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United States of America Ukraine

The Col | aborative Ukrai nian Experinment (CUE): Qpportunities
for Collaboration in Science Education and Research.

*Thomas W Dreschel, **Paul H WIllianms, ***Volodimr I.
Nazar enko, and *Peter V. Chetirkin. *Dynamac Corporation
Kennedy Space Center, FL, **University of Wsconsin,

Madi son, W, and ***Palladin Institute of Biochemstry,

Ki ev, Ukrai ne.

Abstract

In 1994, President Cinton of the United States (US)
and President Kuchma of Ukraine signed an agreenent to
support joint activities in space. The National Aeronautics
and Space Adm nistration (NASA) and the National Space
Agency of Ukrai ne (NSAU) have devel oped a joint Space
Shuttle m ssion which will include a Ukrainian Payl oad
Specialist. The Coll aborative Ukrainian Experinment (CUE)
Mssion is targeted for late 1997 and features a nunber of
pl ant experinments to be carried in plant growh hardware on
the Space Shuttle in the mddeck. In conjunction with these
experinents, an educational conponent called the CUE TSI PS
(Teachers and Students Investigating Plants in Space) is
bei ng devel oped for high school classroons to participate in
the experinent by perform ng ground-controls. Teachers in
both Ukraine and the U S. have been trained in the protocols
of the Brassica-Seed Term nal growmh In Chanbers (B-STIC
experinment. This experinent was devel oped by Dr. Mary
Musgrave at Loui siana State University and designed to
investigate the mcrogravity effects on pollination and



fertilization. To participate in the B-STIC experinent,
teachers and students will construct sinulated flight

har dware and i npl enent plant growth, pollination, and
fertilization of a variety of Brassica rapa, the Chinese
cabbage plant. This variety was devel oped by the Wsconsin
Fast Plants™ program (Wl lianms, 1995) and called the
Astroplant™ This plant has been genetically selected and
devel oped for use in spaceflight experinents because of it’s
smal| size and rapid grow h. The Ukr ai ni an Payl oad
Specialist will performpollination of the plants in space
while students in the two countries do the sanme in their

cl assroons. The success of the pollination, seed

devel opnent, and subsequent generation of plants will be
measured in the space and classroom plants. The science and
educati onal collaboration as well as the cultural exchange
make the CUE an inportant activity for both countries.

Backagr ound

On May 11, 1995, President WlliamJ. dinton of the
United States nmet with President Leonid Kuchma of Ukraine
for the purpose of discussing the U S. -Ukraine partnership.
The Joint Statenent on Future Aerospace Cooperation Between
the United States and Ukrai ne, dated Novenber 22, 1994,
directed the National Aeronautics and Space Adm nistration
(NASA) and the National Space Agency-Ukraine (NSAU) to
identify potential experinents and payl oads which could
qualify for flight on the Space Shuttle and also to create
an opportunity for a Ukrainian Payl oad Specialist (PS) to
fly on the Space Shuttle.

The Ukrai nian Payload will consist of the follow ng two
Space Shuttle flight research facilities to be flown on STS-
87: The Plant Gowh Facility (PGF) wll house experinents
to study the effects of mcrogravity on plant reproduction
and phot osynthesis; and the Biol ogi cal Research in Canisters
Facility (BRIC) will house experinents to study the effects
of mcrogravity on plant physiol ogy.

The crew for STS-87 has been designated as foll ows:
Commander Kevin Kregel; Pilot Steven Lindsey; M ssion
Speci al i st (MS) Kal pana Chawla, Ph.D.; and M ssion
Speci al i st Takao Doi, Ph.D. The Wkrainian PS for CUE will
be either Leonid Kadenyuk or Yaroslav Pustovyi, with the
ot her acting as the PS m ssion back-up.

Payl oad/ Experi nents on the NASA Space Shuttle

The Col | aborative Ukrainian Experinent (CUE) is a collection
of plant space-bi ol ogy experinents scheduled to fly on STS-



87 which the Ukrainian PS will performduring the 16 day

m ssion. Five m ddeck |ockers will house the experinents.
The payload is the result of close scientific collaborations
between U.S. scientists and Ukrainian scientists (Table 1).

Tabl e 1. Col | aborative Ukraini an Experinent |nvestigations
and | nvesti gators.

PLANT GROMH FACI LI TY (PGF) EXPERI MENTS

Experinment Description Acronym lnvestigator/Country
Mcrogravity effects on B-STI C Musgrave/ U. S.
pollination and fertili - Kor dyunt UKr ai ne
zation in Brassica rapa Popova/ Ukr ai ne

(Brassica Seed Term nal
growt h I n Chanbers).

Effects of altered gravity B- PAC Qui kema/ U. S.
on the photosynthetic Hilaire/ U S.
appar at us( Brassi ca- Kor dyuni Ukr ai ne
Phot osynt heti ¢ Appar at us Kochubey/ Ukr ai ne
i n Chanbers). Nedukha/ Ukr ai ne

Vol ovi ¢/ Ukr ai ne
Scher chenko/ Ukr ai ne
Kor neeb/ Ukr ai ne

Pr oubl ova/ Ukr ai ne
Adanthuk/ Ukr ai ne
Dvr ut skay/ Ukr ai ne

Gravity effects on ROOTS Kor dyunt UKr ai ne
structure, function, Musgrave/ U. S.

and organi zation of Kl i nchuk/ Ukr ai ne
root cells in Zasl avsky/ Ukr ai ne
Brassi ca rapa. Pri ma/ Ukr ai ne
Spaceflight effects on gene GENEX Pri ma/ Ukr ai ne
expression in Brassca rapa Pi astuch/ U. S.
tissue. Al khi nova/ Ukr ai ne

Mar t ynenko/ Ukr ai ne

Spaceflight effects on amno AM NO Kor dyuni Ukr ai ne
acid content in Cener al ova/ Ukr ai ne
Brassica rapa tissue. Zai menko/ Ukr ai ne

Syt nyanskaya/ Ur kr ai ne
Spaceflight effects on PHYTO Kor dyuni Ukr ai ne
phyt ohor nonal cont ent Gener al ova/ Wkr ai ne
in Brassica rapa tissue. Cher evchenko/ Ukr ai ne

Musat enko/ Ukr ai ne




CUE Educati onal Program TSI PS
(Teachers and Students

| nvestigating Pl ants

i n Space, patterned

after B-STIC).

WIllians/ U S.
Nazar enko/ Ukr ai ne

Tabl e 1.

Col | aborati ve Ukrai ni an Exper

ment | nvesti gati ons

and | nvestigators (continued).

Experi ment Description

AcCronym

| nvesti gator/ Country

The effects of LI PID
m crogravity on the
lipid content of

Brassi ca rapa.

Bl OLOG CAL RESEARCH | N CANI STERS ( BRI C)

Effects of mcrogravity on SPM
differentiation and

phot ot ropi smin noss

prot onemat a ( SPace Mdss).

Effects of mcrogravity on SOYPAT
the relationshi p between

pat hogeni si s and

cel l ul ar carbohydrate

content in soybean plant

tissue.

Gavity effects on SOYMET

di stribution and netabolism
of storage statolith starch
| ocal i zation of cellular
calcium and interaction

of el evated ethyl ene

i npacting the root/shoot
rati os in soybean.

Kor dyunt UKr ai ne
Zol ot ar eva/ Ukr ai ne

EXPERI MENTS

Sack/ U. S.
Denki v/ Ukr ai ne
Kern/ U. S.
Tchaban/ Ukr ai ne
Kar dash/ Ukr ai ne

Leach/ U. S.
Gui kema/ U. S.
Br own/ U. S.
Nedukha/ U. S.
Prima/ U. S.

Brown/ U. S.

Gui kema/ U. S.

Pi astuch/ U. S.
Nedukha/ Ukr ai ne
Pri ma/ Ukr ai ne

The CUE will utilize the PG (Plant G owh Facility)
used for culture of Brassica rapa seedlings, and BRI C
(Bi ol ogi cal Research In Canisters) hardware for two soybean

experinments.

A nodified BRIC canister wll provide red

Light-Emtting Diode (LED) lighting to individual Petri
di shes for experinents on two species of noss.




The B- STI C experinent, evaluating the effects of
mcrogravity on pollination and fertilization wll utilize
16-day-ol d Brassica rapa seedlings. Flowering will begin
four days into the mssion, at which tine the Ukrainian PS

W ll beginto performdaily pollination activities.
Fl owering i s expected through the tenth day of the m ssion.
A sinple | abeling systemw || be used to identify individual
flowers. This will allow the exam nati on of space

environnent effects on the events relating to fl ower
devel opnent, pollination, and seed devel opnent.

The educati onal conponent to the payload will enphasize
the activities surroundi ng the B-STIC experinent. which
i nvol ves pollination and seed devel opnent in Brassica rapa.
Students in the U S. and Wkraine wll performthe
pollination of Brassica rapa on the ground at the sane tine
that the Ukrainian PS perforns the flight experinments in
space onboard the Shuttle.

During schedul ed down-1link sessions fromthe Shuttl e,
the Wkrainian PS will speak with students on earth
perform ng the same experinment in their classroons in the US
and Ukraine. This educational conponent is based on concepts
devel oped by the Wsconsin Fast Plants™ (WP™) program
which is funded by the National Science Foundation
(WIllianms, 1995). The WP programutilizes rapid cycling
Brassica rapa for teaching biology. An associated project
is Bottle Biology™ ,in which various pieces of scientific
equi pnent are constructed fromplastic filmcans, soda
bottl es, and other disposable containers (Wllianms et al.,
1993) .

Scientists fromthe U S. have visited and worked in the
| aboratories of their Ukrainian coll eagues and the Ukrai nian
scientists have visited and worked in the | abs of the U S
col | eagues. The UWkrai ni an Educati on Conponent Pl has
visited the U S to neet wwth U S. colleagues and the U S.
Educati on Conponent Pl has been to Kiev, Ukraine to neet
wi th education coll eagues and to inplenent a CUE Teacher
Wor kshop.

The CUE TSI PS (Teachers and Students Investigating Plants in
Space) Educati on Program

The CUE TSI PS education programis based on: 1) a
pollination, fertilization and enbryogenesis investigation
with Fast Plants, replicating the B-STIC flight experinent
and 2) additional experinments relating to other flight
experiments in the BRIC, in which Fast Plants™ or other



plants will be used to denonstrate the process or
phenonenon.

A group of master teachers in both countries have been

or will be trained in the CUE exercises and techni ques and
wll act as |ead teachers for other coll eagues. They and
their students will run sinulated ground-based control

experinents and share their data with other teachers,
students, and the CUE scientists. The instructional
materials are al so being shared through teacher training at
the NASA centers and across the Internet, e.g., on the Fast
Pl ant s™ WWV and gopher servers, for any other teachers who
w sh to participate.

In the United States, master teachers are al
experienced Fast Plants™ secondary school teachers who were
sel ected froma pool of applicants. They are already into
t he experinental "process science" node with their students
and have commtted to having their students carry out a
subsequent "research" project, based on questions that arise
fromthe real time experiment. The Fast Plants™ Program has
desi gnated these teachers to ensure good geographi cal
distribution and also so that there is at | east one teacher
in proximty to NASA centers: Kennedy Space Center (KSC);
Johnson Space Center (JSC), and Anes Research Center (ARQC
In Ukraine, the master teachers are select representatives
of each of the twenty-five geographical regions. Teacher
traini ng workshops for the CUE-TSIPS program have been
i npl enented by the WFP™ program both in Ukraine and in the
U S  Students fromU. S. and Ukrai ne school s have al ready
begun exchanging letters as a result of participation in
CUE. The U. S. Enbassy in Ukraine and NASA Headquarters are
assisting in this exchange by providing an i nexpensive way
for mil fromKiev to reach the students in the U S. via
pouch-mail carried fromKiev to Washington D. C. and pl aced
into the U S. Postal System

Instructional materials devel opnent began in Novenber
of 1995. CUE experinents were denonstrated to the 1996
Sumrer Teacher Enhancenent Program (STEP) participants at
Kennedy Space Center (Dreschel et al., 1995, 1996). The
experinments were al so presented in CUE wor kshops i npl enent ed
in Kiev, Ukraine (Cctober, 1996) and Madi son, W sconsin
(March, 1997).

A CUE TSI PS teachers gui de becane available in early
1997 for participant use. This guide was devel oped by the
WFP™ program and publ i shed by the NASA O fice of Human
Resources and Education, in cooperation with the NASA Space
Life Sciences Division. The guide, titled “Teachers and



Students Investigating Plants in Space: A Teacher’'s Cuide
with Activities for Life Sciences” contains a detailed
description of the construction of “classrooni CUE hardwar e,
as well as procedures for planting, culturing, pollinating,
and neasuring devel opnent in the Brassica rapa. In
addition, activities centered on plant responses to gravity
and |ight are described which utilize 35 nmfilmcans and
soda bottle caps. There are also activities described which
denonstrate the physics of gravity and mcrogravity (Vogt
and Wargo, 1992). The suggested construction of the

simul ated CUE hardware Plant G owth Chanber (PGC) is shown
in Figure 1.

cut acrylic Figure 1: Simulated PGC.
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The materials for constructing the PGC are readily
avai |l abl e and i nexpensive or cost-free. Seed are planted in
the wi ck-pots and in about 16 days, the Brassica rapa wll
be hand-pollinated using a beestick, constructed fromthe
t horax of a honeybee and a toothpick. This is the sane
activity that will be perfornmed by the Ukrainian PS during
the mssion. Students (and scientists) wll track the
success of the pollination and the subsequent devel opnent
and viability of the seed produced.

The anticipated result of this education conponent is
that the over 40 master teachers that have been trained wll
each hold a workshop in which at | east other 20 teachers



will be trained (level 2) and in these over 840 cl asses,

over 20,000 students will participate in the CUE. The
teachers guide is targeted for distribution at NASA centers
around the country and is avail able on the WFP™ Hone Page on
the World Wde Wb at http://fastplants.cals.w sc. edu].

Addi tional information is avail able on the KSC Bi onedi cal

O fice, Life Sciences Education Prograns Wb Page at
[http://atlas. ksc. nasa. gov/ educati on/ general / educate. htnl ].

In summary, the CUE is investigating sel ected questions
about plant responses to the space environnent while
I nvol ving teachers and students in space |life sciences
research. The enthusiastic response from scientists,
teachers, and students fromboth the U S. and Ukrai ne has
been noteworthy and the project has had consi derabl e nedi a
coverage in both countries. This enthusiasmw /|| prove to
make the CUE a highly successful scientific, educational,
and cul tural -exchange “m ssion” for all participants.
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