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Brief Summary of Invention (paper, fuller descriptions, etc., may be appended, but please also give a brief summary):

Heart-Light™ is a device containing a culture of bioluminescent bacteria designed to be worn
as an ornamental or informative device and which glows continuously in the dark. Upon exposure to
levels of nicotine and other pharmaceuticals or toxins in the environment, and in particular in
secondary smoke, the bioluminescent bacteria will be damaged, shutting down their bioluminescent
pathway, resulting in decreased light emission and eventually total darkness. The device is
designed to be worn by individuals who are encouraging smokers to quite smoking by making them aware
of the toxic effects of smoke products in closed environments.

) The device uses a strain of bioluminescent bacteria with a particularly strong sensitivity to
nicotine and utilizes an array of novel and unigque technologies to maintain such a culture for long
periods of time with bright bioluminescence. The sensor is not particularly gquantitative or ultra
sensitive. It is not designed for analytical or diagnostic purposes. It is designed for
psychological effect as a behavioral modification device.

Advantages over State-of-the-Art:

There is no compareble device on the market.

Practical Applications:

Discussed above under Brief Summary of the Invention.
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The device should be of interest to a variety of insurance campanies, health care providers,
and possibly govermment agencies interested in minimizing smoking. It is possible that it would be
marketed to these agencies for free distribution to their clientele. It could also be widely
distributed as a consumer product, particularly for individuals who are encouraging a member of
their household to decrease smoking or to quit smoking.

It would have widespread application and could be distributed through many ocutlets, and
particularly outlets where cigarettes and other tobacco products are sold.
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have been measurements of the personal exposure to ambient nicotine inhaled by passive
smoking in ETS environments in the range of 1-40 micrograms per hour. Daily exposure
can be much higher. Nicotine is a very active and potent biochemical and is rapidly
metabolized to a wide range of metabolites -- all of which can be detected in unne and
other body fuids (6-8)

In spite of the major interest in inducing smokers (o quite smoking or to smoke
much less, and in minimizing environmental tobacco smoke, the health nisks, and
discomfort associated with smoke in the cnvironment, there has been almost no
application of behavioral modification or compliance enhancing technologies. In the
1992 National Science Foundation Workshop on Improved Delivery and Reduced Costs
Of Health Care Through Engincering, it was noted that patient and public education and
understanding of health risks is very important and that "technologies are needed 1o
provide periodic or even constant reminders to encourage pauents to resist temptation 1o
reactivate bad habits or poor health practices.” (10). Physicians and health care
professionals rarely have the time to provide the extensive follow up and reminding
which is critical in getting patients (o stop smoking and to remain non-smokers (11).

Smokers fundamentally enjoy smoking. They not only enjoy the feel of the
cigarette in their hands and in their mouth, but they enjoy and indeed become dependent
on the biochemical and pharmacologic effects of smoking. They also enjoy the smell and
ambiance of tobacco smoke. Itis difficult for them to appreciate and to understand the
concern which non smokers have with smoke in the environment.

Over the decades we have learned in education circles that one does not get kids
or adults to leam by telling them that it§ good for them or good for others They don't
learn from being told, and they don't even learn from reading. Itis doing and
expenencing that provides learning. That is the reason for the growing national interest
in hands-on, interactive, process-based science and technology education. The same
cducation strategies and theories hold for health related education. Patients or potential
patients cannot be only told and even showing them 1s often ineffective (9-11). They
must expenience and leamn for themselves. Their first heart attack generally makes
learners and believers out of most of them

Protein Solutions, Inc. is involved in the development of a range of products to
enhance hands-on, discovery-based science and technical education, We use
bioluminescence, light generated by living organisms, to generate intere;
and enthusiasm in expenential learming. Our expenence with these bioluminescence
science education tools, with a wide range of audiences in a variety of environments, has
convinced us that this same approach can be extremely effective for health related
education and indeed for behavior modification g

St, motivation,

Imagine a heart-shaped device, a self adhesive patch, which you would wear over
your shirt pocket or on your lapel (Figure 1), The device contains a live, viable, non-
toxic and harmless strain of marine bioluminescent bactena. This heart-shaped patch
would remain viable for weeks and even months as long as it is not exposed 1o toxic or
other deleterious environments, such as very high or very low temperatures. The
bactenal patch glows brightly in the dark as long as it is viable and healthy. Now
Imagine you hve with a smoker. You sense and Wlerate the secondary smoke which is
ubiquitous in that environment. The bioluminescent bactenia in the patch are a special
strain which is particularly sensitive to mcoune, and perhaps to other toxins in secondary
tobacco smoke. The glowing heart patch goes black with ume as the cumulative nicotine

exposure increases and the bioluminescent pathway is shut down

Imagine a social situation where the heart patches are passed out and Tmm Alldler
the appropriate time, given appropriate levels of secondary smoke, the lights are l'l{mt“
off and the various patches examined. No words need be spoken. That is what we mean
by direct experience and direct involvement.

PSI sees the possibility for a whole array of behavior modification sensors based
on engineered strains of bioluminescent bactena (12-26), dinoflagellates (39-42), and
other bioluminescent organisms which can be readily maintained in secaled environments
for indefinite periods (41,42). We have developed a set of technologies by which we can
maintain bioluminescent dinoflagellates, marinc phytoplankton, in scaled bag
environments for indefinite periods. We have begun to work with bioluminescent -
bacteria for the past 6 months and have developed a collaboration with the lx)s.h’lulc !()l ‘
Biophysics and its Bioluminescence Laboratory in Kraznoyarsk, Russia. This laboratory
has over 2,000 strains of marine bioluminescent bacteria, several of which have very high
sensitivities to nicotine. Dr. Valentina Kratasyuk has worked extensively on the
sensitivity of bacterial bioluminescence to various chemical agents, including nicotine
(see Consultants).

A recent National Science Foundation workshop on Cost Effective Health Care
Technologies pointed out that technologies and devices for behavior modification and for
patient compliance could have very major effects on decreasing the costs of health care in
the United States (10). Psychology and behavior modification are very subtle sciences
which can be greatly assisted and made more effective by the sensors we propose to
develop.

E. BACKGROUND, RATIONALE, AND APPROACH

Bioluminescent manne bactena are found in exceptionally high concentrations in
the light organs of bioluminescent fish (27-31) Although the general anatomy and
histology of some of these organs have been studied by marine biologists, there has been
very littie work on the means or mechanisms by which the bactena can be maintained in
such high concentrations. These bacterial light organs result in extremely bright
bioluminescence. Anyone who has observed a flashlight fish exhibition 1n a marine
aquanium can attest lo the brightness of bactenal bioluminescence (27). Such brightness
1s not normally found in cultures of bioluminescent bactena

We propose a unique, novel, and highly effective means to dramatically detect
and present the presence of environmental tobacco smoke and some of its major
pharmacologic agents, inc luding nicotine and carbon monoxide

Toxic, or otherwise metabolically active chemicals and biochemicals can
generally be assayed by their effect on sensitive living organisms (15). A wide range of
bioassays for toxicity are well known and widely used in the medical device and health
care pr\;ducls ¥ )lnminul'\ for testing for safely purposes. The U.S. Food and Drug
Administration requires a wide range of tests related to toxicity. [tis becoming
increasingly recognized that microorganisms, and bioluminescent bactena in purm_‘u]a:,
are highly efficient, effective, and straightforward bioassay systems for toxicity. The so
called Microtox toxicity test system utilizing bioluminescent bacteria is now widely used
in industry and in the health care products industry (17,18).

Nicotine is an active biochemical and is considered a toxin (33). Nicoune s a
relatively simple alkaloid of low molecular weight. [tis colorless and volatile, but also
readily soluble in water, forming water soluble salts, 1tis considered one of the most
toxic of all drugs, acting with a rapidity comparable to that of cyanide and markedly




Side View !

stimulates the central nervous system. The drug is readily available from biochemical
supply houses. It can be readily produced by simply lighting up a cigarette. It is also

available in the nicotine patch for transdermal delivery, one of the most prescribed

] medications in the United States today. Nicotine patch therapy is effective in relieving
3 the withdrawal symptoms associated with smoking cessation (34)

Bioluminescent l
bacteria Gas-permeable i
transparent layer

Nicotine is actually somewhat difficult to assay and generally samples require
Gas-permeable " considerable processing before they can be assayed. Common methods include gas
chromatography and radio immunoassay (5-8)
transparent flap ) i

Nicotine's strong metabolic activities result in interference with the
bioluminescence emission system of many strains of bioluminescent bactena. This effect
has been studied in a preliminary way by our Russian colleague and consultant Valentina
Kratasyuk. Indeed, her laborator Y 15 assessing the several thousand strains of
bioluminescent bactenia which they maintain and study in order (o select those strains
{ which are most sensitive to nicotine in the most reproducible manner, Bioluminescent
Open or close : bactena are classified into four genera and eleven species, all of which are represented in
] the Russian collection (21,22), They all have somewhat different properties,

i bioluminescence intensities, lemperature requirements and nutrient requirements
! Although the chemical processes involved in bioluminescence and the luciferase enzymes
Nicotine ‘ i involved are expected to be very similar in all of these species, there are differences and

2 there are subtleties which result in different bioluminescence characteristics under
Reflective Agarose support and permeable Iaye’ } different conditions and, presumably, different susceptibilities to nicotine toxicity
base reservoir for culture !

medium Bioluminescence bacteria are readily obtained from a variety of supply houses,

culture collections, and can be casily isolated from marine sources (19 22). Indeed they
are readily available from high school l\mlnp) suppliers and are used in high school and
undergraduate biology laboratory exercises. Most of the organisms are manne and
require a sea water based culture medium. Various media and methods for culture are
well known (19-22)

Covering
for adhesive

Adhesive
layer

Front View A very interesting feature of many manne bioluminescent bactena is the

phenomenon of auto induction, that 15, these organisms do not bioluminesce until they

produce a critical concentration of a chemical which then induces bioluminescence. The

Gas-permeable bactena may be perfectly healthy and non bioluminescent at low concentration; greater

transparent layer numbers are required before the auto inducer reaches sullicient concentration (o induce
the culture to bioluminesce (22,23). The growth and luminescence of these bac lena s
also sensitive to other components in the medium, 1nc luding salt concentration (24), 1ron

levels (25,26), and over all osmolanty (30)

here has been little concerted effort from an engineenng perspective (o try o
design a culture for maximal light emission in vitro. This has been done succ essfully in
vivo, however, through the symbiosis between bioluminescent bactena and various
bioluminescent fishes, inc luding Flashlight and Pony fishes (27 31). Many
bioluminescent lishes contain a highly dense and very bright culture of a symbiotic
bioluminescent bactena in their lightorgan. These light organs have been evolutionanly
engineered o produce bright emission with even direc tonal charactenstics

T'here has been little or no consideration of the struc ture and micro architecture of
Nicotine-permeable these light organisms from a bic xngineenng and biotechnology perspective. What we arc
transparent flap proposing in this project is basically to construct and to apply in vitro a miniature light
organ, containing bioluminescent bacteria essentially a biological flashlight which will
glow or wink at you in the dark when healthy, but will progressively weaken and go
black after exposure to environmental tobacco smoke and its nicotine

Fig. 1. Preliminary Design for a Nicotine-sensing Behavior Modification

Device.
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D. IDENTIFICATION AND SIGNIFICANCE OF THE OPPORTUNITY

There 1s growing interest in the development and application of novel
technologies which can decrease the costs of health care (10). A major contributor to
health problems in this country is poor health practices. Among those activities which
have the strongest correlation with poor long term health outcome is smoking (1)

There is general unanimity in the naton, with the possible exception of several
lobacco company presidents, that there are considerable human and societal costs to
continued widespread use of tobacco (1). Roughly 25% of the U.S population sull
smokes. Tobacco use is the largest single preventable cause of death in the United States
It1s responsible for over 85% of lung cancers and is the major factor in over 400,000
preventable deaths per year. That's larger than poor dictary or physical activity practices,
alcohol consumption, fire arms, and motor vehicle industries

The growing concem 1s the fact that the immediate family and other social
acquaintances ol smokers are also at nsk. Environmental wbacco smoke (ETS) is also
considered a health risk, although admittedly a much lower nsk than direct smoking is
ETS 1s a complex mixture of thousands of compounds, many of which are carcinogenic
or otherwise toxic. The most well known and specific of these is nicotine (2-4). There
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Ign development we anticipate
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Htuation in fish photo organs

Itis also possible that the bacterial concentration and the
nutnent volume may be adjusted

luring the shelf life of the device
bactena and the thickne

8O A8 o permit growth 1o optimal and maximum density
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and optimized with
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hinder oxygen and COy transport from the front of the device, That laver will then Ix
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in sealed bag cultures (41 42)
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It1s interestung that fish light organs house the bacteria in specialized, highly
structured, gland-like environments. The fishes have significant anatomical and
physiological adaptatons for mainining the symbiotic bactena and maximizing the
fuminescence while minimizing the growth of the bactenia

I'he bacteria are present at high concentration and have little need o Brow of
multiply -- they are already present at high and potentially maximum density in light
organs. Thus, unlike the growth of bactenal in in vitro ¢ ulture, conditions are such that
growth is minimized while luminescence is maximized. The growth rate of bactenia in a
fish light organ is of the order of 20-30 times slower than in typical culture conditions
he fish may regulate growth through the regulation of osmolanty. Low osmolarity
apparently increases luminescence and luciferase concentration but restricts growth (30)
High osmolanity, comparable o that of sea water, stimulates growth but limits
luminescence (30). This mechanism, althe wigh not fully proven, will be important in the
design and engineenng of an in vitro light organ with optimum characteristics

he bactena and/or the surfaces and micro architecture of the light organ may be
optimized tor bactenal immobilization and possibly even orientation.  Vibrio harvevi is
known to adhere to artificial fiber surfaces under a vanety of conditions, including
laboratory filters (32). These observations and these clues will likewise be used in this
study to opimize our artificial light organ

I'he sensor requires three very different tec hnologies (Figure 1)

One, means o produce very Inyll concentrations of bioluminescent bactena in a
very small volume;

fwo, means (0 maintain the viability of such concentrated cultures for long
penods of ume, possibly through the use of a controlled nutrient delivery
device, built into the sensor: and

Three, means (o permit nicotine (o be permeated through the device and delivered
to the bactenia within. This is a difficult membrane permeability problem and
will require sophisticated matenal and/or biochemical techn logies

'he Figure shows a very preliminary design for a behavior modification device
based on the inhibition of bactenial bioluminescence Via nicotine in cigarette smoke
Relerning to the side view in the figure and going from left to nght we first have a simple
adhesive covenng which 1s removed 1o ¢ Lpose a pressure sensibive, skin compatble
adhesive. The device is then pressed against the skin or agunst fabne where the adhesive
layer binds it securely, This adhesive laver is analogous to that used in Band-Aids and
other medical devices designed 1o make contact with skin

[he main structural component of the device s the refle tive base. This may
simply be a white, reflective film or it may actually be a metalized plastic film for mirror
reflection purposes. [n both cases, the purpose of the film 1s to redirect light emitted in
the direction of the base wwards the nght, thereby enhang ing the overall bioluminescence
intensity. We may actually experniment with the reflec ting elements commonly used in
hish light organs, as well as more common me talized films

Siting on the reflective base 15 a relauvely thick laver of transparent agarose ge
whose liquid component is the bactenal culture me dium. Bioluminescent bacteria are
commonly grown on agar in an appropriate medium. We already produce luminescent
thin ilms based on agarose contmmng luciferase and luc tenn, we will expenment with
the same agarose formulations containing the various bac tenal culture media with the
expectation of obtaining

garose/media films, which are optimally transparent. This

be a )'I.II'I( ntin ncotune concentration and in "l“llll!llll("-\ ence intensity in the interfac 1al
region between the small and large heart

W ¢ have not yel come ||" \\Il!l an .Il'[‘“ll’ll.”l‘ commercial name or “.llll'lll.ll‘, for
this preliminary device. The term used in Neil Diamond's sc ng based on the film ET
"Hearthight,” certainly comes to mind

'he fundamental point is that nicotine kills. 1t kills the bactena, thereby
climinating their glow. It is doing the same thing, albeit at a much slower rate, to the
smoker him/herselfl, and to those 1n his/her immediate environment

We have no plan at this stage to develop a quantitative nicotine sensor, although
that clearly is a distinct possibility and may be considered in future grant applications

I'he purpose of the sensor proposed is to enhance the awareness of toxins in the
environment and through such awareness to encourage modification of behavior which
would lead to decreased concentrations of such toxins. The dey 1ce will of course have 10
be tested in a vaniety of control environments, inc luding kitchens. We centainly do expect
that other volatile agents in the ambient environment will also tend to inhibit the bactenal
bioluminescence, although it is certainly likely that the nicotine environment in and
around smokers will be more active in inhibiting bioluminescence than other common
agents

F. PHASE I TECHNICAL OBJECTIV

1) Comprehensive evaluation and assessment of the key species of bioluminescent
bacteria and the vanous available strains with re spect to their suitability for this
application. Careful evaluation of the standard manine bacteria cell eulture me dia
(21,22) for this application. Selection of those species and strains with the
appropnate bnghtness, robustness, and other properties

2) An assessment of their sensitivity Lo nic otine, both in acute dosage and in chronic
or cumulative, dosage forms using volatile gas-phase micotine. Based on acute

and chronic nicotine sensitvity we will select up o 6 struns lor further study

1) Reverse engineenng of fish light organs
»

4) Incorporation of opumum bactenal culture media 1n an agarose/agar gel ilm

2) Optimization of the agarose-based culture medium with respect to enhanced
broluminescence intensity and long term stability of the cultures

6) Evaluaton and assessment of APpropnate gas-permeable transparent overlavers |

the device

Evaluation and assessment of prate meotne-permeable films for the device

8) Design and construction of the preliminary device for testing and evaluation

purposes

9) Assessment of stability, intensity. nicotine sensitvity and behavior of the device in
a vanety of end user environments




analytical applications. We fully expect to be able to produce an agarose-base culture
reservoir as required in the preliminary design of this device

Task Five:

This is probably the most critical task in the overall project and will be a major
part of the Phase I and the Phase I studies Given what we have learned in Tasks 1-4
above, and particularly what is known from a reverse engineening study of photo organs,
with respect to the chemical and environmental control of the bioluminescent bacterial
population, we will begin to modulate and modify our culture material and indeed the

design of the device to facilitate the long term stability of these bacterial cultures, coupled

with very high bioluminescence intensity. Control and regulation of osmolarity and pH
are the two immediate vanables, as well as iron concentration (24,26 30,31). We fully
expect that in order to develop an optimum device we may need to design a gradient in

one or more of these parameters into the device itself, the gradient to help compensate for

such factors as water loss with time and perhaps changes in Oxygen and CO transport

Task Six:

Preliminary analysis by Mr. K. Foote of highly gas permeable polymer films for
algae aquaculture applications (36) led to the selection of low density polyethylene for
our initial studies (Table 1). Low density polyethylene has been used for the storage and
propagation of plants in sealed environments (37)

Table 1: Best candidates for enclosing membrane matenal (from Ref 36)."

Gas Permeability Rate of Water
mol*cm)/cm2*sec*atm)* 10128 Vapor Transport
(g*mil)/(100in2*24hr)
Membrane Material cCO2 o2 at37.88C
————1ana __  CO S ) S
Silicone rubber 290 140 170
(Silastic)
Low density 549 1.02 1.3
polyethylene
Ethylene-vinyl 12.2 171 2.5
acetate copolymer
Fluonnated ethylene 3.40 1.52 0.4

Propylene copolymer

(FEP TEFLON)

* Data from Modern Plastics Encyclopedia, Vol. 64, 1988, pp 553-557

Basically one desires maximum CO, and O, permeability with minimum water
vapor transport. The polymer with the highest gas permeability is silicone rubber. but

i
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H. COMMERCIAL POTENTIAL

This has been discussed in Section D

I. PRINCIPLE INVESTIGATOR/KEY PERSONNEL

Rob Scheer, Ph.D., Princ iple Investigaior on this grant does not have a strong
background in manne biology or bacteniology. Rob is a materials engineer with
considerable background in the properties of plastics and materials, including some recent
modeling studies on the gas permeability of polymeric materials. His biosketch is
attached

He will be assisted by Ms. Mara Lisonbee, a biology technician with over wo
years expenience in the culture of bioluminescent microorganisms and by Mr. Dong Min,
a graduate student with considerable expenence in the culture of bioluminescent bacteria

In addiuon we have budgeted a half-time marine buc[cn(vlngnsb‘m:crobmh)gm
post-doc for the project

Dr. Scheer will be assisted by J.D. Andrade, Ph.D., President and Chief Scientifi
Officer of Protein Solutions, who has been working on bioluminescence for the past 5
years. He has supervised PSI's work to date in the area of bioluminescent dinoflagellates
He has conducted courses for Inservice elementary and high school teachers and has
distributed Pyrocystis lunula cultures to at least 300 different teachers, friends, co-
workers, and advisors for their input and cnitique. Joe has a strong interest in integrated
science education. Dr. Andrade has been working on biomatenals and biotechn logy
problems for the past 25 years. He is an accomplished scientist with 5 books and over
100 peer-reviewed publication. Joe is also Director of the University of Utah’s Center for
[ntegrated Science Education (CISE) Although Joe is on the faculty of the University of
Utah, he spends about 25% time with Protein Solutions, Inc., and will advise and assist
on this project as needed. No funds are budgeted for his services

A part-time undergraduate is also budgeted 10 assist in the project

Advisors

Dr. J.W. Hasungs, Professor of Biology at Harvard Univ ersity is one of the
world's experts on dinoflagellate bioluminescence. Dr. Hastings serves on PSI’s
Scientific Advisory Board and will regularly provide input and guidance to the project

Other experts with whom Dr Andrade has already consulted over the last 2 years
and whom have offered their advice include Dr. Barbara Prezelin, Department of
Biological Sciences, University of California, Santa Barbara; Dr. L. Brand, University of
Miami, School of Oceanography, Miami: Dr. James Monn, Professor of Biology, , Los
Angeles: Dr. Robert Guillard, the National Phytoplankton Culture Facility, West
Boothbay Harbor, Maine
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J. CONSULTANTS

Dr. V. Kratasyuk is a senior researcher with the Institute of Biophysics in
Krasnoyarsk, Russia.” She is an expert on the use of bioluminescent bacteria as
biosensors and biomonitors of environmental toxins She will spend ten days working in
our labs and will supply lyophillized bacterial strains. She is already screening her
bioluminscent bactena collection for nicotine sensiuvity. Her letter of collaboration (via
E-mail) and resume are attached

K. FACILITIES AND EQUIPMENT

The work on this project will be carried out by PSI, Inc., in its laboratories located
at 350 West 800 North, Suite 218, Salt Lake City, Utah 84103. PSI is a member of the
Center for Biopolymers at Interfaces at the University of Utah, one of the State’s Centers
of Excellence. PS] is also a key corporate participant in the University's Center for
Integrated Science Education (CISE). PSI has a Technology Transfer agreement with the
University of Utah Research Foundation. PSI's laboratorics are equipped to perform the
necessary biological, chemical, engineering, and evaluation studies. The laboratory space
(1100 ft?) includes a culture room and a general biology lab. Normal office and
instrument room space is also present. Sophisticated equipment which may be required
may be used by our team at the University of Utah

L. CURRENT AND PENDING SUPPORT
Current Support:

NSF Phase | SBIR, The Labless Lab™ in Polymer Materials (ends 8/15/94)
Phase II will be submitted by 9/15/94

Pending Support:

I Department of Energy SBIR, Luminescent Films based on Photoproteins (7/1/94
1/1/95) two man months

2. NSF STTR, Direct Reading, Quantitative Biosensors for ATP-Dependent
Processes &7/1/94 - 6/30/95) two man months

~

NIH SBIR, Direct Reading, Quantitative Bioluminescent Biosensors, (10/1/94
4/1/95) on man month

As PSI's sponsored R & D volume increases several Ph.D. level research
personnel will be attracted and hired, although Dr. Scheer will serve as principle
Investigator and primary supervisor and scientist for these projects, the more routine
scientific and engineening activitics and tasks will be delegated to these new stafl
rescarchers. Dr. Scheer will retain a minimum of one man month of direct involvement
with each of the projects for which he is serv Ing as pnnciple investigator

PSI has invested §1 50,000 (provided pnmar ily by its founders and major stock
holders) in the initial studies and product development. PSI expects o continue funding
the project from stock-derived funds PSI is now discussing equity investments by a
number of local investors and imnvestment groups )

M. EQUIVALENT PROPOSALS TO OTHER FEDERAL AGENCIES None
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VALENTINA A. KRATASYUK
(Biographical Sketch)

Date of Birth: 1 December 1952

Place of Birth: Russia, Zlatoust, Chelyabinsk region,

Married, two daughters

EMPLOYMENT:

1991 - present Post-doctoral worker, Senior Researcher of
Institute of Biophysics, Siberian Branch of
Russian Academy of Sciences (IBP)

1989 - 1991 Senior Researcher of IBP

1986 - 1989 Researcher of IBP

1981 - 1986 Junior Researcher of IBP

1975 - 1981 Lab assistant, Junior Researcher of Institute

of Physics named L.V. Kirensky, Siberian
Branch of Russian Academy of Sclences
1970 - 1975 Student of Novosibirsk State University.

EDUCATION:

Senior researcher (Associate Professor), 1989, Institute
of Biophysics of Siberian Branch of Russian  Academy of
Science, Krasnoyarsk 660036, Russia

Candidate of Biological Sciences, 1985, Institute of
Biophysics of Siberian Branch of Russian Academy of Science,
Krasnoyarsk 660036, Russia

Biologist (biochemistry) 1975 graduate of Novosibirsk !
State University. !
HONORS: i

1985 - Krasnoyarsk regions, Young Scientists Competition. |

1984 - Siberian Branch of Russian Academy of Science,

Young Scientists Competition.

1982 - National achievements exibition (Vistavka

dostizheni narodnogo hozyastva), silver medal

1982 - IBP, Scientists Competition

1980 - IBP, Young Scientists Competition
1978 - IBP, Young Scientists Competition

1977 - Sigh of USSR's Inventor
DISSERTATION:

Kratasyuk V.A. 1985. Inhibitor's analysis  of bacterial
bioluminescent  reactions. 173 pp-
PUBLICATIONS: total number 63
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M.G. Haygood and K.H. Nealson, "Effect of [ron on...Vibrio fisheri,* Symbiosis 1
(1985) 39
A. Stratmann and UK. Winkler, *lron Control of Bioluminescence in Vibrio fisheri,"
in A.A. Szalay, et al,, eds., Bioluminescence and Chemiluminescence, Wiley,
1993
E. McCosker, "Flashlight Fishes,* Sci. Amer. 236 (3) (1977) p. 106
L. Reichen, et al., "Specificity of Symbiosis...," Arch Microbiol. 112 (1977) 157
G. Monn, "Microarchitecture of Bactenial | ight Organs in Fishes," manuscnpt in
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P.V. Dunlap, *Osmotic Control of Luminescence...Ponyfish | Aght Organs,” Arch
Microbiol, 141 (1985) 44
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269
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R.D. Hurt, etal,, *"Nicotune Patch T herapy..." J. Amer. Med, Assoc. 271 (1994) 595
L.E. Becvar and J.E. Beevar, *Lumitox® abstract in Bioluminescence, 1993, Maui,
Hawaii, Nov., 1993, pp. 75
K.D. Foote, “Highly Gas Permeable Polymer Membranes Applied o Algae
Aquaculture”, BSc. Thesis, Depart. of Materials Science, University of Utah, De
1991 (J.D. Andrade, Advisor)
U.S. Patent # 5,171,683, Dec., 1993, "Micro Propagation and Tissue Cultunng *
Amencan Fluoroseal Corp., Westminster, MD, 301-857-5240
D.L. Spector, Ed., Dinoflagellates, Academic Press, 1984
R.R.L. Guillard, “Culwre of Phytoplankton...” in C.J Berg, Jr., Culture of Marine
Invertebrates, Hutchinson Ross Publ. Co., 1983 see also his ( ‘hapter in Rel, 9
I. Tobler and J.D. Andrade, “Culture of Pyrocystis Lunula in sealed Polvethviene
Bags", Abstract, Utah Academy of Arts and Sciences, May, 1992
lohn Tobler and J. Andrade, “Culture of Bioluminescent Ding flagellates in Non
Fraditional Media”, Abstract, Utah Academy of Arts and Sc iences, Salt Lake
City, May 1991
See C.A. Rogers and G.G. Wallace, eds., Proc. 2nd Internat. ( onf. on Intelligent
Maiteirals, 1994, Technomic Publ. Co.,
J.D. Andrade and R. Scheer, "Applying Intelligent Matenials for Matenals Education
I'he Labless Lab.® in CA Rogers and G.G. Wallace, eds., Proc. 2nd Internat
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