skilled in the art can easily develop apparatus and 

test kits where in some diagnostic testing applications one 

only need to use the naked eye for detection and/or 

measurement, and in other cases a simple light source such 

as an LED (light emitting diode) or low power filament lamp 

25 are used and a photodiode or photodiode array can be used 

to detect and/or measure the signal. In other analytical 

testing applications, a laser, laser diode, filament lamp, 

or the like can be used with a camera, video cam.era or 

other CCD device (charge-coupled device), and with simple 

30 image processing means, the scattered light from the 

pa~ticles in a microarray format, or any other format .can 

be detected and measured. These examples are not meant to 

be limiting but rather to generally show .the .versatility 

166 



W099/20789 PCTIUS98J23160 . 

and broad utility of the present invention to detect one or 

more analytes of interest in a sample. 

For example, a small hand-held apparatus for portable 

use that can measure one or more analytes in a sample can 

S be built by using a low power filament bulb, LED, or laser­

diode as a light source. A photodiode or photodiode array 

is used as a detector. Depending on the sensitivity of 

detection required, certain types of metal-like particles 

can be used with this apparatus to satisfy the analyte 

10 detection requirements. Test kits are constructed for 

multi-analyte or single analyte detection in liquid or 

solid-phase samples. For example, for liquid samples, 

different particle types, each having different easily 

detectable scattered light properties are used. In solid-

IS phase samples and formats, such ·as a microarray, . one 

particle type can be used for all the different analytes or 

various combinations of particle types c9uld be used 

(depending on the concentrations of the different analytes 

in the sample) . 

20 In another example, an inexpensive apparatus and test 

kits capable of measuring to low analyte concentrations 

can be constructed as follows. A low or high power light 

source is used with a photomultiplier tube, photodiode 

array, or video camera. A lens is used to collect the 

2S scattered light from the surface (s) containing the 

particles. A microprocessor or external desktop computer 

is used to collect and analyze the scattered light data. 

Test kits for multi-analyte solid-phase analysis are made 

by using the proper particle type(s) with appropriate 

30 microarray sample chambers to achieve the concentration 

ranges and detection limits as required. This type of 

apparatus and test kits. may be useful in research labs, 

docto·r• s offices, satellite clinics, environmental ~estinq 
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labs, and high throughput testing labs. 

The above examples of apparatus and test kits are 

given as illustrative examples and should not · be 

int~rpreted as the only practices of the present invention. 

S One skilled in the art will recognize the broad utility of 

the present invention. Sy practicing one or more aspects 

of the present invention to suit a specific analyte {s) 

detection need, one skilled in the art will recognize the 

wide range of apparatus and test kits that can be made. 

10 

Use of Magnetic or Electrophoretica~ly Active Light 

Scattering Particles in the Detection of Analytes 

An ongoing problem in the field of analytical assays and 

15 analyte detection is the problem of reaction kinetics. In 

certain embodiments of the present ·invention, light 

scattering particles which possess magnetic or 

electrophoretic properties can be used to increase the rate 

of the binding reaction of a particle-binding agent reagent 

20 to tarqet analyte. Sy maqnetic is meant that the light 

scattering particle can be moved and concentrated in a 

region of the sample container by the application of a 

magnetic field. By electrophoretic is meant that the light 

scattering particle can be moved and concentrated in a 

2S region of the sample container by the application of an 

electric field. 

In one embodiment of the present invention, light 

scattering particles which have magnetic properties are 

used to make a light scattering particle-binding agent 

30_ reagent which can bind to a target analyte. The magnetic 

particle reagent is applied to the sample. A magnetic field ' - . 
is applied to the sample so as to direct the magnetic 

particle reagent to one or more sites within the sample 
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container. One or more regions of the sample container 

contain binding agents associated thereto which can bind 

the analyte and further allow the binding of the particle­

bin4ing agent to the analyte immobilized by the solid-phase 

S binding agent. For example, one or more areas of a solid­

phase can be subjected to a high density of the magnetic 

particle-binding agent reagent by orienting ·the magnetic 

field such that the magnetic particle-binding agent reagent 

is highly localized in the binding site area of the sample 

10 device or container. Following sufficient reaction time, 

the magnetic field can be changed to remove any unbound 

magnetic particle reagent. The amount of analyte present is 

determined by the amount of light scattering detected from 

the magnetic particles which have become associated with 

IS the binding site on the solid phase. In a similar fashion 

an electrophoretic light scattering particle-binding agent 

reagent and application of an appropriate electric field 

can be used to concentrate the electrophoretic particle­

binding agent reagent to the area of interest. The amount 

20 of analyte present is determined after removing any unbound 

eleetrophoretic particle-binding agent from the binding 

site and detecting the scattered light from the bound 

electrophoretic particle-binding agent to the site. In 

another variation, the light scattering signals can be 

2S measured at the binding site or released from the binding 

site and measured on a solid-phase or liquid suspension of 

various area or volume respectively as is useful in the 

detection. One of average skill in the art recognizes that 

this method of the present invention provides for a 

30 substantial improvement in the time required to perform an 

assay. 
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s 

Assays Involving the Association or Aggregation of Two or 

More Particles by Interaction of Analyte and Specific 
Analyte Recognition Reagents. 

It is known in the art that by usinq the appropriate 

binding agent (sl and concentration of binding agents and 

analyte, agglutination, aggregation, cross-linking, 

networking and similar binding events can occur and that 

10 these events can be used to detect one or more analytes in 

a sample. In some imm.unoassays, visible precipitates are· 

formed if the, antigen is soluble and multivalent. In some. 

nucleic acid assays, one specific single-stranded probe 

can "crosslink" two or more sinqle-stranded targets and 
15 propagate net..i'orks. Alternatively, two or more different 

unique single-stranded nucleic acid probes can be used to 

bind to different sites on the same target sinqle-stranded 

nucleic acid. In this approach, cross-linking of two or 

more targets can be accomplished, or, by just having the 
20 two unique probe sequences bound to the same target allows 

for detection. 

25 

The present invention allows for easier to use, more 
sensitive, and more versatile detection of analytes than 
was previously possible. In specific assay formats, the 

submicroscopic particles of this invention can form 

different types of aggregates that can be detected 

visually or instrumentally in a microscope or throuqh 

macroscopic observation or measurements without having to 

separate free from analyte bound particles. Tlle type of 

30 aggregates formed depends on the size of the cross-linking 

agent or agents and their valency and on the type of 

binding agent attached to the particle. Agqregates can 

range from two particles to many. 
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The particles used in a homogeneous, liquid ·pnase, 

aggreqation detection assay can be labeled directly or 

indirectly. In a direct labeling assay, an agent that can 

bind. directly to the analyte is attached to the signal 

s gene-rating particle. For example, in a direct labeling 

nucleic acid analyte assay, the DNA probe is attached to 

the light scattering particle. In an indirect assay, the 

analyte detecting agent is labeled with a chemical group A 

and the particle is labeled or coated with an agent that 

lD can recognize the group A. Using direct or indirect 

labeling, an assay can be formatted so that interaction of 

the analyte recognition binding agents with the analyte 

{and with group A in the case of indirect labeling) lead to 

aggregation of the particles. The aggregates can be 

lS composed of two or more particles. 

We have found that if the aggregating or cross­

linking agent(s) in an assay are small in size so that the 

particles in the aggregate are in very close proximity, 

then aggregates containing two or at most a few particles 

20 appear as a single particle (submicroscopic aggregate) in 

the microscope. However, this submicroscopic aggregate 

displays different light scattering properties than 

unaggregated particles due to particle-particle 

perturbations. Depending on particle composition, size and 

25 shape, we have observed changes in the color, intensity 

RIFSLIW, and polarization of the scattered liqht. These 

chanqes can be used to measure the amount of analyte 

without havinq to separate free from analyte bound 

particles. In a microscope the chanqes can be ·used to 

30 distinguish submicroscopic aqgregates from nonaqgregated 

particles even though both may appear as single particles. 

If the aggregatinq or cross-linking agents are large in 

size, such as a long DNA chain where the distance between 
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the particles in the aggregate is larger than the 

resolution of the microscope, then the particles in the 

aggregate can be seen individually and distinguished from 

unaggregated particles by the fact that they stay or move 

s together. These microscopic aggregates can readily be seen 

in the microscope when as few as two particles are in the 

aggregate. If the distance is sufficiently large so that 

particle-particle perturbations are small, than the 

particles in the aggregate retain their original light 

10 scattering properties. There are also particle-particle 

separation distances which are between the two general 

cases discussed above. Ne have observed in some specific . 

cases that the particles in a submicroscopic aggregate do 

not perturb their light scattering properties presumably 

15 because they are not close enough for particle-particle­

perturbation to occur. The aggregate can nevertheless be 

distinguished from nonaggregated particles because their 

intensity is n times that of the unaggregated particle 

where n is the number of particles in an aggregate and/or 

20 the particles are "fixed" into position relative to one 

another. 

From the above discussion, it can be seen that liquid, 

phase homogeneous assays based on macroscopic measurements 

or visual observations can readily be achieved if 

is aggregates produced by the presence of analyte have 

different light scattering properties than free 

unaggregated particles. If particle-particle perturbations 

in the aggregates are small so that the light scattering 

properties of aggregated and free particles are ·similar, 

JO homogeneous assays are still possible using methods of 

detection which allow visualization or measurement of. the 

light scattering intensities of· the individual particles 

and agqregates. In the· situation where the individual 
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particles in an aggregate can be seen, then the aggregates 

can be easily distinguished from free particles and 

quantified as described above by visual observations or 

computerized image analysis. Aggregates can also be 

5 distinguished from free particles and quantified in a flow 

cytometer or similar apparatus or device since aggregates 

would have a higher light intensity than individual 

particles. In situations where the individual particles in 

an•aggregate cannot be seen in the microscope and particle-

10 particle-perturbations are absent, the free particles and 

aggregates can be distinguished by their differences in 

intensities and the number of particles in an aggregate 

established from the scattered light intensity of the 

aggregate (assuming that the intensities are additional). 

15 This can be done by image analysis or flow cytometry and 

includes the development of an image by laser scanning or 

other methods which can spatially analyze an area or volume 

of the sample. 

20 

As the number of particles in 

aggregate increases, the aggregate can 

enlarged particle or large particle 

a submicroscopic 

be seen as an 

even though the 

individual submicroscopic particles in the aggregate may 

not visible through the microscope. In the case of 

microscopic aggregates, increase in the number of particles 

25 in the aggr-egate produces visible networks and the 

particles in the network can be counted. Large networks 

and particle aggregates produce macroscopic entities that 

can be observed with the unaided eye and can form 

precipitates or agglutinates. 

30 One of average skill in the art will recognize that 

the different aggregation phenomena described in the 

preceding paragraph can be exploited to develop many 

different types of homogeneous assays, some of which employ 
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a microscope or other image analysis techniques and others 

which involve macroscopic observations or measurements. 

The following are selected illustrative examples of 

how a homogeneous type or other types of assays can be 

s performed. 

Examples of Assay Formats Using Light Scattering Particles 

Below are given a few illustrative examples which 

10 demonstrate the broad versatility and great utility of the 

present invention in different assay formats. One of 

average skill in the art will recognize that there are many. 

variations of the present invention which allows for the 

more specific, easier to use, and more sensitive detection 

U of one or more analytes in a sample than was previously 

possible. 

i. Assay ~ormats involving the association of two or more 

particles by· molecular recognition based binding events. 

20 General Principles 

In one set of experiments, we biotinylated the surface of a 

preparation of 40 run diameter gold particles using the 

method of base material molecule attachment. After 

2S purification by centrifugation and washing, we placed a 

drop of this material on a glass slide and covered it with 

a coverslip, and observed with the light microscope using 

the DLASLPD method of liqht illumination and detection. The 

material appeared homogeneous, the particles moving very 

30 fast in Brownian motion with a green color. We then removed 

t~e coverslip, and placed a drop of a solution- of 

streptavidin onto the slide and recovered it with the 

coverslip. After a period of time, new yellow-orange and 

174 



W099/l0789 PCT/US98123160. 

orange, and oranqe-white colored particle structures 

appeared .in solution which had much greater intensity and 

moved much slower than the qreen patticles. Some of these 

new particle structures also appeared to be asymmetrical, 

s as they flickered as they rotated in solution. After some 

time, many of the qreen particles had disappeared and there 

were many of these yellow-oranqe and oranqe particle 

aggregates. When the edge of the covers lip was examined 

under the microscope, it was coated with a layer of orange, 

10 yellow-orange, and white-orange particle aggregates which 

were very bright in color. We have observed similar 

phenomena in a homopolymer nucleic acid system. These 

observations show that in various forms of the present 

invention, changes in the particle scattered light 

15 properties can be used to detect molecular binding events 

either by visualization of the aggregates, decrease in the 

number of "freen single particles, or in bulk solution by 

using other methods. For example, for detection in bulk 

solution or a flow system, the increase in number of new 

20 particle forms with unique scattered light properties 

and/or the decrease in the amount of particles with the 

original light scattering properties can be detected by 

illuminating a part of the solution under appropriate 

conditions and looking for changes in the scattered light 

25 emanating from the solution. Alternatively, by using a 

flow-based system, the material in the sample can be more 

specifically analyzed. For example, a microchannel, 

capillary, or flow cytometry apparatus or device is used 

such that a portion or the entire sample solution can be 

30 analyzed on a particle by particle basis. The solution 

flows by an illumination source(s) and detector(s) or 

alternatively, the solution is captured in a microchannel 

or capillary tube and ·then all or part of the microchannel 
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or tube is analyzed by movinq either the sample container, 
light source or detector (or some combination of these) 
along the length of t~e sample. 

For example, a certain nucleic acid analyte is 

s composed of about 100 nucleic acid bases and is present in 

a sample. The sample is prepared so that this nucleic acid 

is in single-strand form. Then two or more unique single­

stranded "probe" nucleic acid sequences are added to the 

sample where these different probe nucleic acids bind to 

10 different regions of the target strand. Each of these probe 

nucleic acids also has attached to it by indirect or direct 

labeling means one or more particles. Following incubation, 
the sample is placed in a flow cytometer apparatus or 

similar flow device where the solution containing the 

lS sample can be analyzed. If the target sequence is present, 

there will be two or more particles which are "bound" 
together in close proximity. Depending on the separation 

distance of the particles, particle-particle perturbations 

may or may not be occur. These molecular structures which 
20 contain two or more particles as a result of the 

hybridization of the probe strands to the target strand are 

detected usinq appropriate means as described earlier. 

2S 

ii. Assays Involving the Release of Molecular Entities 

There are assay format applications where the present 
invention can be used to detect the presence of an analyte 

as the result of a molecular, chemical, or other event. For 

example, intra or inter molecular bonds, linkages, br other 

30 molecular structures can be altered such that the overall 
molecular qeometry changes, or, a molecular piece ( s} . is 

dissociated as a result of the process. For example, 

peptides, proteins; nucleic acids, or pharmaceutical agents 
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and the like can be attached to the surface of a sample 

container by various means that are known in the art. In 

some of these substances, there is one or more 

intraniolecular linkaqe or bonding sites which can be 

S cleaved or otherwise altered by chemical, biological, or 

other processes. E'or example, the presence of a specific 

enzyme or ribozyme can be detected by monitoring the amount 

of cleavage products that are released as a result of it's 

activity. A light scattering particle(s) is attached 

10 directly or indirectly to areas of the molecular substrate 

such that the cleavage process is minimally affected. The 

presence and amount of free particles in solution or 

alternatively, the decrease of bound particles attached to 

the sample container, or to other particles, can be related 

15 to the presence, amount, and activ~ty of the enzyme. In 

another example, light scattering particles have been 

coated with an antigenic substance and mixed with an 

antibody such that all of the particles are bound together . 

by the antibody-antigen bond in a multivalent fashion. This 

20 network or agglutinated material is placed in or if desired 

attached to a sample container. A sample is placed into the 

container which may contain the analyte (which could be 

either the same antibody or antiqen or a competing antibody 

or antigen of somewhat similar structure). Depending on the 

25 presence and amount of antigen or antibody specific analyte 

present in the sample, some fraction of the antibodies and 

particle coated antiqens will become dissociated from the 

network structure by competition. The amount of analyte 

present can be detected by measuring the amount of 

30 particles in solution and/or the amount of particles that 
remain in the agqlutinated network. This variation on ·the 

method can also be used by coatinq the antibodies on the 

particles, or us·inq other binding agents as for example, 
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nucleic acids, peptides, receptors, pharmaceutical agents, 
hormones and the like. 

iii. ·Detection and Characterization of Molecular Binding 
s Events 

In another illustrative example, the Brownian motion 

of a particle that is coated with a binding agent can be 

used in an image analysis format to detect the presence and 

amount of an analyte present. This method can also be used 

10 to study the molecular binding event and properties in a 

binding pair where one partner is attach~d to the particle 

and the other is free in solution. Such capabilities are. 

extremely important in characterizing the binding 

properties of antibodies, antigens, pharmaceutical agents, 

15 receptors and any substance where it's molecular binding 

properties are important. For example, a 40 nm qold 

particle preparation is made to contain either antigen, 

pharmaceutical agent, or antibody on the surface. These 

particle-binding agents are then placed on a microscope 
20 slide and viewed on a microscope usinq the methods ·of 

DLASLPD illumination and detection. The particles Brownian 

motion properties are determined and quantified. Then a 

sample solution which may contain an analyte that may bind 

to the attached binding agent on the particle is added. If 

2s the added solution contains the binding agent partner it 

will bind to the bound binding agent on the particle and a 

change in the Brownian motion can be observed. 

Alternatively, for characterization applications, known 

concentrations of the substance whose molecular properties 

30 are being characterized are . titrated in at known 

concentrations to determine it's binding properties. In 

this fashion the molecular binding. events of most any 

molecular recognition binding pair can ~e studied. 
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iv. Amplified Detection of Analytes 

In c;:ertain analytical and diagnostic assays, it may be 

s preferable to increase the detectability of the scattered 

light properties of the particles so that very simplified 

or no detection instrumentation is required. By use of the 

appropriate molecular recognition binding-pairs and 

particles it is possible to significantly increase the 

10 level of detection sensitivity. Single-stranded nucleic 

acid homopolymer or repeating sequences (e.q ATATAT etc.) 

sequences, avidin-biotin, streptavidin-biotin, and other 

binding-pair systems can be used to "chain-together" and 

"build-up" many particles. As an example, a solid-phase 

IS assay is designed where a sandwich antibody-antigen­

antibody structure is formed. One antibody is attached to a 

solid-phase so that the antigen analyte is captured. 

Addition~! antibody is then added which contains a biotin 

group. Then particles that are coated with streptavidin and 

20 free biotin are added to the solution. From the (solid­

phase-antibody)-antigen-(antibody-biotin) complex grows a 

.•. (streptavidin-particle)-biotin-(streptavidin-particle)­

·•· structure which contains many particles bound together. 

Such a particle aggregate or network structure produces a 

2S high level of intensity which is much easier to detect than 

one particle. As another example, polydeoxyadenylic acid 

(Poly clA) and polythymidylic acid (Poly dT) or other 

homopolymer single-stranded nucleic acids can be used where 

Poly clA homopolymer sequence is incorporated into a region 

JO of the single-stranded "probe" molecule. Particles are 

coated with the complementary dT sequence to this 

homopolymer and .are added to the sample with additional 
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to produce the structure 

In another example, one or more streptavidin molecules 

is a.ttached to an antibody specific for a given analyte. 

s The antibody binds to the analyte which is detected by 

adding light scattering particles labeled with biotin 

groups. Many light scattering particles become attached to 

the analyte depending on the number of streptavidin 

molecules attached to the antibody and the number of 

10 biotinylated light scattering particles that become 

attached to the analyte-antibody-streptavidin complex. 

The above examples are for illustrative purposes and . 
one of ordinary skill in the art will recognize that there 

are many variations of this a·spect of the invention 

IS possible depending on the analytical and diagnostic 
conditions and requirements. 

Improved Particle-binding agent Reagents 

20 The attachment of binding agents that are 

proteinacious such as antibodies to metal-like and non­
metal like particles and other surfaces by the method of 

adsorption are well known in the art (see M. Horisberqer, 

Scanning Electron Microscopy {1981),£, · p9-31). The method 
25 of adsorption can be used as·. for example, with antibody 

molecules to attach substances which have a binding 
property to the particle. In the case of antibodies, the 

attachment of the antibody molecules to the particle also 

confers partial chemical stability to the particle. If the 

30 adsorption conditions are carefully controlled, some of the 

antibody molecules will still possess binding activity 

towards it's respective antigen. The use of certain 

synthetic and biological p()lymers as chemical stabilizers 
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for metal particles is also known in the art (see Heller et 

al.(1960), Journal of Polymer Science, 47, p203-2171. The 

methods 6£ adsorption of substances to particles and other 

surfaces are hereby incorporated by reference herein. 

s The exact mechanism(s} and nature of the adsorption of 

substances to particles and other surfaces is not well 

understood. When antibody molecules are adsorbed to a 

particle or other surface, the density and orientation of 

the adsorbed antibodies seem to be related to the level of 

to binding activity. Due to the lack of control of the 

adsorption process, it is l.ikely that many of the bound 

antibody molecules have become attached in such a manner . 

that the molecular recognition region of the molecular 

structure has been altered such that the binding activity 

IS may become significantly reduced or possess no activity at 

all. 

While the method of adsorption provides for the 

attachment of proteinacious binding agents and other 

substances which may or may not be useful in analyte assays 

20 to particles, it is difficult to attach some types of 

substances which may be of interest in analyte testing and 

other fields. For example, nucleic acids, smaller protein 

and protein-like substances such as peptides, and other 

non-proteinacious substances such as low molecular weight 

25 antigenic substances, hormones, pharmaceutical agents and 

the like can not effectively be attached to particles by 

"the adsorption process. Further . limitations of the 

adsorption technique are that there are unique adsorption 

conditions for each type of substance which ·must be 

30 carefully controlled. Even when such procedures are 

fo1lowed rigorously, there can be significant variation in 

the amount of protein and the integrity and binding 

properties of the substance that has been adsorbed to the 
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surface. In many cases the bindinq activity (affinity and 

specificity) of the adsorbed binding agent is significantly 

reduced as compared to the unadsorbed form. 

-Our experience with attaching various proteinacious 

S binding agents such as antibodies to the surface of the 

particle by using the method of adsorption have shown us 

that there is great variability in the binding properties 

and stability of the resulting particle-binding agent 

materials. The binding affinities of the adsorbed 

10 antibodies or other binding agents are ~ighly sensitive to 

the labeling conditions and can also vary significantly 

from batch to batch. A significant decrease in the binding. 

activity of antibodies, avidin, streptavidin and other 

binding agents that have .been adsorbed to the particle is 

IS common. In some of the preparations, it appears that some 

fraction of the adsorbed binding agent is prone to 

dissociating from the particle. This can pose serious 

problems as this dissociated material will compete against 

the particle-binding agent for an~lyte in an analytical or 

20 diagnostic assay. 

Such lack of control of the attachment process, 

variability in binding activity, and limitations as to 

what types of substances that can be attached to particles 

by adsorption methods poses many problems for the 

25 production and use of such materials for analytic 

diagnostic purposes. Perhaps most importantly, 

binding agent conjugates prepared- by the 

technique may not be of sufficient quality 

analytical applications where very or 

30 concentrations of analytes are being detected. 

particle­

adsorption 

for many 

ultra low 

It would be of great use in the art to have a method 

where any type of substance . including binding agents of 

varying size and composition could be attached specifically 
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to a particle or surface whereby the binding activity of 

the attached substance is minimally affected. It would also 

be of great use in the art to have ·a method for achieving a 

desired density of agent per particle (or, in general any 

S surface}. In addition, it would be desirable for these 

methods to allow binding of more than one type of agent. 

From a manufacturing and cost standpoint, it would be of 

great utility if the synthetic procedures are easy and 

inexpensive to perform such that a wide variety of 

to different types of substances can be attached to particles 

using the same basic procedures. 

We have developed new methods that allow for the 

specific attachment of binding agents and most other 

substances to metal-like particles and other surfaces. The 

lS particle reagents produced by these new methods are highly 

stable and possess high binding affinities with low non­

specific binding properties. These new methods overcome 

many of the limitations of the prior art adsorption 

procedures with the additional benefit that the procedures 

20 are easy to perform at low cost. In some embodiments, these 

new procedures allow for a universal linker chemistry 
• 

platform where almost any type of substance can be quickly 

and simply attached to a particle or surface using many of 

the same materials and procedures. This is extremely 

2S important in the day to day manufacture of such particle­

binding agent reagents for use in analyte testing. 

The following procedures apply to any substance which 

includes binding agents or other substances as for example, 

antigens, antibodies, lectins, carbohydrates, biotin, 

30 avidin, streptavidin, nucleic acids, peptides and proteins, 

reeeptors, pharmaceutical agents and the like. The methods 

can be used.to attach most substances to metal, metal-like, 

and some non~metal like.particles and macroscopic surfaces. 
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For example, non-metal-like surfaces and particles include 

materials that may be composed of orqanic or inorqanic 
material such as qlass, plastics, and the like. 

s Methods of Attachment of Substances to Particles and Other 
surfaces 

i. Base Material Molecule Method 

10 In this method of_ attaching substances to particles or 

other surfaces, a two step approach which involves the use 

of base material molecules is used. Suitable base material· 

molecules are any substance which can approach and interact 

with the surface by adsorption or other chemical process, 

lS and have accessible functional groups to which additional 
substances, as for example, bindinq agents can be attached. 

The base material molecule may also have the additional 
property of conferring chemical stability to the particle. 

Generally the base material molecule is of a macromolecular 
20 form (size >1000 MW) but it can be smaller or much larger. 

Preferred base material molecules are those which attach to 
the particle with high affinity, confer some level of 
physical stability to the particle, and possess accessible 
chemical groups which are easy to conjugate most any 

25 substance thereto. The chemical groups allow for binding 
aqents or other substances to be -linked either through 

chemical, covalent, or non-covalent attachment. For 

example, covalent attachment could involve photochemical or 

chemical attachment. Non-covalent attachment could involve 

30 cross-linking with molecules· such as streptavidin, or by 
acfsorption through hydrophobic, hydrogen bonding, · or 

electrostatic interactions. The base material molecule may 

also contain one or more chemical qroups which can be used 
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to cross-link several base unit molecules together across 

the surface of the particle utilizing the appropriate 

chemical or cross-linking aqents. 

· The following are selected examples of how the method 

S of base material molecule attachment can be used to create 

particle-binding agent reaqents which are highly stable, 

possess high binding affinities for the entity(ies) they 

bind to, and provide for a highly flexible, easy to use and 

low cost method of attaching most any substance to 

10 particles or other surfaces. One of ordinary skill in the 

art will recoqnize that there are many variations of the 
general technique to synthesize particle-binding agent· 
reagents for most any purpose. Using this new method, 
antibodies, peptides, proteins, nucleic acids, 

IS pharmaceutical aqents and most any other substance can be 

attached to the particle in a highly controlled and 

predi~table fashion. 

As an example, we have used a derivative of a 

polyethylene glycol compound of approximately MW 20, 000. 

-20 The properties of this molecule {bis{Polyoxyethylene bis(3-

Amino-2-hydroxypropylJ)) allow for it's use as a base 

material molecule. Each molecule of this polymer has four 

amine groups which can serve as linkage sites for the 

conjugation of additional substances. The hydrophobic 

2~ backbone of the polyethylene derivative interacts with the 

particle and is attached to the particle surface by 

adsorption or some other process. This interaction is very 

strong, as we have not detected any of this material 

dissociating from the particle surface following labeling 

30 and use in analytical and diagnostic assays. The amine 

groups do not appear to interact with the particle surface 

and are acces·sible as conjugation sites for the attachment 

of additional substances· ·as for example, binding agents. 
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Using this polymer as the base. molecule we have prepared 

two different t:ypes of particle-binding agent reagents. one 

reagent contains biotin groups as binding agents and the 

other· particle-binding agent reagent was made to contain 

S single-stranded nucleic acids as binding agents. The biotin 

used for attachment was a chemically modified form where it 

will covalently link to amine groups. E'or the nucleic 

acids, the 5' ends were chemically modified so that they 

would chemically react with the amine groups. In our use of 

10 these reagents in various assay formats we have observed 

that both of these particle-binding. agent reagents 

demonstrated a high degree of stability in low and high. 

salt aqueous solutions with exceptional binding activities. 

In experiments where the particle-biotin reagent was used 

IS no effect upon the binding affinities was detected. This 

was determined by placing the concentration of the 

particle-biotin reagent at concentrations of 6 x 10.14M in 

suspension and submerging a plastic solid-phase that was 

coated with avidin into this solution. After a couple of 

20 hours of incubation the solid-phase was removed and washed. 

When examined under the light microscope using DLASLPD 

methods of illumination and detection, particles were 

detected specifically bound to the avidin coated solid­

phase while the control solid-phase (which contains no 

25 avidin) showed no particle binding. At these working 

concentrations of particle-biotin reagent, if the binding 

properties of the biotin attached to the particles was 

substantially decreased, no binding would have been 

visible. 

30 In another example, gelatin is used as a base material 

add the gelatin can be cross-linked on the particle surface 

by use of chromate ion or other cross-linking agents to 

minimize the chance of desorption.· Binding agents or other 
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s 

substances are then linked to the particle by using the 

appropriate conjugation chemistries for attachment of these 

substances to accessible amine, carboxylic or other 

chernic~l qroups to which attachment can be accomplished. 

In another example, streptavidin or avidin can be used 

as a base material. Substances such as binding agents and 

the like are attached to the particle by using a chemically 

modified version of the molecule which contains at least 

one biotin group. 

10 In a further example, polymer-like materials and other 

materials which possess polymer-like properties, as for 

example, carbohydrates, polyamino acids, proteins, and the 

like can also be polymerized from co-polymer units in 

solution riqht onto the surface of the particle under 

IS appropriate conditions. 

20 

For all of the above examples, one can also first 

conjugate the binding agents or other substances to the 

base material and then apply this material to the particle 

surface with or without chemically cross-linking the base 

materials together. In addition, two or more different 

types of base material molecules, or one or more base 

material molecules can be used with other chemical 

stabilizer molecules such that the amount of chemically 

reactive groups available for conjugation and the chemical 

25 stability of the particle-binding agent conjugate can be 

adjusted to suit most any analytical need. 

30 

In the examples above, available materials were used 

and selected for use as base material molecules. One 

skilled in the art can synthesize new types of base 

material molecules to further optimize their use for 

attachment of substances to particles and other surfaces. 

The following improvements allow for particle-binding agent 

reagents which are more chemically stable, and optimization 
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of the conjugation process with enhanced performance with 

regard to binding affinities of the attached binding agents 

or other substances. For example, additional chemical 

groups can be added to the backbone structure of the 

s polymer which increases the stability of the binding of the 

base material molecule to the surface .of the particle. 

Linker arms of various lengths with appropriate reactive 

chemical groups at the end or close thereto can be added to 

increase the distance from the particle at which the 

10 binding agent or other substance is attached and ultimately 

resides. Different types of reactive chemical groups can be· 

added to the base material to further improve the ability, 

to cross-link or otherwise attach the individual base 

material molecules together across the surface of the 

15 particle. 

20 

ii. Direct Attachment of Substances to Particles or Other 

Surfaces By Means of Chemical Groups Which Adsorb to Metal 

Surfaces. 

We have developed additional methods which allow for 

direct attachment of many different types of substances, 

including binding agents, to be attached to metal and 

metal-like particles and surfaces. In the art of material 

25 science and related fields, it is known that certain types 

of small molecules (<1000 MW) can be attached to metal 

surfaces and the like. E'or most of these small molecules 

there are certain types of chemical groups at specific 

locations within the molecule which allow for one part of 

·30 the small molecule to become bound to the metal surface 

while other parts are not bound to the surface •. For 

example, the adsorption of thiol and disulfide containing 

substances, and amphiphilic substances,, .such as n-alkonic 
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acids and certain detergent molecules onto metal surfaces 

is known in the art of material science (see Nuzzo et al. 

(1983}, Journal of the American Chemical Society, 105, 

p448.l.:.4483; Allara et al. (1984), Langmuir, !_, p45-52; and 

s Bain et al. (1989), Journal of the American Chemical 

Society, !!.!.• p321-335). The .methods of adsorption of 

substances to metal surfaces are hereby incorporated by 

reference herein. Therefore, the properties which allow 

for attachment of the above substances can be conferred 

10 onto binding agents and other substances by incorporating 

the appropriate chemical qroup(s) into specific location(s) 

within the molecular structure of the substance that is to . 

be attached. Certain types of substances will be easier to 

attach with this method than others. For example, 

IS substances whose molecular structure is charged or ionic, 

or is polarized such that at one end of the molecular 

structure it is hydrophobic while at the other end it is 

hydrophilic will generally be useful in this particular 

variation of the method. 

20 For example, nucleic acids contain a phosphate 

backbone which contains a high negative charge. A single­

stranded nucleic acid is end labeled with a thiol or 

disulfide at the 3' or 5' end with or without additional 

hydrophobic groups incorporated into the same region of the 

2S molecule. This modified nucleic acid will bind to the metal 

surface or particle at the end labeled with these groups. 

The ionic part of the nucleic acid keeps the main chain of 

the nucleic acid's molecular structure away from the 

surface such that it is accessible for molecular 

30 interactions with most any substance that can specifically 

bind to it. 

Other substances. 

pharmaceutical agents, 

~uch as biotin, peptides, 

polymers, and the .like can be 
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attached to the particle using this method. The method is 

generally useful for most substa~ces which do not interact 

significantly with the particle or surface in th~ir native 

form. ·ror substances that may interact with the particle or 

s surface additional methods are required. For example, 

certain small molecules, proteins and the like may interact 

with the particle or surface such that their binding 

activity is diminished. In one variation of the method, the 

particle is first labeled with, for example, a polymer 

10 stabilizing agent. Following this labeling, there are 

usually open areas on the surface of the particle to which 

small molecule entities can bind. The app:r,:opriately · 

modified substance is then added to the chemically 

stabilized particle to confer a desired binding activity or 

15 other property. Alternatively, the chemical stabilizer and 

chemically modified binding agents can be mixed together in 

a desired ratio prior to mixing with the particle or 

surface. By using these methods, the amounts and types of 

substances that are attached to the particle or surface can 
20 be controlled to yield a coated surface or particle with 

the desired chemical stability and binding activity 

properties. 

Linker arms of various lengths and composition can 

also be incorporated into the molecular structure. For 

25 example, a small molecular weight base material molecule 

can be used where it's molecular structure is optimized for 

attachment to the particle or surface, attachment of most 

any substance to it with any desired orientation, and with 

a high level of binding activity. As an example, a linear 

30 polypeptide twenty amino acids in length is chemically 

modified at one terminus by the addition of disulfide or 

thiol chemical groups. The native polypeptide is composed 

of amino acids such that the polypeptide chain will not 
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interact with the surface except through the chemically 
modified end. At the other terminus a free amino group 
exists, or alternatively, has been chemically modified for 
a de.sired conjugation process such that most any substance 

s can be attached at this position. This low molecular weight 
base material molecule then is used in one or more 
variations of the methods as described herein. 

The metbod of base material molecule conjugation and 
the method of direct attachment as described herein allows 

10 for the more specific control of the amounts, types, and 
orientations of substances that can be attached to 

particles and other surfaces. A further advantage is that 
these methods provide for the synthesis of particle-binding 
agent reagents where the binding affinity of the attached 

ts binding agent remains at high levels. 
An important feature of the base material molecule 

method utiU.zing either small molecular weight or larger 
molecular weight base material molecules is that with the 
proper selection and utilization of base material 

20 molecules, the base material molecule can serve as a 
universal linker platform to which most any substance can 
be attached to a particle or surface. This capability 
becomes extremely important in the day to day manufacturing 
of particle based reagents for testing of analytes. One of 

2S ordinary skill in the art will recognize the many different 
variations of these new attachment methods that can made by 
varying the chemical groups, molecular weights, molecular 
structure, labeling reaction conditions, and the type of 
conjugation chemistry (i.e. cross·-linking, ·covalent 

30 attachment, etc.) that is used. 
Anbther important aspect of the present invention is . the 
ability to define the surface charge, hydrophilicity and 
hydrophobicity o.f .the surface of the particle-binding agent 
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reagent. For example, in the use of light scattering 

particle-nucleic acid reaqents in a nucleic acid assay, the 

surface 9harqe and related physical characteristics need to 

be c~refully controlled in order for the reagent to bind to 

S the target nucleic acid. If many nucleic acid molecules are 

attached to the surface of the particle, the particle will 

have a large negative surface charge in typical solutions 

used for hybridization reactions. This hiqh charge may 

impede the binding reaction of the particle-nucleic acid 

10 reagent to the target strand because o~ charge repulsion 

effects. The composition of the groups attached to the 

surface and their relative amounts can be used to tailor .. 

the surface charge of the particle-binding agent reagent to 

fit most any application. For example, in the case of 

IS nucleic acid assays, a fixed amount of nucleic acid 

molecules are attached to the particle using the method of 

base material molecule attachment wherein other base 

material molecules which do not have any nucleic acid 

molecules attached to them are mixed in a specified ratio 

20 with nucleic-acid containing base material molecules 

yielding a particle-nucleic acid reagent with specific 

properties of surface charge, hydrophilicity and 

hydrophobicity. One of skill in the art recognizes that 

there are many variations on the methods of attaching 

25 binding agents to the surface of particles and tailoring 

the surface charge in addition to the examples given. 

30 

Microarray or Micropattern Assays with Light Scattering 

Particles 

The microarray or micropattern method of analysis .uses 

discreet spatially addressable areas of a.solid-phase to 

detect different types of analytes. For· example, each 
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spatially addressable area or microspot may contain a 

different type of antibody, receptor, nucleic acid or the 

like. The arrangement of the spatially addressable areas on 
the solid-phase is dictated by the size of the solid-phase, 

S the number of analytes or different areas that will be 

used, and the method of detection. Each of the spatially 

addressable microspots which contain a particular type of 

binding agent may be shaped as a square, circle, or any 

pattern depending on the methods used to make the 

10 microarray. The dimensions may be from a few square 

microns to square millimeters or even larger. The 

microarray method can be implemented using any one of the 

many solid-phase formats that are used for single analyte 

detection and in which the final quantification is done by 

IS measuring a solid-phase signal that is related to the 

amount of analyte bound to the solid-phase. In practice, 

the general analytical steps for the microarray method are 

as follows. The microarray is exposed to an analyte sample, 

e.g. serum, and after a suitable incubation period the 

20 array is washed and exposed to a second analyte binding 

entity. In one format, the second analyte binding entity 

is bound to the light scattering particles whose light 

scattering properties are detected. The number of light 

scattering particles attached to each microspot is then a 

25 measure of the amount of analyte present in each microspot 

and can be correlated with the concentration of the analyte 

in the sample. In another format, the second specific 

analyte binding entity is not bound to the light scattering 

particles. In this latter format, a third entity, that 

30 binds specifically to the second specific binding entity, 

is' bound to the light scattering particles. This third 

entity, for example, can be s.treptavidin which binds 

specifically to·· biotin covalently attac~ed to the second 
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entity. There are many other assay methods which can be 

used for detectinq the second entity with the third entity 

bound to the liqht scatterinq particles. In any of these 

formats, the amount of analyte bound to each microspot .is 

s established by measuring a light scattering signal that is 

related to the number of light sc~ttering particles bound 
to each microspot. 

Different methods can be used to detect the number of 

liqht scatterinq particles on each microspot in a 

lD microarray. The amount of analyte bound to each spot is 

established from the number of light scattering particles 

attached to each spot in the final assay step. In general, . 
some type· of imaging system is needed to separate the light 

scattering siqnals from the different areas in the array. 

l.S This may involve the use of imaging photodetectors which 

image one or more regions of the sample or, a scanning 

approach where one or more regions of the sample are 

illuminated and detected, recording the detected light 

scatterinq signals at each scanned location. Many 
20 different types of formats can be used for imaging and 

particle quantification. The method of choice depends on 

the precision that is required and the number of samples to 

be analyzed per day. The needed precision can range from 

low as in the cases where only a positive or neqative type 

25 of answer is needed to very high precision in cases where 

the amount of analyte has to be determined with a precision 

of a few percent. Examples of different imaging and 

particle quantification formats are now described. 

Special features can be introduced into the 

3D microarray. for any imaging method for example, the 

chemistry of some of the microspots .. in the array can be 

formulated to yield a background signal.of known magnitude 

for calibration, or the chemistry of some of the microspots 
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in the array can be formulated to serve as calibrating 

spots containing known amounts of analytes and/or 

particles. The signals from these spots can be used to 

correct for variations in incident light intensity, light 

s transmission between multi-microspot array carriers, light 

collection efficiency and photodetector sensitivity from 

one sample to the next. 

Some specific imaging and light-scattering particle 

quantification methods for applications to microarray and 

10 array chips are now described. 

a. The OLASteo Method with Simple Light Microscope 

i. tow particle surface density (less than 0.1 particles 

IS per y 2 ) on a spot. If the number of samples to be examined 

is not high, the number of particles in each spot can be 

determined by visual or other counting methods of the 

number of particles on each spot. A background count is 

also made. The counting can be done on liquid covered or 

20 dry microarrays. The number of particles per microspot 

which is considered to be positive is defined by previous 

test experiments. If many samples are to be examined, the 

counting can be done automatically using a simple video 

detector and object counting software. 

25 

ii. High particle surface density (greater than 0.1 

particles per y 2 ) on a spot. For positive or negative 

types of analysis, the intensity from each spot can be 

detected by visual observation or photodetection. A Result 

JO is positive if the intensity is higher than that of the 

background. If a quantitative result is needed and there 

are not too many ~amples to be examined (for example, 

bedside, field, small clinic, or research lab testing) , a 
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manual technique with a two observation port microscope can 

be used as follows. A single microspot is illuminated 

with a narrow beam of light. The beam is positioned on the 

spo~·by visual observation through one observation port and 

S the intensity is measured quantitatively through a 

photosensitive device with or without spatial filtering 

aperture depending on the level of stray light signal. The 

scattered light intensity from each spot is measured by 

manually scanning each spot through the beam. 

10 Alternatively, the beam could be scanned manually and the 

light detected from each spot detecte~ by a large area 

,photodetector or a small area detector in which the" 

detector area is kept confocal with the illuminating spot. 

This could also be automated. If many samples are to be 

IS analyzed, the Inicroarray can be illuminated with a broad 

beam of light and an image of the microspot array digitized 

through a video camera and frame grabber. The intensity of 

each Inicrospot is then determined by software image 

analysis. We have determined that these methods allow for 

20 very sensitive and wide concentrations of one or more 

analytes in a sample to be detected. One skilled in the art 

will appreciate that many other variations of the method 

are possible. 

25 Use of Certain Types.of Metal-like Particles in Microarray 

and Array Chip Detection of Analytes 

In our work with rnicroarrays, we have found that 

metal-like particles are preferred light scattering 

30 particles. The size, shape, composition, and homogeneity of 

tBe particle type(s) used in a specific microarray 

application depend mainly on the following; the amount of 

non-specific light background in the sample; if the 
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microarray is dry or covered with liquid; the dimensions of 

the · discreet solid-phase binding areas; amount and 

concentration ranges of the analyte(s) that are detected; 

detection by eye or by photodetector, and measurement by 

s particle counting and/or intensity measurements. 

As an example, we were easily able to detect the 

binding of individual 60run diameter gold particles coated 

with BSA-biotin to 80 micron diameter spots containing 

streptavidin on a plastic solid-phase in a microarray 

10 format covered with buffer solution. We used our custom 

illuminator under DLASLl?D conditions and the inexpensive 

microscope system we developed. In microarray streptavidin . 

microspots with lower densities of bound 60nm diameter gold 
particles coated with BSA-biotin, we counted the number of 

IS particles bound. At higher densi~ies, we measured the 

intensity of the scattered light arising from the particles 

bound to the individual streptavidin microspots. We 

detected particle densities down to about 0.06 particles 

per µ2 at a signal to background ratio of 13. This implies 

20 that for this type of assay, densities down to about 0.015 

particles per µ2 can be detected at a signal to background 

ratio of about 3. Very high densities of bound particles 

were also detected (saturation of available binding sites 

per individual microspot of 80 micron diameter) . To perform 

25 tne same type of microa:rray assay in a dry form (not 

covered with liquid), the use of larger diameter gold 
particles or other metal-like particles with greater light 

scattering powers may be required to achieve tpe same 

sensitivity. Also, using a longer wavelength light source 

30 such as a HeNe laser with illumination above 600run and 

sp~tial filtering may also be useful. 
For detection of·samples.byuse of a small handheld or 

other type of portable device, even larger particles may be 
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needed to be used depending on the level of sensitivity 

required as typically one skilled in the art must use low 

power liqht sources in such a device. 

·For multi-analyte detection in the microarray format, 

S the concentrations of different analytes may exist at very 

different levels with differences of 1,000 to 1,000,000 or 

even greater in concentration. 

light scattering power and the 
In such situations, 

relative size of 
the 

the 
particles become very important. For example, if one is 

10 analyzing multi-analytes on an array chip or microarray 

where .the individual discreet binding areas are about 100 

square microns, the number of particles that can be bound' 

to this 100 micron square area is highly dependent on the 

size of the particle used. For example, if a 40 nm particle 

15 is used, at bindinq saturation, about 79,600 particles can 

be bound to this area. However, if a particle of l20nm is 

used, only about 8,800 particles can be bound to the area. 

Depending on the amount of non-specific light · background 

and !lon-specific binding of the particles, the minimum 

20 number of particles that must be bound to the area for a 

reliable measurement can be ·quite variable. For example, 

in certain situations a few thousand or more particles may 

be needed to be bound to the binding site area on the 

microarray in order to get a positive detection result. 

2S Using larger particles thus limits the detectability of the 

analyte. In bindinq site areas of small dimensions, the 

smallest particle that can be used which gives adequate 

signal/background should be used. In addition, optical and 

spatial filtering, confocal imaging, more powerful light 

JO sources and other instrumental components can be optimized 

td increase the detection limit. Similarly, if two or more 

of the analytes exist at very different concentrations, 
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then different types of particles with the appropriate size 

and light scattering power may be needed to be used. 

These examples are not meant to be limiting but to 

show how in various applications, the selection of certain 

s types of metal-like particles leads to specific test kits 

for microarray analysis and detection of mul ti-analytes. 

One skilled in the art will recognize that there are many 

other variations of the method of the present invention to 

detect multi-analytes on array chips and microarrays. 

10 
Use of Certain Aspects of the Present Invention with other 

Illumination and Detection Methods 

This discovery means that you can use various aspects 

15 of the present invention in the art existing diagnostic 

detection methods and apparatus even without using the 

optimal light and detection methods and systems as the 

present invention has disclosed. E'or example, laser 

confocal microscopy methods, brightfield and epi-

20 illumination microscopy methods, and the methods of 

reflection contrast and differential interference contrast 

microscopy can be used with certain types of metal-like 

particles for measurement of multiple analytes on 

microarray chips and the like. 

25 E'or example, a confocal microscope as described by 

Ekins in U.S. Patent 5,432,099 (hereby incorporated by 

reference) can be used. Generally, such confocal microscopy 

relies on point illumination rather than field illumination 

and usually works in a fluorescence mode with epi-

30 illumination. Usually the detector is a photomultiplier 

be~ause the signal to be detected is very low. The l~qht 

source is frequently a laser. In the present invention 

even though the signal is extxemely high (compared to 

normal confocal microscopy) and the light source need not 
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be a laser, an apparatus as complex as the confocal 
microscope can still be used. Clearly, the· use of such an 

apparatus provides even more sensitive detection of 

particles as described in this invention as we have found, 
s and minimizes stray light problems. 

Thus, in another example, the methodoloqy of Fodor et 
al. in 364 Nature 555, 1993 for detection of tarqet 
molecules using biological chips can also be used. 

These methods when combined with the use of one or 
10 more aspects of the present invention are useful in certain 

microarray analysis applications where the cost and ease of 
use of the method and apparatus are not of concern. We are 
not aware of anyone usinq these above mentioned art 
existinq techniques with metal-like particles and/or the 

ts method of refractive index enhancement and/or 

20 

autometallography and/or any other aspects of the current 
invention. We thus claim use of these previously described 

art existing detection methods and apparatus with one or 
more aspects of the present invention. 

Other Adaptations of the Invention for Applications to 
Microarrays 

. The methods of the present invention provide an 

2S excellent means for detection of one or more analytes using 
a microa.rray format. The following methods provide 
additional variations which are useful in certain 
analytical applications. 

We can miniaturi%e our illumination and detection 
30 methods such that a single o:r: multi-optical fiber based 

apparatus is constructed. This provides an alternative. to 

using the imaging methods for detection. 
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One problem in usinq a two-dimensional array, or 
other type of solid-phase spatially addressable system is 

the problem of signal crosstalk between different areas of 

the microarray. Crosstalk, qlare or other similar problems 

S can arise from several sources, for example, (1) the 

individual areas containing the light scatterinq or 

fluorescent material (s) are so close together that they 

appear as one area, or (2) one area contains a high amount 

of light scattering particles or fluorescence while other 

10 adjacent areas contain very low amounts of light scattering 

particles or fluorescent materials. Dep~nding on how close 

the areas are to each other, some portion of light coming. 

from the highly intense areas will be picked up by the 
detector in the areas from which lower light intensities 

15 are coming from. 

One potential solution in the art is to illuminate 

each spatially addressable solid-phase site separately by 

usinq a scanning process and recording the light signals 

coming from each spatially addressable site separately when 

20 it is illuminated. This can be accomplished by scanning the 

different areas one at a time by moving the illumination 

beam, or the sample. However, these scanning mechanisms are 

usually complicated and add a tremendous amount of cost and 

complicated procedures to the analytical method, and may be 

25 too costly and not robust enough for the everyday rigors of 

a clinical testing laboratory or highly active research 

labo:catory. 
An example of a further variation of the present 

invention is now described. An optical fiber at one end is 

30 beveled to a suitable angle and is used as a discreet 
i~lumination source such that when brought close to an area 

to be measured, the emitted fluorescent or scattered light 

from the area is detected from the other side of the sample 
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be organic and inorganic compounds, viruses, bacteria, 

cells, proteins, peptides, hormones, protein-lipid 
complexes, nucleic acids, pharmaceutical agents, 

phar;maceutical drug targets, lipids, carbohydrates and 

s carbohydrate-containing substances, antibodies, antigenic 

substances, and the like. Many different t:ypes of assays 

have been developed to detect and measure these types of 

target analytes. Immunoassays, nucleic acid assays, and 

man.y other ligand-receptor assays are well known in the 

10 art. These types of assays are also known as binding pair 

or molecular recognition type assays. One member of a 

binding pair is used as a probe to detect and measure the. 
presence of it's partner. Many variations of assay formats 

and detection labels are known in the art. In many binding-

15 pair based assays, a detectable label is attached to the 

target analyte as a direct result (e.g. detection label 

directly attached to the probe) or indirect results (e.9. 

use of secondary binding pairs to the probe or probe-target 
complex) of binding pair formation of the probe to the 

20 target. 

To use the present invention in one form or another, 
the attachment of a detectable light scattering particle to 

the target analyte is generally accomplished by one of 

three methods: (l) The probe molecule (e.g. antibody 

2S molecule, complementary nucleic acid sequence, etc.) of the 
binding pair contains one or more detectable light 

scattering labels; (2) the probe member is labeled with one 

or more members of a secondary binding pair; (3) one or 

more light scattering detection labels are contained on an 

30 antibody, nucleic acid intercalating substance, nucleic 
acid binding proteins, or other agents that have specific 

binding properties for the probe-target . analyte complex. 

Examples of secondary binding pairs include biotin and 
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surface. This configuration allows for the specific 

illumination of an area and eliminates the above mentioned 

problems of crosstalk. It also removes the requirement for 

an ~maging-type of detector such as a video camera, and any 

s type of photodetector can be used. As an example, for an 

array of 24 rnicrospots or distinct areas to be measured, 24 

individual illumination fibers are used, one for each spot. 

All that is required is that the individual spots are 

illuminated at different times with respect to one another. 

10 Several small spatially addressable areas, down to about ~ 

the diameter of the optical fiber can be measured in this 

fashion. 

In another embodiment of the method, where the use of 

epi-illumination or similar methods are desired, as for 

lS example, confocal imaging, one could miniaturize the system 

by placing at the end on an optical fiber a very small 

imaging lens and then achieve confocal conditions where the 

scattered or fluorescence light can be measured from the 

desired region of the microarray. For any area to be 

20 measured on the microarray surface, a single optical fiber 

is used with a microlens to deliver the incident light and 

collect the emitted fluorescent or scattered light that is 

to be detected. Multiple optical fibers could be used as 

described above if desired to detect more than one area of 

25 the surface at a time. 

One of skill in the art will recognize that the 

preceding illustrative examples are only a few of the many 

variations of the present invention that are possible. 

30 Applications of the Present Invention 

The present invention can be used. to detect and 

measure.a wide ranqe of target analytes. These analytes can 
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avidin/streptavidin/antibiotin antibodies; digoxinin and 

antidigoxinin antibodies; fJ,uorescein and antifluorescein 

antibodies. 

we· now disclose several applications of the present 

s invention for the detection and measurement of a wide 

variety of analytes. The examples and discussion below are 

not meant to be limiting, but rather to show the broad 

utility of one or more forms of the present invention. 

Those with average skill in the art will realize that there 

10 are many variations of the present invention. 

Applications to Nucleic Acid Detection and Analysis 

The detection and analysis of nucleic acids continues 

lS to be problematic despite the intense acti.vity in the field 

over the last several years. In many situations the amount 

of nucleic acid sequence that is present is very low with 

perhaps just a few or even one copy of the sequence . per 

cell or organism. In order to be able to detect the 

20 presence of the nucleic acid sequence, sophisticated 

methods of "target amplification" for example PCR, NASBA, 

TMA and other nucleic acid sequence amplification 

technologies must be used. These methods add significant 

complexity to the assay and must be carefully controlled 

2S and monitored. Signal amplification technologies have also 

developed. Chemiluminescence, electrochemiluminescence and 

enzyme based colorimetric or fluorescent signal 

amplification systems are examples. As is the case with 

target amplification technologies, signal amplification 

30 technologies must be carefully applied and used and are 

susceptible to interfe-rence and high .variability in their 

activity. 
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We have found that by using hybridization techniques 

in combination with one or more variations of the present 

invention, specific target nucleic acid sequences can be 

detected and measured more easily and with greater 

S detection sensitivity than was previously possible. The 

enablement of greater detection sensitivity with less time 

consuming and complicated methods allows for the more 

widespread detection and analysis of nucleic acids in many 

different fields including Medical, Biological, and 

10 Biochemical Research, Pharmaceutical Drug Discovery and 

Development, Veterinary and Clinical Diagnostics, 

Agriculture, Food, Water, Industrial and Environmental 

Science. 

The combination of hybridization techniques with one 

lS form or another of the present invention allows for the 

identification and measurement of specific nucleic acid 

sequences of RNA, DNA, and other nucleic acid sequences. 

For example, HnRNA (heterogeneous RNA), tRNA (transfer 

RNA), mRNA(messenger RNA), ribosomal RNAs (rRNA), and DNAs 

20 can be detected, measured and analyzed. In applications to 

DNA, genes, polymorphisms, linkage patterns, gene 

mutations, abnormal genes, other associated sequences, and 

the expression levels of one or more genes can be detected, 

measured and analyzed. The present invention in 

2S combination with hybridization methods can also be used to 

detect, measure, and analyze nucleic acid sequences which 

are synthesized by chemical or biochemical methods as for 

example, oliqonucleotides, cDNAs and the like. 

Nucleic acid hybridization methods are of great 

30 utility in the detection and identification of nucleic acid 

sequences~ The method of hybridization and hybridization 

assa_ys make use of the unique physico-chemical properties 

of nucleic acids which allows fer double stranded and even 
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triple stranded structures to form between two or more 

nucleic acid strands which are complementary to one 

another. Many different variations of the hybridization 

method· exist and many different assay formats have been 

s developed to perform a hybridization assay. These art known 

methods are incorporated by reference herein. 

In a hybridization assay, a nucleic acid sequence with 

a known sequence is used as a "probe" to detect a "target" 

sequence in a sample which has a sequence complementary to 

10 one or more reqions of the probe nuclei~ acid sequence. The 

probe nucleic acid sequence is added to the sample and the 

probe nucleic acid sequence binds to a complementary targe~ 

sequence if it exists in the sample. Following the 

hybridization reaction, the probe-target complex can be 

ts detected and measured by usinq a detection label and 

identifying the probe-target complexes. Usually, this 

involves the direct or indirect labeling of the probe 

nucleic acid or the probe-target complex with a reporter 

group which can be detected. Well known reporter groups in 

20 the art of nucleic acid detection include radioisotopes, 

fluorescent molecules, chemiluminescent and 

electroluminescent molecules, and enzymes which produce a 

colorimetric, fluorescent, or luminescent signal. 

Several different methods for the direct attachment of 

25 light scattering particles to nucleic acid molecules have 

been disclosed herein. Additional direct methods include 

the chemical or photochemical modification of one or more 

chemical groups of the nucleic acid for new chemical groups 

that are used to form a chemical bond or other linkage to 

30 the• surface of a liqht scattering particle. For exaq>le, 

the method of transamination as described by Jackson in 

Ph.D. Dissertation, Department of Chemistry, University of 

California, San Diego (1991) can be used to develop 
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reactive amino groups on cytosine residues. This method is 

incorporated by reference herein. Those of ordinary skill 

in the art will recognize that there are many different 

methods-for the attachment of a light scattering particle 

s to a nucleic acid sequence. 

Alternatively, a secondary binding pair as described 

above is used. For example, One or more molecules of 

biotin, fluorescein or digoxinin is incorporated into the 

tarqet nucleic acid sequence by any of the art known 

10 techniques including: (1) the use of individual nucleotides 

containing these in the synthesis of the target nucleic 

acid sequence; (2) chemical or photo chemical reaction of 

the groups into the target nucleic acid sequence or the 3' 

or 5' ends; (3) use of biochemical methods to incorporate 

IS the groups. These methods are inco~porated by reference 

herein. 

20 

Nucleic acid sequence detection and identification 

The use of light scattering labels as a reporter group 

in applications to the detection of nucleic acids is known. 

For example, in OS Patent 5,599,668 and Stimpson et. al., 

Proc. Natl. Acad. Sci., USA, pp. 6379-6383 (1995) the use 

of light scattering labels with an evanescent waveguide 

25 device to detect nucleic acid hybridization is described. 

The publications claim to achieve nM detection 

sensitivities with evanescent illumination which are 

comparable to fluorescence based detection sensitivities. 

The many problems associated with evanescent techniques are 

30 well.known in the art and the lack of commercial diagnostic 

or research products attests to the complexity, difficulty 

of use and other problems with such a system. 
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Th·e present invention has overcome many of the 
limi~at·ions of the evanescent method. In certain forms, the 
present invention is capable of detecting individual light 
scatteEinq particles and discreet, individual molecular 

s binding events. Advantages of the present invention as 
compared to the art known evanescent and fluorescence 
techniques include broad utility to many different analyte 
types, assay formats and devices, and the substantial 
decr~ase in complexity, increase in ease of use, increase 

10 in detection sensitivity, and decrease in cost. 
For example, utilizing the present invention and 

hybridization methods, we have been able to detect very low 
quantities of tarqet nucleic acid and even single molecular 
binding events between two complementary nucleic acid 

ts sequences in solution (see Example 32). 
In a solid phase variation of a nucleic acid assay 

utilizing the present invention, we have attached either 
Polyinosinic (Poly(I)) or Polycytidylic (Poly (C)) nucleic 
acid sequences to small areas on a glass microscope slide. 

20 2-4 nun diameter spots of "capture" nucleic acid sequence 
were made by coating the slide with a solution of 
polylysine, air drying the slide, then placing small 1-2 

microliter spots of nucleic acid solution on the slide. 
Following incubation of the drops, the slides were washed 

25 and then the surface of the slide was blocked.against· non­
specific binding using a blocking solution. In one 
embodiment, a target nucleic acid is labeled with a light 
scattering particle. A sample containing target nucleic 
acid-light scatterinq particle conjugates is applied to the 

JO glass slide containing the complementary immobilized pr~be. 
Following incubation the presence and amount of the target 
nucleic acid is determined by detection and measurement of 
the ·light scattering signals from the light scattering 
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particles in the capture nucleic acid areas of the slide. 

For example, we placed spots of Poly(!) nucleic acid 

sequence of 2-4 mm in diameter on a glass slide as the 

immobilized capture probe. Poly(C) nucleic acid sequences 

s which had been attached to 80 nm diameter gold particles 

were used as the target. An aliquot of a sample containing 

the Poly (C) targets labeled with the gold particles was 

applied to the surface of the slide. The slide was covered 

with a coverslip and placed on a light microscope specially 

10 modified for our methods of illumination and detection 

(OLASLPD). After a few minutes, the individual Poly(!) 

capture spots on the slide became visible as the Poly(C)-80 · 

nm conjugate became bound to the Poly(I) capture probe 

areas on the slide. We were surprised that the capture 

15 spots could be s~en without removing the sample solution by 

direct visualization of the slide on the microscope stage( 

with the unaided eye. The Poly(I) capture zones became very 

bright as time progressed. Viewing the slide through the 

microscope, we could see the _individual particles attached 

20 to the slide, and many of the particles which were attached 

could be seen to be moving slightly, as would be expected 

for a particle tethered to a surface. We washed the slide, 

covered it with a buffer solution and coverslip and placed 

it back on the microscope. We were able to detect and 

25 measure the amount of tarqet Poly (C)-qold particle 

conjuqate hybridized to the Poly(I) capture spots by 

several methods. In one method, we could detect and measure 

the relative light scattering signal from the spots with 

the unaided eye by viewing the slide as it sat on the 

30 illumination stage of the microscope. In another method,. we 

detected the spots by eye. thro~qh the microscope and the 

re.lative scattered light intensities from each spot could 

be determined. In another method, we increased the 
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magnification of the microscope so that the particles could 

be visualized. We then counted the total number of 

particles in each spot manually by eye. In another method, 

we used a photodetector in the form of a video (CCC) camera 

5 to collect images of the slide. We used a frame grabber and 

image processing software to create digital representations 

of the slide surface. The digitized data files are stored 

within the computer or on other storage media and devices. 

The images are viewed on a computer screen and can be 

10 analyzed by visual inspection and/or use of image 

processing means. The images can also be printed out using 

various printer devices and printing media. From the 

digitized data, we were able to determine the amount of 

light scattering signal from each capture spot or any other 

IS area on the slide by using various methods. For example, in 

one method we viewed the digitized image of the slide on a 

computer screen using commercially available image analysis 

and image processing software. By the unaided eye, we could 

determine the relative light intensities in the different 

20 spots on a slide or on different digitized images of 

different slides by comparing the relative brightness of 

the spots. In another analysis method, we used commercially 

available software and selected various user functions to 

which we supplied different parameters and combinations of 

2S parameter constants, variables, and algorithms to analyze 

the light scattering signals of the different spots. For 

example, we measured the integrated light intensity of the 

digitized image of a spot as follows. Osing a drawing tool, 

we drew a circle · around the perimeter of the imaged spot 

30 con~aining the liqht scattering particles and identi.fied 

the spot as one object to be analyzed •. The detection 

threshold of the ·software with regard to .the brightness or 

light intensity per pixel was adjusted to reflect a similar 
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size object spot where no light scattering particles were 

attached. This served as the background signal of the slide 

system. Then using various measurement functions, we 

integrated the total light intensity of the spot. 

s Alternatively, the integrated light intensity of the spot 

is measured without the· background threshold detection 

level set to the background of the slide and then the 

signal from the background is subtracted fr9m the total 

integrated light intensity measured per spot. 

10 In many of the images, individual _particles could be 

seen. To measure the relative amount of light scattering 

particles in the spot and/or .the relative amount of" 

scattered light intensity per spot the following methods 

were used. Using the drawing tool of the software to 

IS identify objects, we drew circles around individual 

particles and then analyz~d them for vu:ious measurable 

parameters such as the size(area) of the imaged particle, 

the density of the light scattering signal {amount of 

detected intensity per unit area), and the color spectrum 

20 of the detected scattered light in terms of it's Red, 

Green, and Blue components. Using one or more of these 

measured parameters for a small population of the particles 

identified, we developed calibration parameters for these 

types of measurements. We then inputted one o.r more of 

25 these calibration parameters into the software to serve as 

a limiting threshold value as to what objects are 

identified as light scattering particles. Using this 

approach we selected a capture spot with the dra~ing tool 

for analysis. Using our defined calibration parameters, we 

30 used the software to identify the light scattering 

particles in the capture spot. Following this approach we 

were able to count the number of particles per capture spot 

and also sum the detected light scattering signals of the 
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identified light scattering particles in the capture spot. 

We were surprised to find that by using either the direct 

counting of the particles method or the method of first 

identifying the particles followed by summing of the 

S individual particle intensities, very high signal to 

background ratios were obtained as compared to the 

integrated light intensity measurement approach of the 

entire spot. For quantitative measurements that are 

comparable within a slide or between many different slides 

10 or samples an internal calibration zone can be added to the 

slide in a specific area. The calibration area can consist 

of light scattering particles, or any other material that­

is found to produce consistent calibration data from sample 

to sample on slides, array chips or any solid-phase surface 

15 being measured. The calibration are.a is used to (l) set 

calibration parameters for the detection of the light 

scattering intensities and identification of light 

20 

scattering particles;(2) 

light being delivered to 

the photodetector; (4) 

adjust the amount of illumination 

the sample; (3) adjust the gain of 

normalize the determined light 

scattering intensities of the various sample zones for 

fluctuations in illumination light intensity and detection 

efficiency. For- ultrasensitive detection of light 

scattering particles at densities where the individual 

2S particles can be identified, the method of counting and/or 

summing the individual particle light scattering 

intensities is preferred for superior signal to noise 

ratios. 

Alternatively, the integrated light intensity of each 

30 spoe can be detected with other photodetector means such as 

a photomultiplier tube or photodiode. To.dete~t the signals 

from the light scattering parti_cles in this method, the 

slide can be scanned as for example as described in Fodor 
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et. al. Nature 364: pp. 555 (1993), or alternatively, an 

array of photodiodes or other detectors can be made where 

each photodetector detects the signal coming from one sp~t 

as for ·example as described by Stimpson et. al. in us 

S Patent 5, 599, 668. These methods are incorporated by 

reference herein. 

In another variation of the method, we wanted to 

determine if a sandwich type assay format was feasible 

utilizing the present invention. In a sandwich type format, 

10 two or more probe nucleic acid sequences which are 

complementary to different reqions of the target sequence 

are used. We conducted a sandwich type nucleic acid assay 

as follows. Poly{C) sequences were attached in small 2-4 mm 

spots on a glass slide. The function of the immobilized 

IS Poly (C) is to function as a probe to capture the target 

Poly(I) nucleic acid sequence that is in the sample. It 

should be noted that the Poly (C) and Poly (I) sequences 

used in these experiments were a heterogeneous population 

of lengths and that the mean average length of the Poly(I) 

20 was a few hundred bases longer than the mean length of the 

Poly(C). Thus, for many of the Poly(I) molecules it should 

be possible to attach two or more Poly(C) molecules to the 

same Poly(I)molecule. As the detection probe nucleic acid 

sequence, we attached 80nm gold particles to Poly(C) 

25 nucleic acid sequences. The presence and amount of target 

Poly(!) nucleic acid sequence in solution is detected and 

measured by detecting the amount of light scattering signal 

that is present in the Poly(I) capture spot. Alternatively, 

the amount of unbound Poly(C)-particle probe remaining in 

30 soluiion can be measured, or a combination of the amount 

bound to the amount remaining in solution can be used. We 

performed the sandwich assay in one of . two ways. In the 

first method, the target Poly(I) and probe Poly(CJ-parti~le 
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were mixed together and then applied to the slide. In the 

second method, the Poly(I) target was first incubated with 

the slide, and then the probe Poly(C)-particle added. 

Utilizing either of these methods, we observed the binding 

S of the Poly(C)-particle to the probe capture spots on the 

slide and were able to measure the amount bound using 

various methods as we have previously described. 

In another embodiment of the presen.t invention, we 

were able to detect, measure, and determine the sequence of 

10 a target nucleic acid sequence in a sample by using the 

method of sequence by hybridization c~sBH") and a specific 

oliqonucleotide array chip made by the Affymetrix company. 

The method of sequencing by hybridization is disclosed by 

Dramac et.al in US Patents 5,202,231 and S,525,464 and 

ts similar related methods are well known in the art and are 

incorporated by reference herein. We used an Affymetrix 

variable density 1164 Chip which consists of multiple 

repeating arrays of specific oligonucleotide sequences 

attached to small areas on the surface of the chip. By 

2.0 placing the appropriate sequences on the chip, virtually 

any nucleic acid sequence in a sample can be analyzed. The 

1164 Chip contains thousands of discreet binding areas on 

the surface, each binding area containing many copies of a 

known sequence and length of oliqonucleotide nucleic acid 

2S sequence immobilized to the surface. The binding areas 

range in size from about 100 x 100 microns to about 20 x 20 

microns. As described in th.e publication of Chee et al. , 

SCIENCE: 274, pp. 610-614 (1996), fluorescence techniques 

invol vinq confocal imaging and scanning of the array are 

30 used'to detect and measure the binding areas on the chip. 

current challenges to bringing· the· use of SBH 

olig~nucleotide chips and other nucleic acid· arrays into 

widespread use are related to simplifying ·the current 
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instrumentation and procedures, reducing the overall cost, 

and increasing the sensitivity of detection. If these 

challenges can be overcome, the use of oliqonucleotide 

array and related array technologies may play a very 

s important role in disease diagnosis at the molecular level 

with applications including infectious disease detection, 

genotyping, gene mutational analysis, and polymorphism 

analysis. 

We detected, measured, and determined the internal 10 

10 base sequence of a 20 base lonq target nucleic acid 

sequence in a sample as follows. As a target sequence, a 

DNA oligonucleotide 20 bases long was used. In this· 

variation of the method, an indirect method of detection 

was used with biotin and antibiotin antibodies as the 

IS secondary binding pair. A biotin molecule was attached to 

the target as one part of the binding pair and a 

antibiotin-gold particle conjugate preparation with a mean 

particle size of 70 nm was used as the detection probe. A 

biotin group was attached to one end of the target nucleic 

20 acid. The assay was conducted as · follows . An Affymetrix 

1164 chip was blocked with a blocking solution to minimize 

non-specific binding. A sample containinq the target 20 

base long nucleic acid sequence was incubated with the 

blocked Affymetrix 1164 oliqonucleotide array chip. 

25 Following hybridization, the array chip was washed with a 

buffer solution. The gold particle-antibiotin conjugate was 

then applied to the chip, incubated for a short time, then 

removed and the chip washed with a buffer solution. We were 

able to detect and measure the amount of tarqet nucleic 

30 acid' sequence hybridized to each of the individual 

oliqonucleotide binding sites on the chip by using many 

·variations of the DLASLPO method. In one variation, we held 

the 1164 chip with our index finger and thumb and used a 
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microscope illuminator with a xlO obje_ctive as a light 

source. ·we angled the surface of the chip with respect to 

the light beam of the source such that most of the non­

specific:! scattered light that was reaching our eye was 

S minimized and enough illumination light was delivered to 

the chip to detect it. Using this method, we were able to 

detect the scattered light in the arrays, and with the 

unaided eye we were able to resolve many of the individual 

binding areas. In another variation of the DLASLPD method, 

10 we used a magnifying glass placed between our eye and the 

array such that it was focused on the surface of the chip. 

Our ability to resolve the individual binding sites in· 

each array unit was improved. In another variation, we 

placed the array chip on top of a prism similar to that 

lS depicted in Figure l2A and placed a drop of immersion oil 

between the top surface of the prism and· the bottom surface 

of the chip. We observed the surface of the chip in a 

semidry state and also covered with a thin film of buffer 

solution covered with a cover slip. Utilizing this method, 

20 we were able to detect and measure the relative levels of 

light scattering intensities by the unaided and aided eye 

(e.g. magnifying glass). ·we then used a color CCC video 

camera on a tripod stand and oriented the camera such that 

an image of the entire chip surface that was being 

2S illuminated could be detected. In another variation of the 

method, we used a similar prism as just described which had 

been modified for mounting to a light microscope, and 

viewed the chip through the microscope optics.· At low 

magnifications, we were able to see in greater detail the 

30 amount of light scattering signal coming from each binding 

site. We saw very discreet binding with many variations in 

intensity among ·the individual binding sites in each array 

unit. Each array unit on the chip contains the same 
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composition and two-dimensional pattern of oliqonucleotide 

binding sites. The re.lative amount of light scattering 

intensity from each of the binding sites on an array 

appeared·very similar in each of the arrays on the chip. 

5 Using different magnifica~ions we captured images of 

various regions of the chip by manually moving the chip and 

capturing images with the CCD camera mounted to the 

microscope. We used different objective settings depending 

on what level of detail and how much of the chip surface we 

10 wanted to view, detect, and measure. From the digitized 

data, we were able to measure the relative amount of light 

scattering in each binding site by eye by viewing the 

digitized image on a computer screen. We also measured the 

scattered light intensity of the binding sites by the image 

15 analysis methods described herein (e.g. integrated light 

intensity, counting, summing individual particles 

intensities). We were very surprised at the extremely low 

level of non-specific binding and the reproducibility of 

the data. We were also very surprised that we could collect 

20 images very rapidly and by various image analysis methods 

measure the amount of binding in each site. In an 

alternative embodiment of detection, mechanical semi­

automated or fully ·automated detection of the scattered 

light intensities can be . used with a confocal or non-

25 confocal instrument and methods. For example, the methods 

of Trulson et al. US :eatent 5,578,832 and E'odor et. al. 

Nature 364: pp. 555 (1993) can be used to detect the light 

scattering signals in the binding sites and these methods 

are incorporated by reference herein. We should note that 

30 the current laser scanning (confocal imaging or non­

cor1:focal imaging) methods currently used with fluorescence 

usually takes · several minutes depending on the number of 

binding sites on the surface. Following detection, there 
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are massive amounts of data that must be analyzed and this 

step takes an additional several minutes. Usinq our methods 

of photodetection with a CCD camera, we were able to 

collec~ the data for an entire chip in a second or less at 

5 low magnification. At higher magnifications, the chip was 

manually moved and different sections of the chip were 

photodetected and digitized. This procedure can be easily 

converted to being fully automated. We manually analyzed 

the digitized image with various image analysis methods as 

10 described herein. Once a chip design is fixed, a fully 

automated system for detection and analysis can be made 

based on the collection of digitized images and measurement· 

by image analysis methods utilizing software as we have 

described. Thus, the present invention has great utility as 

lS a signal generation and detection system for 

oligonucleotide arrays and chips, and other types of arrays 

for rapid screening and detection of analytes and new 

pharmaceutical agents. Utilization of the present invention 

in these applications can substantially decrease the 

20 complexity and cost of procedures and instrumentation while 

increasing the throughput in the detection and analysis of 

the samples. 

Gene Expression and Gene Expression Arrays 

The study of gene expression is becoming very 

important in many different fields including disease 

diagnosis, pharmaceutical drug target and drug development, 

and biochemical research. In recent times, there has been 

30 much' effort in the development of new methods and 

strategies to measure gene expression levels and to 

increase the rate at which information. is gathered. For 

example, array-based methods that involve the attachmen~ of 
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multiple cDNAs onto glass or other substrates have been 

reported Schena, et. al. SCIENCE ~70, .1995 pp. 467-470; 

Shalon et. al. Genome Research 6: 639-6451. An alternative 

array· method for measuring gene expression utilizes 

s oliqonucleotide arrays has also been described Lockhart 

et. al. Nature Biotechnology 14:1675-1680). These methods 

are incorporated by reference herein. 

To determine the relative or absolute expression 

levels of any given gene, the concentration of the mRNA 

10 levels which exist in an organism ~r cell must be 

determined. There are many art known methods for 

determining the amounts of mRNAs present in a sample which' 

in part use hybridization methods and these methods are 

incorporated by reference herein. Current. art known gene 

IS expression array methods use fluorescence techniques and 

fluorescent labels to detect and measure the hybridization 

of a target nucleic acid sequence species to the array, the 

amount hybridization then being related to the amount of 

mRNA of a particular gene in a sample. 

20 We now describe how a gene expression array assay can 

be performed with the present invention to assess, detect, 

and quantify the expression level of one or more genes in a 

sample. We have previously described how light scattering 

labels and various assay specific formats are incorporated 

25 into the nucleic acid assay system. An array of 

oligonucleotides, cDNAs, or other nucleic acid sequences is 

made. The sequences of nucleic acids used in the different 

binding sites of the array are specific (complementary to) 

a specific target mRNA, a cDNA produced from the mRNA 

30 target, o:r invitro transcribed sequences produced from a 

cD~A copy of the target mRNA. In the actual assay method, 

if the mRNA of the 'Sample is being directly analyzed on the 

chip then the mRNA is the target nucleic acid sequence. In 
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the cDNA and invitro transcription methods, the cDNA and 

the invitro transcribed nucleic acid sequences are the 

target nucleic acids being assayed for. One or more light 

scat.te.ring labels are attached to the target sequence. Once 

s the target nucleic acid sequence has been labeled, the 

preparation is applied to the array and hybridization 

methods used. The array can then be washed or can be 

detected without washing using the methods of DLASLPD 

illumination and detection by the many different variations 

10 we have described herein. 

In another embodiment, mRNA levels can be detected and 

measured directly in gene expression arrays or other 

formats by attaching oligo-dT nucleic acid sequences to 

light scattering particles to form a nucleic acid sequence-

lS particle reagent that binds to Poly (A) sequences. It is 

well known in the art that most mRNA molecules contain a 

Polyadenylate sequence l"Poly(A)") at one end of the 

molecule. This Poly (A) tail is often made of use in the 

purification of mRNAs from samples with the use of a 

20 separation column containing oligo dT. To perfo.rm the assay 

an array chip is constructed which has nucleic acid 

sequences complementary to the mRNAs of interest 

immobilized on the surface in spatially different regions. 

The sample mRNA is collected and applied to the chip. The 

2S Poly dT-coated light scattering particles can be added to 

the sample prior to, during, or foli"owing hybridization. 

The Poly(dT)-coated light scattering particles become bound 

to the Poly(A) sequences contained on the mRNAs. The 

presence and· amount of any given mRNA target in the sample 

JO is determined by measuring the amount of light scattering 

sighal in the binding area of the chip that has the 

complementary nucleic acid sequence to that target mRNA. 
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In another embodiment of the present invention which 

is applicable both to the measurement of gene expression 

and nucleic acid detection and inf!asurement, specific 

nucleic ·acid sequences, DNA binding proteins, or other 

5 molecular recoqnition aqents are attached to light 

scattering particles and used to detect the presence and 

amount of a target nucleic acid sequence. For example, one 

or more Poly (A) sequences or another homopolymer pair of 

sequences such as Poly(I) and Poly(C) can be used to create 

10 a secondary binding pair for detection of the target 

nucleic acid sequence. 

In an alternative method, a nucleic acid or ONA 

binding protein is attached to a light scattering particle 

and the nucleic acid binding protein-particle reagent is 

15 used as a detection probe for the presence of the target 

sequence. The sequence of the nucleic acid that the DNA 

binding protein binds to can be naturally occurring in the 

target sequence, or, it can be attached to a target or 

probe nucleic acid sequence involved in the assay 

20 procedure . 

In an additional method, light scattering particles 

are attached to probe molecules which have specific binding 

properties for DNA-DNA duplexes, RNA-DNA duplexes, or even 

triple-stranded structures. For example, it is well known 

2S that there are many compounds which show specific binding 

properties for double-stranded nucleic acid structures. 

Ethidium bromide, dimers thereof, and other variations of 

this molecule bind to double-stranded nucleic acid 

structures. Thus, in this variation of the method, a light 

30 scatt~rinq particle-ethidium bromide reagent is prepared 

and added to the gene expression array following 

hybridization. The presence and amount of expression is 
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determined from the amount of light scattering detected in 
the binding zone. 

All of the art known methods for using secondary 

binding pairs in nucleic acid assays are incorporated by 

s refer"ence herein. 

Examples of Light Scattering Detection Apparatus and 
Methods 

10 For most types of. nucleic acid arrays, and for any 

type of array-based method, there are several different 

types of instruments that can be used to detect and measure 

the light scattering signals with the present invention. In 

our disclosure of the detection and analysis of the 

IS AffyMetrix 1164 DNA Chip we described many different 

variations of the method for detection and analysis. Some 

of these methods can give rise to a simple instrument such 

as a detection light box. For example, a detection light 

box is made by providing a light source angled at the 
20 proper angle to illuminate the array and a stage, window or 

other platform to place the array upon to illuminate it and 

view. With this instrument, a physician, lab technician, 

researcher, or anyone places the array into the correct 

position on the holder and then manually interprets the 

25 array by eye observing the relative amounts of light 

scattering from each of the binding sites on the array. 

Overlay templates which are placed on top of the viewed 

array, or, diagnostic standard patterns of the appearance 

of the arrays which are related to a specific 

30 interpretation of the pattern of light scattering 

intensities observed on the chip can be used to assist in 

intefpretation of the array. If more quantitative 

information is needed, an instrument based on imaqinq or 
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non-imaging detection optics can be made as we have 

described. For example, if the array contains many bind~ng 

sites and more quantitative measurements are needed, a 

semi-automated or automated image-analysis system 

s instrument can be made. For example, an imaging instrument 

is constructed by using an appropriate collection lens and 

a photodetector which are perpendicular to the surface of 

the array and providing an illumination source which 

illuminates the array such that little or no light from the 

to illumination source enters the collection optics to the 

photodetector. The collection optics can be confocal or 

non-confocal. Images, collected with a CCC chip or video·· 

camera can be analyzed using image analysis methods and 

appropriate algorithms specific for the test. The signal 

15 -detected can be analyzed by measuring the integrated 

scattered light intensity, counting of the individual 

particles, or the integrated light intensity of the counted 

particles, or some combination of these methods. One or 

more wavelengths of light can be analyzed depending on the 

20 nature of the illumination source. 

Cell Identification and Measurement 

The present invention can be used in many different forms 

25 to detect and measure specific cell types and organisms in 

a sample. We have already described how hybridization 

techniques can be used to detect the presence and amount of 

nucleic acid sequences attributable to an infectious 

disease or any organism. Other non-hybridization methods 

30 can also be used. For example, an organism or a specific 
~ 

type of cell can be detected in a sample by using 

immunochemical techniques, lectins, pharmaceutical agents, 

and other substances that bind specifically to certain 
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types of cells. For example, a light scattering particle­

antibody conjugate reagent is prepared where the antibody 

is specific for a cell surface antigen of a cell of 

interest. The light scattering particle-antibody conjugate 

s reagent is applied to the sample, allowed to incubate, and 

then the cells are prepared for analysis. :n one 

embodiment, we have been able to conduct a homogeneous 

(non-separation assay) for a particular cell type by using 

image analysis techniques. A human lymphocyte preparation 

10 was isolated, the red blood cells were lysed and the cells 

washed. An antihuman-IgG antibody- 60 . nm diameter qold 

particle conjugate reagent was prepared. The particle. 

reagent was mixed together with the lymphocyte cell 

preparation and then an aliquot was placed on a microscope 

ts slide and · viewed on a light microscope using OLASLPD 

methods with the appropriate collection optics. In this 

method the conjugate reagent was observed to become bound 

to only a select few of the cells in the lymphocyte 

preparation while many of the cells showed no binding of 
20 the particle reagent. We observed that about 1% of the 

cells became labeled with the particle reagent. This ratio 

of labeling of th.e lymphocyte population was about what is 

expected as it is known that about 5% of a-lymphocytes have 

the IqG antigen expressed and that the. relative abundance 

25 of B-cells is about 20% of the non-RSC lymphocyte 

population. The individual particle conjugates could be 

observed moving in Brownian motion in the field of view and 

there was no need to wash out the unbound or free particles 

to make a determination as to which cells contained bound 

30 particle reagent and which ones did not. Also the number of 

bound particle conjugates could be easily quantified by 

counting the particle attached to. each cell. We were also 

able to capture and digitize images with a CCO. video camera 
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and by image processing methods, determine which cells were 

labeled, the number of particle-conjuqates per cell, and 

the relative amount of labeled cells in the sample. As 

described elsewhere, a microscope-based or other imaging 

s instrument can be constructed for detection and analysis. 

In another embodiment of the present invention, the 

identification and quantification of specific cells can 

also be detected and measured by using a flow cytometer or 

other flow-based apparatus. In this variation, one or more 

10 light scattering properties of the light scattering 

particles associated with the cell are detected. The 

illumination and detection optics are arranged to maximize. 

the detection of the specific light scattering properties 

of interest. 

lS In another embodiment of the present invention, 

particles are attached to the surface of a cell, or placed 

internally within the cell. The particle is used as an 

identification tag for the cell so that the cell can be 

followed and traced through a series of manipulations, or 

20 identified at a later date in a population of cells by 

detecting one or more light scattering properties of the 

light scattering particles associated with the cell. 

2S 

Organism Detection and Measurement 

The detection and measurement of organisms in a sample 

can be perfor~ed by utilizing one or more aspects of the 

present invention. The use of nucleic acid hybridization 

techniques has been discussed elsewhere. For example, 

30 specific light-scattering particle-antibody conjugates can 
be •prepared which have specific binding properties for a 

surface antigen on the organism, a chemical or biological 

substance that is produced .by the organism, as for example 
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a toxin, or any other substance which is specific for the 

organism. In one embodiment, a sandwich immunoassay format 

is used. A particle-conjugate reaqent is made which has 

specific binding properties for a known toxin molecule or 

s surface antigen of a bacterium or virus. A microwell, 

plastic, glass or other solid-surface ·is coated with an 

antibody that can specifically bind to the surface analyte 

or toxin. The sample and particle-conjugate reagent can be 

mixed together prior to application to the solid-phase or, 

10 a two step approach is used. In the two step approach, the 

sample is applied to the container, washed, then the 

particle-conjugate is applied. In either approach, 

following incubation with the particle conjugate, the 

solid-phase is washed and the amount of organism in the 

IS sample is determined by the presence and amount of light 

scattering siqnal detected. 

In a different embodiment, an aqgreqation format is 

performed in solution. Light scattering particles are 

coated with molecules of a specific binding agent. The 
20 particle-reagent is added to the sample and if the target 

organism is present, multi-particle aggregates will form. 

The number of multiparticle aggregates, or light scattering 

properties of the aggregates, or the decrease in particle­

binding agent reaqent can be used to detect and measure the 

25 amount of organism present. In a variation of the 

aggregation format, optical chromatography techniques can 

be used such as those described in Hatano, et. al., Anal. 

Chem. 69: pp. 2711-2716 (1997) and Kanota et. al., Anal. 

Chem. 69:pp. 2701-2710 (1997). These methods are 

30 incorporated by reference herein. 
In another embodiment, an array-based device which ·has 

cell specific antibodies, lectins, or other molecular 

rec~gnition agents attached to the array ·in spatially 
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distinct areas is used to capture the different cells into 

different areas of the array. A light scattering particle 

reagent is used to label the cells prior to or following 

the application of the sample to the array. In another 

S example, a virus or bacterium is detected and measured by 

using the present invention and specific monoclonal or 

polyclonal antibodies which specifically recognize viral or 

bacterial antigens specific for the species· and/or strain 

of the organism. On a solid-phase made of glass, plastic or 

10 other optically transparent medium, antibodies are coated 

onto the surface that are specific for the organism that is 

being detected. The solid-phase can be in a chip, dipstick 

or other form. One or more specific binding agents can be 

used on the surface of the solid-phase in discreet areas in 

IS an array or other pattern. The sample is applied to the 

solid-phase. During or following incubation and/or 

following washing, a solution containing light scattering 

particles attached to specific antibodies which bind to the 

viral or bacterial antigen is applied. The solid-phase is 

20 then removed from the solution containing the light 

scattering particle-antibody conjugate and can be. washed 

prior to detection or measurement. The presence and/or 

amount of organis~ present is determined by detecting 

and/or measuring the amount of light scattering signal 

2S corning from the binding zones of the solid-phase. Detection 

and measurement can be done by the unaided or aided eye, or 

by imaging or non-imaging photodetection and analysis as 

described elsewhere herein. Multiple viruses or ~acteria 

can be detected and measured in a similar fashion by using 

30 several different binding zones on the solid-phase where 
' each binding zone contains a binding agent specific for a 

virus, bacteria, or antigens that are specific for a 

part;icular strain of the. organism. These are only a few 

227 



W099/20789 PCT/US98/23160. 

examples of the great utility of the present invention for 

the identification of cells and organisms. Those of average 

skill in the art recognize that there are many oth~r 

different formats possible to utilize the present invention 

S in one form or another to detect the presence and amount of 

cells or organisms in a sample. 

Applications of the Present Invention to Combinatorial 

Chemistry, Pharmaceutical Target and Drug Identification 

10 and Characterization, and High Throughput Screening 

The present in~ention in one form or another has great 

utility in the field of pharmaceutical drug discovery and 

development. In recent years, there has been an explosion 

IS of new methods and techniques for drug discovery. 

Combinatorial chemistry methods have developed which allow 

for the rapid construction of synthetic,. biological, or 

biosynthetic libraries consisting of many thousands of 

unique molecules which may have potential as pharmaceutical 

20 agents. A recent publication contains several articles as 

related to combinatorial chemistry and serves as a good 

source for background information (Chemical Reviews Volume 

97, Issue 2 (1997)) and these methods are incorporated by 

reference herein. There is a diversity of combinatorial 

2S library methods. E'or example, biological library methods 

include those involving plasmid, polysomes, and phage 

display methods. Spatially addressable library methods 

include the multipin system, multiple synthetic techniques 

which use segmentable carriers, SPOT synthesis on cellulose 

JO paper or polymeric membrane, light-directed synthesis on 

glass surfaces, gene expression arrays, and diversomer 

tec~nology. Additionally, the methods of positional 

scanning, orthog.o.nal partition, and an itez:ative approach 
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in general are art known. Also, the one-bead-one-compound 

combinatorial library method and synthetic solution library 

methods, affinity chromatography selection, and affinity 

capillary · electrophoresis are also known. Brief 

s descriptions and further detailed disclosures of these 

methods can be found in the publication of Lam et. al. 

Chemical Reviews 97: pp. 411-448 (1997). All of these 

methods and the references cited in the publication of Lam 

et. al. are incorporated by reference herein. 

10 All combinatorial methods usually consist of three 

main steps: ( 1) const_ruction of a library; ( 2) screening of 

the library for pharmacological activity; and (3) 

determination of the active substances identity at the 

molecular level. The present invention in many different 

lS forms can be used to detect and measure potential drug 

substances and drug targets including those made by 

combinatorial chemistry. Utilizing the present invention, 

many different types of screening assays can be developed. 

For example, screening and characterization assays can be 

20 developed with the present invention for (1) "the 

identification and characterization of drug targets and 

(2)developing specific assays for screening of 

pharmaceutical agents where the target is the basis of the 

assay. 

2S It is more than likely that many thousand of the 

approximately ~ 100,000 different human qenes code for 

biological substances that are potential drug targets. As a 

result of the Human Genome l?roj ect and a hiqh level of 

activity in the analysis of the human genome, many genes 

30 have already been identified. In addition, many genes of 

orqanis~s responsible .. ·for human and animal diseases have 

also ?een identified. Functional genomics is the field of 

determining the function of these qenes and the proteins 
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that they code for. Gene expression and protein expression 
assays can be developed with the present invention to 
determine which of these may be targets. In addition, drug 
targ_et-based screening assays can be developed to screen 

S for new pharmaceutical agents. Drug targets are biological 
components, metabolic pathways, messenger pathways, or any 
other biological component or system upon which the 
pharmaceutical agent can modulate an effect. 

The advent and development of combinatorial chemistry 
10 methods, the Human Genome Project, and functional genomics 

has created a great need for a detection system which can 
be used to screen thousands to hundreds of thousands of . 
potential pharmaceutical agents very quickly. High 
sensitivity of detection, robustness, low cost, and 

IS adaptability to many different formats are all important 
cz:iteria. To date, fluorescence labels and fluorescence 
techniques seem to be the method of choice for detection. 
Colorimetry, radioisotope, and chemiluminescence methods 
are also known. Some of these methods utilize an enzyme to 

20 achieve signal amplification (e.g. alkaline phosphatase}. 

25 

For example, Colorimetric-based detection methods are 

generally limited to micromolar (10-6 M to 10-8 Ml 

detection sensitivities. Fluorescence-based methods improve 
the detection sensitivity and have detection sensitivities 

-s -11 in the nanomolar to subnanomolar ranges (10 to 10 M}. 

Problems associated with fluorescence labels and methods 
include photodecomposition and quenching phenomenon. In 
many instances, other agents in the sample can interact 
with fluorescent labels causing the signal being detected 

JO to, vary. Chemiluminescence-based methods provide ~ood 

detection sensitivities (l0-L2 M and below) but require 

special reagents and careful handlin9 techniques and the 
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chemiluminescence reactions are susceptible to 

interferences from components in the sample. Radioisotope 

techniques are among the most sensitiv~ known but require 

special handling procedures, they are hazardous materials, 

s generally hard to use, and are expensive. 

The present invention provides a new signal generation 

and detection system for pharmaceutical drug target and 

pharmaceutical drug agent discovery and development. 

Compared to the art known label and detection techniques 

10 used currently in the art of pharmaceuti~al drug discovery 

and drug target identification, the present invention has 

several advantages including improved detection 

sensitivity, greater ease of use, broader applicability, 

greater robustness, and is less costly. The present 

is invention provides a very stable and easy to detect light 

scattering signal in many different types of drug target 

and drug agent assays. The present invention in many 

different variations is so sensitive and produces so much 

detectable signal that very small arrays or miniature 

20 reaction and sample vessels can be used for analysis. The 

miniaturization of the sample containers and arrays allows 

for a substantial decrease in the cost of the assays and 

time needed, and thus greatly accelerates the rate and cost 

efficiency at which many thousands of assays can be 

25 performed. 

Many different types of invitro biochemical or cell­

based assays can be developed with the present invention to 

test for potential pharmaceutical agents. Assays which 

utilize drug targets such as cell surface receptors, intra-

30 cellular receptors, intra-cellular signaling proteins, G-
' protein coupled receptors, ion channels, enzymes including 

proteases and protein kinases, DNA binding proteins, 

nucleic acids, and hormones can be used to identify and 
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characterize new pharmaceutical agents. The samples being 

analyzed can be individual or multiple cells, celluiar 

lysates, tissue samples, membrane preparations or most any 

sample. Many of the assay formats that can be used with the 

s present invention are similar to those assay formats used 

in biological, biochemical, and medical diagnostic assays. 

These include competitive and noncompetitive assays, 

homogeneous assays, solid-phase microwell and smaller 

wells, arrays, microfluidic chambers, and solution phase 

10 assays to detect and measure pha.rmaceutical agent binding 

activity and/or modulating effects upon a drug target 

system. 

In order to pe.rform the assay a particular assay 

format and drug target system is chosen. Light scattering 

IS particles are used as the entity that provides the 

detection signal. The light scattering particle may be 

attached to a receptor, an enzyme substrate, a hormone, a 

nucleic acid, monoclonal or polyclonal antibody of fragment 

thereof, peptide, protein or any agent that demonstrates 

20 some level of specific binding activity to the target 

substance being detected and measured. Illumination and 

detection methods based on . DLASLPO methods are used to 

produce and detect the light scattering signal. One or more 

wavelengths of illumination and/or detection may be used 

2s depending on the nature of the assay. Homogeneous assays 

for nucleic acids and antigenic substances which do not 

need a separation or washing step can be performed by using 

the proper combination of binding agents as we have 

described elsewhere herein. In assay formats where two or 

JO more particles come into close proximity, the changes in 

li~ht scattering intensities, polarization, angular 

~ependence, wavelength, or other scattered light properties 

can be used to detect and measure the binding. Individual 
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binding events can be detected and characterized by using 

the ·DLASSLPD methods incorporated into a light microscope 

or similar imaging system which can detect the individual 

particles. 

s New proteins and/or genes can be identified by using 

the present invention. For example, the method of "CD­

Tagging" as described by Jarvik et. al. BioTechniques 

20:896-94 (1996) is used in combination with one or more 

forms of the present invention to detect and measure. In 

to the method of CD-Tagging, a specific tag is added to a 

gene, mRNA and protein in a single recombinatorial event. 

The tag is localized and identified with the present 

invention by using a specific binding agent for the tag 

which has a light scattering particle directly or 

IS indirectly attached to it. 

The present invention can also be used to detect and 

measure protein expression and protein concentration levels 

in a sample. One or more light scattering particles are 

attached to an antibody, ligand, receptor, or other 

20 binding agent that has binding specificity for the protein 

being detected. Various art known assay formats or those 

assay formats described herein can be used.. The presence 

and amount of protein present in the sample is determined 

by the detection and measurement of the light scattering 

2S signal. 

Screening of Combinatorial Synthesized Molecule Libraries 

A tremendous problem currently in the burgeoning field 

30 of combinatorial synthesis of important molecules is the 

lade of highly sensitive, practical, and easy to use 

signal and detection technology and assay formats to detect 
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the · few copies of newly synthesized combinatorial 
molecule{s). 

We have determined that our signal and detection 
technology is easily used on solid-phases that contain 

S spatially addressable sites such as 2-dimensional arrays or 
any spatially addressable solid-phase. Therefore, our 
methods in one form or another are directly applicable to 
the screening and detection of one or moz:e than one class 
of cembinatorial or biocombinatorial molecule (s) in this 

10 type of format. The assay method can be any of the known 
procedures in the art. 

The invention as we have described herein can also be 
used to detect and quantify one or more specific 
combinatorial, biocombinatorial, or otherwise synthesized 

IS molecules that are not on a spatially addressable solid­
phase. For example, it is well known in the art that a wide 
diversity of l:)iocombinatorial and combinatorial molecules 
can be synthesized by using the methods of "split 
synthesis", "parallel synthesis", and related methods (all 

20 of these methods are incorporated herein!. Typically, a 
wide diversity of combinatorial molecules are synthesized 
on small particles or other pieces of solid substrate 

2S 

where each particle or substrate piece contains 
set of combinatorial synthesized molecules. 
problems of identifying and purifying those 
particles that contain the "active" sets of 
molecules in the art. 

one unique 
There are 

pieces or 

synthesized 

There are several ways to utilize our signal and 
detection system to purify and/or detect these specific and 

30 desirable combinatorial product(s). In one assay method, a 
bindi~g agent(that is specific for the desired analyte) is 
coat~d on a selected type of metal-like particle. When the 
coated particle is added to the sample, it ·binds to the 
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analyte. 

use of 

analyte, 

Alternatively, an indirect method involving the 

biotin labeled binding agent first binds the 

Whibh is then detected by adding streptavidin 

coated metal-like particles prior to detection. The light 

s scattering particle is bound in one form or another to the 

desired analyte of interest which resides on the synthetic 

solid phase. In this manner, the desired molecules are 

10 

identified, isolated, and purified from the sample by 

filtration, centrifuqation, dialysis or any other art known 

technique. Alternatively, liqht scatterinq particles 

labeled with binding agents can be added such that 

aggregates or networks are formed between the specific· 

molecule-containing synthetic particles and the metal-like 

particles. Similar means as described above are used to 

IS identify and purify the desired molecules. 

Multi-analyte analysis for different combinatorial 

synthesized molecules is accomplished by using two or more 

types of metal-like particles each coated with a different 

type of binding agent. Refractive index enhancement and 

20 DLASLPD video-enhanced contrast methods can also be used. 

In another assay method, the metal-like particles also 

contain a composition of a ferro-electric or magnetic 

composition such that these particles can be manipulated in 

three dimensional space by using an applied EMF to the 

2S reaction container. In this manner, the substrate particles 

containing the "active" combinatorial molecules can be 

easily purified and detected from all the other material. 

It should be noted that a mixed composition of ferro­

electric or magnetic and other metal-like compositions of 

30 specific particles are also very useful in many other 

fields includ~ng diagnostic assays, and for isolation and 

purification of desired molecules. The use of refractive 
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index enhancement methods in combination with the above 
methods increases the sensiti~ity of detection. 

Metal~like Particles Used as Solid-Phase synthetic Supports 

Metal like particles when coated with appropriate 

substances, are excellent substrates for conducting 

chemical or biochemical synthesis as for example, 

combinatorial synthesis. The specific coating of m.etal-

10 like particles can be made to consist of for example, 

polymers, antibodies, proteins, nucleic acids, amino acids, 

reactive chemical groups, and the like. For example, · 

metal-like particles are coated with a polyethylene glycol 

compound containing chemically reactive amine groups. 
IS Synthesis is then initiated on these amine groups which are 

numerous on the surface of metal-like coated particle. 

Other reactive chemical groups or groups that can be 

specifically activated can be used instead of the amine 

group. In another example, amino acids, or small peptides 

20 are coated directly on the surface of the metal or metal­

like particle, or are chemically linked to polymer or other 

type of macromolecules that are coated on the surface of 

the metal-like particle. Synthesis is then initiated on 

these reactive groups which are attached to the metal-like 

25 coated particles. In yet another example, reactive groups 

are attached to the surface of the metal-like particle so 

that protein, nucleic acid, chemical, or biochemical 

synthesis can be performed. The number of reactive qroups 

on the surface of the particle can be also modified as 
30 follows. A mixture of polyethylene glycol compounds (MW 

~ 

20,000) with and without reactive amine groups (or other 

reactive groups) are mixed in an appropriate ratio to 

achieve a desired number of reactive groups on the surface 
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per particle. rn this manner, the metal-like particle is 

coated with a specific amount of chemical synthetic sites, 

o.c bindinq sites per metal-like particle. The specific 

number· of sites and the type of reactive qroups sites can 

s be varied to suit any particular need as for example, 

further chemical synthesis or for diagnostic reagent 

purposes. E'or example, for diagnostic-type applications, 

adding a discreet number of specific binding agent 

molecules per metal-like particle may be important 'Co 

10 achieve the desired assay performance. In addition, two or 

more different types of reactive synthetic or binding sites 

can be placed on the same metal-like particle in specific 

amounts utilizing the same approach as described for the 

polyethylene compound above by mixing in appropriate ratios 

IS the desired substances Ci. e. different binding agents or 

chemical groups, etc.). These types of coated particles may 

be useful for example, to isolate, purify and detect two or 

more different molecules using the same particle. The high 

densities (grams/cm3
) of many types of metal-like particles 

20 also offers many advantages in the purification, isolation, 

and identification of molecules of interest. MLSP type 

particles offer the further advantage of more easily 

manipulating the particles within the medium. The above 

examples are only a few of the many possible va~iations of 

2s this method. Other variations will be apparent to one 

s.killed in the art. 

30 

Practice of Various Aspects of the Invention Outside the 

Field of Analytical Diagnostics 

The present invention features methods to detect one 

or more analytes in a sample by detection of the scattered 

ligt:it properties of ·a particle. It should . be noted that 
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various aspects of the invention as disclosed herein are 

directly applicable to many other specific applications 

outside of the diaqnostic field. One skilled in the art or 

the art of other fields such as optical information and 

s storage, image formation and processing,. electrical-optical 

signal transduction and switches, teleconununications, 

information transducers, and many other related 

applications has been enabled by this disclosure to 

practice various aspects of the present invention 

10 specifically to solve problems and create new products in 

fields outside of analytic diagnostic assays. 

One aspect of the current invention 

useful for applications to other fields is 
that is very 

the ability to 

identify specific metal-like particles of certain size, 

lS shape, composition, and homogeneit~ by a unique optical 

signature which is characteristic of that type of particle. 

Embodying such specific optical signatures in a very small 

structure allows for these particle signal agents to be 

used in numerous fields. For example, they can be used in 

20 industrial quality control, markers or iabels to identify 

or trace any product, material, substance, or object that 

contains the particle. The particles in one form or another 

can be used as a means for identification and the like 

similar to the art known method pf "barcoding". For 

25 example, a coating containing one or more types of 

particles can be applied to consumer products to identify 

the authenticity, date, or other relevant information. 

Similarly, paper currency, stock .and bond certific~tes and 

the like can have coated on the surface or embedded within 

30 the paper material itself certain particle types that can 
< . 

be detected to determine the authenticity of the object; 

Other examples include placing small amounts of a specific 

typ~ of particle inside prescription or over the counter 
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drugs to authenticate or trace of drug. In addition, t.he 

particles can be used as environmental, industrial, 

pharmaceutical, or biological tracers to study the physical 

properties of a system such as disposition of fluids, 

S materials, and the like. One skilled in the art will 

recognize that these are just a few of the many 

possibilities. 

Another aspect of the current invention which is 

directly applicable to other fields is the use of light 

lO scattering particles which can be physically manipulated by 

electric, magnetic, or related field~. We name such 

particles Manipulatable Light Scattering Particles (MLSPl 

and these are described in detail later. Such MLSP 

particles can be oriented into variou~ arrangements in 

IS one-, two-, or three-dimensional space by using a magnetic, 

electric, or related electromagnetic field (EMF) . In this 

way the unique light scattering properties of the particles 

can be used to form certain patterns, images, or colors. 

The specific orientations of one or more MLSP particles are 

20 used to store or transduce information via the light 

scattering properties of an individual particle, or the 

resulting light scattering information, that is, optical 

signature of two or more particles arranged in a part.icular 

orientation. For example, three different types of 

25 particles that scatter blue, red, and green light are 

placed inside a small area or volume such as a "pixel" in a 

screen that contains a specified number of pixels in a two­

dimensional array. The screen forms a color or black and 

white image, or moving picture that is similar to the 

30 appearance of a television image, video image, motion 

pic'ture image and the like when the screen is illuminated 

with white light. Each pixel or groups of pixels is 

spatially addressable by an electric 9r magnetic field 
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(EMF) such that by applying the appropriate EMF, the 

individual particles that scatter blue, red, and green 

light are oriented to produce a specific color with a 

certain hue and intensity when appropriately illuminated. 

s For example, at one applied EMF, the red and green 

particles are concentrated to a very tiny spot while ·the 

blue scattering particles are freely· di~persed within the 

inner volume of the pixel. This pixel will then appear 

blue. A different EMF can then be applied to cause the same 

JO effect for the red or green light scattering particles. In 

this way, by specifically orienting the different particles 

IS 

in each pixel, the desired 

method and apparatus offers 

the current cathode ray 

technology and the like. 

color imaqe is produced. This 

many attractive advantages to 

tube based image formation 

In another example, MLSP particles are switched from 

one specific orientation to another by appropriately 

adjusting the EMF. For example, asymmetrical silver 

particles which can produce green or red scattered light 

20 and/or also have two different levels of intensity of 

scattered light are used as follows. One or more particles 

are placed in a specific location in either a liquid type 

or solid type of material where the particle is able to 

rotate, that is, re-orient itself an EMF field is applied 

2s to the material or device containing the particles. 

Depending on how many particles are used and the desired 

function of the device, the different orientations of the 

particles will signify different types of information. For 

example, in one orientation, the light scattering 

lO properties of the asymmetric MLSP particle(s) indicate the 
~ 

"off" or number 0 in a binary code system, while in a 

different position or orientation the light scattering 

properties indicate the "on" .or number l in a binary 
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numeric system. The orientation of the asymmetric MLSP 

part"icles is changed by varyinq the EMF to achieve the 

desired orientation of the particles in the material or 

device. When light interacts with the particles in a 

s specific orientation, the properties of the scattered light 

signify a specific type of information as described above. 

In this manner, simple and multi-component optical switches 

that are useful in telecommunications and related fields 

can be made. Similarly, a series of these switches ~an be 

10 assembled in a serial or. parallel fashion for more complex 

information storage and handling. 

New types of information storage devices can be made·· 

by encrypting or storing the information by using different 

types and/or orientations of light scatterinq particles and 

IS MLSP particles. For example, an optical storage disk can be 

made that is similar to what is known in the art as a 

"Compact Disk" or "CO-ROM" Disk or the like. Instead of 

using bumps which project above the surface to encode the 

information, light scattering particles are used. The 

20 particles can be placed on or in any material from which 

the light scattering properties of the particles can be 

detected. In this manner much more specific information and 

storage of hiqher densities of information are possible. 

One skilled in the art will recognize the many 

2S different types of devices that can be built using various 

light scattering particles in a pareicular application • 

. The above examples are just a few of the many ways such 

metal-like and MLSP particles are used outside the field of 

analytic and diagnostic detection. These applications are 

JO enabled by the disclosure herein and applicant hereby 
' claims right to the practice of various parts of "the 

invention as described herein to fields outside the field 

of ~iagnostic analytic assays. 

241 



W099/20789 PCl'/US98J23160 

Description of the SpectraMetrix Spectrophotometer 

Instrument for Liquid Samples and Theory of Operation 

s The SpectraMetrix Photometer is a right angle 

photometer that measures the intensity of liqht which is 

scattered or emitted light at right angles to the exciting 

light beam. A schematic diagram of the instrument is given 

in Figure 21. The light source is a microscope illuminator 

10 or any other · type of light source. The instrument can be 

used with or without the monochromator. Adapters for 

connecting different liqht sources are provided with the 

photometer. Scattered or emitted light is detected by a 

photomultiplier (PM} tube. The photometer has a manual 

IS light shutter to keep light from reaching the PM tube while 

changing samples. Optical filters or polarizers are 

introduced in the incident or emitted light path as 

required. Cylindrical cuvets (e.g. test tubes) of different 

diameters are used as sample cuvets. However, any type of 

20 optically transmissive sample container may also be used 

with the appropriate holder. Test tubes of a diameter of 6 

mm by 50 mm were used and a microscope illuminator with an 

infrared (heat) filter were used to obtain the data 

reported herein. 

25 The illuminator can oe connected directly to the 

spectrophotometer or throuqh a monochromator. The 

monochromator used for the measurements reported herein is 

a diffraction grating monochromator. The illuminator is 

powered by a regulated DC power supply at 6 V and 3.Amps. 

30 In this paragraph we describe the optics of the 

initrument that we used without monochromator .operation. A 

~10 objective focuses the light from the illuminator unto 

the sample tube. A light collecting lens (23 mm focal 
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length, 19 mm diameter), that is positioned at right angles 

to the exciting light beam (about 1.5 inches from center of 

sample cuvet), focuses an image of the sample tube at a 

distan.ce of about 106 mm from the center of the sample 

S tube. This distance allows a light shutter and filter 

holder to be placed between the collecting lens and the PM 

tube. A diaphragm with a 3.25 mm diameter hole (made with a 

i20 drill bit) is placed at the image plane. The PM tube is 

placed behind the diaphragm. The diaphragm blocks the light 

10 reflected from the walls of the cuvet and allows only light 

scattered from the center of the sample volume to reach the 

PM tube. The diaphragm, while reducing the amount of. 

scattered light that reaches the PM tube, maximizes the 

signal to background ratio. In order to further minimize 

JS the detection of light reflected from the sample tube, the 

tube is positioned at an angle of about 40-50 degrees with 

respect to the vertical direction so that reflected light 

does not reach the collecting lens. Because of this angle 

and refractive index effects, the light emerging from the 

20 tube does not travel along the center axis of the 

collecting lens and the scattered light beam at the image 

plane is displaced downward from the center axis of the 

collecting lens. This requires that the 3. 25 mm aperture 

and PM tube be displaced downwards from the collecting lens 

25 axis. The instrument is constructed such that the downward 

displacement can be manually adjusted for the most 

efficient scattered light detection. 

When the monochromator is used, the optics . are the 

same as above except that an additional lens (23 mm focal 

30 length, 19 mm diameter) is positioned between the lOx 
' objective and the monochromator exit slit. The lens is 4 

·inches from the center of the sample cuvet. The exit slit 

of the mono chroma tor is 5 • 6 inches from center of sample 
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cuvet. The illuminator is connected to the adapter at the 
entrance slit of the monochromator. 

Adjustment of the photometer optics 

a. Place a 60 nm, 4 x io-12 M gold sol in a 6 x so mm 
culture tube in the sample holder of the spectrometer. 
Adjust the angle of the tube with respect to the vertical 
so that it is between 40 and 50 degrees. Position the 

JO angled tube so that the focused exciting light beam crosses 
through the center of the cuvet. Do not allow "the exciting 

15 

· 1ight to strike the front surface of the tube (surface 
towards collecting lens) as this will increase the amount 
of light reflected towards the detecting system. 

b. The distance of the collecting lens from the center of 
the sample tube is adjusted so as to form a sharp image of 
the walls of the tube at a distance of 106 mm from the tube 
center. The image of the scattered light beam and the 

20 walls of the sample tube can be seen clearly on a piece of 
white paper placed at the distance of about 106 mm from the 
tube center. The tube image has a diameter of about 8 to 
10 mm at the image plane. The lens should be positioned so 
as to obtain a sharp image of the walls of the cuvet. The 

2S scattered light beam appears a little fuzzy at the image 
plane because of its finite width. The best position of 
the lens is about 1.5 inches from the center of the sample 
cuvet. The exciting beam can clearly be seen as it crosses 
a scattering solution. 

30 

c. The above adjustments of the collecting lens position 
are performed with the structure that contains the shutter, 
filter holder and diaphragm holder removed from the 
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instrument. After the lens is correctly positioned, the 

latter structure is replaced and the light blocking 

diaphragm with 3.25 mm opening is inserted. The PM tube is 

insert~d ~nto place. 

d. After steps a, b, and c, the position of the aperture 

with respect to the collecting lens optics is adjusted as 

follows. Place a piece of white paper in the place where 

plane of the PM photocathode will be positioned when the PM 

10 is inserted. With liqht scattering gold particles in the 

sample compartment, adjust the position of the aperture 

until the maximum amount of light on the PM tube is seen. 

When the aperture is properly positioned, the light on the 

paper appears as a 0.32 inch (8 mm) diameter spot. 

lS 
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EXAMPLES 

Examples 1 through 10 involve the measurement of light 

scatt~red from particles, or emitted from fluorescent 

s molecules, or both. The instrument used to measure the 

light signal was a photometer built by SpectraMetrix as 

described previously. 

For examples l through 3 the polystyrene particles 

used for these measurements were NIST traceable certified 

10 nanospheres obtained from Duke Scientific Corp., Palo Alto, 

CA. The gold particles were obtained from Goldmark 

Biologicals, Phillipsburg, N.J., a distributor for British· 

Biocell Intl., Cardiff UK. 

For examples 4 through 10 the fluorescein was obtained 

ts from Molecular Probes Inc., Eugene Oregon, the gold 

particles were obtained from Goldmark Biologicals, 

Phillipsburg, N.J., a distributor for British Biocell 

Intl. , Cardiff UK. , and the Polystyrene particles were 

obtained from Interfacial Dynamics Inc., Portland, Oregon. 

20 The relative light scattering powers of particles o~ 

the same shape and size, but of different composition, can 

be directly compared by comparing the light scattering 

intensities at riqht angles to the path of the incident 

light. If the light scattering intensity measurement for a 

25 known concentration of each particle of interest is done at 

the right angle of observation, the light scattering 

intensities for identical concentrations of particles of 

the same size and shape but of different composition, can 

be _directly compared and the relative total light 

30 scattering powers of the different particles determined. 
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Examples 1, 2, and 3- Calculated and Measured Relative 

Scattering Power of Comparable Polystyrene and Gold 

Particles 

The results are presented in Tables 6,7, and 8. 

Calculations were performed using known light scatterinq 

relatio~ships and our newly defined relationships as 

previously described. Experimental measurements were done 

to for particles in water by detection of the light scattered 

by particles free in solution at a given illumination 

intensity and wavelength using the SpectraMetrix 

Photometer. The following steps were performed. 

15 (a) Illuminate the control and comparable sized particle 

samples with the same incident light composition and 

intensity. 

(b) Determine the light signal emitted from a control tube 

containing water but no particles. 

20 (c) Determine the light signal emitted from a tube 

containing particles at known concentration. 

(d) Subtract the control light signal value (b) from the 

light signal value of (c) . 

(e) Compare light signals from equal concentration of gold 

2S and polystyrene particles. 

Example 4- Measured Relative Signal Generating Power of 

Fluorescein and Gold Particles-White Light Illumination. 

30 The results are shown in Table 10. The same method of 

light detection was practiced to determine the light signal 

emitted from all samples in a 6 mm by SO mm glass· tube. No 

optical filters were used in the measurement of the light 
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siqnal from either the gold particles or the fluorescein. 

All measurements were made in water. The solution 

containing the fluorescein had a pH of 8-9. The light 

signal.value of a tube containing only water was subtracted 

s from the gold particle or fluorescein value in order to 

obtain the light signal due to just the fluorescein or gold 

particles. 

lO 

The following steps were performed for the measurement 

of the light signal from particles. 

A. {a) Illuminate all samples with the same incident 

light composition and intensity. 

(b) Determine the light signal emitted from a 

control tube containing water but no particles. 

15 (c) Determine the light signal ~mitted from a tube 

containing particles at known concentration. 

(d) Subtract the control light signal value (b} from 

the light signal value of (c) • 

20 The following steps were performed for the measurement 

25 

of the light signal from fluorefcein. 

8. (a) Illuminate the samples with incident light of 
the same intensity and composition as above in 

(b) Determine the light signal emitted from the 

control tube. 
(c) Determine the light signal emitted fo:rm a ~nown 

.concentration of fluorescein in a tube. 
30 (d) · Subtract the control light signal value (b) form 

the light signal value of (c). 

c. .Ca)' Compa're light signals obtained from known 
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concentrations of particles and fluorescein 

mqlecules. 

Example 5- Measured Relative Signal Generating Power of 

s Fluorescein and Gold Parti.cles-Monochromatic Illumination. 

The results are given in Table 11. These results have 

not been corrected for differences in incident light 

intensity. Monochromatic incident light at wavelengths 

10 where maximum light emission occurs from fluorescein {490 

nm) and where maximum light scattering occurs form the gold 

particles was used. The incident light intensity at 490 nm 

was slightly lower than the intensities used for the gold 

particles and ranged from about 86 percent of the intensity 

IS at 520 nm to about SO percent of the intensity used at 565 

run. On the other hand, the quantum efficiency of the 

photomultiplier tube ranged from 0.34 at the primary 

emission wavelength of fluorescein (520 nm) while it was 

about 0.18 at 560 nm. 

20 

2S 

Except for the incident wavelength, the same method of 

light detection was used on all samples in a 6 mm by 50 mm 

glass tube. No optical filters were used in the 

measurement of the light signal from either the gold 

particles or the fluorescein. 

All measurements were made in water. The solution 

containing the fluorescein had a pH of 8-9. The light 

signal value of a tube containing only water was subtracted 

the gold particle or fluorescein value in order to obtain 

the light signal due to just the fluorescein or gold 

30 particles • 

The following steps were performed for the measurement 

of -the light signal from particles. 
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A. (a) Determine the light signal emitted from a 

control tube containing water but no particles. 

(b) the light signal emitted from a tube containing 

P!lrticles at known concentration. 

S (c) Subtract the control light signal value (a) from 

lO 

the light signal value of (b) • 

The following steps were perfo~med for the measurement 

of the light signal from fluorescein. 

B. (a) Determine the liqht siqnal emitted from the 

control tube. 

(b) Determine the liqht signal emitted form a known 

concentration of fluorescein in a tube. 

lS (c) Subtract the control light signal value (a) from 

the light signal value of (b). 

c. (a) Compare light signals obtained form known 

concentrations of particle sand fluorescein 

20 molecules. 

2S 

30 

Example 6- Measured Relative Signal Generating Power of 

Fluorescein, Polystyrene, Polystyrene-fluorescent Compound, 

and Gold Particles 

The results are given in Table 12. These results have 

not been corrected for differences in incident light 

intensity. 

All samples were illuminated with monochromatic 

incident light. The lOOnm diameter gold particle was 

illUminated with incident monochromatic light of a 

wavelength near where maxi.mum light scattering form the 

particle occurs. The polystyrene-fluorescent compound 
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particle ~ample was illuminated with monochromatic incident 

light of a wavelength where maximum fluorescence excitation 

occurred (490 nm). The maximum fluorescence emission for 

this fluorescent compound occurred at 515 nm. The incident 

s light intensity at 490 nm was about 80 percent of that at 

555 nm. The quantum efficiency of the photomultiplier tube 

at 555 nm was about 60 percent of that at 515 nm. 

Except for the incident wavelength, the same method of 

light detection was used on all samples in 6 mm by 50 mm 

to glass tubes. No optical filters were used in · the 

measurement of the light signal from either the gold 

particles or the fluorescent particles. All measurements 

were made in water. The light signal value of a tube 

containing only water was subtracted form the gold particle 

ts or polystyrene particle value in order to obtain the light 

signal due to just the polystyrene or gold particles. 

The following steps were performed for the measurement of 

the light signal from particles. 

20 A. (a) Determine the light signal emitted from a 

control tube containing water but no particles. 

(bl Determine the light signal emitted from a tube 

containing particles at known concentration. 

(c) Subtract the control light signal value (a) from 

25 the light signal value of (b) . 

The following steps were performed for the measurement of 

the light signal from the fluorescent particles. 

30 B. {a) Determine the light signal emitted form the 

' control tube. 

(bl Determine the light signal emitted from a known 

concentration of fluorescent particles in a 
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tube. 

(c) Subtract the control light signal value (a) from 

the light signal value of (b) , 

s c. (a) Compare light signals obtained from known 

10 

concentrations of particles. 

Example 7- Detection of 59.6nm Diameter Gold Particles and 

Fluorescein at High Serum Concentration 

The results are given in Table 17. The serum was 

obtained from Biowhittaker Inc., Walkerville, MD. The . 

serum had been filtered through a one micron filter before 

sale and was clear and straw colored in appearance. For 

15 fluorescein measurements the serum was adjusted to about pH 

9 to 9.5. The solution containing the gold particles was 

illuminated with monochromatic incident light of 543 nm 

wavelength, a wavelength near that where maximal light 

scattering from the particle occurs. The solution 

20 containing the fluorescein was illuminated at 490 nm where 

the maximal fluorescence excitation occurs. 

Except for the incident wavelength ,the same method of 

light detection was used for all samples in 6 mm by so mm 

glass tubes. No optical filters were used in the 

25 measurement of the light signal from either the gold 

particles or the fluorescein. 

Measurements were made in the stated concentration of 

serum. The light signal value of a tube containing only 

ser~ at the proper concentration was subtracted from the 

30 gold particle or fluorescein value in order to obtain the 

ligllt signal due to just the fluorescein or gold particles. 

The following steps were performed for·the measurement 

of t·he light signal from particles .• · 
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A. .(a) Determine the light signal emitted from a 

control tube containing serum at the proper 

concentration but no particles. 

s (b) Determine the light signal emitted from a tube 

containing particles at known concentration. 

(c) Subtract the control light signal value (a) from 

the light signal value of (b) • 

10 The following steps were performed for the measurement of 

the light signal from the fluorescent solution. 

B. (a) Determine the light signal emitted from the 

control tube. 

JS (b) Determine the light signal emitted from a ·known 

concentration of fluorescein in a tube. 

(c) Subtract the control light signal value (a) from 

the light signal value of (b) . 

C. (a) Compare light signals obtained from known 

20 concentrations cf particles. 

Example 8- Lower Limit of Detection of Flucrescein, Gold 

and Polystyrene Particles at 92.8% Serum Concentration 

25 The results are given in Table 18. For the fluorescein 

measurement, the light signal emitted from the sample 

containing fluorescein was passed through a Kodak No. 16 

Wratten filter before encountering the photomultiplier 

tube. The maximum light intensity from the fluoresce in 

30 solution was observed at an incident monochromatic 

wavelength of 498 nm, while the maximum light scattering 

from the gold particles was observed at 554 nm. No optical 

filters were used in the measurement of the light signal 
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from the qold or polystyrene particles. For fluorescence 

measurements the pH of the serum was adjusted to about pH 

9. 

E~cept for the incident wavelenqth, the same method of 

S light detection was used for all samples in 6 mm by SO mm 

glass tubes. The serum is described in :E:xample 7. 

Measurements were made in the stated concentration of 

serum. The light signal value of a tube containing only 

serum at the proper concentration was subtract_ed from the 

10 gold particle or fluorescein value i~ 01:der to obtain the 

light signal due to just the fluorescein or gold particles. 

The following steps were performed for the measurement of. 

the light signal from particles. 

15 A. (a) Determine the light signal emitted from a 

control tube containing .serum at the proper 

concentration but no particles. 

(b) Determine the light signal emitted from a tube 

containing particles at known concentration. 

20 (c) Subtract the control liqht signal value (a) from 

2.S 

the light signal value of (b) • 

The following steps were performed for the measurement of 

the light signal from the fluorescent solution. 

B. (a) Determine the light signal emitted from the 

control tube. 

(b) Determine the light signal emitted from a known 

concentration of fluorescein in a tube. 

30 (c) Subtract the control light signal value (a) f1:om 

' the light signal value of (b). 

c. (a) Compare light signals obtained from known 
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concentrations of particles. 

Example 9~ ... ~tection Limits for Polrs.ty.rene, Polystyrene­

fluore~cent compound, and Gold Particles at High Serum 

s Concentration 

The results are given in Table 19. Measurements were 

made in the stated concentration of serum. The light 

signal value of a tube containing only serum at the proper 

10 concentration was subtracted from the gold particle or 

polystyrene particle value in order to obtain the light 

signal due to just the polystyrene or gold particles. No .. 

optical filtration was done. 

The following steps were performed for the measurement 
15 of the light signal from particles. 

A. (a) Determine the light signal emitted from a control 

tube containing serum at the proper concentration but 

no particles. 

20 (b) Determine the light signal emitted from a tube 

2S 

containing particles at known concentration. 

(c) Subtract the control light signal value (a} from 

the light signal value of (b) •. 

(d) Compare light signals from known concentrations of 

particles. 

Except for the ·incident wavelength, the same method of 

light detection was used for all samples in 6 mm by 50 mm 

glass tubes. The serum is described in Example 7. 

30 Example 10- At Low concentrations of Gold Particles 

Sertim has no effect on Light Scattering Properties of the 

Gold Particles 
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The results are presented in Table 20. The serum at 

95.7 percent concentration is clear and straw colored and 

has an absorbance. of 0 .14 at one cm pathlenqth and incident 

light . wavelength of 543 run. The light scattering 

s measurements were made in 6 mm by SO mm glass tubes with an 

inner diameter of about 5 mm. On the basis of the 

difference in the absorption of both incident and scattered 

light of a wavelength of 543 nm the light scattering signal 

from gold particles present in the serum sample should be 

10 roughly 80 percent of the signal from the same 

concentration of gold particles present in water. No 

optical filters are used in this example. 

lS 

The following steps were performed. 

(a) Illuminate all samples with the same incident light 
composition and intensity. 

(b) Determine the light signal emitted from a control 

tube containing water or a proper concentration of· 
20 serum but no particles. 

(c) Determine the light signal emitted from a tube 

containing particles at a known concentration. 

(d) Subtract the control light signal value (b) from 

the light signal value of (c). 

2S (e) Compare light signals from equal concentrations of 

gold serum and water. 

Example 11 - Preparation of a 16nm Gold particle Suspension 

30 2. 5 ml of sterile water was added to 0. lg HAucl, • 
' 3H20 to form a 4 % HAuCl4 • 3H20 solution. The solution was 

c&ntrifuged to remove particulate matter. In a separate 

fla•k, lOml of sterile water was added to 0.19. of sodium 
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citrate to form a 1% sodium citrate solution.· The citrate 

solution was filtered through a O. 4 µ polycarbonate 

membrane filter to remove particulate matter. To a very 

clean 350 tnl Erlenmeyer flask, lOOml of sterile water ·and 

.S 0. 2Sml of the 4 % HAuCl4 · JH20 was added. The flask was 

placed on a stir hot plate at a setting of 4 and covered 
with a lOOml beaker. When the mixture started boiling, 2 

ml of the 1% sodium citrate was added. The solution turned 

a bl!ck color within a minute after adding the citrate. It 
10 then turned purple and finally a deep red. The red color 

was achieved after about 2 minutes after adding the 
citrate solution. The mixture solution was boifed for 30 
more minutes and then cooled to room temperature and 
sterile water was added to bring the total volume to lOOml. 

l.S The final gold concentration is about 0.005% and particle 

concentration is 1.2 K 1012 particles/ml, assuming that 
all the gold salt was converted to gold particles. 

Example 12- Stabilization of Metal Particles with 
20 Polyethylene Comoound 

1 gram of the PEG compound (MW 20, 000) was added to 

lOOml of sterile water to form a 1% PEG compound solution 

and the solution was filtered through a 0.4 µ polycarbonate 

2.S filter using a 50 ml syringe. To stabilize a given volume 
of particles, add the volume of particle solution to a 
volume of U PEG compound solution that gives a final 
PEG.concentration of 0.1%. 

30 Ex!l!lple 13 - Preparation of 30 nm Silver Coated Particles 
from 5 nm Diameter Gold Particles 
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10 ml of sterile water was brought to a boil in a 30ml 
beaker. 2mq of gelatin was then added slowly and the 
solution was allowed to continue to boil with stirring 

until . all of the gelatin was dissolved. The solution was 

S then cooled to room temperature. 2 ml of a 47t citrate 
buffer pH 5 was added. O. 18 ml of a solution containing 5 

nm gold particles Cat a concentration of about 0.005% gold, 
3. 8 x 1013 gold particles/ml) was added followed by the 
addition of 3 ml of a 5. 7% hydroquinone solution. The 

JO mixture was mixed well, followed by addition of sterile 

water for a final volume of 20 ml. 50µ1 of a 4t silver 

lactate solution was added in 10µ1 increments and the 

mixture was stirred rapidly by hand. The final silver 
concentration is about 0.005% and the final silver coated 

15 particle concentration . was about 3. 4 x 1011 particles/ml. 
Assuming that all of the added silver had deposited equally • 
on each qold particle, the particle size was calculated to 
be 30 run. After the final addition, the sol appeared bright 
yellow in room lights. In bulk solution, the light 

20 scattered by a diluted volume of the sol contained in a 6 
x 50 mm glass tube was blue when illuminated by a narrow 
beam of white light. When a dilution of the silver sol 
was examined microscopically with the SpectraMetrix 
microscope under DLASLPD conditions with a lOx objective 

25 and 12.S eyepiece, a mixture of briqht particles with 

different colors could easily be seen. The particles 
dominant in number were purple-blue particles. Yellow, 
green and red particles were also present. By adjusting the 
concentration of the 5 nm diameter gold particles that we 

30 use in the procedure described here, we made silver coated 
1 

particles with diameters in the range 20 to 100 nm. 

Example 14 -Scattered Light Properties of Nonspherical 
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Silver Particles rormed and Examined on a Microscoce Glass 
Slide 

A .small drop of a .diluted, silver particle sol prepared 
s as described in.example 13 was placed on a microscope glass 

slide and covered with a cover glass to form a very thin 
film of sol between the cover glass and microscope slide. 
When a spot of the thin silver sol film was illuminated by 
a very narrow beam of light and viewed by the naked eye, at 

10 an angle which prevented the incident light from entering 
the eye, the illuminated spot had a blue scattered light 
appearance. The silver sol film was then examined 
microscopically with a light microscope under DLASLPD 
conditions with lOx objective and 12.Sx eyepiece. It was 

IS observed that in a few minutes most of the particles became 
attached to and immobilized on the surface of the glass 
slide and cover glass. Blue colored particles were the most 
abundant. We then discovered that when a point on the 
cover glass was pressed with the point of a fine needle 

20 probe, the parti.cles in the pressed area permanently 
changed color from their original blue (scattered light 
detection) . At the center of the pressed area the 
particles were red. This center spot was surrounded by 
concentric circles of different colors. rrom the center on 

25 out, the colors changed from red, to green to yellow to 
blue. The red, green and yellow particles were very bright. 
Theoretical calculations which we have done indicate that 
small silver particles have a blue color. The effect of 
pressing seems to be to change the shape of the particles. 

30 Our results therefore show that small silver particles can 
be tonverted from their original blue scattered light 
color to other colors of scattered light by changing their 
shapes. By moving the cover glass we found that we could 
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disperse the differently colored particles in the pressed 
area into the liquid phase. In this phase the particles 
underwent Brownian motion and the liqht scattered by green 
an_d re!=f particles flickered, which is expected for 

s nonspherical particles. 

Examole 15 - Preparation of Larger Diameter Gold Particles 
from 16nm Diameter Particles 

10 A 2.4% solution of hydroxylamine hydrochloride was made 
by adding 24 mg. of hydroxylamine hydrochloride to l ml of 
sterile water, mixing and then filtering through a 4 µ. 

polycarbonate membrane filter attached to a 10 ml syringe. 
A solution of 4% HAuC14 ·3H20 was made by adding 2. 5 ml of 

lS sterile water to 0. lg HAuCl4 3H20 in a test tube mixing 
and then centrifuging·to remove particulate matter. 25ml of 
sterile water was added to a 250 ml Erlenmeyer flask, 
followed by addition of the volume of 16 nm gold particles 
shown in Table l depending on the desired particle size. 

20 Next we added the volume of the 4% HAuCl4 · 3H20 solution 

specified in Table l. Finally we added sterile water to 
bring the total volume to lOOml. Then the volume of the 
hydroxylamine hydrochloride solution specified in Table 1 
was added with rapid hand stirring and the mixture was 

2s allowed to sit for 30 minutes. Within seconds after adding 
the hydroxylamine hydrochloride solution, the solution 
turned from a clear, slightly pink color to a final clear 
red or murky brown color, depending on particle size. The 
smaller sizes give red colored solutions. 

30 

2'60 



W099/20789 PCT/US98/23160 

TABLE l 

Desired Hydroxyl-amine 
Au Particle 16 nm Gold HAuCL4 · 3 H20 solution ml 
Diameter,nm Sol, ml solution,ml 

40 .6. 4 0.234 l.25 
60 l.9 0.245 1.25 
80 0.8 0.248 1.25 

100 0.41 0.249 1.25 

Larqer diameter particles were prepared following the same 
s procedure as described above, but using the specified 

volumes of solutions as described in Table 2 and using the 
lOOnm diameter Au particle solution instead of the 16nm 
qold solution. 

10 TABLE 2 

Desired Au Particle 16 nm Gold 4% Hydroxyl 
Diameter, nm Sol, ml HAuCl4·3H20 amine 

Solution, Solution 
ml ml 

200 12.5 0.219 l.25 
400 l.56 0.246 l.25 
600 0.436 0.249 l.25 
800 0.195 0.25 1.25 

1000 0.1 0.25 1.25 
2000 0.012 0.25 1.25 

IS Example 16 - Preparation of a Silver Coated Particle from 

16 nm Gold Particles 

, 25 ml of sterile water was ad~ed to a 250ml Erlenmeyer 
flask followed by the addition of 6.4 ml of a 0.00·5.\ 16nm 

20 qold particle sol and the resulting solution was mixed. 
0.23.4 ml of a 40 mg/ml L(+) Lactic Acid silver salt 
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solution was then added. A deep purple color was 

immediately seen. Enough sterile water was then added to 

bring the total volume to lOOml. While rapidly· stirring by 

hand, . l.2Sml of a 24mg/ml solution of Hydroxylamine 

5 Hydrochloride was added and the resulting sol appeared 

lavender silver in color. A small drop of the sol was 

placed on a glass slide, covered with a cover glass and 

examined with a light microscope under DLASLPO conditions. 

Red,. green, purple, and yellow particles were seen. The 

10 scattered light color of a dilute solution of these 

particles in a test tube with white light illumination was 

ice blue. 

15 

Example 17 - Preparing BSA Coated Glass Slides 

A model system was setup to study the signal and detection 

parameters for various combinations of particles and 

illumination and detection methods for detecting particles 

on a solid phase as in a solid phase assay. 

20 This system involved first coating glass slides with 

bovine serum albumin (BSA) and then depositing different 

amounts of gold particles in specified areas to study the 

parameters. Here we discuss the method which we use to coat 

the slides with BSA. 

25 A 10% BSA in water solution was made by adding l.S g 

BSA to 15 ml of sterile ultrapure water mixing and then 

filtering the solution with a 0.44 mm polycarbonate 

membrane. A 0.02% BSA (200 ~g BSA/ml) solution was made by 

adding 20 µl of the 10' BSA solution to 10 ml of sterile 

30 watl(!r and filtering the BSA solution through a O. 4 mm 

polycarbonate membrane. 

Ordinary microscope glass slides were cleaned by 

scrubbing with a brush dipped in methane!. After brushing, 
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the slide was then cleaned by squirting the slide with 
sterile water using a plastic squirt bottle. A glass slide 
was coated with BSA by submerging the slide in a beaker 
contai~ing 0.02 % BSA in sterile water and incubating for 1 

s hour. The slide was then removed from the beaker and 
rinsed by squirting sterile water from a squirt bottle. 
Both sides of the slide were rinsed. The slide was then 
submerged in 150 ml beaker full of sterile water for about 
10 min. It was rinsed again by squirting water. It is 

10 most important to remove free BSA from the slide because 
free BSA hinders the binding of metal particles to the 
coated slide. The BSA coated glass slide is then dried and 
stored dry in a clean plastic box. 

15 Examole 18 - Depositing Gold Particles on a BSA Slide 

small circles (about 8 nun diameter) were scribed on 
~he BSA coated glass slides using a diamond scriber to mark 
the areas where gold par,ticles were to be deposited. 3 µl 

20 of an unprotected gold particle solution with the desired 
gold particle concentration is deposited on one of the 
marked areas of the slide. The gold particle solution is 
deposited on the opposite side of the actual scribe marks 
to prevent interaction of the gold particle solution with 

25 the scribe marks. 
To prepare a series of patches of gold particles, on a 

glass slide, in which the gold particle density is 
systematically decreasinq, it is desirable to have the 
series of patches on a line in the center of the slide. To 

30 achieve this alignment we mount the slide on a holder, 
' which we made, which allows us to deposit the gold patches 

in the correct alignment. It should be noted that the 
patches cannot be seen in room lights (that is, the 
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particle density is so low that they have no color in room. 

lights). We thus make a mark on the side of the slide to 

identify the position of the patches. The marks are made 

as we d~posit the particles. To form a patch of particles, 

S we deposit 3 .µl of the unprotected gold solution diluted 

to the desired gold particle concentration. The slide is 

then incubated for a specified time in a closed plastic 

box. The interior walls and bottom of the box are covered 

with a wet paper towel to prevent evaporation of the gold 

10 sol on the slide. The slide is then removed and rinsed by 

squirting sterile water with a pasteur pipette. We have 

found that for the most efficient binding of qold particles 

to the BSA on the slide, the pH of the qold particle 

solution should be adjusted to the pI of BSA ( pl= 4.58 -

IS 5. 45) . 

Example 19 - Microarray Analytical Assay - Binding 60nm 

Diameter Gold Particles Coated with BSA - Biotin to 

Discreet Individual 80 Micron Diameter Streptavidin Patches 

20 on a Plastic Substrate 

The following solutions were prepared. A lmg/ml BSA­

Biotin solution was made by addinq 2mg of BSA-Biotin to 2ml 

of sterile water and dialyzing against distilled water in a 

2S SOOml Erlenmeyer flask for several hours at room 

temperature. The water was changed 4 times. The last water 

change was sterile water. A 20mM Tris-Saline, O.U E'EG 

Compound, 0.02% Na Azide pH 7.4 buffer was also prepared. 

All solutions were filtered through a 0.4 µ polycarbonate 

30 membrane filter. E'olystyrene test tubes were wash~d very 

well .lith sterile water using a squirt bottle and tilled 

with 4ml of the 60nm diameter gold particle solution and 

centrifuged in the clinical centrifuge for half an hour. 
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·The particles were then washed as described elsewhere. The 
soft pellets were resuspended in 10 ml of sterile water. 
The pH of the qold particle solution was adjusted as 
follows: 100 µ.l of 1% PEG compound solution was added to a 

S clean polycarbonate test tube. To .this 1 ml of the 60 nm 
gold sol was added and incubated for 2 minutes. 0.02M K2co3 

was added to the qold sol in increments of 2µ1 until pH 6.6 

was achieved. The number of µl of 0.02M K2Co3 needed to 
adjust the pH is then calculated to add to the remaining 

10 ml of the gold sol, in this case it was 80 µl. 9.5 ml 
of the pH 6.6 gold sol was then added to 1.15 ml of a 
lmg/ml BSA-Biotin solution in a polycarbonate tube, and 
incubated for 5 minutes at room temperature. The 
solution was then centrifuged for half an hour in the 

15 clinical centrifuge and the supernate was then decanted. 
The remaining soft pellet was resuspended in 3 · ml of 
sterile water and then centrifuged as previously described, 
supernate decanted, and then resuspended in 0.1% PEG 
compound solution and centrifuged again. The supernate was 

20 decanted and the pellet was resuspended in 20mM Tris­
Saline, 0 .1% PEG compound solution and centrifuged The 
supernate was then decanted leaving behind about a 200 µl 

soft pellet. 50 µl of this solution was added to the 

plastic wells that contained the 80 µ diameter streptavidin 
25 spots and the wells were incubated overnight in a humid 

chamber. The wells were then washed several times with 
sterile water using a pasteur pipette to squirt and remove 
water from the well. For detection with the microscope the 
wells~were filled with 60 µl of sterile water. 

30 

Example 20 - Detection of Bound 60run diameter Gold 
Particles Coated with BSA-biotin to a Microarray of 80 
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Micron Diameter Strectavidin Coated Binding Site Spots 

A suspension of the BSA-biotin-Au binding ·a9ent(60 nm 
diamet~r gold particle) was added to plastic wells which 

s contain the microarray of streptavidin 80 µ diameter spots 

on the bottom surface of the well. After a suitable 
incubation time, the wells were washed and viewed with our 
developed light microscope system under DLASLPD conditions. 
We observed the BSA-biotin-Au labeled particles bound to 

10 the individual sou individual spots. The 80 µ streptavidin 

spots which were not visible prior to the addition of the 
particles, appeared as bright fairly circular spots. 
Individual spots containing different BSA-biotin-Au 
particle surface densities were obtained by incubating for 

lS different times or by using different BSA-biotin-Au 
concentrations. We were easily able to detect by eye with 
our microscope at magnification of about 200X, individual 
particles bound to the strepl:avidin spots at low binding 
densities. To automate the counting and integrated light 

20 intensity measurements from individual 80u spots, we 
tested video image processing software which we had on 24 
hour loan from a Company here in San Diego. We captured 
video images using an inexpensive black and white video 
camera, a video frame grabber, and a simple desktop 

2s computer images which contained the 25 individual spots 
that were in the array device well. The software was able 
to measure the integrated light intensity of each spot as 
well as the number of particles per individual spot. For 
example, a streptavidin spot that was labeled with a low 

30 density of BSA-biotin-Au bindinq aqent was analyzed with • 
the video imaging system using a particle counting mode. 
To get some idea of ·the signal to background, an sou 
diameter spot of solid-phase area not coated with 
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streptavidin was analyzed to determine the backqround. In 

this preliminary model system, the signal/background was 

317 /25 - 13 with a labeling density on the spot of about 

0.06 particles/u2 under non-optimized illumination and 

s detection conditions. Based on this non-optimized 

preliminary data, these data imply that at a 

signal/background of 3/1 particle densities of 0.015 

particles/u2 are detectable. Under more optimized 

cond.itions, the lower level of sensitivity may be much 

10 lower. 

Examcle 21 - Detection Sensitivity of Gold Particles in 

Thin Films 

IS 60 nrn gold sol was diluted by factors of 10 and 20 µl 

of each dilution was deposited as spots on a BSA coated 

slide. The slide, with no cover glass was then placed on a 

Porro prism with immersion oil. Each gold sol spot had a 

diameter of about 4 mm. The following table gives pertinent 

20 information on each spot. 

Au Sol M Particles SPOT i of Particles Observation• 
/ml Diameter 

(mml 
3x l~-u. 2.3 x lo·· 12.4 4.6 x 10" Very Intense 

Yellow 

3.8 x 10-12 2.3 x io· 12.8 4.6 x 10' Intense 
Yellow Green 

3.8 x lo-·• M 2.3 x 10" 11.4 4.6 x lo· Weak but 

detectable 
green 

*Aa~detected by eye 

25 
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·rhe table below expresses the above data in units that are 

more meaningful in clinical assay applications. The height 

of the.liquid in the spot can be calculated with the 

S expression 

h • V/A 

where V is the volume of liquid in the spot (20 ml = 
10 0.02 cm3

) and A is the area (in cm2 } of the spot. Usinq 

A = 1.2 cm2 we get h = 0.016 cm = 160 m. This height is 

much smaller than the depth of field of the eye or our 

electronic and optical methods of detection and thus each 

spot behaves (from a geometrical point of view) as if all 

ts of the particles were on the surface of the slide and the 

sensitivity reported in the table are similar to the 

sensitivities expected for particle deposited on the 

surface. 

Au M Spot Spot Particles "Particles *Intensity 
Area, Area, per Spot per µ2 of Spot 

cm2 µ2 
3.8 x 1.2 1.2 x 4.6 x 10" 3.83 Very 
10-11 108 Intense, 

Yellow 
3.8 x 1.3 1.3 x 4.6 x 10' 0.35 Intense 
ia-12 108 Yellow 

Green 
3.8 x l.2 l.2 x 4.6 X lQD 0.038 Weak but 
10-U 108 Detectable 

green 

20 *As detected by eye 
I This column was calculated by dividinq the number of particles per 
spot by the area of the spot. 

\ 

Example 22 -·60 nm Gold earticles Deposited on the Surface 

25 of a BSA Coated Glass Slide 
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A series of 60 nm qold particle solution dilutions 

were formed and 3µ.l of each dilution was deposited as a 

small ,:Spot.on a BSA coated slide. The spots w~re in a row 
s on the same slide. The slide was incubated in a humid 

chamber for 6.5 hours, then rinsed with sterile water. The 
particle density on each spot was determined by particle 
countinq under DLASLPD conditions in a liqht microscope 
which has an eyepiece with a calibrated reticle. The 

10 following table shows our results. 

IS 

Deposit 

Area concentration• 
Number particles/ml 

l 2.3 x 1010 

2 2.1 x 109 

3 7 x 108 

4 3.5 x 108 

5 1. 75 x 108 

6 8.75 x 107 

Total number of 

particles 

deposited 

2.3 x 108 

2.1 x 107 

7 x 106 

3.5 x 106 

1. 75 x 106 

8.75 x 105 

'Particles 

per 100 

micron2 

460 

41.8 

13.9 

7 

3.48 

1. 74 

*Deposit concentration is the concentration of unprotected qold sol 
20 solution that was placed on top on a spots. * Particles per micron2 

- This qives the number of particles per 100 
micron square if all of the particles in the solution deposited on a 
specified are became attached to the slide. The area covered by the 
solution has a diameter of about 8 mm. The area is A•l.1416*{.4) 2 cm2 

25 - O.S cm2 • O.S x 101 micron2 • 

After 6.5 hours, the slide was washed by gently 
squirting sterile water on each gold containing area on the 
slide. The slide was dried with heat qun on cold setting. 

30 The~dried slide was viewed under QLASLPD conditions with a 
liqht microscope and the particle density in each area was 
determined using the calibrated reticle in the microscope 
eyepiece to count particles/ reticle square. The following 
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table shows the results. 

!?articles Particles coun:ed Pa.rticles 
deposited using reticle counted per 100 

Samele ·Eye• /100 micron2 (area, micronzl i micron2 

1 Very intense 460 20•• (391 5l.2 
yellow qreen 

2 Intense 41.8 7 (39) 18 
yellow qreen 

3 Fairly 13.9 13 ( 1001 13 
i:itense yellow 

green 

4 No intensity 7 0 0 

detected 

5 No intensity 3.48 0 0 

detected 

6 No intensity l. 74 0 0 

detected 

·*Eye This is the liqht intensity excited by the microscope 
S illwninator under OLASLOP conditions and viewed by eye from the qold 

on the specified area of the slide. 
** - The particles in this area were too numerous to count and the 
count listed here may be in error by as much as 2x. 
t - The area listed in parenthesis is the area of l reticule square 

10 for the objective and optovar settinq used to count particles. 

Sample Particles counted per Eye• 
micron2 

l 0.512 Very intense yellow 
green 

2 0.18 Intense yellow qreen 
3 0.13 Fairly intense yellow 

green 

4 0 No intensity detected 
5 0 No intensity detected 
6 0 No intensity detected 

lS 
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Example 23 - Sensitivity for Visual Detection of Intensity 
from a Small Liquid Spot of 60nm Gold Particle 

Two dilutions of 3.4 x io-12 M (0.00S% gold) 60 nm gold 
sols were prepared and 2 mL of each dilution was deposited 
in a separate · spot on a glass slide. Each spot had a 
diameter of about 4 mm (Area =6.28 x 106 m2). The different 

10 spots were in a row in the middle of the same slide. 

15 

20 

Particle concentrations and densities in each spot are 
shown in the following table. 

Gold Sol M 

3.4 x 10-12 M 

1. OS x 10-12 M 

0. 5 x 10-12 M 

0.25 x 10-12 M 

Particles/ml 

2 .1 x lOg 

1. OS x 109 

0. 5 x 10!> 

0. 25 x 109 

Particles/ll! 

2. l x 10°6 

1. OS x 106 

0.5 x 106 

0 .2S x 106 

Particles/.u.1 

0.31 

O.lSS 

0.077 

0.038S 

To determine the lowest particle density from scattered 
light intensity as detected by the unaided eye, we placed 
the slide on a Porro prism by means of immersion oil. Each 
spot, still in liquid form, was sequentially illuminated by 

25 light from the Baush-Lomb Illuminator with a xlO objective 
at the end of the fiber. The spot produced by the 
illuminator was about 4 mm in diameter. In the dark room, 
at night, we could see down to 0.0385 although the latter 
could just barely be seen. 

30 

Example 24 - Sensitivity for Photodiode Detection of 60 nm 
Gold Particles (in suspension) at Different Concentrations 
in Immulon Plastic microtitier Wells 
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Different dilutions of 60 nm gold sol were placed in 

different Immulon Wells (200 µl in each well). To measure 

scatt~red light intensity,_ the bottom of a well was 

illuminated with white light from a Lei ca Microscope· 

Illuminator that was equipped with xlO objective. The 

bottom of the well was a few mm from the objective. The 

light from the objective produced a beam that was focused 

on the center of the well. The beam diameter at the focal 

10 point was about 5 mm. Scattered light was detected by a 

photodiode that was positioned to detect light through the 

side wall of the well {right angle detection). The. 

scattered light was detected through a small hole (diameter 

about 1 nun) that was positioned in front of the photodiode 

15 to lim~t background light detection. The wells containing 

the different gold sol dilutions were attached to each 

other and each well can be sequential positioned in the 

illumination and detection paths. The output of the 

photodiode is measured with an operational amplifier that 

20 is operated in the current mode. The feedback resistor 

of the op amp determines the sensitivity of the amplifier. 

The photodiode is operated in the photovoltaic mode. Two 

sets of 60 nm qold dilutions were prepared and the 

intensities measured with the photodiode. 

2S 

.a. rirst set of dilutions 

The master solution (3. 8 x io-11 M) was diluted by factors 

of two. The following readings were obtained. Readinqs 

30 were made with a 5 megohm resistor in the feedback loop of 

the op amp. 
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5 

10 

15 

20 

25 

Gold Particle Concentration 

1. 9 x 10-11 M 

0. 95 x 10-11 M 

4. 75 x l0-12 M 

2. 38 x 10-12 M 

1.2 x 10-12 M 

0 

b. Second dilution 

Intensity (Volts) 

3.27 

1.6 

0.89 

0.44 

0.24 

0.075 

A xll dilution solution (3. 4 x io-12 M) was diluted by 

factors of x2. Results are as follows. 

Gold Particle Concentration Intensity (Volts) 

3.4 x io-12 M 0.614 
l.., x 10-12 M 0.378 

8.5 x 10-13 M 0.198 

4.25 x 10-13 M 0.147 

2.13 x 10-13 M 0.100 

1.06 x 10-13 M 0.086 

0 0.075 

T~e above results show that, in wells, we can detect 60 

nm diameter gold particles in the range 1.9 x 10-11 M to 1 x 

io-13 M. The upper range can be extended. 

30 Example 25 - Reproducibility for Depositing and Visually 

Detecting (Integrated Scattered Light Intensity) 60 nm 

Gold Particles Deposited on a BSA Coated Glass Slide 
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3 µl of a 2x dilution of 0.005% gold (60 nm) solution 

was deposited in each of 5 spots on a BSA coated slide. 

The slide was incubated for five minutes and then 

introd.uced into a beaker containing 150 ml ·of di·stilled 

s water. The water washed·the unbound gold off the slide. The 

spots were then · illuminated with our illuminator (white 

light SpectraMetrix Illuminator) • The gold particles in 

each spot were in the form of a ring (that is the particles 

were not homogeneously distributed in the spot but were 

10 confined to a ring) which scattered gr~en light and could 

be clearly seen in the dark room with the unaided eye. 

The experiment was repeated with a newly coated BSA 

slide except that during the incubation of the gold dots, 

the slide was gently tapped on the side with the finger so 

JS as to stir the liquid in the gold particle spots. After 5 

minutes, the slide was introduced into 150 ml of sterile 

water in a beaker and the light scattered by each spot was 

viewed alternatively using the white light SpectraMetrix 

Illuminator. The illuminator produced a spot of light of 

20 about 5 mm diameter on the slide. Gold spots could clearly 

be seen through scattered light where the gold sol was 

deposited. The spots were viewed with the slide submerged 

in water which reduced scattering by imperfection on the 

slide. All of the spots scattered green light and had about 

2S the same intensity as evaluated by visual detection. A 

small, non-light scattering spot (dark spot) appeared in 

the center of each spot. 

Example 26 - Color of Light Scattered by 60 nm Gold Sols at 

30 Oiff erent Gold Particle Concentrations 

Six 8 x 50 mm. (l.6 mL) polystyrene tubes were washed 

by ~insin9 with sterile from a squirt bottle. Excess water 

274 



W099/20789 PCT/US98/23160 

was removed from each tube by shaking but the tubes were 
not dried. A qold particle solution (60 nm, 0.005'> was 
then serially diluted by factors of 1,2,4,8,16 and 32. Each 
tube had 500 mL of gold particle solution. The diluted 

S gold soi was stable (scattered light .did not change color. 
on standinq) in the polystyrene tubes. No evidence of 
aggregation. The light scattered by the different dilutions 
had the following colors. The gold sol used in these 
observations had been washed several times with sterile 

10 water to remove salts {that are used to form the gold sol) 
which seem to destabilize the gold particles. 

Dilution Color ---
1 yellow green 

2 yellow green 

4 light green 

8 light green 

16 light green 

32 light green 

lS ExamDle 27 - Stabilization of Gold Particles with BSA 

20 

25 

We found that 900 mg of BSA were required per ml of 60 
nm, 0. 005% geld sol to stabilize the gold sol against 
agglutination by 1% NaCl. 

Example 28 - Deposition of 60 nm Gold Particles at High 
Particle Densities on BSA Coated Glass Slides 

' 

This example shows how to 

sur~ace densities (25 to 

deposit spots of 

100 particles/!l2
) 
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particles on a glass slide. These spots are used in 
examples 30 and 31 to determine the intensity, color and 
homogeneity of light scattered from these spots (white 
li·ght ;illumination) as seen by the naked eye and in a liqht 

s microscope using DLASLPD methods. 

4 ml of 60 nm gold sol ( 0. 005i, 3 x 1010 particles 
per ml) were centrifuged in the clinical centrifuge at 
maximum speed until all of the gold particles sedimented to 
the bottom of the tube (about 30 min). The supernatant was 

10 removed and the soft pellet was diluted by factors of l, 2 
and 4. We estimate that the soft pellet had a particle 
concentration of about 3 x 1011 particles per ml. 4 ml of 
each dilution was deposited on separate spots on a SSA 
coated glass slide and the liquid in each spot was allowed 

15 to evaporate at room Temperature. The number of particles 
deposited in each spot (assuming that the xl gold sol had a 
concentration of 3 x 1011 particles per ml) is shown in 
the following table. It should be noted that the maximum 
particle density which can be achieved with 60 nm 

20 particles (saturated monolayer of particles) is 354 
particles/µ2

• 

Particles 

Dilution Deeosited1 Particles/Jil2 * 
l 1.2 x 10!1 100 

2 6 x 1011 50 

4 3 x 1011 25 

*Particle Density in particles/~2 is calculated for a spot with a 
2S diameter of 4 111111 ( 4 x 103 µ) .and area of l2. 6 x 105 ~z. 

tca~ulated for a deposit of 4 ~ of a 3 x 1ou particles per ml 60 nm 
gold sol. · 

After solvent evaporation, each spot was examined for 
30 its · appearance in room lights and under DLASLPD 
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illumination (as viewed with unaided eye) . DLASLPD 

illumination was with a Leica microscope illuminator that 

had a xlO objective focusing lens and produced a narrow 

beam Qf light that focused to a small spot at a distance of 
s about 10 mm from the objective. The spots were also 

examined by light microscopy using DLASLPD methods With 

x2. 5 , xlO , x25 and x40 objectives and plus additional 

magnification of xl. 25 ,· :Kl. 6, and x2. Only a small area 

of .each spot could be seen at a time with the xlO and x20 

10 objectives. However, the whole spot could be seen with the 

x2.5 objective. To determine the particle surface density 

on each spot, we counted the particles seen through the 

microscope on a given area and divided by this number by 

the area. The area was determined with a reticle positioned 

lS in the ocular of the microscope which had been calibrated 

with slide micrometer. As an example, when particle 

counting was done with the x40 object_ive and additional 

magnification of l.25 and 2 (before the ocular), the unit 

square in the ocular reticle used for particle counting 

20 were respectively 6.25 µ x 6.25 µ (area of square = 39.1 

µ2 ) and 10 µ x 10 µ (area = 100 µ2 ) • These are the areas 

in the object plane. 

Example 29 - Observations of High Surface Density Gold 

2S Particle Spots in Air 

In this example, the gold particle spots prepared as 

described in example 29 are examined visually and 

microscopically using DLASLl?D illumination. The spots 

JO were dry and the gold particles were thus in air. 
' 

a~ xl dilution spot 
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In room lights the spot has a dark purple appearance 

with a lighter spot of less than 1 mm diameter in the 

center. Under DLASLPD illumination the spot had a rather 

uniform whitish orange appearance. The spot was highly 

s intense. Under DLASLPD conditions in the microscope ( xlO 

objective, extra magnification x2, 12.S ocular) the spot as 

viewed through the ocular had a highly intense orange 

color. Individual particles could easily be seen. Some 

particles could _be seen very close to each other or even 

10 overlapping. The majority or particles are orange but some 

are green. Two or more particles which are separated from 

each other by less than about the spatial resolution of the 

microscope appear as single particles. If the space between 

the particles are close enough to perturb their light 

IS scattering properties, the particle group appears as a 

single particle of a color that is different than that of 

the single particle. At high particle density, it is 

expected from theoretical calculations ·that many particles 

will be separated by distances which are smaller than the 

20 resolution of the microscope. The appearance of the spot 

did not change much when viewed with a xlO or x20 

objective. The area on the slide which is outside of the 

spot (background) was very dark compared to ·the intense 

spot . With the x2. 5 objective, the whole spot could be 

25 seen. It had an intense orange appearance with a small 

green ring at the periphery. The color seemed to be fairly 

uniform in the orange area although same patches seemed to 

be lighter than others. The particle surface density in the 

gre~n ring was much lower than in the orange area. 

30 

b. x 2 dilution spot 

In room lights, the spot has a medium purple outer 
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r:i.ng with a dark purple spot of about 2 mm in the center. 
Under DLASLPD illumination the spot had a rather uniform 
whitish yellow appearance. The spot was hiqhly intense. 
Under .DLASLPD conditions in the light microscope ( xlO and 

s x20 objectives, x2 extra magnification, 12.S ocular) the 
spot as seen through the ocular had a highly intense oranqe 
color but the color was not as uniform as xl dilution. 
There are patches which have a greenish appearance. Very 
closely spaced particles could be seen. The majority of the 

10 particles are orange but there are some green which are in 
high abundance in the green patches. The appearance of the 
spot did not very much when viewed with a xlO or x 20. 
objective. The area outside of the spot was very dark 
com.pared to the intense spot. With the 2. S objective the 

15 whole spot could be seen. It had an intense orange 
appearance with a small green ring at the periphery. The 
color seemed to be fai.rly uniform in the orange area 
although same patches seemed to be lighter than others. 
Some of this non-uniformity is due to inhomogeneities in 

20 the illuminating system which had not been optimized. 

c. x 4 dilution spot 

In room lights, the spot had a very light purple color 
25 with a small dark spot (about 1 mm diameter) displaced to 

one side of the circle. Under DLASLPD illumination the spot 
had a rather uniform whitish green appearance. The spot 
was highly intense. Under DLASLPD conditions in .the light 
microscope ( xlO objective, x2 extra magnification, 12. S 

30 ocular) the spot appeared to be highly non-uniform probably 
to uneven evaporation of solvent. · The center of the spot 
had a hiqhly intense oranqe or lavender color. Particles 
are very close to each other or even overlapping in this 
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central area, with most particles having an orange color 

and some a green color. Away from the center, the spot had 

a greenish appearance with a predominance. of green 

partic~es with some orange particles. There are alternatin_g 

S rings of green and yellow color as one goes from the center 

of the spot to the periphery. The area outside of the spot 

(background) was very dark compared to the intense spot. 

The whole spot can be seen with x2. 5 objective. The spot 

had an oval appearance with a orange or lavender spot 

10 (about l. 5 mm diameter) towards the center. This was 

surrounded by intense circles of alternating yellow green 

and green area. A small ring at the periphery had a less 

intense (but still intense) color which was distinctly 

green. In this peripheral area, almost all of the particles 

IS are green particles and could be counted with x40 

objective, extra magnification x2. The particle surface 

density in the green particle area was about 20 particles/ 

39.1 µ2 or 0.5 particles per µ2 • At the very periphery the 

particle count dropped rapidly and we counted about 7 

20 particles per 100 µ2 or 0.07 particles/µ2 • The gradient of 

particles on this spot allows us to count the particles up 

to the counting limit of about l particle/µ2
• 

25 

Conclusions for immobilized particles in air 

a. The procedure described above allows us to deposit qold 

particles at high surface densities on small (4 mm) spots. 

The deposits are not completely uniform when vi:ewed in 

room lights as expected for the evaporation process which 

30 we use to form the spots. 
' 

b. Under DLASLPD conaiticns in the light microscope, the 

xl and x2 dilution spots are fairly uniform. For·. the x4 
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dilution, the spot displayed more non-uniformity. 

c. The particle density of the spots seems too hiqh for 

pa:ct.icle counting to be meaninqful (particles to close 

5 to be resolved as individual particles) . However, at 

the periphery of the x4 dilution spot the particles 

could be counted and the density here was around O. S 

particles/ µ2
• This particle density is close to the 

mu:iµium particle density which can be counted with the 
10 resolution of our microscope. 

Examcle 30 - Observations with High Surface Density Gold 
Particle Spots in Water 

IS The slide used in example 30 was submerged in 150 m,l. 
of sterile water in a beaker. The particles did not seem 

to come off the slide. Using the microscope illuminator 

with lOx objective, the gold spots in the submerged slide 

could each be separately illuminated with a narrow beam of 

20 light. The color of the spots (observation with unaided 

eye) did not seem to change in going from air to water. 

The glass slide was removed from the beaker of water and 
cove.red with a cover glass. A thin film of water surrounded 

the gold particles. Microscope observations were as 

~ follows. 

a. xl dilution spot 

When viewed under DLASLPD conditions with a light 

30 microscope with x2.5 objective, xl.25 extra magnification 
~ 

and x12. 5 ocular, the spot had a fairly uniform orange 

lavender appearance. The periphery of the spot contained 

brig~t, yellow green particles. The particles at the 
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periphery can be easily seen "lith lOx to 40x objectives. 
The particle surface density was very high throuqhout the 
spot even at the periphery except at a very thin ring at 
the v~ry periphery where the individual particles can 

S easily be seen as bright objects. 

b. x2 dilution spot 

The whole spot could be seen through the 12.5 x ocular 
lO using the x2.5 objective and xl.25 extra magnification. 

The spot had a very intense yellow color overall and seemed 
fairly uniform. Most of the spot was yellow but towards the 
periphery the spot had a yellow green color. With a x40 
objective and xl.25 extra magnification, the particles at a 

IS very high surface density could be seen. Most of the 
particles have a yellow green color. A few have a green 
or red color. The spot had a very fairly uniform intensity 
except at the periphery where the particle density drops 
off very rapidly to zero (dark background) . The individual 

20 particles with dark spaces between then can easily be seen 
and counted at the periphery where the particle surface 
density is low. 

25 

c. x4 dilution spot 

The whole spot could be seen with the 2.5 x objective 
plus l.2Sx extra magnification. The spot had a very intense 
yellow green color and the color was very uniform in 
contrast to the observations in air where the spot had many 

30 green pacches. Individual particles could easily be seen 
with' x40 objective ~nd xl.25 extra magnification. The 
particles in water are much more intense. or brilliant than 
in air. The particles at the periphery were not 
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predominantly green but in water most c.f the particles were 
yellow green with some red and orange particles. Most of 
the spot had a very intense yellow color. Individual 
parti~les can be seen with x40 objective but the particles 

s are very dense and overlap. In the most intense ar·ea of 
the spot, the particles seen with x40 objective and x2 
extra magnification, were at a density of about 25 
particles I 39.1 µ2 or about 0.6 particle/µ2 • This number 
may not represent the true particle surface density 

10 because of limitations microscope resolution. 

Conclusions for immobilized particles covered by water 

Placing the gold spots in water seems to give them a 
IS more uniform appearance. Spots x2 and x4 dilutions seem·to 

both have a yellow color when viewed by the unaided eye 
with the illumination of the light microscope under DLASLPD 
conditions (slide sitting on prism and coupled to the prism 
with immersion oil). ·The xl dilution spot appears to be 

20 orange to the eye. 

Example 31 - Binding of 60nm Gold-BSA-biotin Reagent to 
Magnetic Beads 

2S This example demonstrates our ability to detect and 
quantify the specific binding of gold particles to magnetic 
beads. by light scattering intensity measurements in 
suspension and to detect individual gold particles bound to 
ma9petic beads by light microscopy under DLASLPD 

30 conditions • 
. . 

60. nm gold particles were coated with BSA that had 
been covalantly labeled with biotin (BSA-biotin-Au). 500µ1 

of a phosphate buffered saline solution, pH 7.4, containing 
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O. U BSA solution was added to each of 5 microcentrifuge 
tubes. The tubes were labeled O~ l, 2, 3, 4. A solution 
of BSA-biotin-Au at a gold particle concentration of 

3. 8x10.-11 M was added to each tube and the. tubes w.ere 

s shaken. Additional amounts of the BSA-biotin-Au solution 

were added to bring the concentration of gold BSA-biotin 
particles = Sxl0-13 M in each tube. The following amounts in 

µl of Dyna beads M280 Streptavidin (2. 8 µ diameter beads 

with streptavidin cov~lantly attached to the surface of the 
10 bead) suspension containing 6. 7 xl08 Dyna beads/ml 

(lOmg/ml) or about lxlo-12 M bead molar concentration, 
dissolved in phosphate buffered saline (PBS), pH 7.4,. 
containing 0. 1% BSA and 0. 02% NaN3 was added to ea·ch tube: 

lS 

Cone. of Cone. of Gold BSA-
Tube t Y! mag:. beads biotin Biotin Cone. 

0 0 0 0 

1 s lxlo-14 M 3x10-1 M ax10-13 M 

2 10 2x10-14 M 6x10-• M ex10-13 M 

3 15 Jx10-14 M 9x10-a M Bx10-13 M 

4 20 4x10-14 M 12xlo-a M Sxl0-13 M 

The tubes were incubated for 30 minutes at room temperature 
and then were placed, one at a time starting with tube 

20 zero, . in a MPC-E/E-1 magnetic particle concentrator to 
separate magnetic beads from solution. After 2 mi~utes the 
supernatant solution was carefully removed with the tube 
still in -the magnetic separator. The supernatant was placed 

' in a lml microculture tube. Tube S was left for S minutes 
25 in the magnetic concentrator while the other tubes were 

left for 2 minutes. The scattered li;ht intensity of the 
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s. 

supernates were then measured in the SpectraMetrix 

photometer with the following settinqs: Resister PM out = 
0.1 Meq ohm, Filter on excitation side = oranqe filter CS 

3-61, x~O neutral density attenuator= out. 

The following scattered light intensities were measured: 

Tube # Intensitl'.: 

0 l.21 Volts 

1 1.04 

2 o. 644 

3 0.49 

4 0.362 

The supernatants were returned to their respective tubes 

10 containing the magnetic beads and aliowed to incubate for 

an additional 2 hours. After 2 hours the tubes were then 

processed as previously described and the following 

scattered light intensities for the supernates were 

obtained: 

15 

Frac. of Gold 

Intensity Normalized Particle 

Tube ft (Volts) Intensit:l Bound 

0 0.855 1.21 0 

1 0.604 0.85 0.3 

2 0.382 0.54 0.55 

3 0.326 0.46 0.61 

4 0.206 0.29 o. 76 
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The 2 hour extra incubation did not result in qreater 

bindinq of gold BSA -Biotin to magnetic beads. 

A drop of the maqnetic beads with attached gold 

particl.es was deposited on a microscope glass slide and 

S covered with a cover glass . The slide was then examined 

under DLASLPD conditions with a light microscope. The 

magnetic beads could easily be seen as strongly scattering 

objects but the gold particles on the beads were more 

difficult to see because of the strong scattering by the 

10 large magnetic beads. However, if the water medium was 

replaced by a bathing medium with a refractive index around 

1.4 to 1.5, the particles could be seen more clearly. Also 

if the illuminating light beam was inclined at a higher 

angle with respect to a line perpendicular to the slide, 

lS the gold particles could be seen more clearly. 

Example 32 - Detection of Nucleic Acid Hybridization With 

Nucleic acid-Labeled 40 nm Diameter Gold (Au) Particles 

20 1. Preparation of Chemically Activated Polyethylene 

Glycol-Amine Coated Au Particles 

Reactive amine groups for conjugation of nucleic acids 

to the Au particles was accomplished as follows. 40nm Au 

25 particles were coated with bis(Polyoxyethylene bis[3-

Amino-2-hydroxypropyl]} Polyethylene compound using the 

procedure described in Example 12. This results in 40 nm 

diameter Au particles with a thin coat of polyethylene 

coinpound that has several chemically reactive amine groups 

30 for conjugation of the nucleic acids to the particles. 

2. Preparation of nucleic acids for conjugation to the 40 

nm· diameter Au particles 
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s 

Homopolymers of polycytidylic acid (Poly (C)) and 
polyinosinic acid (Poly(I)) were chemically modified as 
follows.. 0.8 mg. and l.3 mg of PolyCI) and ~oly(C) were 
placed in separate tubes. 
1.0 ml of a O.lM 

To each of the tubes was added 
solution of l-ethyl-3, 3-

dimethylaminopropylcarbodiimide (CCI} in imidizole buffer 
pH 8.5 and incubated for one hour. The nucleic acids were 
then precipitated by ethanol precipitation and resuspended 

10 in hybridization buffer (20 mM Tris-HCl, 100 mM NaCl, l mM 
EDTA pH 7. 6).. 

15 

3. Conjugation of Activated Nucleic Acids to Activated 
Au Particles 

The same protocol was used for both the Poly(I) and 
Poly(CJ preparations. To 50 ul of nucleic acid solution 
was added 20 ul of 40nm-Au-PEG activated particle solution, 
and 100 ul of Hepes 0.2 M pH 8.0 and incubated for 1 hour 

20 at 50° C. Following the reaction, the Poly(C} and Poly(I) 
40nm Au-nucleic acid conjugates were collected by 
centrifugation, washed, and resuspended in hybridization 
buffer. 

25 4. Hybridization Experiments 

The hybridization properties of the nucleic acid-40 nm 
Au particle conjugates (40nm diameter gold particles with 
nucleic acids covalently attached to the polymer coated 

JO surface of the particle) were studied as follows. A light 
microscope· using DLASLPD methods was used. The glass slide­
liquid-cover slip experimental setup as shown in Figure 9 
was .used. A drop of the Poly(C)-Au particle conjugate 
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preparation was placed ·on the slide and covered with a 

cover slip. A drop of immersion oil was placed on the 

microscope condenser and the slide then placed on top of 

the coll$ienser. The lOX objective was used. The solution 

S appeared fairly homogeneous, and the Poly (C) -Au particle 

conjugates could be seen floating across the field. Their 

brownian motion appeared to be less than what we have 

previously observed for 40 nm Au particles not labeled with 

nucleic acids. A few eoly (C) -Au particles appeared to be 

10 stuck to the surface of the glass slide. There were a few 

aggregates of Poly(C)-Au particles, mostly of two to four 

Poly(C)-Au particles. These aggregate structures moved as 

one unit as they floated across the field of view. We 

noticed that the particle density of Poly(C)-Au particles 

15 attached to the surface of the slide was increasing as we 

observed this slide for several minutes. The color of the 

20 

scattered light coming from the Poly(C)-AU particles was 
green. The cover slide was removed, and a drop of the 
Poly(I)-Au preparation was then placed next to the wet area 

of the slide containing the Poly(C)-Au drop. Contact 
between the two spots was achieved by using a metal probe 

to drag a line of liquid from the Poly(I)-Au drop to the 

wet part of the slide containing the poly (C)-Au. A cover 

slide was .then placed on top, and the slide was then placed 

25 back on the microscope and viewed. We observed the 

formation of increasing numbers of multiple Poly(I)-Au­

Poly(C)-Au particle agqreqates over time. After about 20 

minutes, we ~canned the slide and observed that there were 

very few sinqle particles, and most of the particles were 

30 in aqqreqates of several particles, many of them stuck to 

the glass slide. The aggregates appeared to have defined 

shapes, that is, there seemed to be a particular way these 

particle aggregates were assembled, some appearing as a 
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spool of randomly wound up string, and others appeared as 
branched chain networks. The appearance of these multiple 
aggregates was very different as compared to the few 
aqgreq~tes we observed on the control Poly(C)-Au slide. We 

S switched to the 40X objective and in some of the 
aqqregates, some of the particles appeared more yellow in 
color than green. We then removed the cover slip of the 
.slide containing the Poly(Au)-Poly(I)-Au reaction and added 
a drop of 10-5 M ethidium bromide onto the slide and 

10 covered with a cover slip. We observed a faint orange color 
coming from the aggregates of particles on the slides, that 
is, it appeared like the green and yellow-green color of 
the particles was placed on a background of a faint orange 
color. No orange color was observed in the areas away from 

IS the aggregates. This faint orange color indicated to us 
that there was double-stranded structures of nucleic acids 
near and within the particle aggregates. We interpret this 
as the hybridization of the Poly(C)-Au conjugates to 
l?oly (I) -Au conjugates. This slide was removed and a 

20 control slide containing a drop of the Poly (I) -Au was 
observed under the microscope. We made similar observations 
as compared to the control Poly(C)-Au slide but that this 
Poly(I)-Au prepara~ion seemed to have about twice as many 
small aggregates as compared to the Poly (C)-Au control 

2S slide. The color of scattered light appeared green with 
some aggregates appearing yellow-green. 

30 

In this particular format, both of the complementary 
strands were labeled with gold particles. As the 
complementary strands hybridize, more particle agqregates 
appeared. The binding of nucleic acids can be detected by .. 
detectinq· the scattered light f rcm gold or similar 
particles. It also appears that when two or more Au 
particles are in close proximity to each other, the color 
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of the scattered light can change. This change in color of· 

the scattered light can be used also as a way to detect a 

binding event. It should be noted that the Au particles, or 

any oi;her particle which scatters liqht sufficiently can 

s be used in numerous foanats to detect the binding of 

nucleic acids or any other ligand-receptor pair in a 

separation or n~n-separation assay foanat. 

Example 33 - Detection of Bound Gold Particles to Large 

10 Polystyrene Beads 

we placed a drop of a solution of spherical polystyrene 

particles of about 2 microns in diameter coated with biotin 

on a glass microscope slide and viewed in the light 

IS microscope under DLASLPD conditions. The polystyrene 

particles were easily seen as bright white light point 

sources. We then place a drop of a preparation of 60nm 

gold particles coated with streptavidin onto the drop of 

polystyrene particies and viewed this preparation in the 

20 microscope. The briqht white polystyrene particles could be 

seen and a faint halo of yellow-green color was observed 

surrounding the polystyrene particle. 

solution from the slide and then 

We evaporated the 

placed a drop of 

microscope immersion oil on the preparation and then viewed 

2S under the microscope. Individual gold particles and large 

circular ring areas of yellow-green gold particles were 

easily visible. The polystyrene particles appeared as 

almost a dark or black spot .surrounded by a halo or. ring of 

yel~ow-green color. This method can be used to detect bound 

30 gold particles or other metal-like particles to the surface 

of solid particulate matter and small solid-phases such as 

glass or other beads, and biological cells and the like. 
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Example 34 - Liqht Scattering Procerties of Gold Particles 
Coated with Polyethylene Compound 

Gold particles approximately lOOnm in diameter made by . 
s the citrate·proce4ure were used. A portion of this solution 

was placed in a separate container and the particles were 
coated with polyethylene glycol compound(MW = 20,000) using 
the procedure described elsewhere. 

For scattered light comparisons of coated and uncoated 
10 par-cicles, the samples were diluted in water until each 

solution had a faint tinge of pinkish-red color. The 
scattered light intensity versus incident wavelength 
profiles for the samples were collected using the 
SpectraMetrix Photometer. 

IS For these measurements, a monochromator was placed 
between the light source and sample Scattered light data 
was collected at 10 nm increments from 400 nm to 700 nm by 

adjusting the monochromator setting. The data were 
corrected for wavelenqth dependent monochromator and 

20 photodetector variation as a function of wavelength using a 
calibration graph that was made by using 12 nm silica 
particles. The data was analyzed using the calibration 
graph. The data are shown in Figure 16. 

The data show that the coated and uncoated lOOnm gold 
2S particles have very similar scattered light intensity vs. 

Incident wavelength profiles. Therefore, many different 
types of macromolecular substances such antibodies, nucleic 
acids, receptors, or similar can be coated on the surface 
of the particles without significantly altering the 

30 scattered light properties. 
•Other embodiments are within the following claims. 

291 



W099/20789 PCT/US98123160 

Claims 

What we claim is: 

5 1. A method for selection of a particle type for detection of an analyte by 

light scattering, said method comprising the steps of: 

a) providing light scattering signal strength versus particle size information 

for candidate particles; and 

b) selecting a particle which provides acceptable dynamic range, acceptable 

10 low concentration detection sensitivity, and acceptable detection resolution based on 

said information, wherein the acceptable dynamic range, acceptable low concentration 

detection sensitivity, and acceptable detection resolution are determined by the 

concentration levels expected for said analyte in samples to be analyzed and are 

sufficient to allow light scattered from one or more said particles to be detected by a 

15 human eye with less than 500 times magnification and without electronic amplification. 

2. The method of claim 1, wherein said detection of an analyte by light 

scattering is performed in a solid-phase assay, and said selecting further comprises 

identification of a light scattering particle which co-optimizes particle density and 

20 particle size, thereby providing a useful combination of signal strength and dynamic 

range. 

25 

30 

35 

3. The method of claim 2, wherein the light scattering signal consists of an 

integrated scattered light signal. 

4. The method of claim 2, wherein the light scattering signal consists of 

light scattered from an individual particl~ or a single aggregate containing a plurality of 

particles. 

5. The method of claim 1, wherein said detection of an analyte is performed 
in a liquid phase assay. 

6. The method of claim 5, wherein the light scattering signal consists of an 

integrated scattered light signal. 
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7. The method of claim 5, wherein the light scattering signal consists of 

light scattered from an individual particle or a single aggregate containing a plurality of · 

particles. 

5 8. A method for specific detection of one or more analytes in a sample, 

comprising the steps of: 

specifically associating any said one or more analytes in said sample with a 

scattered-light detectable particle; 

illuminating any said particles associated with said analytes under conditions 

10 which produce scattered light from said particle and in which light scattered from one or 

more said particles can be detected by a human eye with less than 500 times 

magnification and without electronic amplification; and 

15 

20 

detecting said light scattered by any said particles under said conditions as a 

measure of the presence of said one or more analytes, 

wherein said particles are flowed by the illumination source. 

9. The method of claim 8, wherein said particles are flowed by said 

illumination source such that said particles or a multi-particle structure comprising a 

plurality of said particles is detected singly. 

10. The method of claim 8, wherein said particles are flowed by said 

illumination source in a structure selected from the group consisting of capillaries, 

microchannels, and spectrophotometric or flow cytometry flow cells. 

25 11. The method of claim 8, wherein said analyte comprises a nucleic acid 

sequence, and at least one scattered light detectable particle is attached to at least two 

probe nucleic acid strands, wherein said nucleic at least two nucleic acid strands bind to 

different regions of said nucleic. acid sequence; and 

said detecting further comprises flowing said nucleic acid sequences by the 

30 illumination source one at a time and distinguishing single particles :from two or more 

particles, wherein detection of two or more particles is indicative of the presence of said 

nucleic acid sequence. 

This Sheet Has Been Replaced 

\ \11\11\ \l\lt\ 111\11\1111\ \II\ 
* C L M S * 

\ \11\1\\ llll\\ \\1111\ \Ill 



W09'120789 PCT/US98/2Jl60 

12. The method of claim 8, wherein said analyte comprises a cell or a 

cellular constituent and said detecting further comprises discriminating light scattering 

of said scattered light detectable particles from light scattering from said cell. 

5 13. The method of claim 12, wherein said discriminating comprises placing 

two detectors such that the relative levels of cell specific light scattering and particle 

specific light scattering differ for said two detectors. 

14. The method of claim 8, wherein the light scattering signal consists of an 

10 integrated scattered light signal. 

15 

15. The method of claim 8, wherein the light scattering signal consists of 

light scattered from an individual particle or a single aggregate containing a plurality of 

particles. 

16. The method of claim 8, wherein the characteristics of the light scattering 

sign.al measured comprise at least one of intensity, polarization , wavelength, and angle 

of observation. 

20 17. The method of claim 8, wherein the light scattering signal measured 

25 

detects changes in one or more properties of the scattered light detectable properties of 

individual particles or multi-particle aggregates as said particles or aggregates move in a 

solution. 

18. The method of claim 8, wherein a plurality of different particles with 

different sizes or compositions or both are distinguishably detected, each said different 

particle specifically associating with a different analyte. 

19. A method for specific detection of one or more analytes in a sample, 

30 comprising the steps of: 

specifically associating any said one or more analytes in said sample with a 

scattered-light detectable particle; 

illuminating any said particles associated with said analytes under conditions 

which produce scattered light from said particle and in which light scattered from one or 
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more said particles can be detected by a human eye with less than 500 times 

magnification and without electronic amplification; and 

PCT/US981Z3160 

detecting said light scattered by any said particles under said conditions as a 
measure of the_ presence of said one or more analytes, 

5 wherein said detecting comprises spatially discriminating or classifying or both 

scattered light from said particles, thereby identifying individual particles or multi.­

particle structures. 

20. The method of claim 19, wherein said discriminating or classifying 

10 comprises electronic image processing and analysis. 

21. The method of claim 19, wherein said detection of an analyte by light 

scattering is performed in a solid-phase assay. 

15 22 The method of claim 19, wherein said detection of an analyte is 

performed in a liquid phase assay. 

23. The method of claim 19, wherein the characteristics of the light 

scattering signal measured comprise at least one of intensity, polarization, wavelength, 

20 and angle of observation. 

24. The method of claim 19, wherein the light scattering signal measured 

detects changes in one or more properties of the scattered light detectable properties of 

individual particles or multi-particle aggregates as said particles or aggregates move in a 

25 solution. 

30 

25. The method of claim 19, wherein a plurality of different particles with 

different sizes or compositions or both are distinguishably detected, each said different 

particle specifically associating with a different analyte. 

· 26. A method for specific detection of one or more analytes in a sample, 

comprising the steps of: 

specifically associating any said one or more analytes in said sample with a 

scattered-light detectable particle, 
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illwninating any said particles associated with said analytes with light under 

conditions which produce scattered light from said particle and in which light scattered 

from one or more said particles can be detected by a human eye with less than 500 time 

magnification and without electronic amplification, and 

5 detecting said light scattered by any said particles under said conditions as a 

measure of the presence of said one or more analytes, 

wherein said scattered light detectable particles also possess magnetic or 

electrophoretic properties, and said properties are used to localize said particles during 

performance of an assay or to separate particles associated with any said one or more 

l 0 analytes from particles not so associated or both. 

27. The method of claim 26, wherein said detection of an analyte by light 

scattering is performed in a solid-phase assay. 

15 28. The method of claim 26, wherein said detection of an analyte is 

perfonned in a.liquid phase assay. 

29. The method of claim 26, wherein the characteristics of the light 

scattering signal measured comprise at least one of intensity, polanzation , wavelength, 

20 and angle of observation. 

30. The method of claim 26, wherein the light scattering signal measured 

detects changes in one or more properties of the scattered light detectable properties of 

individual particles or multi-particle aggregates as said particles or aggregates move in a 

25 solution. 

30 

31. The method of claim 26, wherein a plurality of different particles with 

different sizes or compositions or both are distinguishably detected, each said different 

particle specifically associating with a different analyte. 

32. A method for specific detection of one or more nucleic acid analytes 

comprising target nucleic acid sequences in a sample, comprising the steps of: 

specifically associating any of said one or more nucleic acid analytes in said 

sample with a scattered-light detectable particle, wherein said specific associating 

35 involves specific hybridization of at least one analyte-specific nucleic acid probe with 
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any of said one or more Ji'licieic acid analytes, wherein said j:fartl~le can be directly 

attached to a said probe or a said probe has a ligand for attachment of said particle, 

illuminating any said particles associated with said nucleic acid analytes with 

light under conditions which produce scattered light from said particle and in which 

S light scattered from one or more said particles can be detected by a human eye with less 

than 500 time magnification and without electronic amplification, and 

10 

15 

detecting said light scattered by any said particles under said conditions as a 

measure of the presence of said one or more nucleic acid analytes. 

33. The method of claim 32, wherein said detection of an analyte by light 

scattering is performed in a solid-phase assay. 

34. The method of claim 32, wherein said detection of an analyte is 

performed in a liquid phase assay. 

35. The method of claim 32, wherein 

said one or more nucleic acid analytes comprise a plurality of target nucleic acid 

sequences; · 

said plurality of nucleic acid analytes or a plurality of nucleic acid probes are 

20 attached in separate spots to a solid surface; and 

light scattering from one or more of said separate spots is detected as a measure 

of the presence or amount of at least one of said one or more nucleic acid analytes in 

said sample. 

25 36. The method of claim 35, wherein determination of an integrated 

scattered light intensity of a said spot is used as an indicator of the amount of said 

nucleic acid analyte in said sample. 

37. The method of claim 35, wherein the number of said scattered light 

30 detectable particles in at least a portion of a said spot is used as an indicator of the 

amount of a said nucleic acid analyte in said sample. 

3 8. The method of claim 37, wherein the light scattering signals from 

individual scattered light detectable particles in said at least a portion of a said spot are 
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summed to provide a summed light scattering signal indicative of the amowit of a said 

nucleic acid analyte in said sample. 

39. The method of claim 35, wherein light scattering from each said spot is 

5 detected by scanning of said separate spots. 

40. The method of claim 35, wherein light scattering from each said spot is 

detected using separate detectors for each said spot. 

10 41. The method of claim 3_5, wherein light scattering from each said spot is 

detected using simultaneous imaging of said plurality of spots. 

42. The method of claim 41, wherein at least one image of said plurality of 

spots is analyzed using electronic image processing. 

15 

43. The method of claim 35, wherein said plurality of spots comprises an 

array. 

44. The method of claim 43, wherein said array is adapted for sequencing by 

20 hybridization or detennination of expression level of at least one nucleic acid sequence. 

25 

45. The method of claim 32 wherein a plurality of different particles with 
different sizes or compositions or both are diStinguishably detected, each said different 

particle specifically associating with a different nucleic acid analyte. 

46. A method for identifying the presence or amount of at least one cell type 

or organism in a sample or for detecting the presence or amount of at least one an.alyte 

on or in a cell type or organism, comprising the step of detecting the presence. or 

amount of at least one scattered light detectable particle specifically associated with said 

30 · at least one cell type or organism: 

wherein said at least one scattered light detectable particle is illuminated 

with light under conditions which produce scattered light from said at least one particle 

and in which light scattered from said at least one particle can be detected by a human 

eye with less than 500 time magnification and without electronic amplification, and 

35 light scattered by any of said at least one particle is detected as a measure of the 
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presence or amount of ahy 6f said at least one cell type or otgSfilsm or of the presence 

or amount of said at least one analyte on or in a said cell type or organism. 

47. The method of claim 46, wherein said identifying the amount of said cell 

5 type or organism further comprises determining the amount of cells or organisms with 

at least one of said particles specifically associated with said cell or organism relative to 

cells or organisms without s~ at least one of said particles specifically associated 

therewith. 

10 48. The method of <;:laim 46, wherein the presence or amount of at least one 

of a plurality of different cell types or organisms is distinguished or identified using a 

plurality of different particle types, wherein each of said plurality of different particle 

types specifically associates with a different cell type or organism, and the light 

scattering signal from each of said plurality of different particle types is distinguishable 

15 from each of the other particle types of said plurality of different particle types. 

49. The method of claim 46, wherein the presence or amount of at least one 

of a plurality of different cell types or organisms is distinguished or identified using a 

plurality of different particle types, wherein each of said plurality of different particle 

20 types specifically associates with at least one of said plurality of different cell types or 

organisms, and the light scattering signal from each of said plurality of different particle 

types is distinguishable from each of the other particle types of said plurality of 

different particle types. 

25 

30 

35 

50. The method of claim 49, wherein at least one said analyte is intracellular. 

51. The method of claim 46, wherein said determining the presence or 

amount of at least one cell type or organism comprises identifying said at least one cell 

type or organism. 

52. The method of claim 46, wherein said analyte is intracellular. 

53~ The method of claim 46, wherein a :!!aid particle comprises gold or silver 

or both. 

299 

111111~ 1111~ 11~1/llll111111 



WO '99120789 · PCT/US98/23160 

54. A method for monitoring a cell or organism, comprising the steps of: 

placing at least one scattered light detectable particle within a cell; and 

detecting the presence of at least one said scattered light detectable particle 

within said cell or organism as an indication of the presence of said cell or organism, 

5 wherein said at least one scattered light detectable particle is illuminated with 

10 

light under conditions which produce scattered light from said at least one particle and 

in which light scattered from said at least one particle can be detected by a human eye 

with less than 500 time magnification and without electronic amplification. 

SS. A method for identifying or characterizing a potential pharmaceutical 

agent, comprising the steps of: 

screening a library comprising a plurality of potential targets or a plurality of 

potential pharmaceutical agents to detect an interaction between a target and a said 

potential pharmaceutical· agent, 

15 wherein said screening comprises specifically associating any of said plurality of 

potential targets or potential pharmaceutical agents or an expression product or mRNA 

with a scattered-light detectable particle, 
illuminating any said particles associated with any said plurality of potential 

targets or potential pharmaceutical agents or expression product or mRNA with light 

20 under conditions which produce scattered light from said particle and in which light 

scattered from one or more said particles can be detected by a human eye with less than 

500 time magnification and ·without electronic amplification, and 

25 

detecting said light scattered by any said particles under said conditions 

such that detection of said light is indicative of a said interaction. 

56. The method of claim SS, wherein said interaction comprises a binding 

interaction between a target or potential target and a said potential pharmaceutical 

agent. 

30 57. The method of claim 55, wherein said interaction comprises modulation 

of a drug target system. 

S8. The method of claim 57, wherein said determination of said modulation 

comprises detennination of the level of expression of a component of said system. 
35 
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59. The method'dfclaim 55, wherein said detectihgsaid light scattered by 

any said particles is performed in a homogeneous assay. 

60. The method of claim 55, wherein said plurality of potential targets or 

5 plurality of potential pharmaceuticaJ agents is in a spatially addressable library. 

10 

61. The method of claim 55, wherein each of said plurality of potentiai 

phannaceutical agents is attached to a solid substrate particle. 

62. The method of claim 61, wherein a said scattered-light detectable 

particle also comprise a magnetic or ferro-electric composition, and said method further 

comprises manipulating the position of said particles associated with a said potential 

pharmaceutical agent attached to a said solid substrate particle. 

15 63. The method of claim 55, wherein the amount of said expression product 

or mRNA is altered by said interaction. 
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