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ABSTRACT 

Microspheres are used as labels in a fluorescence immunoassay for individual microorganisms. 
The diameter of a sphere that has reacted with microorganisms is determined from measurements 
of the optical resonance frequencies. The spheres have been coated with antibodies so that each 
microsphere diameter corresponds to a different species of microorganism. Further experiments 
on specificity and on optical resonance measurements are presented. 
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Immunoassay techniques are faster and potentially more precise than traditional analyses based on 
cultures but are usually restricted to a single species per determination. The method under 
investigation is a multicomponent assay. That is, a large number of species can be detected and 
identified in a single measurement. The identification is based on the determination of microsphere 
diameter from the frequencies of the morphology-dependent optical resonances (1-5). Antibodies 
specific to a given species of organism are immobilized on spheres of a narrow size range. Since 
the diameter can be determined with high precision, spheres bearing different antibodies can be 
distinguished in a mixture of spheres of different sizes. For an analysis, a mixture of spheres with 
appropriate antibodies is incubated with a sample containing microorganisms stained with a 
fluorescent dye. Species that are observed to be attached to spheres in fluorescence microscopy are 
then identified by size determinations. In experiments reported last year (6), we tested the 
sensitivity and specificity of this technique with a mixture of two species of bacteria and two sizes 
of antibody-coated microspheres. For experimental control, the two types of bacteria were stained 
with different colored dyes. Also, the diameters of the two sizes of spheres could be visually 
distinguished for simplicity. Single attached bacteria could be easily detected in these experiments. 
Visual identification of the spheres and bacteria enabled us to quantitate the specificity of the 
antibody reaction. 

In a continuation of this work, the experiments were repeated with fresh antibodies and newly 
coated microspheres. The bacteria were again E. coli stained with tetramethylrhodamine and S. 
aureus stained with Texas Red, both from Molecular Probes, Inc. Rabbit anti-E. coli (all 
antigens) and mouse monoclonal anti-S. aureus peptidoglycan were obtained from Biodesign 
International. The antibodies were attached to 6.5 and 10-pm carboxylate microspheres from 
Polysciences, Inc. with carbodiimide reagent. Each combination of the two species of bacteria and 
antibody-coated sphere was incubated separately in four different samples with similar 
concentrations by weight of each species. After a total of about 20 minutes incubation time, we 
observed the samples under a fluorescence microscope and recorded the number of bacteria 
attached to about 60 spheres in each sample. 

The results of this experiment are presented in Table I. These results are qualitatively the same as 
those from the previous year, with 93% of the E. coli attached to the expected spheres and 83% of 
the S. aureus correctly bound. Differences between these results and those of the previous year 
(6), with 87% and 96% correctly bound, are probably due to relative concentration differences in 
the two experiments as well as to sampling statistics. 

Table I. Number of bacteria bound to microspheres of a particular size and antibody. 

10-pm spheres 
anti-E. coli 

6.5-pm spheres 
anti-S. aureus 

E. coli 

S. aureus 

548 

33 

39 

160 

~~ ~~~~ 

There have been several reports in the literature of optical sizing of microspheres based on 
morphology-dependent resonanances, mainly in the elastic scattering and fluorescence spectra (1- 
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5). Both liquid and solid spheres have been used in these experiments. We have studied several 
techniques to measure a resonance spectrum of individual spheres under conditions that would be 
compatible with the immunoassay described above. Measurements on particles suspended in a 
buffer solution would be preferrable, requiring no further sample preparation. Drying the particles 
before sizing could presumably be accomplished but with higher complexity. 

Experiments with elastic scattering measurements were largely unsuccessful. Measurements made 
through the microscope with the sample in a buffer suspension were strongly affected by 
background scattering. When the spheres were washed and dried on a glass surface, it was 
occasionally possible to obtain a resonance spectrum that could be qualitatively fit with a calculated 
spectrum. However, most of the spheres examined in this way did not exhibit resonances in the 
scattering spectrum, probably due to surface contamination. 

Fluorescence measmments on dyed microspheres were more productive. The emission spectra of 
red-fluorescing 10-pm microspheres from Molecular Probes, Inc. showed prominent morphology- 
dependent resonances while in buffer, with only a few duds. Resonances could also be observed 
with dried particles, with more mode orders present and higher Q values due to the higher relative 
refractive index. The resonance spectra measured for spheres in buffer could be compared to a 
calculated spectrum with a precision in assumed diameter of about one part in 104. While lower 
than achievable with liquid droplets, this precision is more than adequate for the present purpose. 
Similar results were also obtained with blue-green spheres. It should therefore be possible to stain 
the microorganisms with a dye that is spectrally removed from the dye in the microspheres. Then 
the attachment of the microorganisms can be observed with a different excitation wavelength from 
that for the diameter determinations, thus avoiding dye photolysis problems. 
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