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ABSTRACT

There is a continuing need to be able to effect the rapid estimation of the microbial load in a
sample, sometimes merely in terms of the total numbers of cells ("detection”) but often also with
respect to different cell types (“identification”). This need is particularly acute when the presence
of pathogenic organistiis is suspected, snd the background consists of complex, ofien non-
biological particulates and other, non-pathogenic biomaterials. It is shown herein that the
tectaique of flow cytomerry *ogether with carcful selection of fluorescent stains may help to
meet this need. Optical brighteners represent fluorescent stains with many desirable properties.

INTRODUCTION
Cytometry refers to the measurement of the physical and chemical characteristics of cells. By
extensios, flow cytometry refers to the technique where such messurements are made as the cells
pass in & fluid stream through a measuring point surrounded by an arvay of detectors],

In & generalised flow cytomseter |2, individual pasticles pass through s measuring point where
they intersect a besm of light from a laser or mercury arc lamp. The sample is typically
constrained to the ceatre of a much faster flowing sheath fluid by a process known as
bydrodynaudc focusing, allowing relisble delivery of the particles to the centre of the luminstion
zone ot & rate of some 1000-3000 cells.s!. Appropriste detectors, which may be gated
electronically, measure the magnitude of s pulse representing the oxtent of light scattered as the
particle passes through the Mluminstion zone. The magnitudes of thess pulses are sorted
electronically into "bins" or "cheanels", permitting the display of 2D- or 2D-histograms of
number of cells vs channel oumber (vs channel number for a second or further parameter). Light
scattered in the forward dirsculon provides information about the sive of the scattering particle
whilo light scattered st wider angles dopends to a lazger extent on the intemal structure of the
cel3. In addition, cellular sutofluorescence tmay be explokted4 however, it is by the addition of
sppropriate finorophores prior to analysis that the full potential of flow cytometry is realised.

A wide variety of fuorescent stains have been used in flow cytometric studies> and include
those which bind to molecules such as DNA, RNA or protein, flucrogenic mubstrates for

measuring the activity of s given enzyme, mvdicators of intracellular pH, fiuorescent stains which
are taken up or excluded by cells in a manner which reflects the intactness of their membranes,
and, increasingly, antibodies (or oligonucleotides) tagged with a fluorescent probe.

Until recently flow cytometry had been applied mainly to mammaban cells. Microorganisms,
with their smaller size and relstively low concentrations of DNA and other cellular constituents
had proved to be below the resolution of most commercial flow cytometersS. However, within
the last 10-15 years, with increased instrument seasitivity and with the development of brighter
fluorescent rrobu flow cytometry has been successfully applied to a number of microbiological
problems’- 15, and recently s book devored tc the mbject bas been published 16,

While the majority of flow cytometric applicstions in microbiology have involved the study of
axenic cultures some work hias been done on the identification of organisms a mictures!7-20.
Fiow cytometry offers several advantages for this type of work, (i) cells are analysed ivdividually,
rather than ss populstions allowing the identification of different cell types, (ii) typical data
acquisition rates are in exoess of 1000 cells.s"1, enabling reasonably rare events to be observed,
(iii) depending on the instrumeat, typically 3 to 8 different parameters of each cell may be
measured simumitaneously, increasing the posaibility of distinguishing between similar orgamiswus,
and (iv) if the presence of s target organism is indicated the sorting capabilities of the flow
cytometer can be called upon to separste the suspect cell from the mixture for further
confinnation of its identity.

One situstion where it would be advantageous to determine whether & target organiam: was
present would be in cases whewe the release of a biological warfare sgent was suspected. In the
work described below Bactllus globigii (B. subilis var niger) spores have boea used as a
simulast of B. anthracis21-23, The flow cytometric characteristics of this orgaaism have veen
studied using both light scettering measurements and by fluorescence messurements followmg
the addition of finorescent brighteners. Fhuorescent brighteners .~ comamon sdditives to
domeatic washing powdars whare they increase the spparest "whiteness” of clothes by absorbing
UV-light and emitting in the visible pait of the spectnun. These stains are non-toxic and would
be expected to bind to the surface of becterial spores, thus overcoming problems that may be
found with other stains which would require permesbilisstion of the spore prior i0 Raining.

MATERIALS AND METHODS
Flow Cytometry :

All flow cytometric analyses were performed using s Coukter Epics Elite flow cytometer
(Couker Electronics L.1d., Luton, UK ) equipped with s HeCd laser (325 am), an argon lanet
(488 am) and . HeNe laser (633 nm). The flow cytometer was set up as described in the
manufhcturers manual The sheath fhuid was prepared using Millipore Milki-Q water fiered to
0.22 um and contained 150 mM KCland 10 mM HEPES. The pH was adjusted 10 6.8 with KOH
and the sheath fluld was then filtered 10 0.1 jun using a Whistman WCN filter. The forward
scatier sigasl from the argon laser was used t discriminste between the signal from the wpores
and the background noise. The wavelengths over which side sosttering and fluorescence were

collected together with the photomukiplier vokagos used are given in the legends to the figures.
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Fluorescent Brighteners

Three different fluorescent brighteners were studied in terms of *hieir usefulness in staining
B. globigii spores. Tinopal CBS-X and Tinopal SWN were obtained as a gifl irom Ciba Dyes and
Chemicals Ltd., Macclesfield, UK. and Calcofluor White M2R was purchased from Sigma,
Poole, UK. They were tested st various coacentrations and the time~dependency of staining was
determined by using the ti:ne parameter on the flow cytometer.

Sample Preparation

B. glodigit spotes were ohteined form the CBDE, Porton Down, Salisbury, UK. Two
samples were received, a "wet” suspension of spores and a "dry” preparation. Prior to analys:s
the spores were suspended in sheath Buid to give s concentration of approximately 1x106
spores.ul |, Unstained samples were rvn without further preparation. Stained sarmples were
prepared as described in the legends to the figures.

RESULTS AND DISCUSSION
On anslysis of the light scattering properties of the "wet" suspeasion of spor~s supplied by tae
CBDE it became spparect that there were two subpopulations present (see Figure 1), as well as »
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Figure 1 : Flow cytometric analysis of the light-scatte:..g properties of the "wat” preparation of Bucillu' globign
opares revealed that the sample tontsined two distinct populations. A a. jon Liser (488 am) wis used &s the
excitation source and light scattering was collectad in the forward ditection aai ali s &t wide angles. In both cases
the PMT voltags was set 10 400 and the gain wes logarithmic, with full scale repressating 4 decades. Orly in the
cese of the dual-perameter plot is it possible 10 resolve the two populations fully, thus demonatrating the spucial
pows: of multiparametor asalysis.
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noticeable deg. »> of chumping leading to the upparently large heterogeneity of the spore
suspeusion. In order to determine whether the two subpopulations wers real, or whether they
were an artefact of the different alignmext of the spores as they passed through the m:asuring
point of the flow cytometer we decided to exploit the sorting capabilities of the Coulter Epics
Elite to separate them prior to re-analysis of the separated samples by flow cytometry.

A sort protocol for the 3. globigii was created in the Elite softwere, instructing the flow
cytometer to place events from Region 1 (R1 in Figure 2A) iato one collecticn tube and events
from R2 (Figure 2A) into a second tube. When enough sampie had been processed to give at
lesst 0.5 ml in each collection tube the two subsanples were passed i turn tarough the flow
cytometer. If the two subpopulations were an artefact one would expect to obtain similar results
from the two subsamples; however as can be seen in Figure 2B,C the two populations have been
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Figwre 2 : Flow cytomatric analvsis of the B. globigi! spcres. The flo v cytometer was set up as described in the
legend 1o Figure 1. A) Tha "wet” preparation of spores consists of two subpopulations. These were soned by flow
cytometry bwsed on the regions (R) and R2) shown in the figure. B) and C) are the flow cytomaetric traces
producad hv the resulting sorted subsamples from R1 and R2 respectively. D) The "dry" preparstion of spores
supplied by the CBDF have characteristics ver; similar to the major subpopulation (R3) of the "wet” population
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successfully separated. Aaalysis of the "dry" B. globigii sample revealed that it contained only
one population, which wes similar in flow cytometric terms to the major population (R1) in the
“wet" sample (Figure 2D).

When one's aim is to distinguish between (ifferent organisms the presence of two distinct
subpopulations within one nominally homogenous organism standard is far from desirable and so
the "d.y” preparation of spores was chosen for use with the fluorescent brighteners. Of the three
fluorescent brighteners studied Tinopal CBS-X was the most effective in staining the spores
(Table ). Ft was found that & concentration of 40 pg.ml! (mol. weight = 562.5) is mfficient to
effect maxinum staining of the spores but that at this concentration and in the absence of
congeners ~20 minutes are required for maximum staining to be achieved. The extent of staining
of B. globigii spores is illustrated in Figure 3A,B.
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Table 1 : Characteristics and ctructures of tue fluorescent brighteners used Tinopal CBS-X was most effective in
stainiog the B globigii spores.
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CONCIUSIONS

It is often desirable to detect target microorganisms against a high biological background, not
least whea the presence of & pathogen is suspected. Modem flow cytometers are sufficiently
rengitive to detect sich organisms and as outlimed above offer considrrable advantages vver
other techniques. The value of the muhiparameter nature of flow cytometric dats in

CBS-X. In A there is little
detectable fluorescence at 52.5 nm and the emission collected below 449 nm is a result of side scattering and
possibly sutofiuorescence of the spores. In B as; increase in fluorescence at both wavelengths can be seen.
Fluorescence below 440 nm was collected on PMT ] via a 440 dichroic lanx, while fluorescence at 5235 nm was
collected on PMT3 using a 550 dichroic lens and a 525 nm band pess fliter. The voitage for PMT1 was set to 460
and for PMT3 a voltage of 610 was used. All gains were logarithmic.

distinguishing subpopulations in a nominally homogenous sample (Figurc 1) msy easily be
extended to distinguishing between different organisms in & wixzure. The niwore parameters one
measures the more likely it is that one will be able reiizhly 4 identify a target microorganism in
such a mixture. The capahility of flow cytometers o sort cells according to their flow cytometric
characteristics is iltustrated (Figure 2); this may prove to be very useful in confirmimg the identity
of a suspect organism. The full potential of flow cytometric analysis is realised when fluorescent
stains are added to th~ sample. For the purpose of staining spores an ideal stain is one which is
non-toxic snd bindr - surface, svoiding the requirement for permeabilisation. It is shown that
the fluorescent bri mopal CBS-X is an effective stain for B. globigii spores (Figure 3).
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