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RESEARCH PLAN

A. SPECIFIC AIMS

The specific aims of this project are to:

1) Fabricate a small corona device, the "Corona Pen”, capable of disrupting cell walls in
order to release ATP for bioluminescent assay by the firefly luciferasefluciferin
system,

2) Evaluate the ability of the device to disrupt the cell walls of gram negative and gram
positive bacteria commonly encountered in hospital environments and on medical
devices,

3) Investigate the interference of chemical methods commonly employed to release, and
destroy, ATP from non-bacterial cells on the use of corona discharge treatment to
release bacterial cell contents. The destruction of non-bacterial sources of ATP,
typically accomplished by the addition of non-ionic surfactants to destroy cell
membranes followed by treatment with apyrase to inactivate the liberated ATP, is a
necessary prerequisite for the analysis of ATP content of bacterial cells,

4) Determine how ambient conditions (temperature, relative humidity, moisture content
of the sample) affect efficiency of cell wall destruction by corona discharge,

5) Tune the device, adjusting current, voltage, frequency and time of discharge so that
the discharge destroys cell walls, but preserves cellular contents for assay,

6) Optimize methods for cleaning the corona discharge electrode so there is no sample
carryover, and

7) Perform preliminary experiments 1o determine if there are any differences in the
resistance of cell walls of different cell types to corona discharge. This work will be
a major focus of Phase I efforts,

It is anticipated that results of this study will demonstrate that 1) corona discharge
can be an effective means of destroying cell walls of adhered microorganisms to release
bacterial ATP, and 2) the firefly luciferase/luciferin bioluminescent assay can be
subsequently employed to obtatn an estimate of the microbial ATP present, which is
indicative of the degree of surface microbial contamination,

B. SIGNIFICANCE

There is considerable interest in and need for the determination of microbial
concentrations on surfaces. In recent years, the measurement of total surface ATP has been
used as an indicator of total microbial surface concentrations. The firefly
luciferase/luciferin reaction is the method of choice to assay for ATP. ATP serves asa
cofactor in this very sensitive assay which is able 10 detect ATP in concentrations as low as
10 e-11 moles/ liter (1, 4-22),

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

10

However, the current techniques for assaying ATP 0 estimate the number of
organisms on a surface are not without difficulty (19, 20, 21). Problems with the techniques
can be divided into two categories- those specific for the removal of adhered bacteria from
surfaces, and those general problems associated with use of the bicluminescent reaction to
assay for ATP.

Currently, the use of the bioluminescent reaction to detect cells on surfaces requires
that the cells first be removed from surfaces into a suspension which can thenbe
concentrated so that the bioluminescent assay can be made. This difficult procedure is
fraught with problems. First, the cells may be damaged or even fully disrupted during the
removal process releasing ATP. ATP has a relatively short half-life in these conditions,
probably because bacterial ATP-ases are released along with the ATP which function 0
degrade the ATP almost immediately (5, 7, 23).

Even if the cells can be removed from the surface, the problem of concentrating the
cells in suspension still remains, The concentration process itself often utilizes filtration
technigues and introduces the possibility of loss through adsorption or entrapment of cells
in the membranes. Once the bacteria are in suspension in sufficiently high concentration to
be detected, they can be assayed. The detection and measurement of microbial populations
is a standard, highly sensitive technique used in a wide range of industrial and clinical
applications. There are, however, a number of problems associated with the current
methodologies.

The steps for the bioluminescent assay of ATP from cells in suspension are as
follows (15, 16) :

1) A non-ionic detergent is added to the sample to selectively destroy non-bacterial
cells. Unfortunately, some strains of bacteria have cell walls which are also.
destroyed in this process, but, in general, it is an effective method for releasing non-
bacterial ATP so that it can be eliminated in the next procedural step.

2) An ATPase is added to the suspension to destroy the free ATP.

3) The ATPase is neutralized or removed by filtration. Any remaining ATPase can
catabolize luciferase or bacterial ATP, the species of interest, released in the
following step. Potato apyrase is typically employed for this task, and, if used in
small quantities doesn't significantly interfere with the bicluminescent 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 ATPand
luciferase, necessitating a neutralization or filtering step to eliminate this possibility
(16). )

4. An ionic surfactant is added to the suspension (o destroy the cell walls of the bacteria
that are to be enumerated. The surfactant can degrade luciferase and/or ATP.

5. The liberated bacterial ATP is assayed by the bioluminescent luciferase reaction.

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, 17,
24 ), and we have proposed a detection device that could even eliminate the need for costly
detection systems (3).

Techniques have been developed to detect a variety of cell types, including many
sirains of bacteria, platelets, erythrocytes, and other eukaryotic cells (20,21). The major
: ekttt _. : :
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S an : disrupting agents used w destroy cell membranes of
extraneons cell populations and the cell walls of the bac eria to be quantified (15, 16, 20)
and the ATP luciferase reaction. Indeed, the biotechnology industry recognizes the potential
of chemical cell disrupting agents for destroying biochemical products and, therefore,
utilizes mechanical means for disrupting bacterial walls 1o liberate biochemical products for
further purification (25, 26, 27). However, the mechanical means of cellular disruption
developed by the biotechnology industry are batch processes, inappropriate for the small-

scale operations addressed here.
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Additionally, virtually all of the methods used for cell wall disruption involve
processing cells in suspension. Our interest is in the direct enumeration of bacteria and
other cells attached to surfaces. Currently, the most direct and effective means of |
enumerating adhered bacteria is by direct optical, and preferentially scanning electron |
microscopy, of the surfaces in question (28-31). For practical purposes, thus is only ! i
possible if there are relatively large numbers of cells in the area of the surface being ] p
examined, and the process is costly, labor-intensive, and time-consuming. I
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The device we propose to develop and evaluate is to be used as a screenin zvice,
that is 1D establish resence of microbial contamination. Onee the presence of
contaminating organisms is established, other methods can be applied for ve fication and
identification of the organisms involved (12, 17, 34).
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lor corona discharge

We propase to detect bacieria while they are still adhe
using a controlled corona discharge 1o oxidize away partions of their cell walls, thereby
providing leakage of intracellular ATP for bioluminescent detection (see figure 1.). :
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In the early days of radio frequency glow discharge polymer surface modification i
(35) there was some discussion of the use of plasma processes and corona processes 1o ] i
actually sterilize surfaces. These ideas were deemed to be im practical because both ]
processes provide sufficient significant surface modification and because the treatment is
shape and geometry dependent, making it relatively impractical for complex medical devices
and other applications. The idea was largely dropped.

(b)

1sruption of Cell Walls and Release of Int

na is activated it res

Figure 1.
generating free rad

There is little question, however, that both plasma and corona discharge produce
extensive chemical reactions of surfaces, involving oxidation, cross-linking, and free radical .
formation (2, 32, 33, 35). Such reactions generally lead to disruption of surface films and
cell membranes and to cell damage and death.

When the co
the air

d tend to be less
Indeed it is

Plasma discharge processes require at least a partial
practical than corona processes for many surface modifica
high scale, high speed corona processes which are generally used to pr
hydrophilization and dye acceptance of polyethylene and other hydrophobic polyolefins
used in packaging and in many other applications (32, 36).
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central electrode with
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The corona process has the advantage that it can be done in normal ambient
environments and for a wide range of sample shapes (2, 33, 36). Using needle electrodes,
one can obtain almost point surface modification (36). Surface oxidation gradients of lincar
or radial dimensions can be obtained by using 2 point electrode and a flat counter electrode
undemeath the sample. Using knife electrodes, one can produce gradient surfa
the continuous change in surface modification (33, 37). One can modify the duration of
treatment and can vary the frequency, the voltage, and the current delivered. These variables
can be tuned and optimized to eventually develop a general instrument applicable to the most
common cell surface modification applications.
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Our major interest in this SBIR application is applying corona disc 0 dismpt
bacteria on surfaces, although the technology to be developed may also be applicable to
nonbacterial cell types including blood platelets and red blood cells (20).

The use of corona discharge to disrupt cell walls has several distinct advantages
over chemical means of cell disruption. The corona discharge itself will destroy ATPases
or residual non-ionic surfactants rermaining from the steps involved in the removal of ATP
from non-bacterial sources. Therefore, higher concentrations of apyrase can be used to
destroy non-bacterial ATP, allowing for faster processing times, Further, the processing
of the cells in situ eliminates the possibility of losses occuring during the stripping of the
bacteria from the underlying surfaces and concentrating them in solution.

The vital requirement of the use of the corona discharge is that conditions must be
optimized so that bacterial walls are destroyed, but cellular contents are largely preserved.
f this n cannot be met, then the use of corona for this application s not
indicated.

C. RELEVANT EXPERIENCE

Phil Triolo, the P.L of the proposed research, received his Masters and Doctoral
degrees in Bioengineering from the University of Utah in 1980 and 1988 respectively. His
masters work on the surface modification and characterization of polymeric materials by
radio frequency glow discharge plasma familiarized him with the use of plasma and corona
treatments for medical applications. He has published two papers on polymer surface
modification, and, along with J.D. Andrade and others, holds a patent on use of RFGD
plasma treatment of polymeric surfaces to reduce friction (see CV).

Industrial experience as a manufacturing, product development, and research
engineer has been successfully applied to the development of cardiovascular catheters and
angioplasty devices, and will prove to be valuable in the evaluation and commercial
development of the Corona Pen.

D. EXPERIMENTAL DESIGN AND METHODS:

! g : fice § g areas ran 0
several square millimeters to several square centimeters in a radi {ry, using a
needle electrode suspended above the surface to be assayed, and surrounded by a
grounded annular electrode (Figure 1). It may be necessary to mechanically rotate a
partially shielded central electrode in order to effect the discharge, or other
configurations may be required. Geometry will be optimized in Phase [I

i i e

|
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Preliminary experiments will be performed at PSI employing standard corona
cquipment, as well as demonstration models provided by commercial manufacturers
(36). Configuration and power supply will then be optimized for the device
conceptually illustrated in Figure 1. The AC power supply includes an RF oscillator
(about 500kHz), a high voltage unit (1000V peak to peak voltage with adjustable
current from 50-100 mA), and a matching circuit to provide minimum loss power
transmission between the high voltage RF generator and the electrode. A critical
parameter that will determine the ability of the corona to destroy cell membranes will be
the proximity of the electrode to the cell surface. In order to be ﬁ::ncunnaj, very close
proximity to the cells must be maintained. It is anticipated that this can be readily
achieved by mechanical means.

To tune and demonstrate the effectivenes of the device, surfaces of low density
polyethylene and polystyrene will be treated. (It should be noted that the device in the
proposed configuration cannot be used if the surfaces in question are conductors, as
these will create a short-circuit, eliminating corona generation. Modification of the
device to assay bacteria adhered to metallic and other conducting surfaces will be
explored in Phase II experiments).

Corona treatment will result in an increased hydrophilicity of the normally hydrophobic
polymeric surfaces. By selecting treatment conditions (voltage, frequency, time,
separation distances, and specific electrode geometry) the wettability partern and degree
of oxidation can be controlled.

The treatment will be characterized by 2 standard surface analysis techniques, with
which the PI has considerable experience: contact angle analysis and photoelectron
spectroscopy (38).

For the contact angle analysis, water droplets are placed on the treated surface and
the angle of contact measured. The untreated polymers have water contact angles of
about 90° and, depending on treatment conditions, the water contact angle in the treated
region will vary from 90 to 0. Simple water vapor nucleation patterns, so-called
breath patterns, will be used to image the hydrophilicity gradient and the homogeneity
of the treatment. In a few selected samples X-ray photo electron spectra of the
materials will be obtained so that a quantitative determination of the degree of oxidation
of the surface induced by the corona treatment can be made. This is an expensive
characterization and therefore will be limited exclusively to critical samples.

PSI has the needed internal experience with corona treatments as a result of
collaboration with a group who received their degrees in J.D. Andrade’s laboratory
some years ago and who are now working in South Korea (33, 37).

This particular phase of the project will take about 2 months and will be conducted
largely by P. Triolo and A. Pungor, with technical assistance from J. Andrade. Andras
Pungor has a wide range of instrument design experience, and his work on plasma
discharge systems is directly applicable to the developmenf of the corona discharge
apparatus (see vita).




Two:

si ;leria of sc C § mumercial interest onto unmodified polymer surfaces
in known quantities. This task is required in order to produce well-charactenized
adhered bacteria on surfaces for future experiments that will evaluate the effectiveness
of the corona discharge in destroying their cell walls. It involves employing a number
of standard methods used in the study of microbial adhesion and attachment to synthetic
surfaces (28-31). The organisms to be studied will be Staph. aureus and Klebsiella,
commenly associated with nosocomial infections (40), Pseudomonas sp. and Staph.
epidermis, commonly associated with implant-associated infections (41), E. coli
because of its importance to the biotechnology community, and a member of the
Streptomyces genus because of their ability to produce antibiotics,

This task will be performed by a microbiologist supervised by the P.L. with the input
and advice of Drs. Jerry Nelson and Greg Burns. Dr. Nelson, a
microbiologist/bacteriologist, is President of Nelson Laboratories, a local
microbiclogical analysis lab. He serves on Protein Solutions, Inc., Scientific Advisory
Board, and will provide advice and input at no charge to the contract. Dr. Bums,
faculty member of the Center for Biopolymers at Interfaces, has studied bacteria
attached to the surfaces of biomedical polymers (39). He has considerable experience
working with several bacterial strains which are commonly found on implanted medical
devices. He will serve as a consultant to the project (see letter).

Cells of each bacterial strain will be quantitatively deposited on the polystyrene and
polyethylene surfaces. Bacterial surface concentrations will be determined by direct
counting using optical and scanning electron microscopy (SEM) (15).

Optical microscopy capabilities exist in PSI's laboratories, SEM is available on a fee
for service basis through the Center for Biopolymers at Interfaces.

Three:
i sited in known concentrations on the unmodified surfaces, (See Task 2,
above), will then t ved from the surfaces by standard methods ( 9, 10, 29, 30)

analyzed by standard firefly inescence technigues. A correlation can then be
established berween the surface concentration of organisms as determined by optical
methods in Task 2, and the quantity of ATP assayed by the firefly luciferase technique.

The assay method will consist of transferring the bacteria from the surfaces into a small
volume of solution, concentrating the bacteria, using one of the conventional surfactant
reagents (o extract the ATP, and then measuring the extracted ATP by firefly
bioluminescence. Standard reagents and protocols are available (9, 10, 29, 30).

Qur group has considerable experience with the firefly luciferase/luciferin
bioluminescent assay of ATP. Mr. C.Y. Wang, a graduate student working under
Andrade’s supervision at the University, has nearly completed his doetoral studies on
the behavior of firefly luciferase at interfaces. He has had extensive experience with the
measurement of bioluminescence generated by firefly luciferase/luciferin and ATP. Mr
Wang will advise in the conduct of these experiments.

Four:

In order to assess the effect of the corona discharge on ATP itself. known amounts of

ATP will be deposited on the unmodified polymers. These unmodified polymers are
hydrophobic. Therefore, aqueous drops will not spread on the untreated surfaces,
allowing us 1o place a drop of ATP-containing solution on them and then evaporating to
dryness. Clearly this will not lead to homogenous distribution. However, if the drop
is confined to an area that is small enough with respect to the sample analysis area of
the X-ray photoelectron spectroscopy (XPS) instrument, one can obtain a reasonably
good estimate of low concentrations of ATP on the surface as ATP’s un ique phosphate
component is easily detectable by XPS.

ATP concentration will also be determined by simply dissolving the ATP back into
solution and assaying by the firefly bioluminescent analysis. It is anticipated that XPS,
which determines the presence of ATP based solely on the quantity of phosphorous
present, will determine higher surface concentrations than the firefly luciferase assay,
as the ATP must maintain biological activity in order to be determined
bioluminescently. Thus, one can obtain an estimate of the degree of degradation that
occurs as a result of the ATP application process by comparing results obtained with
these two methods.

Once a control level of ATP has been established, the ATP surfaces will be exposed to
corona discharge, varying time, distance from the electrode, power, and frequency, of
the corona to determine the operating conditions that are most favorable for maintzining
ATP's activity. ATP's viability will be assessed by assaying its concentration with the
firefly luciferase system, employing XPS analysis on appropriate controls.

Tasks 1-4, listed above, will require 2 to 3 months for completion, and will provide

the necessary background information and controls required for the important feasibility
experiments, described below. ¥

Five:

Surfaces sed Lo corong

treatment and analyzed by:

a. Direct microscopical examination to obtain a quantitative count of organisms and
assess any damage to cell walls induced by the treatment.

b. Wettability (contact angle) analysis, ’

¢. Direct measurement of ATP induced bioluminescence within seconds after the
corona treatment. This will allow for a direct comparison between the amount
of ATP determined by in situ corona-induced cell disruption and immediate
ATP analysis with ATP levels determined by the traditional cell removal and
solution processing method employed in task 2. It will also provide an
asscssment of the sensitivity of the technigue.

d. Direct ATP bioluminescence measurement as a function of time after the corona
treatment.

e. Conventional cell stripping from the surface and subsequent bioluminescent
analysis for ATP as a function of time.

It is anticipated that corona treatment conditions can be created thar will disru pt bacterial
walls and permit leakage of their intracellular contents. However, in addition to AT P,
ATPases may be leaked from the cells. Most proteins exposed to corona discharge
significantly denature and, in the case of enzymes, are inactivated. Some of the
ATPase molecules will be destroyed by exposure to the corona, but others may still be
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present in sufficient concentrations to degrade ATP. It is, therefore, necessary to
perform the time-dependent studies outlined in d and e, above. They will provide
information on the appropriate time frame during which the ATP assay should be
performed. This, along with methods of efficiently transferring cellular contents to the
assay system will be optimized in Phase II.

The information gained from these experiments will be used to optimize corona
discharge parameters for bacterial wall disruption. The initial operating conditions to be
evaluated will be those optimized in Task 1 for the use of corona to effect surface
modification. The variables to be controlled and optimized include not only the
operating parameters of the device, but also distance from the sample. In addition, the
thickness of the water layer on the bacteria at the moment of corona discharge as well as
the relative humidity of the air may affect the generation of the corona (48) and the
subsequent efficiency of cell disruption. In the case of very thin water layers, the
relative humidity during the corona discharge will be of major importance. The
presence of water between the anode and cathode of the corona device serves to
decrease the potential required to obtain corona generation. However, the relationship
between relative humidity and the ability to generate a corona is by no means straight
forward, and needs to be examined for the particular electrode configuration employed

(48).

Relative humidity of the ambient air will be determined with appropriate
instrumentation. Additionally, water will be added to the samples, and the effect of
increasing water content on the efficiency of destruction will be assessed
microscopically, as well as by assaying for released ATP.

These experiments will all be performed on monolayer or submonolayer concentrations
of bactena. Disruption of cells by corona discharge, a surface technique, is difficult if
multiple layers of bacteria or bacteria trapped in a biofilm are present(42). Such more
complex samples are reserved for Phase [I studies and would involve further fine
tuning of the corona process, the ATP bioluminescence measurement, and refinements
in calibration and standardization. It should be remembered, however, that the intended
purpose of the corona device and ATP assay by the bioluminescent technique is to

idly scree ia. By the time multilayers of bacteria have
grown, there will undoubtedly be a sufficient concentration of organisms at the air
interface to be modified by the corona discharge and assayed positively by the ATP
firefly luciferase technique.

Six:

Apyrase, commonly used to inactivate ATP, and Triton X-100, a surfactant used to
disrupt non-bactenial cells, will be added to cell surfaces prepared in 2 , above.
Concentrations added will be representative of those commonly employed (1). Cells
will then be destroyed utilizing the optimum conditions defined in task 5, and the ATP
content determined and compared with that found for bacterial surfaces not treated with
the surfactant and enzyme.

It is anticipated that the presence of the chemical agents will have an insignificant effect
on the ATP analysis, confirming that the corona method can be employed immediately
after non-bacterial sources of ATP have been destroyed. This, in itself, constitutes an

improvement over existing techniques that require low concentrations of apyrase be
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used over prolonged periods of time to minimize interference with the detection of
bacterial ATP, or that the apyrase be removed from the system before the bacteria are
processed (16).

Seven:

It is anticipated that any ATP present on the electrode can be casily destroyed by
soaking it in an ATPase such as apyrase. Subsequent discharge in air should inactivate
any of the enzyme that remains on the electrode.

Eight:

vall
asi 1 di nees i wal

The cell walls and membranes of different cells have structural and com positional
differences (43-47) that may impart them with different resistances (o disruption by
corona discharge treatment, Human cells, and eukaryotic cells in general, are more
easily dcstroyed_by mechanical means than bacterial cells (25), and it can be anticipated
that Gram negative bacteria, because they have a thinner proteoglycan cell wall than
Gram positive baclerlz!. might be more readily destroyed than Gram positive cells.
Likewise, differences in the cell membrane compositions of mycoplasma (no cell wall),
archaebacteria (unusual polysacharide or protein aceous walls; membrane lupids linked
by ether bonds in place of the usual esther linkage) and chlamydiae (no peptidoglycan
in their cell walls), might be sufficient enough to enable corona discharge conditions,
perhaps with appropriate pre-treatments, to be optimized to selectively destroy one type
of cell, leaving the others intact. i

Only preliminary experiments will be performed in Phase I. A layer of adhered cells
consisting of both Gram negative and Gram positive bacteria will be deposited on
surfaces as described in task 2. Corona discharge conditions will then be varied in
attempts Lo selectively destroy one cell strain, but leave the other intact. Direct
microscopical examination and bioluminescent analysis will be employed to asses
cellular damage. However, it may not be possible to positively identify damage to one
cell type, but not the other. Labelled experiments may be required. A major effort will
be directed in Phase II studies to evaluate the potential of corona treatment to enable the
differentiation of cell types on surfaces in a rapid screening method.

Summary:

. These studies will allow us to conclude whether or not the corona treatment is
feasible for facilitating the leakage of ATP from surface adhered organisms. Further, assay
of the leaked ATP by the firefly luciferase reaction will enable us to estimate the sensitivity
of the assay for several important strains of bacteria on surfaces. Sensitivity comparable
with that of cell removal assay techniques are desired, but a loss of sensitivity would
certainly be considered acceptable, given the reduction in time afforded by the technique in
comparison with the time required for assay after cell removal. g

~ Limited feasibility, or feasibility for applicatioons other than the destruction of
bacterial membranes, will be demonstrated if the device successfully modifies polymeric




materials, offering the advantage of selectively modifying small areas of polymer surfaces
to facilitate the adhesion of inks, adhesives, cells, etc.

If the device can selectively lyse different cell types, then it could be useful for cell
separation applications, and could even be employed to destroy non-bacterial cells.

E. RELEVANCE OF PHASE I RESEARCH TO PHASE Il OBJECTIVES:

Funding for at least one, and possibly two, phase II grants will be sought at the
succcessful conclusion of this Phase I research. One grant will address the mating of the
corona pen with a quantitative biosensor for ATP-dependent processes currently be ing
developed by PSI (3). The research will address means of miniaturizing the pen, and
reducing its cost. Additionally, a major effort will be directed toward designing a means
for sample access so tyhat the sensor can quickly assay the ATP contents released in sifu.
The sensor itself is designed to be read optically, and a good deal of work will be necessary
to guarantee that enough light is available for detection by the unaided human eye.
Alternatively, high speed films would have to by employed. The commercial device would
consist of a reasonable corona apparatus, and disposable biosensors.

The second Phase I proposal would investigate the possibility of segregating and
cells of the basis of their cell wall and membrane characteristics, and then obtaining an
estimate of their quantities by employing the firefly luciferase reaction. It is anticipated that
treatments other than corona exposure will be required, and a system involving preferential
lysis, adsorption of cells onto substrates, and cellular disruption by mechanical means
under a varity of conditions is envisioned.

This Phase I study will provide the basic corona-generating tool to be employed in
the Phase Il projects. Experience gained in employing the firef] y luciferase/luciferin
reaction to detect the presence of microbes will be directly applicable to the devlopment of
devices for rapid estimation of microbial concentrations and techn iques for microbial
separation on the basis of their membrane structure and propertics

F. CONSULTANTS:

Greg Burns will be the only consultant on this Phase I project. His CV is attached
(see next page)
G. CONTRACTUAL ARRANGEMENTS:

Confirmation of the contratual arrangement with the Center for Biopolymers at
Intefaces is included at the end of this proposal.

20

2 S A L R

b
!
f

e .

¥
i

REFERENCES:

1. P.E Stanley, B.J. McCarthy, and R. Smither, ATP Luminescence: Rapid Methods in
Microbiology, Blackwell Scientific Publ., 1989,

2. M. Goldman, A. Goldman, R.S. Sigmond “Corona discharge: its properties and
specific uses”, Pure Appl. Chem. 57 (1985) 1353-1362.

3. Scheer, R. (P.L), Direct Reading, Quantitative Biosensors for ATP-dependent
Processes, NSF STTR Proposal, 1994,

4. M.J. Harber, R. MacKenzie, and A W. Asscher, *Rapid Bioluminescence Method for
Quantifying Bacterial Adhesion...”, L. Gengral Microbial 129 (1983) 621-632.

5. A.A Mafu, D. Roy, L. Savoie, J. Govlet, “Bioluminescence Assay for... Bacteria. ",

Znviron, Microbiol. 57 (1991) 1640-1643.
6. P.L. Brezonik, F.X. Browne, J.L. Fox, “Application of ATP to...Biomass... Studies”,
: 5. 9 (1975) 155-162.

7. D.M. Karl, “Cellular Nucleotide Measurements and Applications in Microbial
Ecology,” Microbio. Rev, 44 (1980) 739-796.

8. P.S. Senior and B.J. McCarthy, “Bioluminescent Assessment of Fungal Growth on
Plastic Packaging Materials,” in Biodelerioration 7. ed. D.R. Houghton, R.N.
Smith, H.O.W. Eggins, Elsevier, pp.507-510.

9. P.5. Senior, et al., “Bioluminescent Assessment of Microbial Contamination on Plastic
Packaging Materials,” in Ref. 1, pp. 137-143,

10. A.Lundin, A. Rickardson, and A. Thore, “‘Continuous Monitoring of
ATP._by.. Luciferase,” Anal, Biochem., 75 (1976) 621-633

11. P.E. Stanley and L.J. Kricka, Bioluminescence and Chemiluminescence: Proc.
7th Int. Symp., Cambridge, UK, Sept. 1990, Wiley, 1991. Section 6: Firefly
Luciferase-ATP: Applications and Assays, pp. 407-528.

12. J.G.M. Hastings, “Applications of Luminescence in Clinical Microbiology”, in Ref.
25, pp. 421-425.

13. E. Schram, “Evolution of Bioluminescent ATP Assays”, in Ref. 25, pp. 407-412,

14. 1. Scholmerich, et al,, eds., Bioluminescence and Chemiluminescence, Wiley, 1987
Part 4: Luminescence Applications, pp. 453-594

15. P.E. Stanley, “A Beginner’s Guide to Rapid Microbiology using ATP and

Luminescence”, Ref. 1, pp. 1-10.

16. A. Lundin, “ATP Assays in Routine Microbiology”, Ref. 1, pp. 11-30

- A Lundin, et al,, “Estimation of Biomass...by ATP...", Meth-Enzym. 133 B (1986)

27-42.

. G. L. Picciolo, et al, *Firefly Luciferase ATP Assay...", U.S.E.P.A. EP | 89/2:1 96,
- E. Schram and A. Weyens Van Witzenburg, “Improved ATP Methodology..." L,

Biolum Chemilum. 4 (1989) 390-8.

. S. Girotti, et al., “Methodological Problems of Direct Bioluminescent ATP Assay..."”,

], Biolym Chemilum, 4 (1989) 594-601.

- E. W. Chappelle and G. L. Picciolo, “Method of Detecting and Counting Bacteria...”,

U.S. Patent 3745090, 7/10/73.

. W.L. Simpson, et al., “Highly Sensitive Assay for ATP...", Letters in Appl. Microhio

11 (1990) 208-210.

3. R.T. Swrey, “Cell Energetics”, Amer, Bigl, Teacher 54 (1992) 161-166.
1. Tumer Designs, Mt View, CA. (415) 965-9800 Anal. Luminescence Lab., San Diego,

CA. (80X) 454-7050

. F.A.P. Garcia, "Cell Wall Destruction,” pp. 47-66 in Recovery Processes for

Biological Materials, I.F. Kennedy and J.M.S. Cabral, eds. Wiley, Chichester, UK.,
(1993).

E. Keshavarz, M. Hoare, P. Dunhill, "Biochemical Engineering Aspects of Cell
Disruption,” pp. 62-89, in Separations for Biotechnology,, M.S. Verrall and M.J.

Hudson, eds., Ellis Horwood Ltd., Chichester, U.K. (1987).

23




2z
28.
29.
30.
31.
32.
33.

34,
39.

36.
37.

38.
39.

40.
41.

42.
43.

45.
46.

47.
48.

H. Schutte, M.R. Kula, "Pilot -- and Process -- Scale Techniques for Cell Disruption,"
i 1 iochem. 12 (6), 599-620 (1990).
K.C. Marshall, “Microscopic Methods for...Bacterial Behaviour at Inert Surfaces”, ],
icrobiologi 4 (1986), pp. 217-227.
T.I. Ladd and J.W. Costerton, “Methods for Studying Biofilm Bacteria”, Methods in
Microbiology 22, pp. 285-309., (1990)
M. Fletcher, “The Physiological Activity of Bacteria Attached to Solid Surfaces”,
in Microbi 10l, 32 (1991), pp. 53-82.
M. Fletcher, “Methods for Studying Adhesion and Attachment to Surfaces”, Methods
in Microbiology 22, pp. 251-282., (1990)
JF. Carley and P.T. Kitze, “Corona Discharge Treatment of Polymeric Films: I and
IT”, Polymer Eng. Sci, 20 (1980) 330; 18 (1978) 326.
J.H. Lee, G.S. Khang, H.B. Lee, “Wettability Gradient Surfaces prepared by Corona
Discharge Treatment,” 1 n i r Bi ials, 17 (1991)

133.
G.C. Salzman and C.T. Gregg, “Current and Experimental Methods of Rapid

Microbial Identification”, Bio/Technology (1984), pp. 243-248,
J.R. Hollahan, T i Application hemistry, Wiley, 1974

Tantec, Inc., Schaumberg, I1L. (708) 529-5506
J.H. Lee, et al., “Characterization of Weuability Gradient Surfaces Prepared by

Corona Discharge Treatment”, J. Colloid Interface Sci.. 151 (1992)

563-570.
P.M. Triolo and J.D. Andrade, "Surface Treatment and Characterization of Some

Commonly Used Catheter Materials I: Surface Properties,” J, Biomed. Mater, Res.,

17 (1983), pp.129-147.
G. Burns and F. Mohammad, “Personal Commun_ications", May, 1992.

R.J. Cano, J.S. Colome, eds., Essentials of Microbiology, West Publishing, Saint Paul,

Minnesota (1988) pp. 380-382.

A.G. Gristina, G. Giridhar, Z.N. Myrvik, "Bacteria and Biomaterials," in

i iology, R.S. Greco, ed., CRC Press, Boca Raton, Flordia (1994)

pp. 131-148.

W.G. Characklis, “Laboratory Biofilm Reactors”, in Biofilms, ed. W.G. Characklis
and K.C. Marshall, Wiley, 1989, p. 83.

M. Inouye, “What is the Outer Membrane”, in M. Inouye, ed., Bacterial Quter

, Wiley.

G.D. Shockman and I.F. Barrett, “Structure, Function, and Assembly of Cell Walls of
Gram-Positive Bacteria”, Ann, Rev, Microbiol, 37 (1983), pp. 501-27.

U.B. Sleytr and P. Messner, “Crystalline Surface Layers on Bacteria”, Ann, Rev,
Microbiol 37 (1983), pp. 311-39.

R.J. Cano, I.S. Colome, eds., Es sentials of Microbiology, West Publishing, Saint Paul,
Minnesota (1988) pp. 39-43.

J.M. Ghysen, R. Hakanbeck, eds., Bacterial Cell Wall, Elsevier, Amsterdam, 1994,

L.B. Loeb, "Electrical Coronas: their basic physical mechanisms," University of
California Press, Berkeley, CA (1965) pp. 102, 111, 224-229, 248-266.

24




