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CONTINUQOUS, REAL TIME ENUM

ATION OF AIRBORNE MICROORGANISMS

Bioluminescent assays for the rapid estimation of microorganisms in collected
osol samples are inherently inaccurate because the amount of ATP detected is not
directly proportional to the number of organisms present in the sample. ATP is rapidly
after cell death (1), and organisms killed during sampling are not counted if ATP
¢. In addition, the ATP content of cells can vary by orders of magnitude (2,3).
ATP content is substantially reduced during periods of stress, and also fluctuates
function of the cells' growth phase (2,3,4) and other factors ). Consequently, it is
impossible to establish an exact correlation between ATP content and cell numbers o
biomass.(1) (N.B.: Biomaass, in this context, refers to the total amount of living matter
present in the sample.)

a

This proposal suggests a means for eliminating these sources of error when
employing a bioluminescent technique to quantifying the total microbial content of sampled
air. Instead of determining total ATP content to obtain an estimate of biomass, the release
of ATP and subsequent localized light generation by each individual organism will be
detected. Each detectable light generating event represents the presence of one organism,
assuming no interferences from non-microbial scources of ATP. Thus, there is no need to
make assumptions about the average ATP content of a typical bacterium under specified
collection conditions in order to arrive at an estimation of biomass. Each detectable
emission of light- regardiess of its intensity (representative of ATP content)- represents the
presence of one organism.

Additionally, collection and sampling will occur simultancously. Continuous,
nearly real time monitoring is possible, and damage to cells incurred during storage and
transport of samples to the microbiology lab will be eliminated.

The firefly luciferase reaction will be used to monitor ATP released from cells as
they impact the collection media. The media will contain all of the reactants for
bioluminescence except ATP, which will be provided by the incoming organism. As
organisms strike the media (a gel to minimize migration of the impacted cells' released
ATP), their released ATP will react with firefly reagents to form a discrete. localized source
of light. Each light-producing event will be enumerated, and directly correlated with the
existence of matter containing ATP, which, initially, will be considered to be one viable life
form.

High-speed film (6) will be used to record the light emitting events, which will be
counted to yield microbial content. Each "average" bacterium contains 10-15 g ATP(2.3)
and the reported detection limit for ATP using high-speed photographic film (Polaroid Type
612, ASA 20,000) with the firefly luciferase-luciferin reaction is 2 pmol ATP(7). ATP
contains roughly 500 g/mol, so a cursory analysis of the sensitivity of photographic film
for ATP would indicate that the detection limit is 1000 pg, or 10-? grams. This is the ATP
content of roughly 1,000,000 average bacteria, and, therefore, the analysis would conclude
much greater sensitivity is required in order to detect individual organisms.

However, this analysis may not be valid. Itis worthwhile to eritically examine the
original papers that describe the methods that were used to arrive at a detection limit of 2
pmol for ATP (7,8). The first article (8) describes the experimental arrangement used for
the investigation of solid-phase bioluminescent reagents (See Fig. 1.). This configuration
was used for the determination of the minimum quantity of ATP that could be detected by
high speed photographic film by experiments described in a subsequent article(7).
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sitivity of the film for ATP (7), the reaction between 10ul of a
fly luciferase immeb CNBr-activated Sepharose 48 beads and a
n concentration of ATP in glycylglycine buffer (25 mM, pH 7.8) was
ion of 400 ul of stock assay sofution containing 8 ml of glycylglycine
H 7.8). 1.0 ml magnesium chloride solution (0.1 M, pH 7.8), and 0.8 ml
of aqueous luciferin solution (1mM). The reaction vessel was a 11x44 plastic tube
(assumed (o be polystyrene), whose bottom was in intimate contact with ASA 20,000
Folaroid film (type 612). Thus, 0.42 mls of solution containing reactants were placed in a
plastic cuvette, whose bottom surface (0.95 cm2) was in intimate contact with high speed
film

An analysis of the geometry of the set-up reveals that the height of the 0.42 mls of
reaction solution in the 1 1x44 tube was 4.4 mm. It is doubtful that the light emitted from
the upper layers of the solution reached the film, as quenching in the solution would
severely diminish this possibility would collision with the beads in suspension.
Further, the effect of the plastic cuveltes on the transmission of light to the film is
unknown. Other losses could occur if the loeal pH of the solution were changed due to the
presence of unreacted CNBr moities present on the Sepharose

A comparison of the concentration of ATP in this solution with that in a cell
supports the possibility that ATP from single organisms could react with luciferase to emit
cnough light for photographic detection. If one assumes a bacteria has the shape of a sphere
with a diameter of 5 u, its volumeis 1.56 x 10-11 em3 . The average ATP content per cell
is 1 x 1013 grams, or 2 x 10-18 moles. The concentration of ATPin a bactenial cell is
therefore 1.28 x 10-7 moles/ em? -

In contrast, the concentration of ATP in the 11 x 44 tube is 2x 10-12 moles (2
g 3 - 12 R ] R ;
pmol) in .42 cm?, or 476 x 10-12 moles/ em3. The concentration of ATP in the bacterial
cell is 25,000 times greater than it is in the solution used to determine that the sensitivity of
flm for ATP is 2 pmol.

Further, the light from the ATP solution is shed on an area equal to the bottom of
the 11 mm dia. test tube, or 0.95 em2. The light from the bacterium could be readily
visualized if it exposed an area 0.2 mm in dia, or 3.14 x 104 em2 . Thus, the potential
light intensity (photons per unit area) from a Su spherical bacterium whose light is
concentrated on 4.2 mm dia area of film is 25,000 (concentration factor) times 3000 (area
factor) or 7.5 x 107 times greater for the cell when compared with the solution. This
intensity is in the range of detectability. (Admittedly, the distribution of light from the
bacteria would probably not behave so nicely. However, even if it were persed over an
area 10 sthe 0.2 mm dia circle, the potential for detection by film remains
quite high.)

(=%

Each cell contains 10-15 g ATP, or roughly 109 molecules. Therefore, if these
an all be reacted with the firefly reagents, there is the theoretical potential of
producing 106 photons. Itappears that there are ample opportunities to improve the
cificiency of the bioluminescent reaction and detection so that enough photons strike the
animage.

Y

The success of the proposed method depends on reacting as much of the ATP as is
ible with the firefly reagents (possibly by interfering with the action of ATPases) and
localizing the ATP and the emitted light so that light intensity at the film surface is great,
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especially pp 1-72) NRB appears to be one of the better surfactants available, and it will
be employed in initial experiments (12).

With improvements of the signal-to-noise ratio of photomultiplier tubes (60,61), the
light emitted will be detected in real time by a photon detection system located at the base of
the collection apparatus. Each emitting event will be counted as one viable organism.
Non-emitting collisions created by particles will not be counted. It is anticipated that high
intensity puls eiated with "somatic” cells, having ATP concentrations 1000 times
those [ound in bacter Is, will be obvious and can be screened during the counting
process. The same screening can occur with visual examinations: exceptionally bright
exposure areas can be assumed to originate from cukaryotic cells, and simply not tallied

The successful completion of this project will guarantee that the greatest numbers of
photons are available to the improved PMT’s or other photosennsitive device. It represents
a parallel effort to those conducted on improving PMT signal-to-noise ratio and sensitivity.

Itisanticipated that a good correlation can be made between the number of viable
organisms present in a collected sample and the number of light pulses detected. Thus, a
method will be available to enumerate microorganisms present in a sampled volume of air
inreal time at the sampling location. The time lag between collection of organisms and
enumeration will be determined by the length of time the film is exposed to the sample
chamber, the time required to develop the film, and the time required to count the points of
light on the developed film.

Continuous sampling is possible with this method if appropriale measures are made
Lo advance the film through the detection area and to replenish firefly reagents and
luciferase gel. Such a continuous system might also require the addtion of an agent to
suppress the activity of ATPases. In this scheme, spots would be transformed to short
streaks across the film, which could still be enumerated after processing, and automated
counting techniques could provide a continuous readout of the numbers of organisms
detected.

The advantage of this technique over existing culture methods is that highly efficient
air samplers can be employed (cell viability is not a critical issue), results can be obtained at
the sampling location in real time, and the analysis can be made at low cost. Further, it is
adaptable to continuous monitoring and is not subject to the inaccuracies inherent in
existing bioluminescent assays that attempt to correlate ATP content with biomass.

T'he proposed method is to be used as a screening lechnigue to establish the
presence of microbial contamination or changes in microbial concentrations in air samples.
It can also be employed to yield real counts of microbes present in a sample. Once the
presence of contaminating organisms is established, other methods can be applied for
verification and identification of the organisms involved (2,15,17).

2. Phase | Technical Objectives

The specific technical objectives of this project are to:

ase, buffers, and cell lysing agents in

1) Optimize the coneentration of luciferin, lucife
sion for detection by high-speed

the sample chamber to maximize light emis
photographic film.
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thereby ensuring exposure. The above analysis of available data indicates that this is
feasible. Further, the purity of reagents has increased since the study was performed, and
this will undoubtedly contribute 1o the possibility of success. It is also ghly likely that the
immobilized luciferase used to determine sensitivity (7) is not as active as free luciferase.
and that the efficiency of the reaction will be higher for luciferase physically immobilized in
a gel than for the luciferase chemically immobilized to the Sepharose particles

The degree of exposure of photographic film is a measure of the total emitted light
(7). Lengthening exposure times beyond the thirty seconds employed to determine the
reported sensitivity will increase exposure of the film, The kinetics of light emission from
the firefly luciferase reaction are govemned by the concentration of reactants (9), Increasing
the concentration of ATP increases the initial rate of reaction, but, provided other
interfering reactions are not present, does not alter the total amount of light emitted by the
reaction. The area under the Intensity-time curve remains constant, and increasing the
amount of time of exposure increases the total amount of light incident on the film.

Other means of increasing the possibility of producing film exposures that can be
detected visually are employing lenses to focus the light from small regions in the sample
chamber onto the gel and employing a light-induced enzymalic cascade whereby the
emission of one photon from the ATP reaction initiates the further release of photons asa
consequence of an enzyme-catalyzed bioluminescent reaction (10). It may also be possible
to increase the concentration of intracellular ATP by inereasing the oxygen content of the
sampling environment (5). These will be invest; gated in Phase Il of the project.

The foundation of the media will be a lucife -containing gel. PSI has experience
fabricating these gels, and has demonstrated that luciferase in the gelsis capable of light
emission when combined with Jucifunn-mn.'aining reagent and ATP after storage at four
degrees C for periods of up to 6 months (11). The rehydration solution for the luciferase
gel, which will be added immediately before sampling, will consist of luciferin,
magnesium chloride and appropriate buffer to vield a pH of 7.7, where intensity of
luminescence is greatest .

Initial experiments will be carried out utilizing an AGI-30 aerosol collector (al glass
impactor with jet located 30 mm from surface of collection media) (16). It will be modified
to accommodate the firefly gel and housed in a dark enclosure. In Phase II the sampler will
be further modified, or other samplers will be investigated, to optimally damage cell
membranes/walls and distribute organisms over the entire surface of the collection media so

the organisms and light pulses can be spatially distributed for ease of enumeration on
exposed film.

In addition 1o employing the collection process and impaction of MICroorganism
against the media to release cellular ATP, a suitable surfactant (e.g. NRB, Lumac by,
Landgraff, The Netherlands,(12)) may be employed in the media to release cellular
contents. Both mechanical and chemical means of ATP liberation will be investigated.

As the ATPis released it will become a vailable for interaction with the luciferase
and luciferin present in the media. The firefly reagents will, of course, compete for
reaction with the ATP with ATPases released from the cytoplasm, as well as those present
on the exterior cell walls (13). It is desirable 1o minimize the ¢ acily of ATPases to
inactivate ATP. However, as luciferase is itselfan ATPase, it is difficult to inhibit the
wanted action of ATPases while not interfering with the action of luciferase, This
difficulty is associated with all bioluminescent techniques that attempt to assay ATP from
cellular sources, and has been the subjeet of many investigations ( See, e.g., ref, 14,
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will be fabricated containing a

2) \-‘ur_»_l!li..-‘». ness of gel, volume of rehydration fluid, air flow, and distance between
inlet jet an ce of media of AGI-30 ajr sampler to maximize ATP releas
impact of cells with media, and provide for reproducible counts of organisms,
Released ATP must be confined to a specific area in order that its release and

1|:hst-‘-_.uu:nr light emission is highly localized and can be associated with one
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1) Determine SCnsi vity of film and existing PMT"s for highly localized concentrated
. P enl : g n o - e " i - H :
ATI solutions added to a luciferase gel hydrated with luciferin and appropriate
buffer solution.

ake sugge s110ns on how the technique should be modified in order to make it
more sensitive and aceeplable tor specific commercial applications. The
stions will form the basis of a Phase [] proposal

concentrations of reactants to provide for optimum detection aof
idual cells )

__Parameters to be varied include concentration of luciferase in the gel, concentration
of luciferin, composition of gel to incre = optical clarity, thickness of gel. In addition, an
propriate metal ion will be selected. The se isitivity of the film to different wavelenpths
\\-1|L.1 é?i['f'orcnr ions cause the emission spectrum of the firefly
it to different wavelengths, one of whic ¢ be an afe
Tect maximum mml.‘xposun'. - e e . P

Initial experiments will be performed to dete
A [P when it is reacted with luciferase and luciferin solution. High concentrations of
TP will be injected into solutions, and the optimal concentration of reactants will be the
one that allows for the lowest concentration of ATP to be detected by ASA 20,000 film
located at the bottom of the reaction chamber (See Fig. 2. A much smaller version of the set

up will be used to avoid wasling reactants. Initial studies will be performed in small dia
glass tubes.) l

rmine the sensitivity of the film for

Once the appropriate ratio of reactants is determined, the vol
decreased until a decrease in sensitivity is observed. The height of
reaction vessel where loss of sensitivity is detected wi .
over which emitted photons are detected by the film,
design gel thickness ¢

lume of solution wij| be

the reactants in the

ill indicate the approximate distance
This information will be used to

_ Concurrently, the cor nposition of the agarose gels will be varied 1o increase their
pcal clarity. Gels will be prepared in test tubes, and their transparency to different
wavelengths determined in a scannming spectrophotometer (at CBI). Transparency is
require; .'Jt!u':lurnim-.dIighrl.\snplmmri_\ transmitted to the film. Normal media utilize agar
and are translucent rather than transparent. PSI has extensive ex perience with agarose ane
has developed the capability to control its via a modification of agarose mcrh‘ouIartm.-iwha
and other molecular characteristics and selection of processing r.c?npumtun‘ toobtaina
structure that is more transparent than agar. Our experience will permit us to rapidly
develop an agarose-based gel that is relatively transparent, :

After the optimal concentration of firefly res

n 1gents is determined in solution. gels
range of ap, Y

propriate luciferase concentrations, Luciferin
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concentration will be varied in the hydrating medium, consisting of Mg as well as
appropriate buffer.

Identical volumes of ATP solutions varying in concentration will be injected into the
el/reactants having different compositions, and the film will be exposed for periods of
time up to 10 minutes. Sensitivity of each combination will be determined from the results
from the serial dilutions of ATP. All experiments will be performed in the dark.

el, volume of rehydration fluid, air f
urface of media of AGI-30 air s mpler to mexi
1 media, and proy ide for reproduci,

Task 2,
pefweer

, and distance
ATP release on
WS of organisms.

This portion of the research will be performed at Nelson Laboratories. A non-
pathogenic strain of E. cali will be selected for this study after consultation with Nelson
Laboratory personnel. It will be incorporated into an ultrasonically generated aerosol in the
lab and sampled by the AGI-30. The media will be appropriate for the growth of the
bacteria. After the organisms have been sampled, the plates will be cultured Efficiency of
destruction will be inversely proportional to the number of cfu's present in the cultured
media.

After conditions have been optimized to release ATFPfrom E. coli, the experiment
will be repeated with mammalian or yeast cells. However, the collecting media will be the
luciferase gel with appropriate hydrating solution of buffered luciferin solution containing
MgCl. Film will be employed to sense light output. Mammal or yeast cells will be used
because they contain roughly 1000 times the ATP of bacterjal cells, and it is anficipated that
film will be sensitive to detect their presence. An estimation of the localization of the
mammalian cells in the ATP ean be made by observing the size of the exposed areas of
film.

Mechanical properties (hardness, bulk elasticity) of th

| can be adjusted to
achieve localization of impacting organisms by varying crossl

ik density and water content,

Task 3 Determine sensitivity of film and existing PMT's for highly localized,
concentrated ATP solutions added 10 a [uciferase gel hydrated with luciferin and appropriate
buffer solution.

el components will be aptimized when task 1 is completed. The mechanical
properties of the gel required to localize the ATP concentration to a small, confined area
will be optimized at the completion of Task 2.

Optimized gels will be fabricated employing the information gathered. Highly
concentrated ATP solutions will be intrduced into the gels by a micro syringe, and the
location of the film and photomultiplier tube in relation to the gel will be optimized for
maximum sensitivity.

When the optimal configuration is established, the sensitivity of the technique will
be determined as the minimum quantity of highly concentrated ATP that can be added to the
I that yields an exposure that can be distinguished from a control by the unaided eye for
tm sensitivity.

PMIT sensitivity will be defined as the minimum quantity of ATP that yields an
output twice that of ground (7). For PMT sensing applications, it is desirable to have
a spike in the reaction rate. Exce luciferase will be added to the gels to generate an
inutially rapid rate of lightr emission.
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should be modifted in order to make it

maore xe e and acceptable for specific commercial applications.
The suggestions will form the basis of a Phase II proposal.
4. Related Research

The firefly luciferase/luciferin reaction is the method of choice to assay for ATP.
ATP serves as a cofactor in this very sensitive assay which has been reported io detect ATP
In cencentrations as low as 10 e-11 moles/ liter (2,14, 18-36).

The reaction is specific for ATP. Other nucleotides are not detected, nor do they
interfere with the reaction. Reagents for the measurement of ATP levels by

biolumine
of its sens

cence have become readily available, highly reliable, and inexpensive. Because
tivity, speed, and decreasing costs, use of the technique is growing rapidly.

However, the current techniques for assaying ATP to estimate biomass or total
microbial content or aerosol samples are not very accurate. This limitation, associated with
the variation of ATP content in cells as a function of organism type, growth cycle, and
environment, is discussed above (2-5)

In addition, cells may be damased oreven fully disrupted during the removal
process releasing ATP. ATP has a relative y short half-life in these conditions, probably
because bacterial ATP-ases are released along with the ATP which function to degrade the
ATP almost immediately (20,22,37).

The steps for the bioluminescent assay of ATP from cells in suspension are as
follows (30,31)

I) A non-ionic detergent is added 1o the sample 1o selectively destroy non-bacterial
cells. Unfortunately, some strains of bacteri 1 have cell walls which are also

destroyed in this process, but, in general, itis an effective method for releasing

non-bacterial ATP 5o that it can be eliminated in the next procedural step.

An ATPase is added to the suspension to destroy the free ATP,

) The ATPase is neutralized or removed by filtration. Any remaining ATPase can
catabolize luciferase or bacter; ATP, the species of interest, released in the
following step. Potatc 18 typically employed for this task, and, if used in
small quantities doesn't significantly interfere with the bioluminescent assay.
However, the lack of interference is paid for in the requirement that the reaction be
allowed to proceed for twenty minutes, In order to shorten the reaction time, higher
concentrations of the apyrase are required, but these will destroy both ATP and
luciferase, necessitating a neutralization or filtering step to eliminate this possibility
(16).

4. Anionic surfactant is added 1o the suspension to destroy the cell walls of the
bacteria that are to be enumerated. The surfactant can degrade luciferase andfor
ATP,

3. The liberated bacterial ATP js assayed by the bioluminescent luciferase reaction.

b

The technology of producing bioluminescent reagents, adding them to the
appropriate solution or suspension, and detecting the light output has dramatically advanced
over the last few decades. Compact, even portable luminometers are now available (16,




-

>

o

TRIOL

31.38), and we have proposed a detection device that could even eliminate the need for
costly detection systems (39).

A recent review (40) lists the current status of rapid microbiological techniques that
might compete with the bioluminescent reaction sensitive for ATP. Included are flow
cytometry for the sereening of Cryptosporidium in water samples, Pyrolysis mass
spectrometry for the initial screening of samples during suspected outbreaks of infection,
and impedance instrumentation suitable for the detection of the rate of growth of bacterial
cultures. However, flow cytometry is optimal for rapidly detecting large numbers of
organisms, and requires staining techniques (41). Itis, therefore, not readily adaptable to

= - b ; : continuous moniton ng of airborne samples which have relatively low concentrations of
‘ b organisms.

?3 - 1 ! Several books have been written which describe the various methods currently
E | ! under investigation, or employed, to rapidly detect microorganisms (14.42,43). They
4 | T confirm that currently the firefly luciferase reaction is one of the most sensitjve means of
k | F B, ST T ] detecting microorganisms, No existing technology can match its sensitivity, potential for
a (| [ i rapid analyses, and relatively low cost.
|
: [
éé n ; | | 1 s. Key Personnel and Bibliography
W | |
X | | Phil Triolo, Ph.D., Principal Investigator and President of PSI, is a bioengineer with
S | i considerable product development experience in the medical device industry. Until joining
L | | PSlin 1994, he spent seven years as a contractor, working on various medical product and
¥ =t o il | i drug delivery device development projects. All of the projects involved the selection and
S 4 | | y evaluation of appropriate materials for blood contact or drug delivery purposes, or the
oy | | design and execution of experiments in order to demonstrate the safety and efficacy of
¥ ! i s devices to meet FDA requirements.
- [ :
Dr. Triolo is not a_microbiologist . However, he is accustomed to working in new
Iy N ; research areas, enjoys the challenges presented by new technologies, and he learns quickly.
= | His industrial background will enable this concept o be effectively developed into a
3 I commercial product.
! |
- [ | . Phil will be assisted by J.D. Andrade, Ph.D., Chief Scientific Officer of Protein
B | | Solutions, who has been working on bioluminescence research prajects for the past 5 years
L : | and has supervised PSI's work to date in the area of bicluminescent dinoflagellates and the
il | [ . stabilization of luciferase in agarose gels. Joe is an accomplished scientist who has
h ' i authored 5 books and over 100 peer-reviewed publications. Dr. Andrade has twice served
| o — as Chairman of the Dept. of Bioengineering at the University of Utah, and also held the
[ | position as Dean of the College of Engineering at that institution.
= ! ‘ | Joe is currently Director of the University of Utah's Center for Integrated Science
| i | | Education (CISE) where he has conducted numerous courses for inservice elementary and

high school teachers . Although Joe is on the faculty of the University of Utah, he spends
25% of his time at Protein Solutions, Inc., and will advise and assist on this project as

2 ~ i w 3 needed. No funds are budgeted for his services.
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6. Relations ip of propesed work with future research and development
activities
The s

SENSILIVILY ¢

volur W

cessful completion of this phase I study will allows us to determine the
15peed film for ATP present in ugh concentrations in a relatively small
able to determine if mechanical me s of cell destruction can be
achieved er andard AGI-30 air sampler. This information will allow foran
assessment of ity of this method for the detection of individual microbes. ( With
the exception of viruses, of cour se, which contain no ATP),

Phase 11 will focus on the elimination of light emission of non biologic origin.
Filtering or separation by size might be employed, as with an Andersen sampler. The
extremely [a ight output of eukaryotic cells should allow for easy identification and
elimination of these cells from (otal cell counts. Separation of signals from eukaryotic and

ial cells is not possible with detection techmiques that correlate microbial counts with
1L intensity.

Itis anticipated that the sensitivity of {ilm for the detection of high concentrations of
Il be much greater than is generally believed to be the case, but perhaps slightly
lower than is required for routine detection of single bacteria, Therefore, Phase Il studies
will focus on the de relopment of techniques for the amplification of the light output before
ng device(10), the elimination of interference with the light that

ensity before reaching the detector, chemic means of inactivating

enting luciferase films so that light is emitted preferrentially in the direction or
the sensor, and improv ing the coupling of the film with the sample chamber/bioluminescent
reactor.

ATP wij

Addit
(62). For exa
ability to

rsamplers other than the AGI-30 will be investigated in Phase ||
»an Andersen sampler might offer some advantages because of jis
articles on basis of size, and a cyclone sampler might be desirable

because it can be modified to mq e effectively damage cell membranes to release ATP,

There

| be no need to pursue further funding of this project if the sensitivity of
hni
“chnique

ies by orders of magnitude from the sensitivity required. However, this

finding would be quite surpri

y. il I

ilities

PSlre

its a 1200 sq. fi. laboratory space equipped with balances, microscopes, and
a fume hood

ndard wet and dry chemistry experiments. In addition, it houses
secretanial and office areas equipped with computers and a cell culture laboratory for the
culturing of bioluminescent marine phytoplankton which it distributes in sealed
microenvironments to educators in order to generate an interest in science among high
school students. Preparation c:l']urifur:lsc-cm‘;[;iinm_ug and optimization of the detection
of ATP (from non-livi § sources) by the firefly luciferase bioluminescent reaction (as
cribed in above experiments) will be pertormed in these labortories

PS1is not equipped 1o perform studies of airborne microbes.
volving the production and assay of aerosolized microorganisms will be carried at Nelson
Laboratories, a local microbiology test laboratory, I'wo aerobiology containment
laboratories are located at this facility, where routine challenge tests of face masks, filters.
etc. are performed. The laboratories are operaled under negative pressure, and HEPA
filters are employed to remove microbes from air before itis retumed to the ventilation
system. All tests of aerosols will be pertormed in these facilities under the supervision

Xperiments




Jerry Nelson, director of the lab, who will serve as an advisor on this project . Dr. Nelson
serves as a member of PS]'s Scientific Advisory Board.

The photomultiplier tubes necessary for some of the described experiments are
housed at the University of Utah’s Flucrescence Spectroscopy Facility. The facility is
operated under the auspices of the University's Center for Biopolymers at Interfaces. PSI,
as a member of this university/industry consortium, has access to the full ra nge of
analytical equipment housed at this facility at reduced rates. Dr. Vlado Hlady directs the
activities in the fluorescence lab and has significant experience in the detection of light from
fluorescent systems. He will serve as a consultant on this proposal (See CV.)

8. Consultants and Advisors

Dr. Jerry Nelson is a microbiologist who is President of Nelson Laboratori
Salt Lake City-based microbiology testing facility. He has extensive experience with
general microbiology techniques and acrobiology challenge tests. He serves on PSl's
Scientific Advisory Board and has offered to provide as-needed advice at no cost

Dr. Vlado Hlady is an expert in the use of fluorescent techniques to probe molecular
and surface interactions. He is extremely familiar with the very-sensitive light detection
devices required for this work. His CV is included.

9. Potential Commercialization

1sing prevalence of antibiotic-resistant strains of bacteria, the evolution of
new strains of bacteria (44) and proliferation of the number of genetically engineered
organisms with as-yet unknown potential as pathogens or producers of molecules with
potential pharmacologic or allergenic effects (45) underscore the need for improved
monitering of air for the presence of microbes, especially in sensitive, high-risk
environments.

3 There is considerable interest in and need for rapid, accurate monitoring of airborne
microbial concentrations in health care facilities (46-49), food (42, 50,51) and
pharmaceutical (52) pre on areas, microbiology (53) and especially biotechnology (59)
laboratories, waste proc -ilities (54) and wastewater treatment facilities. The
proposed development of a bicluminescent technique to rapidly monitor changes in
microbial content of sampled air or determine relative airborne microbial content will be a
valuable tool that will find great uiility in these, and other, indoor work areas (55-57).

Further, if the technique is feasible, it can be modified so that a
count of any bacterial sample can be made. That is, the luciferin and
luciferase can be added to gels in petri dishes, Bacterial samples plated on the
zels can be enumerated employing bioluminescence and high speed film, providing a
suitable means of releasing ATP is utilized. It is even possible that some identifieation of
the plated organisms can take place by pre-exposing samples of the organisms to chemicals
or conditions that selectively kill specific species or classes of organisms.
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