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XI. RESEARCH PLAN
A. Specific Aims

The critical objective of this phase | research is to assess the feasibility of a direct reading
quantitative, dipstick type sensor for the measurement of galactose in wrine (an ind
galactosemia). The sensor design is given in figure 1. The device can be divided conceptually intc
three or more “zones™, A liguid sample is placed in a specificity zone. In this zone, the galactose
in the sample is reacted with ATP and its associated kinase (galactokinase, enzyme class (EC)
2.7.1.6). This reaction results in analyte ATP which is then quantitatively dete by the ATP
sensor platform. Both the spatial modulation and transduction ZONes compris he ATP sensor
platform were previously developed at Protein Solutions, Inc. and will be deseri n more detail
later. The purpose of this proposal is fo develop the galactose specific “specif y zone™ of the
sensor.  Development of this specificity zone will require enzyme concentration and subsirate
concentration optimization, pH buffering, and elimination of “cross talk™ from other wrine
constituents

to

1. Characterize the available galactokinases with respect to cost, specificity, pH and temperature
stability, and sensitivity

Several types and sources of galactose are available, We will determine which one performs
best for our expected conditions

2. Swdy galactose in water solution using the luciferase based ATP detection system,

s ol galactose in distilled water will be incubated with mixtures of ATP and
se and applied to the luciferase based ATP detection system. (All expeniments in
sctives 1-4 will be performed in the liquid state.) Our approach 1o this objective as well as the
next two will be to utilize a system of evaluating the signal as a function of ATP and galactokinase
concentration using mucrotiter plates and a CCD electronic camera system, [In this way, several
series can be run simultaneously. We are regularly using this system and have found it fo be both
Ticient and effective. Using this system we will determine the concentrations of ATP and
okinase for optimal signal generation. We will also establish a baseline readout with which
We can compare the signals received from the more chemically complex objectives,

n)

3. Study the singular effect of individual urine components on the lucifs
system, including: glucose, lactose, fructose, maltose, pentose, chlorine,
uric acid, and ketone bodies.

rase-based ATP detection
sodium, urea, creatinine,

Urine has many sugars, proteins and salts which may affect the sensor readout. We will
SCTEEN OUr system to determine how other chemicals beside galactose will affect the readout by
Incorporating important urine constituents such as urea, glucose, ete. into the water/galactose
solutions tested in objective 1. This screening will be done using the microtiter arrays and
compared (o the baseline readout developed in objective 1. Preliminary studies suggest that,
because of their low concentrations, urine’s constituents will not be a serious problem (1),

4. Quantitaie galactose in commercial urine standards using the luciferase based ATP detection
system.

. We will apply commercial urine standards containing known amounts of galactose to our
opumized liquid state specificity zone. The analyte ATP signal will then be applied to our
luciferase-based ATP detection system (transduction zone). Data from this objective will be

compared 1o the baselines established in objectives 2. and 3.
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FIGURE 1 Schematic illustration of various zones comprising the galactose biosensor

5. Study device stability and reliability with emphasis on the preservation of galactokinase and

ATP

The stability and preservation of the basic ATP sensor platform is well understood. Wi
apply the trehalose/sucrose preservation methods we have already successfully app
luciferase/luciferin (2) to preserving ATP and galactokinase for up to four months

Objec
CCD camera sensing system. Phase I work will apply this knowledge to the developr
actual “dry” dipstick type device

tives 1 through 4 will be performed in the liquid state using microtiter plates and our
ent of an

B. Significance and Background
Galactosemia:
Reported frequencies of galactosemia range from 1:148,000 to 1:63,000 (3-5). Clinical signs
of the disease include bilateral cataracts, speech abnormality, ovaran dysfunction, growth
retardation, and developmental delay. The acute effects can be controlled very effectively through
implementation of a galactose free diet in the early stages of maturation (6). Galactosemia is
considered 4 good choice for universal screening because 1) it occurs frequently, 2) it can be
s. however,

detected and 3) it can be treated effectively (7). Delays in detection of only a few day
can be fatal (8,9).
Newbarns in the United States are regularly screened for inbom errors of metabolism during

atl

their first days of life. If the incidence of the d e in the newborn population is high enough
if one missed case will result in state expenditures larger than the cost of screening all newborns,
then it 1s cost beneficial to screen all newborns (10). Typical screenings cover phenylketonuria
(PKU), galactosemia, maple syrup urine disease (MSUD) and homocystinuria (3).  All states
screen for PKU and hypothyroidism, 26 states screen for galactosemia, 20 screen for MSUD, 19
sereen for homocystinuria, and three screen for histidinemia (11). These screenings require that a
blood sample be drawn and sent to a clinical chemistry laboratory, with results t g 2-3 days.
This may be too long a time. Infant metabolic screening costs range from $30 Current
newborn screening programs for inborn metabolic errors include screening umbilical cord
blood, newborn blood, and urine, 40% of funds and about 80% of requests for repeat specimens
are devoled to the urine screening (Massachusetts, 1976-1977)(12)

Currently there are three methods for detecting galactosermia in newborns (8). One method of
screening for galactosemia directly measures the activity of galactose- 1 -phosphate  uridyl
transferase (GALT), the deficiency of which is the most common form of galactosemia. This test
is highly specific to GALT and will not detect either galactokinase or epimerase deficiency, less
common but still important causes of galactosemia. Since the enzyme (GALT) is thermally
unstable, the test requires “fresh™ blood samples. As a result, a relatively large number of tests
give a false positive reading. A second method measures blood galactose levels using a mutant E.
coli strain which relies on galactose for survival. Growth of the bacteria indicates the presence of
galactose in the blood. This is a difficult test requiring expertise in the field of culturing bacteria,
not to mention the delays canse by waiting the required time for bacterial growth, A third method
measures galactose by monitoring its oxidation by galactose dehydrogenase with the detection of
NADH by fluorescence.

Recently, a shift toward point-of-care testing — testing done at or near the patient’s bedside,
has taken place. This type of testing can reduce cost while decreasing delays in treatment. It
reduces pre-analytic errors due to collection, storage, transportation, and reporting. Results are
ready in minutes, leading to faster diagnosis and faster treatment implementation. The net results
are decreased hospitalization, lower costs and improved quality of care (13). Dipsticks will reduce
medical costs due to labor savings, time savings, and misdiagnosis (18),

During the course of this Phase I research project, we will show the feasibility of detecting
clinically relevant amounts (0-100mg/dl) of galactose (an indicator of galactosemia) in urine using
“dipstick™ technology now in development at Protein Solutions, Inc. Future work will lead to the
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detection of galactose in the blood samples normally collected in newborns for detection of other
metabolic diseases. Our method of screening for galactose will improve current methods in the
categories of speed, accuracy, cost simplicity and will lead to an increase in the
compliance/screening rate.

Galactose Sensor:

There are two very special molecules that play unique and central roles in biology, adenosine
tnphosphate (ATP) and nicotinamide adenine dinucleotide (NADH) and its phosphate form
(NADPH). NADH is a ubiquitous electron donor and ATP is generally recognized as one of the
key energy currencies in biology. The two molecules act in a cyclic manner and can be
or recharged. They are the basic coupling agents of cellular metabolism. A very large
biochemical enzyme processes involve one of these two molecules.

There is a large body of literature on the development of biosensors for ATP and ATP-
dependent processes and for NADH and NADPH-dependent processes, using the firefly and
bacterial luciferase enzymes, respectively. Such biosensors generally employ fiber-optic or other
wave guided means for delivering the luminescence to a device which can accurately measure light
intensities (14,15).  Although one of the most portable and most sensitive photon detectors
available to the scientist is his or her own eye, it is notoriously difficult to calibrate for accurate
measurements of even relative light intensity. Our eyes can, however, reliably and accurately
measure changes in spatial position of light.

Luciferases are extensively used as labels for a wide range of clinical diagnostic chemical tests
(14,16). Since the firefly luciferase reaction is dependent on an ATP co-factor, it has been
exiensively used in the development of biosensors for the measurement of ATP. Until very
recently such applications were frustrated by the instability of luciferases and the ulties
encountered in attempts to incorporate them into commercial devices exhibiting required reliability,
accuracy, and shelf life (17).

Our sensor concept is based on the fact that, for a given luciferase/luciferin concentration, a
minimum concentration of ATP is required to produce a detectable light output.  Above that
concentration, light is visible; below that ATP concentration, no light is detected. By filtering or
consuring the ATP (with an ATP consumase such as apyrase) before it reacts with the luciferase
we contro| the intensity of the light at each position along the sensor. A high concentration of ATP
will still produce light even at the higher consumase concentrations because enough ATP remains
after consumption to produce a measurable light output. A low concentration of ATP will produce
light only at the lowest consumase concentrations because at higher consumase concentrations all
of the ATP is consumed before it reacts with the luciferase

To measure an ATP concentration, a sample containing ATP is distributed 1o the
luciferase/apyrase gel at which time the ATP is consumed by the two competing enzymes
Because the turmover rate of apyrase is two orders of magnitude higher than that of luciferase, the
apyrase quickly moderates the ATP concentration. The amount of ATP which reacts with the
luciferase to produce light depends on hoth the initial ATP concentration and the concentration of
apyrase.

With high initial concentrations of ATP, a large concentration of apyrase is required to
eliminate emission of a detectable light signal. With low initial concentrations of ATP, only small
concentrations of apyrase are required to prevent emission of li ght at a detectable signal. The goal
of modulating the light signal with apyrase is to generate a specific light cut off point indicative of a
specific concentration of ATP in the analyte solution

Figure 2 depicts a prototype galactose sensor discussed in terms of its various functional
zones: a sampling region, containing galactose analyte; a pH adjustment region; a zone which
provides the ATP needed for the galactose specific reaction; a zone containing galactokinase which,
in the presence of ATP and galactose, phosphorylates galactose, consuming ATP; a zone
containing an apyrase gradient which modulates the ATP signal for direct visual detection: and a
portion containing luciferin and luciferase which tranduces the ATP gradient to an easily viewed
photon gradient. Conceptually, the galactose sensor can be split into a sensor front portion
comprising the ATP containing region and the galactokinase containing region, and an ATP sensor
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platform end comprising the apyrase containi
regi

region and lucifern and |ug Herase contimining
ption of ATP which in wrn is modulaed by an
ATP “consumase” gradient (in this case apyrase) and converted to light in the transduction region

n, The sensor is based on the partial consur

by luciferase and luciferin.  The resultant signal photons are spatially  distributed 1o yield an
indication of the original galactose concentration
Operation of the sensor begins when the sensor contacts a solution containing galactose. The

solution is drawn into the PH adjustment region, the ATPc ontaiming region, and the galaciokinase
contaiming region. The galactose is phosphorylated, and ADP is produced, thus depleting the ATP
concentration. The remaining ATP, called “analyte ATP", Is then drawn into the apyrase region
where there is a well-defined concentration gradient of apyrase, Analvie ATP is partially converted
10 ADP by the apyrase leaving a residual amount of “signal ATP" which is spatially distributed
This signal ATP is then transporied into a region of uniform luciferin and luci ferase The
uciferase catalyzes the reaction of ATP with luciferin to produce a spatial distribution of light
which can then be directly visually correlated with the amount of signal ATP and, in ., analyie
ATP, and thus the galactose concentration in the original sample

T'o demonstrate und test the dependence of light output as a function of signal ATP and

apyrase, we produced two dimensional matrices with gradients of ATP concentration (2x104 1o

IX10°7 moldl ATP) versus apyrase concentration (2 units/ml to 0 units/ml). The gradients were
produced as serial dilutions of ATP and apyrase, and pipetted in the dppropriate patterns into test
wells, At the bottom of the test wells we fabricated gels contaning luciferase. A light intensity
Surface profile was made immediately after ATP was applied to the test wells I'he
made with a CCD camera and appears as Figure 3. Each of the e
the same apyrase |

Ench of eight diffe

It rows shown in figure 3 has
adient and, consequently, this assay 1s composed of eight identical biosensors
nt ATF concentrations is applied to one of the eight identical biosensors and
the resultant luminescent patter after five minutes was noted visually in the dark by an observer and
then photographed with a cooled, CCD ¢ amera, The actual quantitative determination of ATP is
by looking at the spatial illumination pattern of each of the eight sensors and noting the
position of the last visible luminous circle, ¢ positions A, B, C, D, and E in figure 3 would

correspond o ATP analyte concentrations of 0.2mM, 0.01mM, 2.0uM, and 1,0uM ATP
respectively

In this proposal the intent is not to determine ATP concentration (since this is accomplished in
the ATP sensor platform section.) but rather to use its concent

1on as an indicator of the
concentration of galactose. This is accomplished by reacting the ATP with in the
presence galactokinase, The phosphorylation of the sugar and the dephosphorylation of the ATP
occur before the ATP reaches the apyrase/luciferase layer where light emission is initiated
Thus, the kinase serves as a mediator of ATP concentration by catalyzing its reaction with
galactose Figure 4 schematically depicts the consumption of ATP using
galactokinase, note that one ATP molecule
present in solution

galactose and
18 consumed for every one molecule of galactose

The depleted ATP “produces” a light signal, once it reaches the luciferin/uciferase transducer
zone, which is inversely proportional 10 the concentration of gaiactose in the test sample, The
luminescence is imaged or waveguided onto photographic film for detection. or detected by the
unaided eye. ( Uimparison with an empirically derived table correlating galactose concentration
with obtained light pattern will allow for a rapid estimation of the concentration of galactose in the
sample.  The final sensor will include A scale along the light output zone which will permit the
“perator 1o read out the galactose concentration by correlating the scale with a sharp inflection
region between light and no light

PSI was recently awarded a § I'TR Phase Il grant from NSF entitled,
Quantitative Biosensors fo

"Direct Reading
ATP" which focuses on enhancing the sensiuvity of our existing ATP
based bioluminescent spatial sensor by several orders of magnitude. We therefore have the
commitment and resources to fully develop the direct reading Quanttative ATP sensor, Allowing
this proposal to focus on the galactose specific portion of the device ‘
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Galactose to be Addition of analyte ATP  Reaction forms ADP and
detected in Solution and Galactokinase Galactose-1-Phosphate
with signal ATP

A B C

FIGURE 4 A) a hypothetical solution with three molecules of galactose, B) galactokinase and
six molecules of ATP are added, C) galactose is phosphorylated using up three molecules of ATP.

Phase I1 :

Expected work to be addressed during phase II will include dipstick device design, longer
term stabilization studies of device, incorporation of both front-end and back-end into a single test
strip, and refining reproducibility and accuracy. The phase II work will generate a device as
described above and shown schematically in Figure 2.

C. Relevant Experience

1. Ponciple Investigator

Dr. C.Y. Wang, Research Scientist, recently completed his Ph.D. studies under Joe
Andrade’s supervision at the University of Utah. Dr. Wang has worked on the Firefly luciferase
system for five years. He recently received the M. Deluca Award at the Oth Intemational
Symposium on Bioluminescence and Chemiluminescence in Woods Hole Massachusetis for the
studies of recombinant luciferase. He is an expert on enzyme immobilization and stabilization. He
has developed a technique of immobilizing luciferase with agarose and dehydrating the system with
the protection of disaccharides. Such gels can be desiceated and successfully rehydrated with full
enzymatic activity. This technique supported the success of the ATP sensing platform.

Dr. Wang is also knowledgeable in carbohydrate screening and dip-stick type biosensors, He
successfully screened glucose with the newly developed ATP measuring platform. He is now
working as a Research Scientist at PSI and supervising a team that is continuing to develop the
bioluminescence based direct reading quantitative biosensor for ATP, He will serve as the
Principle Investigator for this research project. His biosketch is included.

2. Other Key Personnel

Dr. R. Van Wagenen, Ph.D., Vice President of R and D, is a bicengineer with considerable
product research, design, and development experience in the medical device industry. Before
joining PSI in 1996, he spent ten years working on biomedical instrumentation as VP of R & D
and Director of R & D for Albion Instruments and then Ohmeda Medical Devices, respectively,
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this time, Rick and his co-workers developed a unique Raman spectroscopy
respiratory/anesthesia gas monitor, His background in Materials Science, and his earlier research
work dealing with the characterization of s es for biomedical applications are also directly
relevant particularly to the design and characterization of the gels and the supports for the sensors
His product development background will enable this concept to be effectively developed into
commercial products. His bio-sketch is included.

Dr. Robert Scheer, Research Scientist, received his Ph.D. in Materials Science and
Engineering in 1993 and was Principal Investigator of PSI's NSF-STTR Phase | grant on the
development of ATP-based biosensors using firefly luciferase. He has had considerable
experience with the handling of native firefly luciferase and its stabilization in agarose gels and
fiber matrices. He has worked and will continue to work closely with Dr. C.Y. Wang. Rob's
background is in polymers, polymer structure and morphology, and the modeling and testing of
polymeric materials. His biosketch is included.

Dr, Joseph Andrade is founder, President, and CEO of Protein Solutions, Inc. Joe has
worked extensively with proteins, enzymes and antibodies for the past 25 years, focusing his
efforts on elucidating their behavior at surfaces and interfaces. Five years ago he became involved
in bioluminescence particularly in firefly and bacteria luminescence systems. Joe will be available
to assist and consult in the areas of interfacial biochemistry, bioluminescence, and biosensor
expertise when required.

D. Experimental Design and Methods

We have devised a series of simple liquid-phase experiments that enable us to rapidly assess the
feasibility of our sensing methods. They consist of preparing a series of dilutions of the reactants
and evaluating their performance in all combinations to arrive at optimal concentrations. We react
the constituents in question with the firefly luciferase system in microtitration test wells, and
determine the relative light output from the wells using a CCD camera. The light profiles give us a
graphic record of which combinations are successful (see Figure 3), and also vield information
about the sensitivity of the assay,

I.  Characterize the available galactokinases with respect (o cost, specificity, pH and temperature
stability, and sensitivity. (weeks 1-4)

Dr. Wang will lead the study to determine galactokinase suitability. Several enzyme types and
sources will be reviewed. The process will include electrophoresis studies to determine maximum
purity, cross-reactivity studies with other sugars to determine maximum specificity for galactose,
intrinsic fluorescence studies over a range of operating temperatures to determine maximum
temperature stability, measurement of kinase activity over a range of operating pH values to
determine maximum pH stability, and monitoring of ATP consumption over time to determine
maximum activity.

2. Swdy galactose in water solution using the luciferase based ATP detection system. (weeks 1-6)

We will perform a series of experiments to determine the optimum concentrations of
galactokinase (GK) and ATP for detecting galactose in the concentration range of 0 to 100mg
The corresponding molar concentration range is from 0 to 5.5mM. Because each mole of galactose
will theoretically consume one mole of ATP (as depicted in figure 4), the corresponding ATP
detection range is 0 to 5.5mM. See figure 3. Qur ATP detection system is sensitive to 10°M ATP
5o there should be little di fficulty in detecting these amounts of galactose.




the amount of ATP in solution should be nearly equal to the largest amount
1 1o det Less ATP would adversely affect sitivity at high levels of
lactose. The amount of

For these studie
lactose we w
galactose, more ATP would adversely affect sensitivity at low levels o

Increasing Galactose Concentration

galactokinase will affect the required incubation time. More galactokinase will decrease the - §
incubation time, less will increase the time in the specifi ty zone. Oplimum values of both ATP o
and galactokinase will be determined. These studies will be performed using the microtitration B
plates described above and shown in figure 3. Figure 5 depicts the expected luminescent pattern 0ocoO000cO0O0 j[ =]
ter the galactose, galactokinase and ATP have incubated for the required period of time (time is Q0O0DOOCODOD Q
dependent on amount of analyte and galactokinase) and the firefly luciferase system has been added g)
and had time to react. No consumase (apyrase) gradient is present here. The left hand side is fully 00000000 =
luminescent because all the ATP in solution reacts with the luciferase and luciferin to create light O000C0ODO ki
The right hand side is completely dark because all of the ATP was used to phosphorylate the 2
galactose and none is left to create light. ) H § 0000000 =
Rk iy IR i | OC000000O0 o
g & & 8 8 8 g ¢ =B 00000000/ | &
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o © \ N @ o w i ! Figure 6 For a series of galactose dilutions, a two dimensional array of urine component
3 i dilutions (including a blank) will be arranged as shown.
§ 3
O Q O O O . . . “ . g In addition to these chemicals, we will arrange an array of pH values common to urine (4.8-
— i 4 8.5). Additional buffer solution will likely have to be added to restore a pH of 7.8 (optimal for the
— | light producing luciferase-luciferin reaction.) Different enzymes perform optimally at different pH
: ; 5 values, ultimately, the sensor will incorporate the appropriate buffering system to ensure optimum
Increasing Galactose Concentration pH values for each enzymatic reaction (pH adjustment region on figure 2.)
Figure 5 For a single concentration of galactokinase and 5.5 mM ATP, a one dimensional 4 4. Quantitate galactose in commercial urine standards using the luciferase based ATP detection
gradient of galactose is studied i ; em. (weeks 12-22)

The optimum concentration of ATP and GK will be the one which most efficiently We will incubate commereis ne standards containing known amounts of galactose in our
J‘IJ‘J-*J'-'h[{Q 13155‘ "‘]L’ galactose (how “‘?“ it consumes ATP.) The signals obtained here will serve as optimized specificity solution (ATP/galactokinase). The result of this incubation will be applied 10
the baseline for future work. Dr. Wang has collected preliminary data similar to that shown in the signal transduction solution (luciferase/luciferin) and compared to the baseline values obtained
figure J to suggest that the concept may work in objectives 2. and 3. Once different amounts of galactose are detectable, we will apply the
1 e 4 incubated samples 1o the spatial modulation solution (apyrase gradient) prior to detection by the
3. Study the singular effect of individual urine components on the luciferase-based ATP detection signal transduction solution. This last step will allow quantification of galactose in liquid urine
system, Inlclttdmg. glucose, lactose, fructose, maltose, pentose, chlorine, sodium, urea, creatinine, hu—mr-'k’ﬁ- 3
uric acid, ketone bodies, and pH. (weeks 6-12) We will quantify clinically relevant amounts of galactose in commercial urine standards using

g i : ; our luciferase-based ATP detector system.
Th-‘.:-.'ﬂ_ screenings will be performed with the ATP/galactokinase solution optimized in ;
objective 2 using the same concentrations of galactose previously tested. A two dimensional 5. Study device stability and reliability with emphasis on the preservation of galactokinase and
rmicrolter arangement will be used to individually screen the carbohydrates, pH and the salts ATP. (weeks 4-24) : : ¥
found in urine. One axis will be a galactose gradient, the other will be the urine component
Err!iiL?nr‘lt;a'Jl;ei-j!rljﬁrﬁueﬁd A series of dilutions ranging from zero to maximum expected Duripg the first weeks of _|h1_-. grant period Dr-‘;“ W.':_ng ':md Y-lﬂ \\-’-.:ge_nen will initiate
: sed, preservation studies of galactokinase and ATP. Studies will first focus on incorporating the

enzyme and substrate into a trehalose/agarose sol, which will be gelled and dehydrated under low
particulate and partially sterile conditions to minimize contamination. The sols will be of varying
agarose and trehalose concentrations to determine optimum conditions. Several drying condition
will also be studied including vacuum drying, air drying, cold drying and inert gas drying
Various storage conditions will also be studied. The dehydrated gels will be stored in vacuum
scaled foil packs at room temperature, 4°C, and -20°C for periods ranging from one day to 20
weeks (or until the end of the grant period).




Dr. Wang has \u._u.“iu.n preserved luciferase/luciferin gels for periods of up o two years
using a similar system (2). We don't anticipate any difficulty with this objective

E. Human Subjects (none)

F. Vertebrate Animals (none)

G . Consultants/Advisors

We will not have any paid consultants for this Phase I research. The following individuals,
however, frequently serve in an advisory and consulting capacity with reimbursement from other

sources. Dr. Larry Kricka will be pa.r‘uulal.\ helpful for the proposed research.

Scientific Advisory Board:

Dr. Lamry Kricka, Director of the General Chemistry Laboratory and Professor of Pathology and
Laboratory Medicine at the University of Pennsylvania, Philadelphia. Dr. Kricka is intemationally
recognized for his work on applying bio- and chemi- IummesLen e to clinical chemistry. He is
editor of the Jawurnal of Bioluminescence and Chemiluminescence and editor/author of many books
on Bio- and Chemi-luminescence in clinical biochemistry. We interact with Dr. Kricka several
times each year. He will provide appropriate advice and guidance to this project as part of his
service on the Scientific Advisory Board

Dr. Jerry Nelson, microbiologist and President of Nelson Labs, a nationally recognized lab
providing a wide range of biological testing and compliance monitoring testing for industry.

Dr. Russell Stewart, Assistant Professor of Bioengineering at the University of Utah. Dr. Stewart
1s an expert in recombinant techniques for the study of luciferases and motor proteins.

Dr. Vladimir Hlady, Associate Professor of Bioengineering at the University of Utah. Dr. Hlady
15 an expert in interfacial fluorescence studies of proteins at surfaces.

Dr. Woody Hastings, Professor of Biology at Harvard University. Dr. Hastings is internationally
recognized for his basic scientific studies in bioluminescence.

Dr. Henry Kopecek, Professor of Pharmaceutics and Bioengineering at the University of Utah,
President of the Controlled Release Society. Dr. Kopecek is intenationally recognized for his
work in hydrogels and related polymers for drug delivery and biocompatibility.

Dr. Don Johnson, former new biotechnology product manager for DuPont. Now, Dr. Johnson
runs an independent consulting firm and is the Chairman of CBI's (Center for Biopolymers at
Interfaces) Industrial Advisory Board.

H. Contractual Arrangements (none)
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