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PROCEED

NGS

JIM ROTH. Good norning. We'd like to get started.
We have a very busy program so we will try and stay on tine
and get started pronptly and get the breaks pronptly on
time.

I amJimRoth. | amwth the Institute for
I nternational Cooperation in Animal Biologics and with the
Col | ege of Veterinary Medicine here at lowa State
Uni versity.

I1CAB is hosting this event, so if you have |ogistica
probl ems or need things, you can contact nme or Jane or Dawn
at the desk.

I would like to introduce Dean Richard Ross
fromthe |ISU Coll ege of Veterinary Medicine to give a
wel come. Dr. Ross, as | said, is the dean of the College of
Veterinary Medicine. He's also serving as interimdean of
the Coll ege Agriculture while we're doing a search for that
coll ege, so he's wearing two hats and being quite busy.
W're really glad he's able to come this norning.

Dr. Ross is a veterinary and a mycopl asnol ogist. He's
past president of the International Association of
Mycopl asnol ogi sts, very active and played a key role in
devel opi ng nycopl asma vaccines for swine. So he's also a
content expert in much of what's going to be going on at
this neeting.

Dr. Ross is past president of the American Associ ation
of Veterinary Medical Colleges. He also serves on the
Secretary of Agriculture's National Agricultural Research
Ext ensi on Educati on and Economi cs Advi sory Board.

So Dean Ross.

RI CHARD ROSS: Thank you very much, Jim |It's a
pl easure for ne to represent the College of Veterinary
Medi ci ne and Agriculture in welcomng you to lowa State's
campus for this very exciting senmi nar on plant-derived
bi ol ogi cs.

lowa State University and the State of |lowa are noving
aggressively to establish | eadership in the plant sciences
area. Those of you in the Anes area probably are pretty
famliar with that, but I wanted to give you just a glinpse
of what's going on and broadeni ng the plant sciences.
Frankly, | think it's fundanmental to the applied topic that
you' re tal ki ng about today.

Wth significant private support, alnost 100 mllion
this last year, in just the |last few nonths, very strong



support fromthe State of lowa, the university has
established a worl d-class plant sciences institute with a
series of centers.

It brings together the best minds in the world of
col | aborative prograns in academ a, government, private
sector, and research and technol ogy transfer, optim zing al
the advances that are taking place in the plant sciences.

Devel opnents in genetics, genom cs, plant
transformati on, and el ements of information sciences,
mat hemati cs, statistics, now Bl O NFOVATI CS, are draw ng
i ncreased attention to the plant sciences and universities
and governnment research agencies and life science conpanies.

State University has been recogni zed for many years
for its strengths in agronony, seed science, nolecular
bi ol ogy, biochenistry, chem cal engineering, animl science,
veterinary m crobiology, and veterinary virol ogy.

So what we see, | believe, is a nerging, a fusing, of a
I ot of these traditional disciplines into a broad
interdisciplinary thrust in plant sciences and then
utilizing plants to devel op new products for use for hunmans
across the
wor | d.

An interdisciplinary thrust that has been underway
that Dr. Roth alluded to, a cooperative venture between |owa
State University, the Center for Veterinary Biologics,

Nati onal Veterinary Services Laboratory, National Aninal

Di sease Center here in Ames is the Institute for

I nternational Cooperation in Animal Biologics. So | think
the 1CAB is well positioned to capitalize on sone of the
pl ant sciences initiatives that are

taki ng place here at lowa State.

The objectives of I CAB, just to rem nd you, those of
you who weren't here a couple of days ago when Dr. Roth gave
an overview of activities in IICAB, are to facilitate
i nternati onal exchange of information of inportance to
veterinary biologics regulatory authorities and producers
and users, to serve as an international resource center for
veterinary biologics that assists in training, technol ogy,
devel opnent, and supply of references and reagents, to
facilitate the establishment of international standards in
ani mal biol ogi cs and harnoni zati on of standards,
regul ati ons, and products, and fourthly, to assist countries
in obtaining veterinary biologics for specific needs
in those countries.

The organi zers of this conference have worked
diligently to devel op an excellent program and they cover



an array of the application of plant science technologies to
use in the devel oprent of ani mal biol ogics.

There are sone other very inportant devel opnents
com ng out of these activities, and | just want to renind
you of them There are devel opnents of exciting new plant
varieties, for exanmple, rice and Vitanmin A and iron that can
help to reduce or mtigate the roughly 500,000 children that
end up with blindness every year, absolutely phenonena
devel opnent with great potential to inprove the health of
children. Many, many ot her

exanpl es of plant varieties of that nature.

Anot her i nprovenent that cones fromthese plant
sci ences ventures, inprove health and growth performance of
livestock, sone potential for bionediation, new bi omass
products, new synthetics for manufacturing nmedicine and
cl ot hing, pharmaceuticals, and potentially even nmechani snms
to address the neoplastic and genetic disease. And finally,
of course, the topic for today, vaccines for aninmals and a
generation of antibiotics in plants as well as for use in
ani mal s.

The workshop, you have the -- | guess it's six
breakout sessions that are listed in the program and they
go through an array beginning with the expression systens

and ending up with regulatory considerations. |'mexcited
about the program [I'll try to attend, and | |ook forward
to the information that will be transferred and di scussed

during the conference.
Thank you, Dr. Roth, and wel cone.
JIM ROTH. Thank you, Dean Ross. Now

| would like to introduce Dr. Louise Henderson. Dr.
Henderson is a nol ecul ar biologist. She received her Ph.D. from
lowa State University. She's been with the USDA since 1988.

Oficially, she's with the USDA- APHI S VS/ CVvB/ LPD, and
I need to tell you what that stands for. APH'S, of course,
is the Animal Plant Health Inspection Service. Veterinary
Services is a division under that. And then she's with the
Center for Veterinary Biologics, which is |ocated nostly
here in Anes, lowa, and that's the grou that regul ates al
of the veterinary vaccines in the U S. and all vaccines for
export for animals fromthe U S

Wthin CVB Dr. Henderson is with LPD, which is
Li censi ng and Policy Devel opnent. That's the group that
i ssues the |icenses for any veterinary vacci ne and devel ops
the policies, including the policies on transgenic plants
and plant viruses to be used as vacci nes.



And, Dr. Henderson is chief of the biotechnol ogy and
di agnostics group within LPD, so she'll be a key person in
devel opi ng the policies on plant-derived biol ogics.

Dr. Henderson.

LOUl SE HENDERSON: Thank you, Dr. Roth. Before
wel comre you, | have a housekeeping chore, and that is that
there is a blue Buick with South Dakota plates 61D 035 that
has its lights on in the parking lot. You may want to check
into that. Oherwise we'll be checking with Dr. Roth to see
if he has junper cables --

JIMROTH: | do.

LOU SE HENDERSON: -- this afternoon. It is a
privilege to wel come you all on behalf of the USDA canpus.
For those of you who don't know it, this program has grown
out of a sem nar program fromthe USDA canpus, and that
canmpus includes the National Veterinary Services Labs, which
is a leading research organization in veterinary disease
di agnosi s, and prevention and cure.

The National Veterinary Service Laboratories, which is
the national reference | aboratory responsible for many
activities that are necessary for control, detection, and
eradi cation of foreign aninmal di seases and on program
di seases within the U S., and they play a key role in making
sure that foreign animal di seases do not establish
thenmsel ves in this country which woul d have a huge inpact on
our agricultural situation.

And then finally, the Center for Veterinary Biol ogics,
which Dr. Roth explained that we do regul ate and oversee al
of the licenses for all veterinary biol ogics.

W're really excited to have as co-coordi nators of
this program APHI S Pl ant Protectionand Quarantine. Those
of you who are in the plant field realize that they play a
key role in regulation of growing all of these types of
plants in the environnent and will continue to play a key
role in regulation of these products, whether they're
i ntended for biologics or for other uses.

And al so, the Food and Drug Adm nistration Center for
Bi ol ogi cs Eval uati on and Research, CBER, which it's charged
wi th doing rmuch the same as we do but for human vacci nes and
bi ol ogi cs.

We think this is a unique opportunity for our agencies
to work together and an opportunity to do nore with less, if
you will, and not have bifurcation of governnent services.
We think this is a very unique tine in which we can devel op
policies together.



The purpose of the neeting is to open an inter-agency,
i ndustry, and public dialogue on plant-derived vacci nes,
t herapeutics, and diagnostics. And those of us charged with
regul ati ng vari ous aspects of this encourage you to
participate fully and actively.

Thi s di al ogue can be nore neani ngful with your
participation. This is an opportunity for you to tell us
what you're thinking as well as for you to share infornmation
with us.

We intend to devel op sone policies and coordi nate that
policy devel opnent between the agencies, and we hope that
you will have lots to tell us about what you think needs to
be done and tell us your perspective on these policies
because we want to nmke sure that our policies have a strong
basis in science and also facilitate the use of this
technol ogy while still protecting consuners and the
environnent. So thank you very much for coni ng.

And with that I'Il turn it back to Dr. Roth.

JIM ROTH. Thank you, Dr. Henderson. Next | would
like to introduce Dr. Katy Stein of the FDA CBER. Dr. Stein
is an i mmunol ogist. She did her Ph.D. at Al bert Einstein
Col | ege of Medicine, post-doc at Harvard and NIH.  She's
been with CBER since 1980. And now | need to tell you what
CBER is. CBERis C-B-E-R is the Center for Biologics
Eval uati on and Research within the Food and Drug
Admi nistration. And CBER has responsibility for regulating
human vacci nes.

So this is an excellent opportunity, this neeting, to
interact with the people that will be devel opi ng policies
and regul ating both ani mal vacci nes and human vacci nes.

Dr. Stein is the Director of the Division of
Monocl onal Antibodies within the Ofice of Therapeutics
Research and Revi ew of CBER

Dr. Stein.

KATHRYN STEIN: Good norning. On behalf of the FDA
and all of ny colleagues here fromthe Center for Biologics
Eval uati on and Research, the Center for Drug Eval uation and
Research, the Center for Veterinary Medicine, and the Center
for Food Safety and Applied Nutrition, | want to wel cone al
of you this norning.

I think as Louise nmentioned, there are nmany common
i ssues that will determne policy for both the FDA and the
USDA as we go forward and regul ate plant-derived bi ol ogi cs.



We're very excited about this neeting. W do hope to have
i nput and questions fromall of you.

There are many FDA col | eagues here, and you shoul d
feel free to contact us to discuss your issues and give us
your insights into plant-derived biol ogics.

It is now ny great pleasure to introduce Dr. Jose Luis
Di Fabi o fromthe Pan American Health Organi zati on who

think will set the stage for the great need for inexpensive
pl ant -derived easily deliverable vaccines for the devel oping
world, and | think we'll put all of these issues in

per specti ve.

Dr. DiFabio is a chem st, having derived his training
at the University of British Colunmbia in Vancouver. He
wor ked for a nunber of years at the Bureau of Biologics in
Canada and is currently the coordinator for the vaccine
technol ogy access programw thin the Division of Vaccines
and | mruni zati on at PAHO

Dr. Di Fabi o.

JOSE LU S D FABIG  Good nmorning to everybody.
woul d I'ike to thank the organizers for inviting ne to this
chal l enge, of being in front of an expert audi ence and
trying to talk a little bit about public health perspective.

Anyway, there will be for me a challenge to be talking
in front of you, and the success or not of mnmy presentation
then you can al ways bl ame them on the organi zers that
i nvitedme.

What | will be concentrating, as Katy nentioned,
mai nly on the vaccine issues as this is the area we work in
in our organization, the Pan Anerican Health Organization

As you know, vaccines are anong the nost affordable
and effective health interventions available today. That's
what we, as a health organization are saying. W have mgjor
exanples with small pox. A vaccine has been devel oped,
produced, and by its wi despread use has elimnated that
di sease.

Simlarly, we have exanples with the polio vaccine in
the western hemi sphere. Through its use, we haven't had
polio in the Anmericas for several years now. At the nonent,
the organization is trying to achieve a simlar goal with
neasl es.

Vaccines are very inportant. Even the financia
institutions, which look at things froma different
perspective, |ike cost-effectiveness, cost-benefits, they
al so consider them as one of the npst cost-effective health



i nterventions. Vaccination goes across soci 0-econonic
cl asses. The nmonent you vaccinate a rich or a poor child,
both will be protected.

Al t hough vacci nes have been di scovered and known for a
long tine, the first vaccine is over 200 years old, the
smal | pox vacci ne, ngjor devel opnents have occurred only
recently. Now we have about 35 vaccines avail abl e.

If we have a picture about the disease and nortality
all over the world, we can see a few deaths occurring, npst
of them occurring in mediumand | owincome countries. W can
see that the burden is really hitting nostly the poor. The
maj or di seases responsible for death are respiratory and
diarrheal, and HI'V has a big inpact in Africa. There are
over one and a half mllion deaths occurring with chil dhood
di seases for which vaccines are avail able |ike neasles,
polio, diphtheria, pertussis.

A | arge nunber of deaths are occurring due to
tubercul osis and nmal aria, and no vaccines are avail abl e.
Research has been going on for the |last 20, 30 years we are
still in the process of obtaining them

If we | ook, at nmorbidity, the nunbers are really
alarmng, four billion cases of diarrhea di seases a year
It's alnmost 400 million respiratory di seases. W have other
di seases |ike Hepatitis B, Hepatitis Cthat really will be
affecting at ol der ages such as chronic di seases or cancer

So what's the present situation? There are over 300
i nfecti ous agents recogni zed, and fromthe fact of being
i nfecti ous, even we can expect that a vaccine shoul d
eventual |y be available to tackle those di seases.

There are nore infectious agents being associated with
ot her diseases |ike cancers, chronic conditions that we were
not aware of that could be attacked with, vaccines like
papilloma virus, for cervical cancer, and other pathogens
associated with gastric ulcers or cancers (H pylori).

We have only 35 vacci nes available for infectious
di seases. There is quite a | arge amunt of noney being
spent on R&D

When we | ook at the future agenda for new vacci nes,
this shows the list of what is available now A list of

what will beconme avail able soon, but as you can see we
al ready have some being |icensed and changing into the
available list, like S pneunoniae. The vaccine is now

avail able. There is also a neningococcal C vaccine
available. So the picture is changing rapidly. They are
nmoving quickly into the licensed group



And for the future we are going to have vaccines
agai nst these other diseases. But, while vaccines that are
changi ng colums are those of inportance for the high-incone
countries, for those vacci nes of inportance for the
devel opi ng world, not enough work is being conducted.

What about vaccinations? The present situation. So
we know t hat vaccination can control sonme major di seases and
we have exanples. Over 90 percent of the global birth cohort
has access or can be reached for vaccination, but
unfortunately, we have only 80 percent average coverage of
the six basic vaccines: BCG DTP, polio, neasles. And for
sonme parts of the world like Africa, the coverage is wel
bel ow under 50 percent.

We have problens with vaccine delivery. W need cold
chain. The vaccines that are avail able need refrigeration,
need care because of their thermal stability.

I muni zation safety issues, because nobst of the
vaccines are injectable, syringes are needed. Syringe use
nmeans they have to be disposed safely, as reusing syringes
has all the safety problens we know.

Mul tiple injections. Mst of themare injectable, and
so when you have access to a child, you apply sone of the
vacci nes, and then you m ght not see that child again
because of the disconfort that that generated. So multiple
injection is a problemin the devel oping world for the
second access to the child.

Transportation. Roads are not there in many pl aces,
so we have difficulties in accessing conmunities, so we have
difficulties in accessing children. And the other inportant
conmponent is trained human resources. |In the devel oping
world the nore you get trained, the nore you are worth. So
by training people in the inmmnization process, when they
get the appropriate training, then they may find sone
different job, so you have to retrain new peopl e again.

Even with all these problens, we are saving around
three mllion |ives every year, but unfortunately, there are
still four mllion deaths that could be averted with the
exi sting vacci nes.

As an exanple. |f you conpare the imrunization
probl ems of devel opi ng countries, and the devel oped worl d,
we can see that with tine, although we all started with the
Ssi x basic vaccines in the i mmunization schedule, very
qui ckly the devel oped world started introduci ng newer
vacci nes, and now there are around 13 vaccines, as part of
the i mmuni zati on schedule of a child, while in sone parts of
the world they are only seven.
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In Latin Arerica we are a little bit nore fortunate,
the gap is not so large, If we consider prices, for the Pan
Ameri can Health Organi zation Rotatory Fund, or the WHO or
UNI CEF, the prices for the six basic vaccines costs |ess
than $1 to fully vaccinate a child.

VWhen we are rubella, nunps, we are close to $1.50
VWhen we're Hepatitis B, we are close to $3. Wwen we add the
H. influenza, now we are tal king of $12. If we consider the
Varicella vaccine, the price of this vaccine alone is
around $15. The pneunpcoccal vaccine that was recently
licensed is $60 a dose, so you need around $200 to inmunize
one child. And the neningococcal conjugated vaccine, for
Goup Cis around $30 a dose, and you need three doses. You
can see that reaching here was difficult because we are
tal king of $13 per child. Getting up there, it will be
very, very difficult.

The cost for applying the vaccine is around 15 to $20.
We will have many problens getting the newer vaccines into
the countri es.

This is only to show vacci ne coverage, as you can see,
di vided by the regions. The problenms are mainly in Africa
where there are many countries that have very | ow coverages,
but al so some Asian countries.

So what do we need? We need vaccines. W can
identify easily what kind of vaccines we need. They have to
be safe and effective. W are trying to get nmulti-antigenic
and nulti-conponent, so every tinme we have access to a
child, we can deliver as many antigens as possible.

Stability is a problem because of the need for col d-
chai n, because of transportation difficultie and delivery
systenms, etc. W need al so an easy delivery nethodol ogi es.
I njections, we know, is a problem Oral delivery would be
ideal, as it may help in devel opi ng nucosal immunity, that
woul d be the greatest benefit. As we know, nost of the
i nfections start through the adhesi on of m croorgani sns, so
if we can stop this, we can avoid then the infection. |Idea
vacci nes should require easy storage and transportation.
And t he npst inportant conponent, they have to be
af f or dabl e.

What do we have? We have many new tool s avail abl e,
and many groups and |lots of research is being conducted
trying to solve this problems. W have a better
under st andi ng of pat hogens, pathogenicity and virul ence. W
are getting better understandi ng of the host imune system

We can express antigens. W can devel op expression
libraries for many pathogens. W can produce proteins from
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reconmbi nant systens. New vectors can be devel oped to nmeke
live vaccines, genetically nodified proteins or detoxified
t oxi ns.

We have technol ogy to conjugate antigens to carriers.
We are | ooking at new delivery systenms, adjuvants, trying to
devel op technol ogi es that can stabilize better the antigens.
And again, we have nucleic acid vaccines.

Now we have the appearance of plants. W have been in
contact with plant i mrunization since the very begi nning, we
have been genetically mani pul ati ng and working with pl ants.
Pl ant extracts have been used in nmedicine for centuries. So
we may use them now to generate reconbi nant antigens,
extract themand |later utilize them

One ot her new concept -- and that's why |I'mhere to
learn fromyou -- is to use the whole fruits or plants as
the new delivery system for an incorporated anti gen.

This cartoon is ny sinplistic view of how | see the
pl ant vacci nes, and | hope that at the end of this sem nar
I will be able to prepare for the next tinme a nuch nicer
cartoon.

So we can have the whole fruit, probably with a | abel
sayi ng sonmething like a therapeutic indication, one banana

wi |l provide active inmmunization agai nst so nmany di seases.
Take one every two days or sonething like that. It could
al so cone as a processed food, in a jar, |ike baby food, and

a very inportant industry for processing foods already

exi sts that can facilitate the production and delivery. They
woul d cone with an insert as for any other biologica
pharmaceuti cal drug.

We can see that there are still many probl ens,
particularly regul atory, because now we have a new group of
products, fruit product and biol ogics. They have to be
regul ated according to food, but also, as biologics. So
there are many questions that we will have to address.

That is one other reason that we are here to
listen to regulators, how they are planning to define and
nmeasure stability, consistency, potency of these kind of
products, and how are they going to define and inplenment the
GwWP?

| am al nost done, but there is still sonething
i mpportant that we have to consider, and it's what | tried to
| abel as ethical and social issues. W are dealing with new
technol ogi es. The new technol ogy |i ke DNA base technol ogy
have produced for us nmany new and exciting discoveries, new
drugs, new nedi ci nes, new vacci nes, new assays, new
di agnosti cs.



We are using ternms that perhaps the public in genera
can get frightened. | nmean | amstill concerned when
soneone tal ks about nucl ear medicine, | kind of get scared.

So we have to be aware that we m ght be using sone
terms, and we have to be able to explain to the public what
we are tal king about. The public understanding of science
or of this technology will be very inportant if you want to
have a benefit out of them because misinterpretation can
|l ead us to no good or usable product at the end.

I think we have to understand benefits and possible
ri sks, and we should be able to comrunicate themin advance
before it beconmes a mmjor problem

And we have to be able to try to communicate to the
public all this excitenment and all these discoveries of the
scientific advances. And | guess sonmething that it's
i mportant because that's what we are discussing about, plant
bi ol ogi cs considering themas an alternative to have
af fordabl e vacci nes for the devel opi ng worl d.

So | think that's inmportant to consider, to focus on.

I nean if we end up with a product that is as
expensive as the product that we have available, they wll
never reach the developing world. And if they are not going
to make a nmmjor inpact in the devel oping world, we have
| ost our focus.

And then | would like to finish with this sentence.
The use of vaccinations to its full potential and to reduce
inequities within the countries and around the world, we
nmust not only cope with the technol ogy chall enges but al so
manage the political and comuni cation issues nmuch better

And | would like to thank you for your attention, and
now |l et's go to business.

LOUI SE HENDERSON: Are there any questions for Dr.
Di Fabi 0? Okay. Well, | think Dr. DiFabio really set the
stage for this neeting. There is trenendous potential with
pl ant technol ogies to solve many problens we face today in
safety, in delivery, in cost, and to neet the needs for
di seases that are not well controlled by products that are
currently avail abl e.

Those of us in the veterinary field also recognize
that not only do our vaccines prevent aninmal suffering, but
they al so have a huge inpact on a human condition, both in
preventing zoonotic diseases and in preventing fam nes and
| oss of econonm c power for both devel oped and under devel oped
countries.
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Certainly fam nes have been caused by veterinary
di seases that have had huge inpacts on the human popul ation
I think as we devel op new products, it's inportant that we
need to recogni zeboth the potential and the risk associ ated
with this, and hopefully this nmeeting will set that. So
thank you, Dr. DiFabio. That really set the stage for this
nmeeti ng.

The sem nar is designed to provide information, and
it's going to take us fromthe concept to product. We're
going to try and cover the whole basis, so as you know,
we're not going to be able to get real deep in depth, but we

hope that we will have a good overview for all of you.
And to start that off, the first session we will talk
about expression systens. |'mexcited to introduce Dr. Cuy

Cardineau. Dr. Cardineau is a nolecular and cellular
biologist. He's worked in the field of agricultura
bi ot echnol ogy for over 16 years.

He has patents pending in and patents that have been
granted in plant sciences, including three broad-based
pat ents descri bing production of vaccines in transgenic
plants. He's now with Dow AgroSci ences, and he will be
presenting a talk on the Basics of Transgenic Plants 101
whi ch should serve as a foundation for the rest of the talks
at this seninar.

GUY CARDI NEAU:. Thank you, Dr. Henderson. OCkay. |'ve
been asked by the organizers to sort of describe ag biotech
so we called it Ag Biotech 101. Wat I'mgoing to try to
do, | talked to JimWite |ast night and said | wasn't sure
if I should start with 1800 B.C. when yeast was first used
in fermentation, but | figured that was a little bit too far
back. So we're going to focus on the |ast two decades and -
- if I can get my machine to work. There we go.

Starting in 1983, actually. The first report of
transgenic plant cells was made at the Mam Wnter
Synposium in January of 1983 by three groups: a group from
Monsant o, a group from Max Pl anck and Ghent, and a group
from Washi ngton University.

And they all described the use of Agrobacterium
nmedi ated transformation to nove bacterial antibiotic-
resi stant genes into plant cells and were able to select for
stable transformati on of those cells based on resistance to
the antibiotics.

The first transgenic plant gene --that is, the gene
froma plant source — was descri bed about five nonths |ater

14



Now, this is a cartoon that describes the nechani sm of
Agrobacteriumtransformation, and | don't expect you to
followthis. It's a very busy and involved cartoon, and the
reason for that is that Agrobacteriumtransformation of
plant cells is a very involved process. W still don't
really understand it conpletely today. But I'll try to
describe it a little bit nore easily.

Essentially, Agrobacteriumtunmefaciens is a soi
bacterium It carries a very large plasnid called the T
plasm d for tunor inducing. It's about 200,000 base pairs.
And on that plasmid is a region of DNA called the TDNA or
transfer DNA that is actually transferred into the plant
cell.

Now, a phil osophical question you may ask is, is it
plant DNA, or is it bacterial DNA? 1Is it eucaryotic or
prokaryotic? And | think that's a reasonable question, in
that the genes work in the plants, so the regulatory signals
function in the plants. And they don't nornmally work in the
bacteri um

On that plasmid -- in that TDNA region there are a
nunber of different genes that different code for opines,
whi ch are sort of aberrant amino acids that the
Agrobacterium can use as a carbon and nitrogen source, and
there are al so genes that code for plant hornones.

Those hornones result in the production of tunors, and
in fact, this systemwas used as a study system for
manmal i an cancers for quite sone tine.

Now, here's a cartoon that essentially describes what
happened. Naturally, Agrobacteriuminfects at a wound site,
so when a plant seed germ nates and breaks through the
ground, sonetinmes there are tears in the stem segnents, and
Agrobacteriumis attracted to the wound exudates and wil |l
infect and then transfer parts of its DNA

Now, there are chronpsomal genes as well as plasnd
genes that are involved in this, and there's an attachnment
phenonmenon and then actual transfer, much Iike conjugation
of bacterial cells.

So here's a picture of an actual tunor on a plant.
This is not a transgenic plant or anything. This is a
regul ar infection. But what scientists considered doing and
were successful in doing was to replace the TDNA with genes
or DNA of interest. And so they took an expression
cassette, and by that | nean a pronoter that woul d operate
in the plant cell, and these early constructs actually used
promoters from TDNA or viral pronoters. They used a
structural gene. They used a three-prine sequence which



woul d allow for addition of Poly A residues to neke a nature
nmessage.

And in some cases you might have other things in
there, an enhancer or signal sequence or whatever. |'msure
maybe Doug Russell is going to tell us a little bit nore
about that when we get into the induced expression and
constitutive expression talk.

But essentially, this is the way the TDNA is set up,
and you have virul ence genes, there are eight operons that
are involved in nobilizing the TDNA into the plant cell
The TDNA exists in one section, there.

Now, when these original constructs were nmade, the
original conception was to nmake cointegrate plasmds., So
they took a piece of DNA they were interested in. They put
on an E. coli plasm d. They associated the DNA or gene
cassette of interest with pieces of DNA that were parts of
the TDNA and then conjugated that into Agrobacterium and
al l oned for honol ogous reconbination to insert that DNA of
interest into the TDNA region.

In some cases the vectors were arned. That is, they

had the oncogenes -- the tunmor or hornones genes. In sone
cases they were disarmed. The original vectors were built
this way. It's fairly unwi el dy, and another set of vectors

wer e devel oped cal l ed binary vectors.

It was discovered that the virul ence regi on which
nmedi ates the transfer of DNA into the plant cell could be
renmoved fromthe larger plasm d and could be used separately
and that the virulence functions would act in trans to
nmobi i ze the TDNA of the smaller plasmd.

Well, this was a big benefit to us because a 200, 000
base pair plasmid is alittle bit unwieldy to work with. So
now you can use a basic E. coli-size plasmd. You have to
have a replication origin that works in both Agrobacterium
and E. coli, but it's fairly easy to nake these.

And t hese plasm ds have been devel oped quite
extensively, and there's a whole range of these things
around, but this is sort of a schematic of what one m ght
| ook |i ke using kanamycin resistance as a determ nant.

There's a right border and a |l eft border. Those are
23 base repeats. There're three nucleotides that are
di fferent between those. They actually formthe borders, so
the direction of transfer is fromright to left. So you can
orient your genes in there, and it will be transferred,
general ly thought of as a single stranded DNA nol ecul e
coated with proteins fromthe virul ence region, into the
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pl ant cell and sonehow get into the nucleus and are
i ncorporated into the genone. Okay.

In 1986 we have the first field-test in transgenic
plants, and it was a Bt tobacco. This was done by PGS
Pl ant Genetic Systens, and Rohm and Haas, and these were
native Bt genes. This was done using an Agrobacterium
nmedi ated transformati on system

One of the problenms with hat Agrobacterium though, is
that at that tinme, anyway, |ots of people were trying to
work on transformation of nobnocots, and it didn't seemto
wor k. The host range of Agrobacteriumis principally
dicots. Obviously, corn, rice, wheat, other nobnocots are
very inportant, and so nmany fol ks were trying to work to
devel op a way to address putting genes into these sorts of
pl ant cells.

Well, in 1985 or so, Mke Fronm and G nny WAl bot
devel oped a technique for plants called electroporation. So
in that technique you m x DNA and protoplasts (that are
plant cells with cell walls renoved) in a buffered nmedi um
put it in a cuvet that has el ectrodes, apply an electrica
charge to that. It opens the pores or a pore in the
menbrane of the protoplast. The DNA is taken up and nakes
its way to the nucleus, and they denonstrated stable
transformati on of nmize protoplasts.

The problemwas it's very difficult to regenerate
pl ants from PROTOPLASTs. So this was a techni que that
evol ved, and today there are fol ks that have been able to
make whol e regenerated plants, stable transformants, using
this sort of a technique because the technol ogi es have
evol ved to regenerate plants from PROTOPLASTS. This is just
a picture of some of the sort of equipnent that's used to do
this sort of work.

Now, this is the device called a particle gun. It was
devel oped by John Sanford at Cornell, and it really
revol utioni zed transformati on of plant cells. |ngo Potrykus

once described this device at an international neeting as
the curiously Anmerican way of transform ng plant cells.
Shoot them Sort of the Dirty Harry approach, | guess.

Anyway, the original gun actually was a gun. It used
a .22 caliber blank cartridge as a node of force to fire
projectiles which were gold or tungsten particles, mcron-
si ze beads that had been coated with DNA, into plant cells.

This device here in this photograph actually uses
helium There are various ways you can derive the force:
helium electrical discharge. And this actually is a fairly
wel | controlled device.
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There's a cartoon over on the far side in which you
can see that you have a screen. You coat your beads. You
put themon this sort of carrier nmenbrane. Wen the node of
force is applied, it hits a screen, and the particles pass
through that and hit your target.

There are ways that you can alter the intensity so you
can actually inpact the depth in the tissues that you drive
t hese beads, and anmmzingly enough, plant cells do survive
when they've been fired at like this. Sonme of them die but
not all of them

One of the disadvantages of this systemis you tend to
put in lots of copies of genes, and that can sonetines be a
difficulty because there's a phenonenon call ed
transi nactivation or gene silencing that's inpacted by
mul tiple copies of genes. But this is a very efficient way
to transform plants, and many plants that are in the
mar ket pl ace now, transgenic plants, were devel oped using
this sort of a technol ogy.

The technol ogy has advanced so nuch that you can
actual ly have a hand-held-type gun. |It's like a nail gun,
in fact, and it will work also to transform plants by just
sinmply shooting | eaf tissues.

Now, anot her nethod was devel oped around 1990 or so,
probably late '80s early '90s, originally devel oped in
insect cells, and it's using sonmething called silicone
carbi de whi skers. These are |little speres. They're about a
mcron in dianeter, but they're quite |ong, 500 nicrons
per haps.

And using this system instead of coating these speres
with the DNA material, you actually put themin a solution
of DNA, plant cells, and these little speres, and you get
i mpal ed pl ant cells.

The way this is done is not by focusing these
materials at a target, but you can use a vortex, or
actually, one of the best devices is sonething called a
wi ggl e bug or something like that that's an amal gam naker
the dentists would use. It just sinply shakes the nmateria
like that.

In this case when these little silicone whiskers go
into the cells, they actually drag the DNA with it. This
has al so been successfully used by a nunmber of groups. In
fact, Dow AgroSciences is using this procedure right now

In about the '94, '95, '96 tine franme, the first
transgenic plants hit the marketplace. The nost fampus
woul d be in 1994, Fl avor Saver Tomato. It contained the
pol ygal act uronase gene, put in backwards, in an anti-sense
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orientation. They were trying to inpact the solid -- or how
do | want to say this? -- the ability of the plant to
wi t hstand rough handling in early stages.

And | was really curious why it was called Flavor
Saver Tomato because | don't really think it inparted a
flavor characteristic as much as it allowed the plant to
wi thstand picking at a |ater stage, and it appeared to be
riper.

In '95 we cane out with Round-Up Ready soybeans,
i nsect-resistant corn, and insect-resistant cotton. Now,
the corn and the soybeans were all devel oped using particle
bonbardnent. The cotton was derived using Agrobacterium
medi ated transformation. Insect-resistant genes are from
Bt, Bacillus thuringensis, and these are sone of the
products that are currently on the market.

So we see here we have Bt insect-resistant corn,
cotton, and potatoes. We have herbicide resistance in
soybeans, canola, cotton, and corn; delayed ripening in
tomatoes. In addition to Flavor Saver, which is no longer in
the market. DNA Plant Technol ogi es has a tomato call ed

Endl ess Summer, | think. And ICl in England had a tomato
used in processing, and you could go to grocery store to buy
this -- this was a tomato paste, and | think they've

recently pulled that fromthe market due to the uproar in
Engl and over genetically nodified organi sns.

And then the last is virus-resistant vegetabl es.
They're also available in the marketplace. A lot of these
t hi ngs have been around for a fairly long tinme now

And the technol ogy works. This is sone early Bt
i nsect-resistant corn. You can see on the panel on your
left control corn |eaves and transformed corn | eaves on the
| ower part, significant damage di fference between those.

And t he panel on your right are stalks. They're split
stal ks. The stalks on the |eft-hand side are transforned.
The ones on the right-hand side show t he danage of European
corn borer.

It's anticipated that with the devel opnent of these
i nsect-resistant plants, within a fairly short tine we my
be able to elimnate or drastically reduce nost of the
agricultural insecticides that are currently used in corn.
And this is a projection of where we think the industry is
goi ng, and there are, of course, a lot of players in here:
Dow Agr oSci ence, Mnsanto, Pioneer/Du Pont, Agrevo, et
cetera.
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But coming up here in 2002, we expect to be able to
target corn rootworm which is a big problem and using sone
fairly hefty insecticides for fumigating fields.

Bt cotton is also a very popul ar product. About 50
percent of the cotton grown in the United States is insect
resistant by virtue of this technology, and this is the
projection of how the market is anticipated to go. You can
see that it's anticipated it's going to spread
internationally as well.

And if we | ook at gl yphosate tol erant soybeans, we can
see, again, that it's anticipated that over 80 percent of
gl obal soybeans will be glyphosate tolerant in about eight
years. That, of course, depends on whether or not the
technology is allowed to continue.

Al right. So in 1999 we have had extensive debate in
the U S. regarding GMs, and | don't know where 2000 and
beyond are going to take us.

But | think part of the issue here is that those genes
and products are what we've been working on -- and now we're
starting to | ook at sonme new things, and that's the purpose
of this nmeeting today. W're |ooking at the devel opnent of
output traits. So input traits are those things we put in
the plant that the farnmer can use to inprove growth of the
pl ant: insect resistance, herbicide resistance, disease
resi stance, abiotic stress tolerance, things of that nature.

Qutput traits would be anything a plant can nmeke, and
so a projection for revenue generation over tine indicates
that by the year 2010, this is a $200 billion potentia
mar ket pl ace; all kinds of products that can be nmade in
pl ants.

Now, historically, we've been limted in our ability
to put genes in plants, usually one or two genes or a very
few nunber. W' ve used known genes |like Bt. Herbicide
bi ochemi stry is fairly well understood, so herbicide
resi stance was an obvi ous target.

We're now noving into areas that are going to becone a
little bit nore conplicated, but | think we have new sets of
tools that are going to allow us to do that. One of the
things that we'll hear about later is antibody expression in
pl ants.

Secretory antibodies are fairly conplicated. There
are four genes to nmake a secretory antibody: a heavy chain,
a light chain, a J chain, and a secretory conponent.

It's possible to put all those genes in together on
one construct or multiple constructs or in different plants
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and cross them So there's a variety of ways you can address
t hese i ssues.

And we have another tool that we can use, and that's
viral delivery as opposed to using transgenes. Allen Mller
is going to speak after me about viruses, and we'll have
Barry Holtz fromLSB who is going to talk [ater about sone
wor k regarding that issue as well

There were sone differences between using transgenes
versus using viruses. Wth transgenes in this case where
the carrier was TDNA we noved the gene into the plant cell
It gets in the nucleus. |It's incorporated in the genone.
It takes a long time to do this.

Wth viruses you can use a single-stranded RNA virus
and infect the cells and get spread in the plant and nake a
| arge anount of protein in a fairly short amunt of tine.
There may be issues with regard to stability. You can store

things in seeds for a longer period of tine. |In the case of
viruses, you're going to do that in green tissue, and al so
there may be sonme linmits on the size of inserts. |'msure
we' || hear nore about that |ater.

But we're now, | think, at a point where we can handl e

nmul tiple genes in plants, and we can better contro
expression. There are nore conpl ex genes, and we're noving
into other options or opportunities.

If we ook at this sort of a chart that indicates
val ue versus volune, we can see that the food plants are the
hi gh vol une, |ow value sort of activity, and the
phar macol ogi cal things are the nmore | ow vol une but high
val ue activities.

So we can touch on a few of those. There are sone
products that are currently on the nmarketplace that are
nontransgeni c that were produced by nutation breedi ng, but
they address this sort of issue at that front end: a high
ol ei ¢ sunflower, high oleic peanuts, high oleic canola, plus
high oleic soy oil. These are all avail able now.

We can | ook at higher vitamn content, reduced anti -
nutritionals, |owsat fats, and increased nutraceutica
content, inmprovedam no acid conposition. People have been
wor ki ng on inproved am no acid conposition of seeds for
al nrost 20 years now, and | think we're finally at a point
where we may be able to actually address these things.

If we nove into the specialty chenmicals in the
pol ymers area, right now Dow Chem cal is working with
Cargill producing polylactic acid fromcorn. They're using
that to plastic that is currently being used to make yogurt
cups, and they can use it to nmake fibers, so they may be
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able to make clothing out of it and a wi de range of things.
It's a renewabl e resource, and it's a very attractive
possi bl e product.

In the oils area there are all kinds of oils that can
be used for both industrial and for food applications.
Long-chai n pol yunsaturated fatty acids, for instance, fal
under the essential fatty acid area at the top there, and
think there was a recent announcenent by the governnent that
they were reconmendi ng additi on of these things to infant
formul as.

Okay. We nmove to nutritional supplements. Nutrition
is a huge field. W can go fromvitamns to mnerals. W
can get into the nutraceuticals area. | don't want to spend
alot of time on this slide, but obviously, there's a whole
range of products that could be made in plants and a | ot of
t hi ngs which are plant-derived products but which we could
make in other plants that we can grow in |larger volunes and
produce nmore of these materials.

And then we get to the nol ecular "pharm ng", the high
val ue protein. If we |look at 1996, this is a cartoon of a
pie chart that indicates biotech products in clinica
trials: 78 antibody products, 62 vaccines products.

Most of these products are proteins, and we can
produce proteins in plants. So plants nmake a very
attractive source for producing these things in high vol unes
with | ow cost.

If we | ook at the anticipated market over the next 10
years, we think that both the antibody and the vaccine
mar kets are going to grow, and one of the ways | think we
can address this growth is by expressing these nolecules in
pl ants, again, reducing cost.

Okay. So in summary then, this is actually still a
fairly young industry. 1It's been 17 years since the first
report of transgenic plants, but there really are very few
products in the marketplace, and we're now just on the verge
of producing those products that will have nore direct
benefit to the consumner.

There are all kinds of opportunities, | think, from
t he | owvol une hi gh-val ue pharnmaceutical products all the
way to the high-volunme | owvalue food products. And there
are a nunber of organizations that are involved in doing
this, both industrial organizations as well as academ c and
nati onal |abs, so there's a whole range of people that are
trying to work on solving these probl ens.

I think this sums it up for nme, and that is that
there's now a confluence of a variety of factors, | think,



that's going to allow us to nmove forward to use this
technol ogy and devel op a whol e range of products, including
vacci nes and anti bodi es and things of that nature.

Thank you.

LOUI SE HENDERSON: Are there any qui ck questions for
Dr. Cardineau? | think it's really exciting to think about
all of the possibilities when you | ook at basic technol ogies
bei ng produced, both antigens and anti bodies. It's
tremendous potential for us.

Next we're going to hear from Dr. Allen MIller. Dr.
Allen MIler has a Ph.D. in Mlecular Biology fromthe
Uni versity of Wsconsin, and he's done research on
replication of brome nobsaic virus RNA in vitro, and he is
now on faculty of the Plant Pathol ogy Departnent here at
lowa State and is an affiliated menber of the departnent of
Bi ochemi stry, Biophysics, and Ml ecul ar Bi ol ogy. And he
al so teaches as part of the graduate a course in nolecul ar
virology in the Veterinary M crobiol ogy and Preventative
Medi ci ne Departnent here at |owa State.

Dr. MIller's presentation will focus on engi neered
viruses and their use in expressing biological nolecules in
pl ants.

ALLEN M LLER: Well, I'"'mpleased to be here, and |I'm
really nore of a basic nolecular virologist, and | really
haven't kept up on all the | atest advances in the industry,
so | apologize if I'"'mnot quite there in ternms of exanples
of genes being expressed by viruses, but what | amgoing to
be tal king about is sonmething | do know nore about, which is
just the fundanmental nechani snms of virus gene expression and
how they relate to expressing useful genes from viruses.

So viruses are basically -- fromthe point of view of
interest to this neeting, they're extrenely efficient
machi nes at produci ng huge anounts of protein. An exanple
here that you probably are all familiar with is tobacco
nosai ¢ virus, and this can grow in such high levels that it
forms crystalline arrays in plant cells, up to 10 percent of
total plant protein. And an amazing thing is that the plant
can live. It can survive

So with viruses |like these, what's amazi ng about them
is not that they nake plants sick, but it's how do they not
make them si cker, because evolution has favored that they
don't kill the plant. An exanple shown here, this plant
m ght be just filled with virus. It looks a little unusua
but it's certainly alive.

And what | amgoing to talk about today is first I'm
going to give an overvi ew of sonme of the advantages and

23



di sadvantages that | could think of of using viruses as
expression vectors, and then I'Il give exanples of sone

vi rus gene expression strategies and how they're different
than the way nornmal genes are expressed and how they can be
expl oi ted and have been exploited.

And then if | have tine, I'll get into sonme of the
real details of what we know and still need to know about
virus gene expression to really be able to mani pulate them

So initially, here are just sone of the advantages of
viruses versus what we heard about with the stable
transformation. First of all, it's really easy to get the
virus in. Wth ones |ike TW, nost of the ones that are
bei ng used, you can just rub the virus on the plant or spray
it on, and it delivers. It transforns the plant.

Basically, in a transient way, it delivers genes.

And you can get extrenely high | evels of gene
expression, as | already nmentioned. | think frequently with
TW, they get up to naybe over 1 percent, 2 percent of tota
pl ant protein. The expression is transient.

So if you have some protein that for whatever reason
the plant doesn't |ike, you can grow a plant, infect it,
express your protein. |If the plant gets sick, you don't
care because you' ve got enough protein made to harvest it.

It's easy -- if the protein is actually fused to the
viral coat protein, which is the case for a |ot of the
vacci ne constructs. You can just purify the virus, and
pl ant viruses are very easy to purify, and that's why nmany
are nore structurally well characterized than ani nal
Vi ruses.

And plant virus genonmes are snall, generally smaller
t han ani mal virus genones, usually under 10 kil obases, so
they can be cloned into regular plasm ds and nani pul at ed,
and they're easy to manipulate with that regard. But
getting one that's actually functional isn't so easy.

So that leads to some of the disadvantages. Vira
genones, because they are small, they're very densely packed
with regulatory signals, coding regions. There's often
overl appi ng genes or subgenonmi c RNA pronmoters that overl ap
with coding regions. So it's a little harder probably to
mess with a viral sequence certainly than it is with a plant
genonme sequence where there's lots of flexibility.

You don't have nice seeds that have a gene. You have
to inocul ate each tine you want expression. Wth the virus,
there may be sonme kind of risks if you're spraying virus out
inthe fieldif it actually happens to be a pathogen. You
don’t want it to get out.
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And in general, 1'll be talking nostly about RNA
viruses or conplete RNA viruses, and that's the vast
majority of plant viruses and ani mal viruses, for that
mat ter.

So RNA replication is nuch lower fidelity than DNA
replication, nmuch nore error prone. So the genes of
interest m ght nutate, and there have been problens in the
past with instability.

In fact, in the 1980s a | ot of people said RNA viruses
woul dn't work as vectors because they're not stable enough.
But this could actually be an advantage because if you
accidentally do create sonme pat hogen that your gene of
interest actually rmakes a virus nore severe, well, probably
it wuld not last long in the nature because it would
nmut ate, and there would be no sel ective advantage to having
those traits.

Anot her problem of course, is that plant viruses
usual |y make plants sick. They do have sone synptoms. And
it would be nice to be able to disarmthose, to know how to
di sarmthem t he way Agrobacterium has been disarnmed. And
another thing is the host range. You need to have a host
that your virus of interest can infect.

So I"'mgoing to sumrari ze a couple different gene
expressi on strategi es now and how they' ve been used. One
exanple is in which, okay. A virus has an RNA genone, and
the whole life cycle for nbst RNA viruses occurs conpletely
in the cytoplasm so they can't take advantage of all the
transcriptional control mechanisns that are used for nornal
host genes.

So instead, they've evolved other nechanisns for
regul ati ng gene expression, sort of post-transcriptional
And another thing you care about is mRNA. Generally one
MRNA encodes one protein. So an RNA genone that requires
several proteins nmust have ways of expressing them

"Il describe several ways have evol ved, one of which
is to produce what we call a poly-protein which is the whole
viral genone. All the proteins that are needed are actually
encoded in one giant gene which gets translated into what's
called a poly-protein.

And exanpl es of these viruses include the very |arge
poty virus group, and conmo viruses which includes cowea
nosai ¢ virus, which I'Il be tal king about. And for you
ani mal virol ogi sts, the picornaviruses Foot and Muth
Di sease, polio. Many common viruses, conmmon cold viruses,
al so use this strategy.



So what we have here is the first translation product,

the giant protein -- and | show here an exanple of how one
m ght insert a gene of interest. |It's just fused right in
t here.

And t hen what happens is there's a series of very wel
orchestrated proteolytic cleavages. They're built-in
prot eases, and they al so use host proteases. They cleave at
very specific sites.

So now you're starting to get the individual proteins,
and these internedi ates may have sonme functions, and then
there's additional proteolytic cleavage to get the fina
products including, for exanple, the viral coat proteins
that replicate and so on.

And if you have a good understandi ng of these
proteol ytic cl eavage sites, you can insert the protein of
i nterest which can either be cleaved out to be totally
i ndependent or perhaps fused to sonething |ike the vira
coat protein. And this has been done in Ceorge
Lonmonossoff's lab with cowpea nosaic virus in which --
actually, | should give himcredit. This is fromhis Wb
page. | just found this little inmage.

And basically, there's two viral RNAs, and they've
been cloned in the plasmds. So you have two plasmids. One
has all the genes required for RNA replication. The other
one has the structural genes, the coat protein genes.

Then these are mani pul ated to introduce the foreign
gene of interest. |In this case it's a very small anino acid
sequence that's antigenic to whatever human or animal virus
is of interest.

And then in all these exanples I'll be tal king about,
you mani pul ate things on regular plasnmds in E. coli, then
make the infectious RNA. You take advantage of a
bact eri ophage pronoter, which really isn't shown here --
maybe it's right there. | guess it's not here — to
transcribe the viral RNA, and then the RNA is infectious.

And this can be done very efficiently and very easily
invitroin cell-free systemusing a bacteriophage pronoter
here that doesn't function in the plant but only is used in
vitro to produce the viral RNA

So then the plants are infected, shown here, and the
virus propagates and drags along this little extra antigen
here on the coat protein.

Purified virus, as | said before, is very
straightforward and end up with a -- let's see. | think
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these spin here. This is from Jean-Yves Sgro's Wbsite in
Madi son. They have a | ot of these neat pictures.

But this shows a related conmp virus, and you can see
these protrusions here in white -- well, this is where the
Lomonossof f and col | eagues have put various viral epitopes
fromani mal viruses so they're nice and protruding right out
there and available. And these can be injected into
what ever organi smyou want to inmunize

And there's two here because it's actually a bipartite
virus because it requires two conponents. And this also
shows an inportant thing you need to know. To get this to
wor k you have to have a good understandi ng of the virus
structure and exactly where the surface parts of the vira
coat protein are.

Okay. Here's sone exanples that |'mcertain are out
of date, and |I'm sure there are nany other published
exanpl es that have produced epitopes fromH V, Human
Rhi novirus 14, and thenin one case where they took a
parvovirus, and they found an antigen that would actually
conformto three different parvoviruses, including canine
parvovirus, a mink enteritis virus, and | think a feline
virus. So those are sone exanpl es.

Now, another virus that is well used and you'll hear
nore about fromBarry Holtz is tobacco npbsaic virus, and
this uses a different strategy. Here you have several genes
on one viral RNA. There's only one genomic RNA for the
genone, but only the first open reading frane -- there's
actually a second one here that 1'Il show you later -- is
transl at ed.

So the infection initiates. This is the only protein
that is made. And it includes the viral replicase, so it
can replicate the viral RNA, and in that process it produces
subgenomi ¢ RNA by RNA-tenpl ated transcription. Now, this is
the nmessage for this viral protein.

And then if you have an interesting foreign gene
that's been inserted, so this is the extra one that would be
expressed. And then additional viral proteins would
actually be the viral coat protein.

So here the strategy is to insert the nmessenger RNA
and have this transcript so you have a transcriptiona
regul atory step in the expression. And that has all owed
expression of -- | should just point out this allows
expression of a protein that's not fused to any coat
protein, so that can be an advantage because then you don't
have to worry about attached proteins or, you know, am no
acids that may affect function. You get a pure
unadul terated protein.
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However, then you have to purify it. You can't just
purify a virus. And actually, some Japanese group, at
| east, has taken the viral coat protein which | didn't |abe
here and fused on an interesting protein. So it was able to
be coat purified with the virus.

And I'Il just show you, again, the virus structure
here, and it also reveals sone advantages here. This shows
that there are many, many subunits of the viral protein, so
if you have an interesting epitope or sonething fused to
this, you could have many, many sites, you know, studied on
t he out si de.

And again, it shows you have to really have a good
understandi ng of the viral structure to know where to fuse
these to the coat protein.

And then this denmonstrates another inportant feature
of tobacco npsaic virus, and you know, several different
ki nds of virus, Potato Virus X. And that is an advantage to
be a rod-shaped virus because you can insert DNA or RNA and
make the whole viral genonme bigger like the exanple this
shows, actually.

And what happens is the RNA is packaged right inside
this cylinder, kind of spirals around in there. And the
| onger your RNA, the bigger the particle. And there's
theoretically not nuch of alimt whereas in those spherica
particles that | showed before, there's a definite size
limt on the size of the RNA you can get in there, so that's
ki nd of the disadvantage with spherical viruses.

So here are sonme exanples in the literature.
mentioned this TMV coat protein fusion with angiotensin |1
converting enzynme inhibitor and angi otensin protein.

And t hen exanpl es of proteins expressed froma free --
it's a separate, conpletely free protein. The extra
subgenomi ¢ RNA encodes ALPHA trichosanthin and single-chain
epi topes that are characteristic of |ynphoma cells that can
allow for a vaccine agai nst certain | ynphomas, and you'l
probably hear nore about these |ater today, again, from
Large Scal e Bi ol ogy.

So now a third gene expression strategy involves

mul tiple RNAs, so rather than having a |lot of the genes on
one big RNA or having a polyprotein virus such as a poty
virus, they just have several RNAs. They have four RNAs.
They al so produce a subgenom ¢ RNA here. Put all four RNAs
in the viral particle, and these two encode the replication
functions so that products of these RNAs can replicate their
own RNAs as well as these other RNAs that encode the protein
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that allows the virus to nove in the plant and the vira
coat protein.

So although this is a spherical virus, it may be
possi bl e here to -- because these replicate in trans -- in
ot her words, it replicates other nolecules. You mght just
be able to build another RNA and have an extra fifth RNA or
what ever that has the replication origins fromthe ends and
is replicated by the products of this.

And this woul d be anal ogous to defective interfering
RNAs that many of you are probably aware of in aninal
viruses. Actually, historically brome npsaic virus,
think, was the first virus that was actually used as a
vector --first RNA virus to produce proteins in eucaryotes,
certainly in plants, and that was the way Roy French and
Paul Ahl qui st in about 1984 or '85 expressed a reporter gene
in which they replaced the coat protein with a CAT gene.

So to sumuari ze, what are sone good properties of a

pl ant virus vector? These are ones | can think of. It
shoul d be nechanically transm ssible, easy to inocul ate and
especially in doing large field experiments that we'll hear

about | ater.

But you don't want it to be picked up by sone insect
vector and transmitted all over, so it would be nice to have
one that is not very efficiently or not at all transmtted
by any vectors that m ght be around.

You want one that will tolerate insertions. As |
menti oned, rod-shaped particles can tolerate | onger RNA
such as TMV, tobacco npbsaic virus. Jim Carrington has been
doi ng sonme things with tobacco etch virus, and Potato Virus
X al so been widely used. They al so have rod-shaped virus
particl es.

O perhaps nultiple RNA viruses so you can have an
extra RNA in its own particle. And cowpea nobsaic virus has
two particles, and as | nentioned, brome npsaic virus.

You want a relatively small genone for ease if it's
too small, it might not tolerate nuch change, and that's
been a problemtrying to figure out how to mani pul ate these
viral genonmes wi thout accidentally knocking out sone
function that you didn't know was there.

Qbvi ously, we don't want viruses that kill their
pl ants or meke themreally, really sick. So that's a big
area, | think, that could be studied, is how viruses -- and
is being studied -- how they nmake plants sick and how to
mani pul ate that.
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You want high-1|evel expression, | think, for the npst
part, and if you could mani pul ate host range, that would
al so be very useful for both expression in desired host as
wel | as preventing escape into the host you don't wantit to
replicate in.

So in the next few mnutes, |I'll talk about focus on
TW and just give an exanple of all the stuff you have to
know or you have to be aware of. Mybe you can get | ucky
and not know about it and get away with it, but to nmake an
i nfectious clone -- just nake an infectious clone of the
virus is not trivial. Oten there's a lot of variability in
t he popul ati on, and the particular one you clone isn't
really very viable, and it has been sort of supported by
ot her RNA nol ecul es.

You have to renenber that viruses are |ike thousand-
ploid or nore. There's thousands of copies of a vira
genone in each cell, so what you need is a certain
percentage of those to actually encode functional proteins,
and the rest could be going along for the ride.

So it's sonmetimes difficult to clone an actua
i nfecti ous RNA, but then once you do, you have to be aware
of how you can mani pul ate it w thout knocki ng out controls.

Usi ng tobacco nosaic virus as an exanple, there's a
| ot of conplicated translational control, and sone signals
are shown here. The five-prinme untranslated regions is
actually a very efficient translation enhancer sequence
called onega, and this is actually used in a |ot of stabley
transforned plants. It is just a way of getting high gene
expressi on i ndependent of any virus.

| should nmention there's actually another trick
Viruses use a lot of kind of translational tricks to express
extra genes that | amnot really going into here too nuch,
but one exanple is in TW. The polynerase is actually only
transl ated by a read-through of the stop codon. So you get
a lot of translation of this protein. Then there's a
programed read-through caused by certain flanking sequences
that allow the ploynerase to be made.

And the group | referred to earlier, they actually
t ook advantage of this and took this signal and stuck it on
the coat protein so they could nake a read-through on the
coat .

And then there's things that were 10 years ago totally
unsuspected. There's a thing called a PSEUDOKNOT- RI CH
DOMAI N down in here that's actually required for
translation. This virus has no Poly A tail here as they
wer e supposed to have, and sonehow while the nmechanismis



not clear, this donmain can substitute for that. And I'|
show some exanpl es here

Sort of summarizing sone translation sequences, barley
yel l ow dwarf virus, which is actually the virus |I spent npst
of ny time on. There's an onega sequence, and then there's
a PSEUDOknot - RI CH DOVAI N, which as | nentioned is actually
required for translation. Poly A tails interact somehow via
various translation factors with the five prinme end, and
with the cap they all formkind of a circular nmRNA, and
somehow t hese can substitute for the PSEUDOknot when you
have a stemloop in the RNA and then the |loop is base-paired
to another region that's downstream So the RNA goes |ike
this, like that, like that. And that doesn't |ook very good
in two dinmensions. There's a whole series of these,
actually, that's required for translation of TW. And I"'I
show on the next slide a really neat picture of a three-

di nensi onal structure of one of these.

And that indicates other viruses don't have a five-
prime cap. And so they have sequences that allow
transl ati on, even though there's no cap. So we call it cap
i ndependent transl ation.

Five-prime caps are nodifications that are on al
eucaryotic nmRNAs except certain viral ones, and they're
required for translation except for certain viruses.

So this is a secondary structure of the one in barley
yellow dwarf virus, and this, too, is actually being used or
potentially being used as a tool for high-level gene
expression in transgenic plants, and it all ows using
promoters that don't necessarily produce capped RNA

So what's a Pseudoknot ook like in three di nensions?
This is a nice picture showing one from Beet Western Yel |l ow
virus, and you can see this is how the RNA gets al
contorted, and there's | ots of NON-WATSON- CRI CK types of
interactions here, and it just gives you an exanple of the
conplexity of the regulatory sequences involved in RNA
Vi ruses.

And controlling that read-through, as | nentioned
before, Jim Skuzeski found that around the stop codon you
need an A followed by this consensus notif, and you get
about a 1 percent read-through. And that's actually been
expl oited. Again, barley yellow dwarf virus also does it a
totally different way in which there's this notif here. MW
nm crophone is going out.

There's this double C notif and then sonething | ocated
over 700 bases downstreamthat allows read-through of that
stop code. That neans that the -- | should back up. It
translates the first protein, and then nost of them stop
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Some of them keep going and add a little extension on or a
bi g extension. And then a pseudoknot can also affect this
in murine | eukem a viruses.

So the point is there's a whole [ot of different ways
that viruses have evolved to regulate translation, and then
we have to think about the sanme thing all over again with
transcription RNA tenplated transcription.

Wth TW the wild-type virus has the novenment protein

here and the coat protein here, each with its own subgenom c
RNA pronoter. In early work by Bill Dawson and others, they
t hought let's add an extra gene, so they then duplicated the
coat protein pronoter for a foreign gene, but it was quickly
| ost because of honol ogous reconbi nation. Probably it would
have honol ogous bl ocks of identical sequence within the sane
viral genone.

And anot her probl em you have with duplicate pronmoters
is the downstream ones are the nost active, and the upstream
ones are nuch weaker. So what was done was they took the
subgenomi ¢ pronoter froma different virus |ike
odont ogl ossum Ri ng Spot or tomato npsaic virus, and it's
di fferent enough that it won't honol ogously reconbi ne, but
it's simlar enough that the viral replicase will recognize
that pronoter, and that allows for expression of the foreign
gene. So that's another exanple of the conplexity.

So in sumary, there's a whole lot of conplicated set
of viral sequence elenments. Still even with TW, there's a
ot of work to be done to really understand what's going on
that would help optinize viral general expression

And finally, you nane it. Here's sone exanples of
what | think could be discussed for further research. |It's
nore a | ot of understanding of viral structure, and you want
to understand how you want high-fidelity replication of your
genes. You want your genone to not be spreadi ng out the
envi ronnent, yet you want it stable enough for your own

purposes. And again, | sort of nentioned all these other
points before, and | think with that 1'Il stop and take any
guesti ons.

LOUl SE HENDERSON: Thank you, Dr. MIller. | think

for those of us newto the plant world, it didn't take very
long to move from Basic 101 Plant Transgenics into sone
really cool science that is pretty conplex.

So we're going to continue on that note. Dr. Douglas
Russell will talk next. He is with Integrated Protein
Technol ogi es for the Monsanto unit. His research work for
his Ph.D. degree was in plant and protein synthesis in corn
and during plant stress and devel oprment.
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He is going to talk to us today about constitutive or
i nduced tissue specific expression, which we think is a very
val uabl e met hod of getting around sonme of the environnenta
concerns that will be present for plants that are grown in
fields versus those that will be grown in controlled
situations such as greenhouses.

Dr. Russell

DOUGLAS RUSSELL: | want to thank the organizers for
giving ne the opportunity to share sone of this technol ogy
in plant expression of biologics. | think it has a rea

chance to inpact health care in ways the traditional systens
can't, and to do that to be successful, we're really going
to need the collaboration of a lot of the different groups
represented at this neeting.

The system |'Il|l be discussing is corn, and we've
worked with a few other species, and |I'Il discuss sone of
that data, both from ourselves and ot hers.

We see corn as a very useful system It's building
of f of a proven technology that Guy Cardi neau di scussed.
And fromthat data base as well as our own work with
bi ol ogics, we see it as a genetically stable system as wel
as showi ng product stability in terms of its expression
| evel s and quality.

Wth the work we've done for clinical trials and work
ot hers have done, we see the ability to work under the GW-
type controls necessary for biologics can be done in plants.
But we don't sinply want to replace a traditional system but
want to try to add sone new val ue.

And | think one of the big areas where we'll help is
addressing capacity limts with traditional systens when we
start thinking about needs of, as nmentioned earlier, cheaper
t herapeuti cs or vaccines or |arge-volunme uses, things for
chroni c therapies.

The transformati on system we generally use is a
bi olistics approach. Agrobacterium has been used in corn as
wel |l . The basic approach is to take an ex-plant of the
plant material that allows the gene to be delivered, select
for those materials that have the gene inserted and then
regenerate a viable plant that eventually yields nornmal -
| ooki ng corn seed.

For transgenic corn we've seen since 1996, we
di scussed earlier sone projects, the rel ease of these
materials commercially and at this point up to 18 nmillion
acres of corn with these transgenic traits delivering that
gene in a stable manner effectively for commodity-type



busi nesses that don't really tolerate failure very well
They notice when you have a 5 percent yield drag.

The expression tools used for current or anticipated
things in the pipeline, such as those needing | eaf
expression, root-specific expression, or seed expression, we
can adopt sonme of those tools for our purposes as well

And what's been done for the commodity purposes for
the initial traits had to neet USDA and FDA end points for
food and feed needs. They have to be safe. W want to
reach a different end point since there will be that extra
nm | estone of being a good biologic agent. W can adapt
traditional biologics end points for our needs as well

The general gene design, simlar to a | ot of other
systenms, requires sone sort of promotor, a switch that says
turn the gene on, sonetines you'll have elenents that CGuy
was tal ki ng about, an intron, for instance.

For the gene of interest, there may be nmultiple gene
cassettes, antibodies again requiring at |east two gene
cassettes, one for the heavy chain; one for the |ight chain.
And then a separate sel ection gene so that you can find the
cells that actually contain the gene ofinterest.

Because the gene design is constant but where it
i ntegrates can be different, you can have a whol e range of
expressors. These are individual transgenic events for a
single gene trait. W like these (at the left of the bar
garph). We like the high ones, and we'll target those for
eventual buildup in |later generations to develop a pure
breedi ng genetic stock

We can still use these materials (at the right of the
bar graph, with lower expression) for initial testing of the
quality of the protein that's developed in a plant. In sone
cases that we're working with, the protein has never been
produced in any other system

When we exam ne these plants with the tools that we

use, it is seed specific. The advantage that you'll see
later is we see high levels of expression. W know, though,
that there is no leaf or pollen expression detected. In

sonme cases that nay have advantages for worker safety.

Here's a table. It's kind of large, but there's a |ot
nore that | could have put here with various systens that
are being discussed at this neeting. Some of it is from
publ i shed nmet hods; sone is our own unpublished data.

And to give an idea of what rmay be sonme of the mgjor
points that are inportant in considering a host system |'m
going to be conparing the expression based on the



accurul ati on of the protein of interest relative to the
total protein extracted. That ratio can be influenced by
the expression of that protein accunulation of that protein
and the extraction nmethods used.

It will vary with the host, the organ that you're
targeting, the tissue targeted for collection, as well as
the target protein. Different proteins accunul ate
differently dependent on a lot of different factors.

What we like to see is, again, is the ability to use
it for nultigenetic traits, things like antibodies. There's
a couple of other proteins as well that need nultiple genes
to be successful. Sonetinmes you'll need hel per enzynes to
get effective expression to nodify the protein of interest.

Three host systens di scussed tobacco, used very wi dely
for transformation, our soy experience and corn experience.
The first systeml|'mgoing to talk about is actually a
little different that we published recently. It's a tobacco
plastid transformati on system

There's a nucl ear genone, the same sort of processes
you're famliar with in any eucaryotic system But there's
this other separate organelle now in plants. The plastid
has its own genone. It's responsible for the green color in
the plant. That organelle can now be transforned as well
It's nost active in the leaf in the green tissue, and the
recent publication showed expression of a biologic at about
7 percent.

It's not been conpletely tested yet. The system
hasn't been tested yet for nultigenic subunit proteins, and
I think that woul d be a chall enge when one considers things
like inter-nolecular disulfide bonding in such a system

Being a |l eaf system plastid expression is not very
easy to store conpared to a seed system So far to date,
for the biologics, a post-harvest-type system has not been
tested.

Such a system woul d enabl e one to decouple the
production of your biomass and the biosynthesis of your
protein. That nay be inportant in certain instances.

The nore common systemis a nuclear transformtion
with a constitutive pronotor, sonmething |like 35S. People
have certainly used nore | eaf-specific and seed-specific
promotors in tobacco

For biol ogics and anti bodi es, expression of 1 percent,
sonmetines a little higher, has been seen. Milti-subunit
proteins, of course, have been denonstrated and the storage
of the material can be challenging. Being a constitutive



promotor, a post-harvest systemcan't be used as
effectively. And certainly there's docunentation of a | ot
of degradation of these proteins such as antibodies in the
| eaf system

The induced systemw ||l be discussed by Carol e Craner.
That all ows the post harvest-type decoupling, and in sone
i nstances with sone proteins, you can see fairly high
expression | evel s.

Wth soy we've pushed pretty hard here, and we really
haven't seen the expression levels we'd |ike. They're
fairly low, both in the leaf and in the seed, and we've
tried a nunber of different expression systens here. Al of
the data shown concerns anti body expression.

For corn | ooking at antibodies, this particular data
| ooks at the sane coding region of the antibody as in soy,
where the difference is in the gene expression elenent. W
can see a nmuch greater increase of product here in corn.

VWhat "Il share further is that we can store that
mat eri al which gives you a lot of flexibility in how you
manage the production systemdifferent fromtraditiona
syst ens.

Ot her peopl e have used post-harvest-type expression in
seed. The system|'Il|l be tal king about is accunul ati on of
the product during the devel opment of the seed. Ohers have
wor ked on storing the seed and then basically germ nating
the system and during that germ nation process having the
product accumnul ate.

We've been able to take this corn production system
and successfully use it in direct conparison to a
traditionally produced antibody in a human clinical trial

The anti body we nade was a humani zed anti-cancer
anti body that could indirectly bring a toxin to the tunor of

interest. It was designed as non-glycosylated, and | think
the glycosylation issue in plants will be tal ked about
later.

Antibody is purified fromcorn seed used as an
i njectabl e therapeutic and conmpared with glycosyl at ed
anti body produced in the mamualian cell

The protein by physical characterization showed
simlar quality, and in this conparison we're |ooking at an
aspect of the simlar functional quality.

In the figure, in green is the plant-produced
antibody; in red the manmmal i an- produced anti body. And
you're |l ooking at the accumul ati on — the pharnmacoki netics in



the bl ood. Therapy involves delivering the antibody, and
over tine there's a slight dimnution in the bl ood.

You're really looking for the antibody to accumrul ate,
t hough, in the tunor, and so you really want to clear out
this material that's in the blood by the clearing agent, and
you can see, again, a parallel track of behavior since the
clearing agent is added to renove any free unbound anti body
from the bl ood.

In order to deliver this type of therapy, not only in
a clinical trial but eventually towards commercial and
general use, it needs to be a stable genetic system and
that's predictable, again, fromthe acres, nillions of
acres, of transgenic products out right now

This figure shows an antibody, two gene trait. The
genes, again, were delivered by a biolistic-type nethod, two
separate gene cassettes, one for the heavy chain; one for
the light chain.

It happens that in the Southern pattern here, the
upper band is the heavy chain; the lower band is the |ight
chain, two separate gene cassettes delivered.

One of the best expression found showed singl e-copy-
type insertion for each trait. After five generations we
harvested three ears out in the field. W picked three
seeds from each ear, |oaded them up, collected DNA. They
show the sanme sort of Southern pattern.

Further, these are planted and then harvested in the
si xth generation. W can PCR out the coding regions for the
heavy chain and light chain. That sequence is identical to
the sequence found in the plasm d six generations earlier

Remenber, it's not just six generations. There's a
ot of cell divisions in making a plant going from seed al
the way up to the pollen in the next generation. The genes
are stable.

The expression is also stable, as shown in the next
slide. This, again, is the seed expression data fromthe
same genetic event that | showed in the last slide. This is
a replanting over three generations of the sane genetic
event in three different |locations, three different years.

And you can see in each case the expression given al
of those environmental differences would be normal in these
three cornfields, fairly uniform expression |evels and
accumrul ati on of our protein.

That can al so be observed in this slide, in one
particular year in a |arge range of environnmenta
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conditions, four different locations. |In some cases we
split the field here (lots 514 and 515) and here (lots 516
and 517) so that we could | ook at different harvest

techni ques, different crop managenent practices.

Overall with these inbred-type genetic materials, you
can see a vast range in the blue bars of field harvest, how
much grain you actually get out of the field, six-fold range
overall .

But either directly observable in the plant, the crude
protein accumul ati on of the anti body or after Protein A
purification, which speaks to the full assenbly of the
anti body, we only see at nost a twofold difference in
accunul ati on.

We can take that a little further in terms of protein
quality in this exanmple showing a material grown in '97 in a
tropical field versus a Mdwest field a little later. We'|
grind them up.

The step prior to extraction is to reduce it to a
mlled powder, store that material for different periods of
ti me under cool conditions, and then process them at the
same time.

We have the same yield of antibody. W have the sane
qual ity of antibody as seen here by size exclusion
chromat ography. We can take it further to the point of
actual antigen binding in vitro, and we see the sane
quality, the specific activity of antigen binding.

We need to maintain that trait. And the managenent of
the trait would be simlar to what a breeder has been doing
over the years with corn and other products. |f you
remenber in our first generation, we have a segregating
trait. Only one nmenber of the chronosonal pair wll
actually have the gene inserted so you'll get a segregation
in the first harvested ear

There will be seeds that will not inherit the trait at
all, seeds where there's genetically m xed or heterozygous
genetics and seeds that are genetically pure. Although
there is a dosage effect we see, these two | ast aspects are
not easy to deternmine on a single seed |evel.

Instead, replanting this heterozygous material and
this pure-breeding material in this next generation, we can
see segregation in the heterozygous seed. These ears are
then useful for process devel opnent as well as feeding into
preclinical and potentially clinical materials.



The pure breeding ears can be bul ked, and this would
be your breeder seed stock, your pure breeding material that
can carry on your trait continuously.

The mai ntenance of that trait will also follow from
traditional breeding and plant managenent practices. In the
si nmpl est nmethod we can continually propagate and maintain
and produce from an inbred genetic event.

We'Il extend from current breeding practices where
typically they'll use an isolation distance to keep this
particul ar genetic event separate from any others at 660
feet, and at that end point they can hit the mark of one
of f-type seed, a different plant type, different plant color
for instance, out of a thousand. W, of course, want to be
alittle sharper than that, and so we can adjust our
i sol ati on nmet hods accordingly.

The bul k of the field can be used for purification of
the trait. A subset, depending on your product volune, can
be confirnmed as breeder stock seed. We'Il |ook for |ot
uniformty and identity, simlar to sone of the tests that |
just showed you earlier.

Each generation, you can then repeat this process,
each generation archiving a portion so that you're able to
trace back the quality of the harvest at each generation
That expression of your protein of interest as well as al
of the other conmponents in the plant have to be consistent
enough to yield a consistent product. W do have sone
variation in expression level, as you saw earlier. |It's not
| arge. There may al so be sone variation in sone of the other
conmponents of the plant, variations in starch |evel,
proteins, am no acids. These you'd want to clear out during
purification.

Sonme of the conponents we test for in the purification
process are shown here. Mich |ike traditional systens,
speci fications can be set, and foll ow ng that guidance, in
this particular case, we were purifying the antibody in a
sinpl e three-colum process. Seven different lots then can
be averaged and conpar ed.

One of the aspects we | ook at is the size exclusion
chromat ography purity. In this particular case we'll only
be | ooking at the nmononeric type of antibody. Any sort of
aggregates that have forned due to what the plant does or
the nature of that antibody have been excluded in this
measur ement .

Endot oxi ns can be brought in fromthe plant-produced
material. This material is really grown outside; its not a
stainless steel fernenter. But we can renove these
contanminants to acceptable |evels.
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Protein A may be carried over fromthe colum matri x.
We can reach | evels bel ow detection as well as any bi oburden
that's been carried into the system can be reduced to |evels
bel ow det ecti on.

The overall protein quality as shown by reduced SDS
Pol yacryl anmi de el ectrophoresis. Shown in these seven |ots,
a single heavy chain band, a single |light chain band, that
conpared to the mammal i an- produced standard, |'d like to
note here in the heavy chain there's a slight size shift.
This is, again, due to the lack of glycosylation in the
pl ant - deri ved product whereas the nmanmalian produced has
extra mass added because of the glycosylation.

In sumary, then, | think we're working with a system
in plants, especially currently with nuclear transfornmnts,
of a proven technology that's been shown to work on mllions
of transgenic acres for agronomic traits.

We can apply those sane tools and sonme others that we
need, to yield high expression in corn seed to the point of
delivering on a Phase 1 clinical trial for an injectable
product .

In that collection of traits, we can see genetic and
product stability, both at the | evel of sequence of the
expression cassette, and the level of product to sone very
strict end points required.

By adapting breeder strategi es and incorporating sone
t hi nki ng al ready devel oped with nmore traditional systens, we
can reach the GW end points necessary for injectable
products or any other sort of biologics needed and deliver
what we see as a uni que system especially for high volune
and | ow cost production.

| don't know if there's tinme for any questions, but
I'd be happy to entertain any.

LOUI SE HENDERSON: If you wait just a nonent, we have
a mcrophone conming for you, and if you would pl ease state
your name for our record before you speak -- and your
associ ati on.

WALTER GOLDSTEIN: Thank you. Walter CGoldstein. 1'm
associated with Biolex, North Carolina.

I have a question on the antibody that you produced in
corn versus that which was produced in mammalian cells. The
one in manmalian cells is glycosylated. | renenber you said
t he other one was not.



Did you see any sort of interesting antigenic response
that you did in trials? That's my question

DOUGLAS RUSSELL: Sure. This was -- to get into a
little nore detail on that collaboration, we were the
producers. The inventor of the nolecule, NoeRx is stil
wor ki ng t hrough the data.

What | can tell you is that their initial data which
they're still working through didn't show such a difference.
On the other hand, it is a little bit conplicated because
part of the therapy was using an avidin conjugate, which
bei ng a nonhuman protein, was pretty darn antigenic.

So far the verbal that |'ve gotten back in neeting
that they've displayed publicly shows that the antibody
performed as desired over the tine range that they observed
Wi t hout antigenic issues.

WALTER GOLDSTEI N:  Thank you.

YASM N THANAVALA: |'m Yasnmi n Thanaval a from Roswel
Park Cancer Institute. So | guess you don't really have
very much nore data to share with us on the clinical aspects
or the clinical outconme of this antibody.

What were the end points that were being | ooked for?
What ki nd of patients were these?

DOUGLAS RUSSELL: NoeRx is working to put together the
publication. |If you get back to nme later, | mght be able
to find you sone of their overheads.

YASM N THANAVALA:  Ckay.

DOUGLAS RUSSELL: But in general, these were patients
that did not succeed in other therapies, so they were fairly
sick. It was obviously an acute therapy. There were
problems with the design of their trait, and so they're
wor ki ng on how to inprove it, their particular therapeutic
desi gn.

The data in total, though, showed our nmteria
produced from plants without glycosylation performed as wel
as their traditionally produced.

YASM N THANAVALA: |'msorry. What cancer was it?

DOUGLAS RUSSELL: Colly, they hit a nunber of
different types of patients.

Jeff, do you renenber?
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CRAIG [|I'mJeff Craig. | work with Doug. | think
the answer to your question, the clinical trial itself, is
the avidin finding, not specifically the antibody itself,
regardl ess --

Your question about the clinical trial itself, |I'mnot
sure. | really don't renmenber the cancer. It was a cancer
anti body that worked for a nunber of cancers, but it
targeted tunor cells.

The clinical trial resulted in the antibody going to
the tunor site very effectively, regardl ess of manufacture
of the system but in this case the clinical trial was
st opped because the anti body al so bound nonspecifically.

HI LARY KOPROWSKI: Can we all put our hands up for who
passes the m crophone? | have had ny hand up for sone tine.

I would like to ask, one, about the nane of the
anti body. Do you know what antigen?

DOUGLAS RUSSELL: EPCAM was the epitope.

HI LARY KOPROWSKI: Yes. And what did you say? Many
cancers or many di seases? Did you say? | nmay have m ssed
it. Can | have a nore clarification about that?

DOUGLAS RUSSELL: | can get you that later. Can
talk to you | ater about that? | want to nake sure | give
you the accurate information since it is somebody else's
t her apeuti c.

GORDON MOORE: |'m Gordon Moore from Centocor. One of
t he advantages of the plant systemis the apparent |ack of
ani mal viruses and therefore the need for antiviral or vira
i nactivation steps.

What are the chances that plant viruses may, in fact,
interact with human or nmay interact with aninmal viruses
which then in turn mght interact with human?

To what extent can we be certain that we don't have to
worry about plant viruses in hunman therapeutics?

DOUGLAS RUSSELL: The testing of that crossover --
peopl e don't generally I ook for that data. Wat you can say
is generally you haven't found such di seases in people.

In some cases researchers found an absol ute bl ock of
t he bi ol ogi cal mechani sms used by viruses in manmals to be
propagated in plants. So in some cases there is real data
that says biologically, it won't work. Plants will not
propagat e mammal i an viruses.
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The alternative of a plant virus, a TW/, creating
nosai ¢ patterns in people, | just have never heard of such a
t hi ng.

GORDON MOORE: Would you take the position that it
wi |l not be necessary to incorporate purification steps
designed to renove virus?

DOUGLAS RUSSELL: | think the columm techniques we're
usi ng have been proven to renmove sonme of those factors, but
it isn't where we target our process validation. W'd be
nor e thinki ng about sonme of the factors of the endotoxins
that may be -- or protein conponents that may be particul ar
to plants different frommmmlian. W'd put our focus
where it's really needed to study.

HUGH MASON: Hugh Mason, Boyce Thonpson Institute,
Cornell. | just wanted a little clarification on the slide
where you showed expression or the recovery of antibody in
different field locations or different environnenta
condi tions.

One set of data was showi ng a greater degree of
variability, and the other was showi ng | ower |evels, but |
think perhaps it was a purified formof the -- yes, this
slide. What's the difference in the mlligram per kil ogram
Protein A purified material ?

I think you alluded to the fact that that material may
be nmore correctly folded and active, or what is the
di fference?

DOUGLAS RUSSELL: ©Oh, |I'msorry. What we're | ooking at
inthis slide is the crude anti body accunul ated, and in this
particul ar case the way we're neasuring that is the assenbly
by a capture of the antibody by a -- the gamma chain
captured and then detection of the antibody with a kappa
chain detection system

In the follow ng slide, though, we've actually
purified through the antibody at a 50 gram scal e of seed
with a Protein A colum, s you're reaching a different end
poi nt, antibody that can be recognized by Protein A and is
assenbled to a size -- colum exclusion size simlar - to a
full-size antibody.

HUGH MASON: Thank you.
KEITH WVEBBER: |'m Keith Webber. 1|1'mat the Center
for Biologics Evaluation and Research, FDA. This question

m ght be directed toward Allen MIler nostly.

You alluded to the use of whole viruses as a vacci ne,
and | was wondering if there was any information avail able



on antigenicity of the native proteins that would be
conmponents of one of those viruses?

ALLEN M LLER: So plant viruses can be very antigenic
on their own in mammals. |s that the question? Yeah. |
don't know any data, but | know that people who work with
pl ant viruses had tested for antigenicity thenmsel ves and
found anti bodi es, so yeah.

KEI TH WVEBBER: Maybe there was sonebody in the
audi ence as well who --

ALLEN M LLER: Yeah. |I'mnot really an expert on
t hat .

JIMWH TE: This is JimWite. | work at USDA, by the
way, Riverdale.

Al'l en, comment about the evidence that ani mal viruses
replicate fromplants or virus --

ALLEN M LLER: Yeah. | was thinking about that. |'m
unawar e of any evidence that a plant virus can replicate
under any conditions in any kind of manmalian cells.

Can anybody challenge that? | don't think it's been
tested a whole lot. | think there's all sorts of barriers.
You know, the way plant viruses enter cells, especially
animal viruses go by receptors, and plant viruses just get
into -- | think there would be a big problemw th, you know,
avoi di ng the normal mammal i an def enses.

But even at the intracellular level, if you just
introduce a cell culture, | don't know of any exanples. One
of those translation sequences fromthe virus | work on, ny
students went on to Harvard Medi cal School, and there they
tried our plant viral one in rats cells, and it didn't work.
That's one exanpl e.

But there are exanples of an insect virus that was
shown to be replicated in plant virus.

JIMWH TE: | agree. And I'd just like to say for the
peopl e that the food supply is contam nated with plant
viruses. The plant virologist, Hector Quemada, is here who
wor ked with Asgrow that surveys for viruses in squashes, and
generally, 10 percent of the food supply, dependi ng on where
the food is coming fromand the di sease practice, the
viruses can be found, and it's very evident in human diets.

UNI DENTI FI ED MALE: You spoke to replication also.
Coul d you extend that reassurance to integration, and al so,
has any work been done on interaction between plant viruses
and animal viruses so that genes or fragments of genes of



pl ant viruses might end up in animal viruses but could then
be in aninmals?

ALLEN M LLER: Yeah. This is a tough question. |
mean you're tal king about interactions of plant viral genes
with animal ? |'mnot quite sure what your question is, |
guess, but --

UNI DENTI FI ED MALE: You spoke to the issue of plant
viruses replicating. You were speaking of plant viruses
replicating in animl cells.

I was wondering whether there was any information on
genomi c information fromplants integrating into the genone
of animal cells, not the virus actually replicating but the
i ntegration of genetic material from plant virus in aninal
cells. That mi ght be one concern.

Second concern mnight be the interaction of plant
viruses with ani mal viruses, reconbination or any other
exchange of genetic material between plant viruses and
ani mal viruses.

ALLEN M LLER: Well, at a distant level, | nean, at a
very distant evolutionary |level when you classify viruses,
there are parallels. Like, back in 1984 when sequences were
first comng out, it was found Sindbis virus | ooks nore
simlar to Bronp nosaic virus than Bronpo npsaic virus to
does to -- | don't know -- sone other plant viruses.

There are distant relationships between plant and
animal viruses, but as far as evidence of any kind of recent
reconmbi nation, I'mnot aware of any. It's been hard enough.
There's just barely sone evidence suggesting that any plant
viruses can actually integrate into plant DNA

Pretty much the rule has been plant viruses don't
integrate -- even plant DNA viruses don't integrate into --
there's nothing |ike an integrate retrovirus, although now
there's evidence suggesting a banana virus that m ght
actually integrate.

But | don't know of any -- | can't really say nuch
about interactions between plant and ani mal viruses or --
sounds like a potential way to get N H funding.

JULI AN MA:  For Dr. Russell, I'd like to ask you about
agl ycosylated antibodies. |I'minterested to know if you
think this is a technique that would be generally applicable
to anti body expression in plants, quite apart from any side
effects you m ght get when you inject theminto mammual s?

Do you think it mght have an inpact on quality-
control degradation into the plants?



DOUGLAS RUSSELL: In plants as well as traditiona
systenms -- and there's been a |lot of data in traditiona
systenms that the glycosylation pattern can be fairly vari ed.
Renpve it and there's no variation.

You do affect, though, with sonme proteins the behavior
as a therapeutic. For the purposes | discussed, sinply
you're trying to drag a toxin towards your site of activity.
Ot her therapeutics also don't need glycosyl ati on because
they're sinply trying to mask epitopes.

In other cases you really need that glycosylation for
the efficacy of the antibody in order to recruit other
i mune functions. And in that case you really need to
define -- have the right glycosylation, have it consistent.

In the range that we've seen in plants, both your own
data, published by other |abs, what we've seen, it can be
within the range seen with nmanmalian systens. But you can
avoi d that analytic need just by genetically renoving it in
sone cases.

JULI AN MA:  And have you any data on O link virus as
opposed to -- have you any evidence on O link carbohydrate?
Have you done anything on O i nked?

DOUGLAS RUSSELL: W have | ooked by a nass
spectroscopy to see if there is any cryptic addition of O
link because the rules are fairly soft in both mammali an and
pl ant systens. One, we've |ooked on antibodies in different
expression systens. W' ve not seen O |inked.

Wth one protein in cell culture, we have seen O
linked, and we could figure out a way around it, but on
anti bodi es and as well in whole corn plant, we've never seen
O linked at all

JULI AN MA:  Thank you.

KEN PLAHN: |I'm Ken Plahn fromPfizer. | just want to
make a qui ck conment on the potential for plant viruses
i nfecting mammal s.

And | think there was two points for consideration.
One woul d be whether the virus can enter the mammalian cell
and if you look in the trading of vaccinia where you
transfer mid-range proteins -- | nean proteins fromviruses,
say, fromcell proteins to viruses, then you nay transfer to
that plant virus and then enter the mamualian cell

But the other thing would be that it would have to
replicate the cell nmachinery, so it would have to have the



ability for transcription binding or sonething |ike that,
which | think would be nuch less |ikely.

But it may be worthwhile, you know, as technol ogy
| ooked at that to look at any potential binding human
transcription factors to plant genes.

VLDADI YUSI LOOV: Vldadi Yusiloov from Bi ot echnol ogy
Foundati on and Thormas Jefferson University.

In regard to the replication of a plant viru in
manmal i an cells, we have tried to replicate the virus, the
TW virus and the CW virus, in Hhell cells, and we haven't
succeeded in anything. W tried to by transm ssion of the
vaccinia virus, and we haven't been able to do it, although
we can express perfectly through the vaccinia virus any
given protein in the plant viruses, but we couldn't
replicate the whole plant virus in cells.

LOUl SE HENDERSON: Well, thank you, all. | believe
we' ve reached the tinme for our break now. | want to
encourage all of you to take sonme tinme during this break to
| ook at the posters that are to the north of the auditorium
and al so have a little refreshnent.

W are going to start again at 10:30, so our break is
alittle bit short, but please take advantage of the
posters.

(Short recess.)

KEI TH WEBBER: | guess if everyone will take their
seats, we'll get started in the next session. And before we
get started, | have a few announcenents to nake. One is

there appears to be a bit of a pile-up at the tel ephones,
and | want to let everybody know that there are not only
phones on this floor here, but there are also two phones
avail abl e upstairs and two phones avail abl e downstairs. So
if you are finding that the phones are in use here, fee
free to take the stairs up or down to the other phones.

The other thing is that the posters -- we have a | ot
of good posters, and they're around to the right. You'l
find themin the next room over here to the right. So get
your coffee or drinks and head over there and | ook at the
posters.

Wth regard to questions -- and for this session
think as with the last session, we'll save themto the end,
but I think what would be best, if you have questions -- and
I'"m sure everyone will -- if you could line up at the
nm crophones that are in each stairway here, andwe'll take
gquestions in the order the way people line up
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The second session is going to focus on sonme of the
nore pragmati c areas of production and purification of
bi ol ogi cs produced in plants and |'mreally happy to have
two excel |l ent speakers to present in this session.

The first is Carole Cramer who received her Ph.D. in
nmol ecul ar bi ol ogy and bi ochem stry fromthe University of
California-lrvine. She's now a professor in plant pathol ogy
and physiology at Virginia Tech as well as a cofounder of
CropTech Corporation where she serves as the chief
scientific officer.

Her presentation will focus on the issues of genetic
and protein stability as they relate to bi opharnaceuticals
produced in transgeni c pl ants.

CAROLE CRAMER: |I'd like to thank the organizers for
inviting ne. And what | would like to do before | get into
the i ssues of both gene stability and protein stability in
plants, | would like to sort of put it into context, and
think that one of the issues why you're all here and feeling
very curious is the concept that when you think of biologics
and the current way that is now energed as sort of the
traditional bioproduction system you think about one of
these. At CropTech we call these GBRTs, great big round
things. And GBRTs are now the way you're used to.

And what is the concept that energes. First of all
you' ve got, you know, white-suited technicians with the
little booties on, and the concept is conplete control of
the environnment, is high levels of sterility.

What are we tal king about here? All of a sudden,
we're saying we're nmaking the production streaminitiate
potentially in a field or greenhouse.

What are the inmages here? Well, first of all, you can
barely see it, but under there is dirt. Now, in agronony we
call this soil, but this is dirt. Okay? You' ve got bugs
crawling on it. There m ght be snakes running around here.
And you certainly can't control the heat and the |ight
because it's conmng fromthe sun.

So all of sudden now, you're in a hugely uncontrolled
environnent. And the real task is to say that this
environnent is as safe and reproduci bl e source of
pharmaceuticals as this environment.

Well, 1'd like to take you one step further. Here is
alittle picture of the rain forest, and there is many drugs
currently on the market that are actually sourced fromwld
speci es that are collected and extracted.



And in this situation, first of all, not only do we
not control the environment, but we know nothing about the
genetics. W don't know whether the sane tree if it's
harvested one year fromthe other is giving the sanme | eve
of bioactive material, and yet this is currently an accepted
source for many pharnmaceutical drugs, snmall nolecul es that
are on the market.

Well, | would like to say that, in fact, a field of
tobacco or tomato is a lot nore like a GBRT than it is like
arain forest. What |arge-scale agriculture has sel ected
for is extrene uniformty. And in fact, the constraints,
the cost constraints and the reproducibility constraints, in
large agriculture is extrenely stringent.

We currently have, | think, currently in the order of
20 million acres of herbicide-resistant soybean is grown.
The transgene that is entered into the soybean allows you to
use a certain herbicide. |If 1 percent of those seeds

actually have |l ost the transgene or no | onger show ng

resi stance, this is a huge loss fromthe agriculture point
of view And so the tolerances in the agriculture field for
variation and for instability are very small.

And so these are the situations that this is the
bi omass material we're starting from And what | would |ike
to do is show you that this is actually a very stable
source, genetically very stable, and then to tal k about two
different systens that have sort of energed that are very
opposite as far as your ability to not just produce in the
field with uniformty but then |ook at extraction and show
uniformty in that situation as well

So the two systens | use is basically |I've gotten sone
data, very nicely provided to ne by both Prodi Gene and
Monsant o' s | PT group | ooking at the production of transgenic
corn seeds, much of what Doug Russell just tal ked about.

And then |I'Il conpare that with CropTech system where
we actually use the | eaf material of tobacco so it's a fresh
green leaf as our starting material, but we do a situation
that's quite different. |It's what's we term post-harvest so
that we actually don't express the human protein in the
field. W utilize a wound-inducabl e pronotor so we actually
can harvest. W can store the tissue for periods of tine.

We then turn on the transgene by literally running it
t hrough the equival ent of a paper shredder on a very |arge
scale. And so this actually activates locally a wound
response in the human gene is then produced over the next 24
hours so that we effectively separate biomass production
fromour actual pharmaceutical protein production. And this
happens in a very discreet and small period of tine.
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So what really are the stability issues? OQur first
guestion is, is the transgene stable from generation to
generation? And in the practicality of how we do our
busi ness, we tend to select for two things in a line that
we're going to nove forward with.

One is that you actually have to phenotype the
expression level and the protein product that you want. The
second is that we tend to go for | ow copy nunmber, and I|'|
gi ve you an exanple of why we do that in a mnute. But that
facilitates the downstream genetics. It facilitates
uniformty, and it also mnimzes this issue of gene
silencing that was tal ked about in an earlier talk.

Unli ke ani mals, once we've gone through a seed,
there's no such thing as chineras, so our transgene is
expressed in every single cell of the plant. Once it's
there, it functions with regular nendelian genetics, and it
shows the sane very stabl e phenotype and retention that you
woul d see with any native plant gene. So we don't see that
bacterial or human genes put into the genone have any
problemw th | ooking just |ike a gene.

Doug Russell showed this gel in his work, and | just
wanted to reiterate that it has been denpbnstrated that once
you get this gene in, you have incredible stability. And so
this is now your sixth generation, and this is | ooking at
i ndi vidual ears fromdifferent kernels or fromdifferent
years -- individual kernels fromdifferent years in a field.
And basically, changes. So it's very stable in the genone.

There are issues -- | nmean what you would like is a
very consistent system So you're | ooking at plant-to-plant
variation, which can be inpacted by copy nunmber and
segregation. You're |ooking at generation-to-generation
variation and trying to define your master seed stock

And finally, this issue of environnent, and what are
the site-to-site variations? How does that inpact the
qual ity of your product, and al so, how does it inpact your
ability to express your transgene? So I'll go through a
nunber of these points.

Here are sone data that is looking at the first 40
transgenic plants that we pulled out that were expressing a
human uroki nase gene. And it |looks a lot |ike Doug
Russell's data. You basically get a range of gene
expressi on.

This is what we term position effects in plants, and
you can take the sane transcript or the sane gene, and
dependi ng upon where in the chronopsone it |ands, you get
different |levels of expression.



But essentially, if you |look at your highest
expressors, which are the ones that you want, you tend to
have one to three copies of the transgene. W generally go
for the single copy. But if you do the sane genetic analysis
with your | owest expressors, they can have one to three
copi es.

So the point is in plants it appears not to be so much
the copy nunber that enhances your expression but the
particular site of integration.

Once you have that gene, however, then it responds and
acts like a typical nendelian gene. So this happens to be
pl ants that are expressing human serum al bumin, and if you
go through your generations and | ook at the honpbzygous so
it's now a single gene but it's now in honmbzygous form so
it has a single copy, or the progeny, what you put in
honmozygous form essentially, you get the expected doubling
of production based on going froma hem to a honpbzygous.

So with tobacco we have sone advantages for noving to
a seed lot that we consider a naster seed very quickly. And
this includes the fact that we can start with elite |lines.
So the initial plant that we're transformng is actually the
plant that's going to the field. And that's because these
lines are very easily transfornmable.

Tobacco naturally self-pollinates, and a single

tobacco plant can nake up to a mllion seeds, so it produces
a beautiful flowering head. Each of these flowers becones a
seed pot, and literally, you get mllions of seeds snaller

than a poppy seed.

What that neans is that you can scale to a huge seed
bank very quickly. And essentially, you can have unlinted
honmozygous identical in uniformseeds generally in two
generations. |If you've got segregating genes so you've got
two copies, say, that nay take another generation.

This turns out not to be the case in corn, and | think
that Doug Russell sort of made it sound a little bit easier
than it is, but in corn you tend to have to introduce your
gene into what's called an enbryogenic line, so not all corn
regenerates and transfornms as efficiently.

And so what you generally do is you introduce it into
an enbryogenic line, and then to nove to the field, you do a
seri es of back-crosses into your elite lines. And so this
is data that was provided by Prodi Gene where it was sone of
their early work where they introduced Avidin into
transgeni c corn.

And they use the gene gun, so they started with a | ot
nore copies in their initial transgenic plants. And so what
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this represents is a series of back-crosses where they take
their transgenic and isolate a good expresser. They cross
it to an elite line. They then go the next generation, find
a good expresser, cross it back to the elite |ine.

So what you see and why you see an increase over these
generations is two things. One is that you're selecting for
one or a few very high-expressing copies that you're
sel ecting each tinme. But nore inmportantly, you're now
crossing it back to an elite line. It gives you a nuch
better quality seed that has higher |evel of protein in the
seed.

But once you've gotten to this point, you actually
stabilize very -- it becones very stable. So once you've
sel ected and got your elite line characters back, then this
is now Monsanto's data. You basically get a very stable and
reproduci bl e system

And so this is the sane data that Doug Russell showed.
Basically, if you look at a series of different plantings of
one line, so you now have two different master seed lines
t hat have been devel oped, even though you have significant
differences in yield fromfield to field showi ng the
variation of the inpact on the growth of the corn, if you
| ook at all of those, essentially the |evel of expression is
very consi stent.

And as Doug showed, not only is the |evel of
expressi on per kernel of corn very consistent, but if you
actually do the mass spec on the purified nmonoclonal, you
can see that the product is extrenely consistent.

When we | ook at upstream and downstream using

transgenic plants, | think that this concept has to be
broadened to sone degree. And so we talk a | ot about the
bi omass production but how this session will nove is taking

it not only froma how are you going to grow this stuff in
the field but how you' re going actually harvest it, how you
transport to facilities, how you initiate extraction and
concentration, and eventually how you will then nmove into a
nor mal downstream process.

My contention, and | think sort of the genera
experience, is that once you get into a bulk extract, the
purification downstreamis very simlar to what you would do
out of human serum out of cho |ines.

Where you really see sone differences is going to be
in the upstream and those are some of the issues | would
like to look at. This protein stability in -- as all of you
know is really protein dependent, and so some proteins are
very stable; sone proteins are very unstable. And these
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things we can't change. And if they're unstable in human
cells, they're likely to have sinilar issues in plant cells.

But there are things that you can do to inpact the
stability of your protein in a plant cell. And these
i nclude the site of accurul ation. Basically, you would |ike
to move them away from conpartnments where there's |ots of
prot ei nases.

It involves the length of tinme that | call in planta
storage, so that can either be in a flesh-weight [eaf or the
anount of time it would stay in a desiccated seed. And then

there will be issues such as glycosylation or polynerization
that will inpact stability.
So first I'll talk about seeds. Seeds are really

remar kabl e. Seeds are nature's systemfor |ong-term high-
val ue protein storage. Wat a seed does is takes all of the
nutrients and proteins that that plant is going to need for
germ nation the foll owing season and puts it in a package

that will allow it to go stay in the ground through
freezing, will allowit to go up to 90 degrees or 100
degrees Fahrenheit in the field and still maintain conplete
viability.

So you actually have excellent storage of very high
| evel s and exceptional shelf life and an interesting
thernostability.

So this is again data from Prodi Gene where they're
| ooki ng at they have transgenic corn now, |ines that are
wel | devel oped, and they're looking at the stability of a
reporter gene, GUS, in various storage conditions.

And these are fairly short tines here. W're |ooking
at just 100 days. |In other papers where they have Avidin,
t hey now show that the Avidin levels and quality are
reproduci ble well over a year in a corn seed.

And so this is just conparing storage and not just
ground corn, so it's actually not an intact corn kernel
And if you store it frozen, you have very stabl e expression.
If you store that at 10 degrees Celsius, it becones just as
st abl e.

And interestingly enough, if you store it at room
tenperature, it's also very stable. They have a stored 37
degrees, and | think if you have fully desiccated seeds,
this probably wouldn't be an issue, but what Joe GOLPA has
suggested is that this particular experinment, they actually
had -- at 37 degrees they had fungal contanination, so they
threw the seeds away.



But the point is that this is very stable. Just
anecdotal |y, sonmebody cane to ne the other day, and they
want ed some GUS seeds for experinment. So | had sone
t obacco, sonme 35S GUS tobacco seeds. This had been sitting
inalittle envelope on ny | ab bench, you know, when | used
to do experinents, and from 1991 they were harvested. And

first of all, I didn't know if the seeds were still viable,
so | threwthemon the filter paper, and everything grew up
And then | just took sone of the dried seeds, and | ground

themup and threw themin an Exclude and put themin the
i ncubator. And those things were bl azing.

So literally, those seeds had been sitting with no
care in the back of a lab bench in a little paper envel ope
for nine years and showed incredible | evels of protein that
had been stabl ey expressed and maintained in stable formfor
ni ne years.

One of the issues when we're tal king about vaccines in
corn, for exanple, that would be delivered to livestock is
that you often have steps in the mlling process, and in
sonme cases this involves high tenperature.

So Prodi Gene has al so done a nunber of studies to |ook
at how a transgene survives in a seed or during tenperatures

that woul d be anal ogous to what you might see in the mlling
process.
And so this is |ooking now at hours of -- so again,

you' re |l ooking at your GUS enzyne activity, so the activity
of an enzynme. And you can see that over 8 hours at 50
degrees, there's no dimnution of activity.

You start to see at 70 degrees sone decrease, but if
you | ook at period, say, one hour, you still have sonething
in the order of 90 to 95 percent of your activity.

And this probably is anal ogous to the types of
tenperatures that you might have during a mlling process,
and it suggests that that's not going to take you out of
busi ness, that, in fact, you have the type of stability in a
kernel that will allow you to do experinents.

As you know, the higher tenperatures, 90 degrees and
125 degrees Cel sius, you can see that, in fact, as you would
expect, you get denaturation of the protein.

The good news is that there are al ready many, many
systens since protein stability and protein quality is
sonmet hing that feed corn has |ooked at for literally, you
know, decades, there are systens that will allow you to
stabilize this tenperature and go for production of
reconbi nant proteins.



Well, our systemin tobacco is quite radically
different fromthe idea of a stable seed stored, and |']|
just talk you through the process a little bit.

We actually growin the field, and we need a high-
quality leaf. We need it to be young so that you can
extract it easily. You then transport it to a bioproduction
system

Turns out that you have a lot of flexibility in
storage here. Nobody likes to think about it, but the head
of lettuce that's sitting in your cooler at honme is fully
alive and netabolically active, and when you cut it up for a
sal ad, you're actually triggering a whole pile of gene
activation events, and it starts making new protein. You
don't think about that fromthe animl side. Plants are
alive and netabolically active.

So we can actually take this and store at room
tenperatures for days. W can store it in a cold roomfor
up to six weeks and at that stage actually induce it so we
run it through a slicing machine. You end up with very
thinly sliced each. The wound response is a | ocal response
so that here's actually wounded | eaf strips from here that
have been stained with Exclude for GUS activity, and you can
see that you get a very dark strip of activity right at the
edge. But we've optimzed it for getting every one of those
cells to actually express, and stemcells will express just
as wel | .

And so the idea here is that you can store your
material if you need to. You induce it. Over the next 24
hours, all those |eaves do is crank out human protein, and
you can then collect it.

Everything that you're | ooking at has been nade
bet ween ei ght and twenty-four hours before extraction so
that you have all fresh protein. And then you can recover
it, either froma secreted fraction or in sone cases
grinding up the |eaf.

So we now have issues of not how stable is the corn
seed, which has been proven to be very stable, but how
stabl e or how robust is our expression system our cost, and
di fferent harvest conditions?

So here's sonme data that was generated in a field in
Virginia |last sunmer where we're | ooking -- we grow tobacco
very weirdly, so we actually growit a lot nore |ike
alfalfa. W growit up to maybe 3 feet in height, and then
we actually go and now, and we take that back to the
processing facility.



In the next four weeks, tobacco will regrow back up to
3 feet. We go, and we now it a second tine. W cone back
four weeks later. |It's back up. We now it a third tine.

So this is actually froma single set of field plots,
but it's nowed essentially four weeks apart. And what you
see is that initially our tobacco -- so this is protein
yield. The total protein yield is very consistent.

But by the final harvest, our plants are actually
getting a bit nmore lignified, and we have a reduction in our
yield of protein. But if you look at GUS activity, so our
actual transgene, the ability to induce transgene product
formati on, once you' ve taken them back to a processing
facility, it stays very stable.

And in fact, this GUS is expressed as GUS per
mlligramsoluble protein, and so if you look at the actua
yield of GUS fromthe per fresh weight, it actually stays
constant through the entire season. So there is sone |eve
of stability.

What we' ve al so done, sort of the, you know, if you're
a nol ecul ar bi ol ogi st, a gene doctor |ike me, very
i nteresting experinments, which is just |ooking at what do
you have to do to these plants to make sure that you've got
expressi on?

And we've found that you can actually change harvest
times. You can change harvest heights, and the system
remai ns robust. But there's also sone very interesting
practical inplications.

We' ve | ooked at whether you just harvest the plant and
it sits inthe field at 90 degrees in southwest Virginia for
four hours after you've cut, and then if you harvest it and
i nduce it, do you still get activity?

And it turns out that these conditions have no inpact
on your ability to induce your gene in subsequent
processing. Whether it's left sitting in the field for a
coupl e of hours, you can store it at roomtenperature for
one to four days with no inpact.

And interestingly enough, you can also store it in the
cold for up to six weeks with no reduction in the ability to
subsequent |y i nduce gene expression. So that gives us sone
flexibility in the processing of this materi al

However, we have learned -- | nmean all of you guys
that sit and pile your grass clippings in a pile realize
that over a couple of days, you get a little conposting, and
so anong the things that we're testing are ways to store and
nove material so that you effectively have air circul ation



such that you don't get essentially conpacting of materia
before it makes it to the processing plant.

And this actually isn't too hard to do as |ong as you
keep them conpact tobacco plants because of the stem
structures allows you good air nobvenent.

Well, | nentioned that the site where you accunul ate
the protein can also inpact the expression levels, the
anount of product, and the quality of product that you get.

And so this is actually a picture of a plant cell. If you
| ook at an animal cell, the big thing in the mddle is a
nucleus. |If you ook at a plant cell, the big thing in the

mddle is a vacuole, which is the equivalent to a | ysone.
It's organelle. And this thing is packed full of
prot ei nases.

So what you want to do is sort of avoid this guy if
you can do it by any chance. So places that people have
accurul ated transgenic protein are the chloroplasts, the
pl astids that Doug Russell tal ked about. And you can
actually get very high | evels expressed there.

Peopl e have expressed it in the cytosol, and that
tends to be a |l ess optimal organelle that clearly does have
protei nases activity, and I'll show you sone data on that in
a mnute.

Peopl e can express or you can put on ER retention
signals, and in nany cases you can actually increase the
| evel of a transgene product by doing this.

In some cases you're not going to be able to use it as
a therapeutic if you've got an aberrant signal. So there
are different applications for that.

But interestingly, if you take a protein that is
secreted in humans and you introduce it into corn or you
i ntroduce into tobacco, it actually is effectively secreted
out, and it sits in the APOPLASTI C space between cells, and
as tissue cell matures, you actually have regions that have
relatively | arge APOPLASTI C spaces.

So it turns out in many cases, you can get very high
| evel of accunul ation of human proteins that are spit out
into the cell, and this seens to be a relatively proteinases
poor environnment that allows you to accunul ate proteins.

And this is just sone data showing that. These are

when we nmade our first urokinase constructs, we put them
both plus and m nus the human signal pepcide.
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And so what's showing, this is the same slide | showed
previously that is actually urokinase that is collected from
the secreted fraction. So this is spit out of the cell

And we have this nice range of activity, and we now
are working with these very high expressives.

Just to give you a level of comparison, human
urokinase is currently expressed or is purified from human
urine for Europe. And the level of activity in human urine
is right about the equivalent of those first three little
blips right there.

And so what we're seeing secreted in tobacco extracts
is a nmuch higher initial feed stock concentration than you
woul d get out of human urine.

If you now conpare what we got when we elimnated the
si gnal peptide and so now these are being produced again --
it's just the first 40 random pl ants that we | ooked at --
you agai n have a range of expression, but |ook at the scales
here. W essentially are at about 10 fluorescent units
here, which this first line right here is 500.

So by shipping it and storing it in the cytosol
essentially, we got next to no activity. There's two things
-- well, there's probably nore than two things but two
obvious things that this could reflect.

One is the fact that there may be a | ot nore
proteinases in the cytosol than there are in the extra
cel lular space. The second is that this form of urokinase
is not glycosylated for urokinase activity in serum but
they may have sonething to do with the stability.

And so it's not clear whether this is just the cytoso
is bad or that having it in a non-glycosylated form makes it
nore vul nerable. But there is now a | ot of data froma
nunber of different places.

If you look at the Monsanto and Prodi Gene with their
maj or products that are nmoving forward, in all cases those
are secreted proteins that nove through the endopl astic
verticulum and were deposited in the aviopl ast.

So we have a situation in tobacco where we have
cheated one nore step, and we've taken advantage of our
shreddi ng, which is when we actually take the shredded
material, it's now been maki ng human proteins for 24 hours,
and we actually just expose it to a buffer solution. W
actually can extract about 95 percent of a good secreted
protein into that solution in a matter of ninutes, which
nmeans that we don't ever have to grind up the |eaf.



So this is actually a little hard to see, but up here
you' ve got our shredded tobacco |l eaves. And in sone cases
if you've got an intracellular protein or a nenbrane
associ ated, you have to grind this |eaf up, and then your
task is really to pull your human protein out of this green
muck where there's probably 30,000 tobacco proteins that
you' ve got to | ook at.

In contrast, we found that we can take the secreted --
this is actually secreted fraction concentrated 15 tines.
This is obviously a very optim stic cartoon, but in reality,
what you're | ooking at is sonmething in the order of 100 to
300 tobacco proteins that you now have to secrete it wth.

But we see this as an advantage not only in giving a
very rapid way to do your first purification step, but it
turns out that you've also elinmnated the release of a | ot
of those other cells that are containing that big pocket of
vacuol e proteinases.

And so one of the things that we found in this system
is that it tends to be quite good as far as the | ack of
degradation of human proteins.

So what | hope |I've shared is the fact that you can
take very radically different approaches to producing
reconmbi nant proteins in plants, and in all of these systens,
the concept of genetic stability seenms to be very wel
docunent ed.

There are different issues, and one has to be very
careful in docunmenting the fact that your product is stable
not only -- or your expression systemis stable not only in
the field but also through harvest, storage, and initia
processi ng.

But we feel confident that because of the advantages
of transgenic plants for safety issues, for cost issues, and
for the ability to actually neet very large markets that, in
fact, these will be seen as acceptable vehicles for the
manuf act ure of biopharmaceutical s.

But it will be contingent on the fact that we do an
excel l ent job characterizing the transgene, the transgenic
pl ant seed stock, that we control the consistent
manuf acturi ng process with well-established SOPs, we
denonstrate both the genetic and product stability, and that
we establish criteria for the specifications of |ots and | ot
release criteria to make it a real pharmaceutical industry.

And with that 1'Il stop and thank you very much.

KEI TH WEBBER: For the second speaker |'m pleased to
present Dr. Barry Holtz. Barry received his Ph.D. in
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bi ochemi stry from Penn State University, and in the early
'80s he founded a bi oprocess devel opnent conpany which
eventual ly nerged into what is now Large Scal e Bi ol ogy
Corporation, which is a conpany that specializes in the
manuf act ure of biopharmaceuticals in tobacco.

He's currently the vice president of biopharnaceutica
process devel opnent and manufacturing, and his presentation
today will focus on harvest nethods and purification using
that system

BARRY HOLTZ: Thanks a lot, Keith, and thank you al
for inviting us to present. Keith has asked nme to focus on
some of the issues surrounding the regulatory strategy of
manuf acturi ng, and while we can di scuss an enornous anount
of stuff here on these different systens and producing
things, what | would like to explain to you is using our
manufacturing facility to go through a real case study of
how we have scaled this up and what are sone of the
manuf acturi ng regul atory issues that we face.

I think one thing that's inportant to say is that you
can go to the big book of fernmentation, and you can go to
the real gol den book of CHO cell manufacturing, and you can
figure out through case studies, nodels, and products that
are very vigorous and robust in the business how to do these
t hi ngs.

In the case of recovering biopharnmaceuticals from
pl ants from reconbi nant plants, the big book is being
written, and we've had the pleasure of doing this over a
peri od of about 12 years.

It's also one thing to have a spot on a band on a ge
and, you know, hundred milliliter flask full of materials.
It's yet again another thing to produce kil os of
pharmaceuti cal -grade protein fromthousands and thousands of
kil os of >plant bionass.

So I'd like to say that our nane used to be Bi oSource
Technol ogies, and it's very difficult for me to switch over
to Large Scale Biology. W've had to do that because there
are ot her conpani es that have very simlar nanes, and we
bought a conpany that was naned Large Scal e Bi ol ogy.

So when you conbine the idea of the fact that we
di scover 400 genes a day in our genom cs operation, we can
analyze 5 mllion proteins a week in our proteonics facility
and we can grind 6,000 pounds of tobacco an hour, that
probably qualifies us for this name. Also, we didn't have
to pay a lot of lawers to figure it out, and that's al ways
a treat.



The devel opnment of this time line really has two --
it's biophasic, and it's perfect that we're here today with
bot h USDA- APHI S and FDA because both of these agencies are
i nvol ved in our production of proteins.

And this really starts back in 1991 with our field
rel ease of really the first reconbinant virus in the field,
whi ch was one of our tobacco npsaic virus constructs.

And | put this tinme line down not to go through it in
detail but to tell you that this takes a long tinme. This is
not something that you will glibly put in your |PO saying
that you're going to contract manufacturer or other body of
people are going to do this for you in short periods of
time. This takes a while to do.

This has been kind of trod over several times, and
appreciate Guy and Dr. Mller's efforts this norning to
prestage this so | can go through this really fast.

The conparison is very straightforward. 1In the case
of the transformed plant, we really do transformthe DNA.
We put a permanent trait or permanent gene into the plant,
then use the plant translation at mechanismto nake
pr ot eins.

In the viral vector business, our vector RNAis
infected into the plant as far as in a transfected vector,
and then we use the replicate of ability of the virus to
make nore protein and harness the cellular machinery to the
pl ant to make our protein of question

Tobacco nosaic virus is a good candidate for this, and
that's been gone over. Just a few of the things that are
i mportant other than the nol ecul ar biol ogical things that
were very well described earlier.

The virus has to spread rapidly and systenically to
get high yields of proteins in the plant. That's a very

good trait of TMVs. It's also not seed or pollen
transmtted and not vectored by insects, which gives us very
good containment. |In fact, you'll see later that we have to

do sone very robust things just to make a plant infected.

It's probably one of the nbst well-known viruses on
the planet. Virtually every amino acid has been mapped.
This is a nutual X-ray rendering of the viral coat, so it's
probably the nost well-known virus on the planet.

The genone is very sinple. It's talked about earlier
What we do is insert a new gene driven behind subgenom c
promotors into the genone past the novenent protein which is
our 30K protein. This protein allows the virus to go from
cell to cell through the plasma di sroda and behind the
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protein pronotor, which as you well know is a very high
producer of protein.

So our foreign gene is put into this set. Expression
is rather dramatic. Here are plants two, four, and six days
post-inoculation. In this case we've used green fluorescent
protein tied to the virus as a marker for expression.

Under WV |ight you can see the |ocal |esions on the
second day that are formed by the virus after it's inpacted
onto the leaf. These local lesions then hit the vascul ature
and start to nove. And by six days post-inocul ation, you
have a conpl ete systenic novenent of the plant. W cal
this our field of green.

It also infects the entire plant, denonstrated here by
| ooking at the roots that is in this particular photograph.

For field production using viral vectors, the
transcript is nade into a naked RNA, an infectious RNA. W
package up the RNA after it's been nodified under the gene
of choice in the greenhouse ROVE DETOCI SA speci es that we
use for packagi ng host.

That nmekes our inoculant. The inoculant is then taken
to the field and sprayed on plants, and the plants are
recovered by harvesting after the vector has done its job
That's typically between two and three weeks after
i nocul ati on.

Al of this has led to our new bioprocessing facility
in Omensboro, Kentucky. W obviously need to be near
tobacco to do this, so we're very pleased to be in the
Owensboro area, which is the heart of the belt in Kentucky.

This is a rather robust facility. Again, we do render
bi ol ogy on a very large scale. It's 6,000 pounds an hour
There are two unit processes or two divergent forks to our
process flow chart, and the first is the preparation of
construct and the preparation of inoculant.

At the same tinme we are growi ng transplants in
traditional tobacco growing -- these are virus-free
transplants -- and doing field production

They converge during inoculation. W then produce the
virus in planta and consequently produce our new protein,
harvest. W extract, purify, and then package. And we'l
ki nd of go through these steps in the reality of it all and
show you how we do it

I nocul ant preparation is done in a very controlled

greenhouse situation. There are |aboratories in California.
These are kind of huge. W actually have our own center as
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we plant a different spacing than nost traditional tobacco
growers.

Each transplant is individually planted on spacings
that we've deternmined to be optinmum for bionmass growmh. |f
any of you have grown tobacco before, you see the trade at
whi ch those plants are being distributed. You'll know
that's not your typical burley field in Kentucky.

Then we have to have our head gene jockey conme out and
presi de over the inoculation. This is Larry Gill. Wthout
t hat nothi ng works, so we've insured himfor enornous
anount s of noney.

The inoculant is sinply diluted in a buffer with a
little bit of grit. Then we literally have to go out and
sand bl ast the |leaves to get infection. You have to wound
the plant in order to infect it, and depending on how fast
nmy coll eague is driving the Honda four-wheeler, we can
i nocul ant about five acres in an hour and fifteen ninutes.
And of course, no inoculation day is on any |ess than 104
degrees at 98 percent humidity. |It's one of Mirphy's
mandat ory t hi ngs.

And the harvest system the first time a tobacco
grower sees a tip of our cutter go through a field of
standi ng tobacco, his eyes are about this big. Then the
second thought in his mind is | don't have to go out there
with a knife and harvest these individually, hang them cure
them strip them and this guy is paying ne to grow this
crop, so this is a good thing.

So there's very much of a row crop nmentality in our
growers, and our growers are very nuch our partners in
devel oping a |l ot of these agrononic techniques.

We harvest into these special wagons. W build these
ourselves for not only containnent but for high-speed
delivery to our factory, which is -- we grow within about a
45-m nute radi us of our place.

The materials, the wagons are — you can't see this
little screen. Well, anyway, the wagons are sanitized by
spraying with bleach in the field and covered and
transported to market, to our plant. W transport about
three tons at atine. W have a fleet of these wagons, and
each one optimum carri es about six tons.

The strategy for recovery is very straightforward. W
have to rapidly separate out the biggest single contam nant
which is RuBi sCO, the F1 coupling factor protein. W
acconplish that in about the first 19 seconds after
honogeni zati on.



W want to go to earlier barrier separations where we
can bracket the nol ecul ar wei ght of the material and al so
reduce the volune. Reduction of volune is very inportant in
the cost of the process because we want to nove very small
vol unes forward where we have to use expensive reagents.
The point of at least 100 to 150-fold reduction, we use no
exogenous chenmicals on the materials. |It's all mechanica
processi ng.

What this also does is really provide very nice waste
m nim zation program because we don't have to resuspend,
resuspend, resuspend |ike you would at CHO and E. col
systenms with expensive buffers which are a |arge part of the
cost of good soil

Typi cal CHO and E. coli systens, you'll see nunbers
upwards of 30 to 35 percent of cost to goods are waste
treatment cost, and that cost is not going down. And this
system where we have a |inear reduction of volume, you're
| ooking at 6 to 7 percent. The other nice thing is that our
wast e products, nmost all of our solid waste products go
right to the field fromwhence they cane and are plowed in
as spread manure

Again, | said we did biology at a very |arge scale.
This is our disintegrator. It's a 76 horsepower RACE
di sintegrator and has the ability of very little strain of
gobbling up 6,000 pounds of |eaves an hour, which is a
typical rate.

We go through robust clarification, some upstream
mani pul ations of the material. |[|'ll talk nore about how we
control these processes later on. This is the inside of our
processi ng bay.

We get very rapidly to ultra-filtration, and it is a
key part of our technology that we are able to ultra-filter
these flow streans at very high rates and capture our
products of choice.

The rate at which we make extract, you night be
interested in, causes a 20 gallon a nminute flow of green
extract through the building. So this is indeed |arge scale.

Downstream purification, as Carole said earlier, we
face the sanme issues in chromatography and purification that
ot her peopl e using biological systenms for production.

We have our own QA facility, of course, on the plant.
We al so have a GW pilot plant within the building which is
a totally environmentally separated area so that we can run
two products at one tine and devel op our portfolio of
processes and product.



These are exanples of some of the materials that we've
made. We wei ghed over 200 different proteins over the
decade or so that we've been around. These represent sone
of the diversity of conpounds that have been nade.

The two top ones are ones that are going forward into
the clinic at this particular time. One is Gl actosi dase,
which I'll use as an exanple today. It's human al pha-ga
for treatnment of the Fabry disease, which is a disease that
is a genetic-inherited di sease where the gene coding for
this particular enzyne is not present.

We also are going forward with a patient-specific non-
Hodgki ns | ynphoma vaccine. And that's in collaboration with
Stanford. W' ve done a |ot of these things before. W're
not new to |arge scal e businesses, and | just put this slide
up to say that we've cone fromthe fernentation business.

We do know what a GBRT is.

We've also been in the nultiple enzyme natural food
flavor business. That business is still -- we sold it to
Nabi sco. They still operate that plant. That plant grinds
4,500 pounds of plant 16 hours a day 115 days a year and
distills off all of the flavor chemicals at 6,000 gallons an
hour, so we have a | ot of GBRT experience, if you will.

We do do concurrent bioprocess devel opnent. M
col l eague Larry Gill is here. He's in the gene jockey side,
and I'mon the pots and pans side. W certainly work in
parall el fromthe beginning.

As soon as the construct hits the house, we are
worri ed about concurrent devel opment of bioprocesses as we
optim ze in the nol ecul ar bi ol ogy.

Qur process devel opment group is kind of interesting
in that we have bundl ed bi oprocess devel opnent. The protein
anal ytical and separations groups and the agronomnics groups
all fall under the bioprocessing, and that gives us a very
integrated team You'll find out later on that all of these
fol ks are absolutely mandatory to pull off the GW facility.

We start this journey by acquiring a facility from
research efforts which is part of Swedish tobacco. They had
alittle junk work extraction facility in Owensboro, and
that's what got us there originally.

The inmportant part of this slide is that we built this
pilot plant full scale out of old parts and pieces and PVC
pi pes and used tanks and everything else to prove the
scalability of the process. And you'll see, again, why that
pai d off very, very hugely.



And that's exactly this concept, is the use of a
scal ed-down approach to validate your process. Large Scale
is indeed its own set of circunstances, and we have used the
devel opnent of the process in Large Scale to validate our
pil ot plan and bench-scale activity. So we've kind of done
it in reverse. But you also then know what the unit
processes are and how they're going to behave and how much
t hey cost.

It also really mnimzes your risk in scal e-up
capital. You can start prevalidation. You can start all of
the pro forma aspects of your process. You can al so spend a
ot nore tine designing the GW facility rather than
wor ryi ng about whether all the parts and pieces are going to
wor k when you scale it up at the sanme tine. So a |lot of the
pharmaceuti cal regulatory issues are able to be focused on
once you can define the process in full scale and don't have
to do the two in tongue.

We also had to reinvent the book on tobacco grow ng.
The agronony of |eaf tobacco for snoking is not the idea
for growing | arge amounts of virus and proteins in plants.
We spent a decade or so worrying about that. W also have
had to design and build our own farm machi nery, as you've
seen before.

Now, how did we do this? W went from concept to
operation in tw years, which we think is pretty good. One
of the things we were not encunbered by was a consulting
engi neering group |i ke a BOARD DANI EL or sonebody --
apol ogize i f somebody else is out there -- who charges you
your business and then feed it back to you with a | ot of
paper and dead trees. W had no fear about putting two
pi pes together and turning the valve on to see what happens.

So our design team was the project engineering group
whi ch was from our group, a contractor, architect, and the
regul atory team The execution team was very much the sane
group, and that was the thing that really made it work in
that Steve, ny colleague out in the audience, and | lived in
Owensboro for probably two years 80 percent of our tinme, and
we were able to nake decisions in real-time on the
devel opnent of the site.

So we built it in June of '"97. W turned it on in
July of '98. The team had to be coordi nated. Software
coordi nati on was mandatory, both for validation purposes and
to keep things going. W all had to be on the sane software
page. Bill Gates won that battle too.

Now we' || tal k about the regul atory aspects of this
thing. | think being in a new business, a |ot of us don't
know very much about GWP, especially when we were com ng



frommuch of an R&D environnent into a nmanufacturing
envi ronnent .

Steve and | like to say when we go over the
continental divide, we put our manufacturing hats on and
take our R&D hats off as we're soaring along the United
Airlines at 32,000 feet.

But GWP i s sonething you do, not sonething you have.
Just because you've got a lot of binders in a room and
you' ve got all kinds of regulators running around and
clipboards and all that, it's a very dynam c process, and
there are two basic questions you have to answer at the end
of the day, and | think this summarizes it.

If the inspector is here, it's very fair for himto
ask, "Can you deductively prove to me that you can nake this
nol ecul e the sane way, efficacy, potency, purity, and safety
every day?" And the second question is, "Wuld you be happy
injecting this into your 12-year-old son's arn?" And
better have very good answers for both of those.

So this is the deductive battle that we face, and this
really neans that the process devel opnent has to be very
robust, and docunentation has to be excellent.

So construction was no | ess of an issue, docunenting
it. One of the things, we went through enornous anounts of
docunentation — | won't bore you with every piece of that,
but one nice thing is we digitally photographed every pipe
and piece behind a wall or under a slab and nunbered it and
al so tagged it.

So when our inspectors conme fromthe agency and want
to know where this drain goes, what it's connected to, we
can visually denmonstrate that very rapidly.

We al so have a long-termsite plan. Ri ght now our site
consists of one building in the upper right-hand corner in
this | arge greenhouse conpl ex and the | ower corner, but
we' re al so planni ng ahead for seven different buildings on
the site. It's a twenty-one-acre site.

Qur thought is that one of these buildings wll
manuf acture one drug. W don't want to get into multiple
drug issues in the building in large scal e manufacturing.

The fortune part for us is that we do not have, as
Carole affectionately referred to, is the GBRT issue, which
is about 80 percent of the capital in nost traditional drug
manuf acturers. So we can afford to build rmultiple buildings,
and if we do it with a good plan and good centralized
utilities and so forth, it will work out well.
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We started our facilities validation master plan in
1997 when we were running the pilot plan so we could start
to prevalidate our processes.

Pl ants do present a new regul atory data base that

needs to be generated. However, cGW is cGW, and |'Il| say
that nore than once today. W don't see anything plus or
mnus that's going to be anything -- there will be no

paradi gm shifts at FDA. There won't be any changes in the
way GW is done, and it's a very blue-collar effort. You
have to do the work.

Pl ants present unique challenges, just like CHO cells
and E. coli. There's not going to be any shortcuts, and we
don't think that there is.

We have a | ot of manufacturing control issues. Sone
will need to be validated, and some won't. The basic tenet
is if the unit process that you can control affects the
quality of the product, you will have to validate that unit
process. It's as sinple and as conplicated as that.

So we | ook at all of these sorts of issues over the
broadest part fromthe agronomcs all the way to incom ng
raw materials for our total validation effort.

We have used a turnover package approach to
prevalidate our facility. This is a systemthat provides an
integrated history of all of the unit processes of your
facility. This is pioneered by sone friends of ours at
Banzi nger Banks.

It's a very systens approach to docunentation where
each systemhas its owmn |ife cycle and its own history from
t he preengineering through the engi neering specification
design, installation qualification, operationa
qualification of all of these subsystenms. And it also
provides -- | hate the cliche but a |iving docunent of al
of the system devel opment that you've done for each unit
process.

It al so nakes change control very rational and very
clear. And it makes it very clear to the inspectors when
they want to deal with issues of change control. You can
rationally show how these things were engi neered and
devel oped in one binder for one system and it's all in one
| ocati on.

It sort of works like this. Again, |'ve got to give
credit to Banzinger Banks. They've helped us out a lot in
this and are really conpliant with this particular thing.
But project teamstarts fromthe beginning and fol |l ows the



unit process devel opment and validation all the way through
until we get an accepted system

The systemis turned over inits final form Your
P& Ds are | ocked. Your SOPs are |ocked. Protocols are
| ocked. Systens are validated and then are turned over to
the manufacturing. And then if there has to be a change
order or change control procedure put in place, it's very
easy to docunment and deci de whether revalidation is
necessary or not.

Again, raw materials definition and handling, we have
to audit vendors. All of these things -- and sone of you
know this very well, but some of you don't, so we'll go
t hrough sone of these things.

But we have to go out and audit virtually all of our
key vendors to nake sure that those products are nade
properly. W have to receive the materials, quarantine the
materials, QA the materials, and distribute the materials
with conplete chain of custody docunentation

We have unidirectional process flow. The only reason
put this floor plan up is we start in the upper right-hand
corner, and the product proceeds to the upper |eft-hand
corner down to the | ower right-hand corner and out the | ower
ri ght-hand corner of the building. So we always have a
uni di rectional product flow during the process. This is
anot her key regul atory issue.

El ectronic batch records. W had to wite our own
software for this thing, and we also had to wite our own
software chal l enges to prove that every digital signal is
recorded in a batch record, fire-walled sufficiently, and
protected fromany contam nation in here externally. The
easy way to do it externally is to pull the plug out of the
wall so it's not connected to the real world, and that hel ps
a bunch because, again, Bill Gates has nmade everything so
porous for us that Wndows NT is the only way to segregate
it or to keep it safe to segregate it

We have our upstreamis highly automated, and there
are over 240 10 points in the building, and all of those are
a part of the batch record. W' ve devel oped el ectronic
formats and a secure data base to handle that situation.

Now our regulatory activities with APHIS. This
represents a second phase of regulatory issues, and how do
we handl e the agricultural side? W started back in 1991 in
very small plots and have worked diligently, fortunately
with the same person. JimWite at APH S has given us great
continuity and a | ot of guidance and support. Jimis also
an expert in TWV, so that nakes it a two-edged sword. You
have a good audi ence, but you really have a good audi ence.
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The good news is that in 1999 we produced severa
hundred tons of tobacco for processing on 32 acres, and
we' ve received a policy statenent fromthe USDA that we are
good to go on a thousand acres of production material. This
is no | onger experinental material, and | think that's a
very key word.

But during that tinme we have shown through rigorous
field studies and rigorous anal ysis and very conpl ex series
of anal yses and recordi ngs that we have got good crop
managenment practices. The virus, of course, does not go to
winter. |t does not persist in the field environment. W
do a three-crop rotation, which is typical of tobacco
growi ng and corn and beans. And these rel eases have been
conpl etely contai ned.

These are sone of the things on our annual schedul e.
We have to notify the USDA every year and apply for not only
nmovenment permits but permits to release. W are inspected.
We can be inspected at several tinmes during the process,
i nocul ation, structure of the field, and virtually anytine
al ong the way to i nspect our agronom c practices.

We al so have to do a | ot of post-term nation
nmonitoring of the crops in the fields. And we provide USDA-
APHI S with an annual report.

Agai n, these are sone of the issues that may or may
not have to be validated in the field. And again, |'m not
going to read the slide, but you can see that if any of
these particular things -- let's take fertilizer, for
exanple. |If you show that you can affect the quality of
your product through agrononic forces |ike MANO fertilizer
or whatever, that's a validatable issue.

In the case of tobacco, we had not seen that as a
determ nant of product quality, but it could be. So each
target and each protein that you're going to nake has to
have its own series of validation criteria run by it, and
one size does not fit all

Again, we are worried about vector devel opnent the
same way a person would worry about maintaining a transgenic
seed bank.

Sane sorts of care and attention to detail for
produci ng our virus for inoculant. Those protocols are wel
established and well witten as far as our validation
efforts.

Let's quickly go through some product exanples. |

showed you green fluorescent protein earlier. 1It's always a
very spectacular one. It's also interesting to see what the
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conmercial version of it |ooks |ike, the context version of
GFP on the right side and the tobacco-derived construct in
the second line fromthe right. And this is done through
relatively few chronmat ography steps.

| like this one. This is a viral conjugate show ng
three fusions to the coat protein of the virus. The reason
that | like this one so nuch is that each one of those | anes
represents 24 tons of tobacco. This is not a |aboratory
oddity, and not many people in business get to say that.

The line on the right is the wild-type virus, so you
can see that there has been a conjugate nmade to the virus,
but these represent enornous batches of nmaterial

We do the sane sorts of things that everybody el se
does. W |look at endotoxin elenmental conposition, am no
acid conposition. W also |look at small nol ecul es because
everybody is concerned about nicotine in tobacco, and we
certainly will nmonitor that on a case-by-case issue

We use the MALDI as an identity system all of our
product. Tryptic digest and Tryptic MALDI is another system
that we use for identity and purity.

One of the products |I did want to talk about a little
bit was Alpha Gal. This is made by NEW PRO SYSTEM  And
here it shows as one of the steps after several steps of
chromat ogr aphy, you can see that we are producing very clean
product. To the right is the placenta-derived Al pha Ga
that is currently being tested.

Specific activity, this nunber m ght not nean nmuch to
anybody, but let me just say that the specific activity of
this particular enzynme, this Al pha Gal A which is derived
fromthe human sequence, it certainly is not a humani zed
enzynme, and that's an area we can discuss in great detail at
anot her time, but this specific activity is twice that of
the normal human prep

Probability is that the glycosylation of this
particular enzyne is a very narrow range. If you | ook at
human zyonoforns of enzynmes, they have pretty broad gougi ng
curve.

The case of plants, it's much narrower. |In this case
it mght be better to be lucky than smart, and we are
certainly going to take serendipity anytine it cones our
way, and this particular construct is at about tw ce the
specific activity of the normal human recovered enzyne.

| just put this up to remind ourselves that glycoform

characterizations in plant-derived gl ycoproteins,
t herapeutic glycoproteins, is a mandatory part of the
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identity and the purity of these nolecules, and we will have

to describe these in great detail. And | don't have tine
here to go into glycosylation issues, but let ne say to you
that you can becone an expert on the total literature on the

i mrunol ogy or inmunogeni c properties of plant-based derived
GLYC forms in about a weekend because there's very little
literature on it. So again, the work needs to be done, and
that's one thing that we are spending a lot of time and
noney on today.

Qur release criteria, quality assurance: identity,
purity, and safety. These are the three thenmes that you
wi || encounter when you nmeke that drug. And again, these

are sonme of the tests and sone of the quality assurance
procedures that we use as a matter of course.

Anot her thing that we've done that is an aside,
really, to this, but one of the things that we have done in
Owensboro, Kentucky, and | think it's part of our new
i ndustry and is inportant to note, we've becone very
proactive as a conpany. There's two ways -- you know, you
can go about this a nunber of ways to start introducing the
i dea of using reconbinant materials to nmake therapeutics to
the public, and we have taken it public.

We work very hard in our conmunity. W sit on al
three of the mmjor universities' curriculumdevel opnent
boards and bi ol ogy. W have an annual sem nar series in
Owensboro that we sponsor to bring in people fromall over
the ag biotech and biotech sector to tal k about the uses and
i ssues of genetic-nodified materials.

We train our farners. CQur farmers are our rea
partners. The farnmers are brilliant. There are no non-
brilliant farners left. You have to be very bright to be a
farmer and tough as nails in this society to do this. W
have great respect and we have great respect for the
know edge base of our farmer partners. So we spend an
enornous anount of time with the farmers.

We're also very fair to the farners. We tell them what
the real tinme lines are, what the real issues are. For them
to expect that they're going to have thousands and thousands
of acres of tobacco being sucked up by nmultiple drugs within
the next few years is ludicrous. W can't do it in the
regul atory format fast enough to do it. The products are
not that advanced.

But they're very patient. They're very futuristic.
These peopl e have the patience of Job and are sticking with
us for the long haul, and we think that's a great union. W
certainly do not want to becone tobacco farners.
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| even sit on the Owensboro board of directors of the
Owensbor o Chanber of Commerce, so you can't get nuch nore
proactive than that.

So anyway, in conclusion, this is sort of how the
thing is going on large scale. And we'll be happy to answer
any of your questions after this is over, and | thank you
for your attention.

KEI TH WEBBER: | guess you can stay in the vicinity,
and maybe we can get Carole Cramer up as well to answer any
guestions that the audi ence has.

If you can address your questions to one or the other
or both. And if you have a question, as | said before,
pl ease go up to the mcrophone, and I'll call on
guesti oners.

YASM N THANAVALA: Question for Dr. Holtz. So | was
mesneri zed by the scale of your |arge scale biology, but you
didn't address right until the end what one of the first
speakers brought out, which is for vaccines, it's cost,
cost, and cost.

So tell us what a product nade by your nethod, say,
the Fv protein single chain antibody, you anticipate would
cost for clinical trial of a cancer patient versus a
traditionally nade anti body.

BARRY HOLTZ: The single chain is a very unique
product. It's nade patient specific, so obviously, |arge
scal e does not apply. However, our target is for less than
$10, 000 a year per patient. That's our target.

Now, that's going to require an enornous anount of
automati on and an enornous anount of process devel oprment,
but that's a target.

YASM N THANAVALA:  Ckay.

BARRY HOLTZ: The mmjor |ynphoma patient for years is
probably hundreds of thousands.

YASM N THANAVALA: COkay. Maybe | used a difficult for
exanpl e but sonmething |i ke your Fabry Di sease product. How
much woul d that cost conpared to the traditionally extracted

BARRY HOLTZ: Well, the traditional one, if there is
one available, if it follows the paradi gm of GLUTENREANSI TE,
whi ch i s, what, between 3 and $400, 000 a year per patient,
we're targeting | ess than $40,000 a year per patient for
t hat enzyne.
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Was that clear enough? | won't share with you ny
operating cost, but | won't get that specific.

KEI TH WEBBER: If | could ask a quick question. | had
a couple, one for Carole, and let ne -- You showed a graph
with an increase in expression by your wound-i nduced
promotor of the GUS protein after nultiple nmowi ngs, and
was wondering if you could tell us, is that increased, say,
at the fourth nowing, is that due to accunul ati ve woundi ng
effect, or is that just plant maturity?

CAROLE CRAMER: That actually wasn't an increase in
GUS activity but actually a decrease in total soluble
protein that is extracted. And so if you express those data
as amount of GUS per fresh weight, it doesn't change. So
every nucleus that's in the leaf is giving you the sane
anmount .

What we found is in the |ast generation or the |ast
nmowi ng, the total protein that we extracted effectively out
of the plant went down.

KEI TH WVEBBER: Which is the way to get the increase in
speci fic expression.

CAROLE CRAMER: Yeah. W're seeing that was a
specific increase activity denonstration

KEI TH VEBBER: And | had one question for Barry, and
that is, with regard to some of the processes of
transformation of this tobacco plants, what sort of
paranet ers have you found that do affect protein expression
or transformation that need to be validated?

BARRY HOLTZ: For the viral vector it's fairly
straightforward. Qur validation has to be in ternms of our
devel opnent and vector and rmake sure that the vector is what
it's supposed to be, is delivered as is, as is advertised.
We have very good fidelity in transport of the vector and
use of the vector.

As far as the agronomic issues, fortunately at this
poi nt, we have not seen crop techniques affect the quality
of the material. Now, I'll qualify that. It certainly
affects the quantity of the nmaterial

And | think to be fair, one should say that in
processing, the quantity versus quality nay be an issue in
some processes. |f you have very little quantity and you
have to fish it out of a mlieu of a plant that's very
stressed or there is a problem potentially that can be a
problem We haven't seen that yet, but we're certainly
going to be aware of it.
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GORDON MOORE: | was also interested in the issue of -

MADAM REPORTER: Could | have your nane, please?

GORDON MOORE: Gordon Mbore from Centocor. The
situation is a little unusual because that's such an
expensive protein. But maybe you coul d address the
situation in the case of antibodies where there's a |ot of
them and there's a great deal of experience with their cost
usi ng conventional cell cultures so a conparison of your
pl ant system

And | guess | would address this to both speakers in
terms of cost, the estimated cost to nake an anti body which
allows you to make a conpari son between the plant system and
t he nore conventi onal

BARRY HOLTZ: Well, I'lIl comment on this in genera
terms. W produce large quantities of four different
proteins in the Omensboro facility, so I'mquite sure of the
nunbers there, but the nunbers that sone people have glibly
thrown around of, you know, $5 a gram proteins and things
like that are not feasible, in my opinion

If you're going to nake a GWP-validated protein, your
costs are going to be a lot higher than that. No matter if
sonmebody hands you the protein for free, it's a raw
material, it's going to cost nore than that.

But to be in the hundreds to thousands of dollars a
gram on sone | arge-scale proteins is certainly within our
range of capabilities, especially when we get into econonies
of large scale.

GORDON MOORE: So the npst precise estimte you can
give is hundreds to thousands of dollars per gram

BARRY HOLTZ: Yeah, of purified protein.

JULI AN MA:  Julian Ma. How do you protect your
nei ghbors' farnms from your tobacco nosaic virus?

BARRY HOLTZ: |'m sorry. Again.

JULI AN MA:  How do you protect your neighbors' farms
fromyour TMW?

BARRY HOLTZ: Well, it's very sinple. TMW/ has got to
be nmechanically transnmtted, so we segregate our fields. W
clearly know where those fields are. W plant border rows
of crops around them We |linit the access of machinery and
people to the fields. And that's pretty nmuch what you need
to do.
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It's not aerosol borne. |It's not insect vectored.
You really have to be fairly aggressive to infect a field.

Now, one particul ar advantage of being in burley
country is that we don't grow burley. W grow FLEULAR
varieties. But we grow in burley country, and nost burley
is N-gene resistant to TW.

But we've never seen a case of transm ssion of the
virus. Even in the case of the deer running through our
field once didn't contam nate any other tobacco.

And | say we grow on a three-year rotation of corn and
beans, so it's just good ag managenent. But that's a big
problem | mean when you | ook at a product that's made to
require a thousand acres of tobacco to produce market
supply, you really have 3,000 acres of tobacco in managenent
at any one tinme, so the agriculture side of this is a
form dable effort.

JIMFLINN: JimFlinn with Bi o- Endeavors
International. W 're listening here, seens to, about two
di fferent but sane end purpose processes for naking
bi ophar maceuticals from tobacco

Wuld you like to cormment -- | nean nore than one case
you inoculate in the field; in the other case you inocul ate
ina facility. Wuld you |like to conment about -- Barry
maybe first, since you' re farther along -- which system or
whet her either system has -- what the advantages might be
froma cost point of view fromone versus the other?

In other words, do you see advantages to the field?

BARRY HOLTZ: |'m not selling stock right now, so
that's not an issue, but there are advantages in all of
these systens. And when we talked to our friends in the
transgeni cs business, there are certainly advantages there.

The data and the products will out, | think, and when
| talk to ny friends from Monsanto in the corn business,
there are obviously areas that they have good expression and
especi al |y nonocl onal anti bodies. Corn represents a big
advantage. So it's on a product-by-product basis.

The big thing for us is that we can rapidly get
constructs into production. It takes us about 10 days to
produce a viral cassette with a new gene and get it on the
plant. So we don't have to do traditional breeding.

We al so have shown and denonstrated that in a very
| arge scale, and | think with a lot of the other systens
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ri ght now, people just are not at |arge scale, so we don't
know how robust they're going to be.

But | think if people do diligent efforts, there's
going to be strengths and weaknesses in all these systens,
and the market will allow it in the end.

Carole, you want to conment on it?
CARCLE CRAMER: | agree.
BARRY HOLTZ: Help ne out here, Carole.

TOD STOLTZ: M nane is Tod Stoltz. |I'mfrom have a
foll ow-up question to your virus escape question.

It seens that you've indicated that you've been
nmoni tori ng your neighbors' fields or that you're nonitoring
the escape of the virus in sone fashion. | am wondering if
you can el aborate on how you' ve done that and if you can
expl ain how you cone up with the result that you were not
seei ng any escape of the virus.

BARRY HOLTZ: Well, there are several nethods, and
probably the nobst robust is PCR Wen you can't PCR any
informati on fromsoil sanples or tissue sanples that give
you any forms of your reconbinant material, it's either
nonexi stent, or you can't find it by PCR

We al so have very sensitive hosts that we can use to
see if there are any viable materials left. W have
anti body responses. W have a whole plethora of activities,

and a lot of this, | think, is probably even published or is
part of our reports at the end of the year. Those issues
are not confidential business information, | don't think.

Jimmght correct ne if I'mwong. They're avail abl e.

And if you want to see the world' s expert, talk to
Steve Gardner afterwards because he's the one that wites
all the reports, so he can tell you in great detail. | try
to avoid the regulatory side of it as nmuch as possible, but
Steve is the expert.

JIMWH TE: 1'mJimWite from USDA. And since 1991
when it was first field-tested, nonitoring requirenents, and
tomorrow in ny talk I will talk about biology of TW and the
data requirenments that nust be done.

Last year | went to the field sites when the plants
were inocul ated, and although the public perception nay be
the virus has a wide host range, that's true. Experinmentally
we can nmechanically inoculate that in the |ab, you can even
i nfect, you know, 3 or 400 different plants.



But in the field it's biology as study, and it's only
host where it persists in tobacco, and in tobacco production
fields it's dead plants surviving in the field and going
back to tobacco then next year and break that chain of
conmand.

The other issue is tonmato npsaic virus. Tonato

nosai ¢, again, data will support that when you have tobacco
nosai ¢ viruses, tomato nobsaic viruses, the same tomato
plant, tomato nosaic virus, will all conpete it routinely.

So there's data that's avail able. Some of that
information, |I think, is confidential. | shared that
i nformati on before this nmeeting with John Hanmond and Al
MIler and, obviously, with BioSource's data reports.

And nost of my recollection is the data on safety
nmovenment of the genes, the novement of the virus to weedy
hosts that m ght be present in the field is publicly
avail abl e.

One reason | went to the field was | wanted to see
what weeds were in the field. These fields are renmarkably
cl ean of weedy hosts. Most of the weed hosts are not
potential hosts for TW. Most of them are grasses, which TW
doesn't infect. So | think there's a significant anount of
data to show that TMV does not nove outside of a field.
Thanks.

KENT CROON: Kent Croon from Monsanto. A quick
question for Carole. | noticed in the presentation you
noted protein production is not |argely affected by copy
nunber, and you showed the range and one to three in terns
of copy nunber.

The question | have is, did you see an effect in ternms
of insertion nunber? Did you |ook at all the nunber of
inserts into the genone, or this is only copy nunber per
i nsert?

CAROLE CRAMER: What we tend to do for every
construct, because we use tobacco, it's so easy to generate
| ot of transgenics, so we routinely do 200 plants.

When they get to be 10 inches tall, we do a quick
screen, wound induce, and | ook for a high expresser. So
either we'll use an ELISA, a western, and identify those top
pl ants and essentially throw the rest away because it's a
hassl e to carry these things on.

At that point we will |ook at copy number, and we
routi nely have anong those usually at |east half a single
copy. So we primarily just take those single copy ones and
nove forward, and we denonstrate, so we do both segregation
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but just sone and denonstrate that it's a single copy to
single site, and that's what we tend to go forward with and
not even deal with any issues of what happens with multiple
copi es.

We routinely find that anong our top three expressors,
there's always single copy, and so we haven't sort of dealt
with what are the issues of nmultiple copies. W've avoi ded
the issue of nultiple copies.

KENT CROON: | was curious this correlation with
protein and nunber of inserts as well as you nentioned copy.
Thank you.

KEITH WEBBER: |'d like to thank Dr. Cramer and Dr.
Holtz for very educational presentations today.

And if everyone wants to go upstairs, there will be
| unch served on the second floor, and at 1 o'clock we'l
reconvene here for the next session.

(Short recess.)

CAROLYN DEAL: If everyone would nove into their
seats, we'd |ike to get started with the afternoon, please.

Well, | think appropriately for after lunch, we're
switching topics fromsone of the purified biologica
products to what we hope is a new area of products that will
have future devel opnental uses, and this is the area of
whol e veget abl e or whol e plant vacci nes.

My nanme is Carolyn Deal. I|I'mfromthe Ofice of
Vacci ne Research and Review at the Center for Biologics
Eval uati on and Research of the FDA, and it's ny pleasure
this afternoon to introduce this section.

This is an exciting new area, | think, that's also a
chal l enge for the agency because it combines a | ot of
technol ogi es that we have not traditionally |ooked at in the
eval uation of vacci nes.

So it brings into areas of consideration all of the
area of plants that we've heard about in the norning session
as well as the things we traditionally look for in the
eval uation of vacci nes because when we |icense vaccines,
we' re obviously | ooking for issues of efficacy, purity, and
pot ency.

And one of the challenges we tal ked about this norning
is isolated biological products, but as we back up this
af ternoon and think about sone of the whol e vegetabl e-type
t hi ngs, how these could be of use as Dr. Di Fabio said
t hroughout the devel oping world but also sonme of the
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chal I engi ng technical issues for how we woul d eval uate these
products when we're | ooking at how we rel ease these through
the Center of Biologics.

So one of the things that we're quite interested in
when we saw the publication of one of the first ones of
| ooki ng at potato vaccines and delivering antigens for E
coli heat |abel enterotoxin in potatoes, and we of course
i medi ately thought of the worl dw de distribution system of
McDonal d's that could be comng into this nmarket and what
this woul d possibly bring.

But anyhow, that's kind of a lighthearted note of it,
but it's ny pleasure this afternoon. W have two speakers
in the afternoon session that will address this issue. And
what we'd like to do is take the questions at the end of the
two presentations.

Dr. Koprowski is going to set the stage for sonme of
the use of the vaccines, and then Dr. Richter will talk
about sonme of the issues that |'ve just alluded to.

So our first speaker this afternoon is Dr. Hilary
Koprowski. Dr. Koprowski is known for his long career in
t he devel opnment of vacci nes agai nst polio and rabies virus.

He was born in Poland and graduated from Warsaw
University. He has served as the distinguished director of
the W STAR University for 35 years. And he is also a nenber
of the U S. National Acadeny of Sciences. And now he has
the Center for Neurovirology at Thomas Jefferson University
i n Phil adel phi a.

So it's ny pleasure to introduce this afternoon Dr.
Koprowski who's going to talk about the green revolution in
vacci nes.

HI LARY KOPROWSKI: Thank you very nuch. Ms.
Chai rman, | adies and gentlenen, it's the worst tine to give
a talk right after lunch and particularly after |lunch where
you are served huge suns because | expect that half of you
are already asleep, and the other will enjoy in a few
nmonments a post-grand neal snooze.

So | do not know what to do wake you up. |'ve
di scussed with chai rman should | shout, faint at the podium
do anything to call your attention. But | hope that since
di scussion will be held after two papers, you'll be
sufficient awakened to ask question not in your dreans.

In the first slide -- first slide, please. | like to
list my collaborators on the first slide rather than the
| ast so you know t hey coll aborated with ne during the work
which we'll present to you.



Dr. Dietzschold and Dr. Hooper are people who actually
prepared sone of the material for rabies vaccine. | should
add that Dr. Rupprecht who sits in the audi ence has tested
ef ficacy of the plant-derived vaccine in humans and mce
and Dr. Yusibov, another nmenber of the Biotechnol ogy
Foundation, are instrunmental in devel opi ng techni ques and
play a major role what | will present to you.

What you see in these slides is a little bit of
repetition what Dr. Di Fabio said, but I would Iike to cal
your attention to a few inportant itenms here. One is a
question of one or two rather than multiple doses a vaccine
should have. And | will tell you my personal experience
once in Cairo, Egypt, when | visited the PASTEUR Center
where they adm ni ster anti-rabies vaccine. At that tinme we
had to receive 13 to 14 to 21 injections.

And t he people who were bitten by rabid ani mals who
wakens up usual ly di sappeared after two or three injection
and never returned. So even an injectable vaccine if given

in multiple doses -- and here regretful | say that our
efforts to conbat AIDS by vaccination always directed in two
or three or four vaccines in such content Africa will fail.

Now, the problemis, of course, the problem of cost.
Now very inmportant is that the cost of the vaccines today
are somewhat astronom cal, and nobody is to blane. It costs
a lot to produce the vaccine. Now, that nmeans that they are
very limted in their possibility to be distributed
wor | dwi de.

Ef fective rabies is a wide variety of diseases. O
course, here we aimat the science fiction today that the
single plant may be actually producing nore than one
antigen. | will show you it's feasible, but when it will be
feasible to use single plant for producing nmultiple vaccine
is still in the future.

Now, here | give you in exanples of cost of the
vacci nes and maybe not very accurate, but essentially, you
will see that in India — |1 give you India exanple. 1In India
there are 50,000 cases of human rabies per year, and the
vacci ne which is available in nodern new vaccine tissue
culture vaccine will cost a treatnent -- reduced rate would
be $121, and the income of an average Indian per capita is
$1, 360.

Now, if he would have to have several treatnments
agai nst rabies, obviously, he cannot afford such treatnent,
and we need to provide sonmething nmuch | ess expensive than
the vaccine that's produced now,
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Now, the renedy in India is that they have severa
smal | factories producing all time a vaccine which is 14
injection of a brain tissue. There's all these
conplications, and that cost about a dollar a dose, though
gi ve you an exanpl e where we need a vacci ne because of
really too high cost for a given population. And you can
read for yourself the same in Ethiopia, the really problens
and the vaccine which needs only three or four injections is
the cost in Uganda. | could probably rmultiply these
countries by ten and still show you that we have no way.

Now, this is what we are trying to avoid, is harpoon
by French cartoonist called Terra (phonetical), and it's
call ed the black hunmor, and it's dedicated to physicians.
If you have opportunity to | ook at this book, | assure you
| augh from begi nning to the end.

| picked up this because it really illustrates what
I'm saying, this fear of nunerous injection and, in
addition, inability to have a personnel to adm nister
i njection and enough needl es and syringes to be distributed.

So it conmes to the point that they boil the syringe or
boil the needl e between one injection or another, and this
is aterrible situation as far as adm nistration. So I'm
reading for Dr. DiFabio, the question that we need to
consi der admi nistration of vaccine by different routes.

Now, this would be, of course, oral vaccine. They're
easy to produce at | ow cost of delivery, best way to
i muni ze, and there is a great safety for people who receive
such vacci ne instead of aninmal-derived products and al so of
those who prepare because you don't have to transmt
anything froma plant to man.

This is a historical picture, and | decided | wll
show you our justification for the oral vaccine. This
pi cture was taken 1958 in the then Bel gi um conga when live
polio vacci ne was adm nistered to 250,000 children in 6
weeks and was administered orally and woul d be only possible
to administer orally and prevented then an epidem c of true
infantile paralysis polio affecting infants between 1 and 5
years of age

Since then, as you know, the same oral vaccine nmade it
instrumental to eradicate paralytic polio fromthis
hem sphere, and this year 2000 will be probably the |ast
stages of paralytic polio seen around the worl d.

So leading to eradication of polio it was only
possi bl e that we didn't use injectable vaccine but using
oral vaccine which could be nass adm ni stered wherever your
hone.
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Now, | use the term green revol ution because in a

nmeeti ng which took place in Brazil -- and nany of you may
remenber when it happened, but | know that one of our
presidents -- | don't renmenber who -- went to the neeting,

was neeting about earth, and one subject, that was green
revolution, and they listed the five acts of green
revolution: plant breeding, soil and water, |ivestock

i nsect control, and environnmental protection. And | have
added plants as vehicles for bionedical products. So will
be the six acts of green revolution or six projects of green
revolution, and this is what nmy practice is.

Now, here is a thing which we talk all the tine.
don't need to repeat again, the advantages of plants as
production of delivery systens. And the facilities are easy
in spite of | heard the |ast speaker that they are quite
el aborate, but conpari ng what you have to go through to have
vacci ne produced in aninmal tissues, it's still nmuch easier
than in case of plant tissue.

Climatic conditions, the safety can be used as vehicle
for oral delivery. | would also say that we speak about
oral delivery, but one has to take consideration that we
al so consider at |east fromcost point of view would be
i ntranasal delivery if we decided to give form of drops
rather than food. Well, an inportant is inexpensive.

I do not know if this is exact calculation, but it is
such enormous amount produced that it nmust be an estimated
production one to ten of a dose, and even the addi ng
manuf acture, addi ng safety, adding everything, it will never
mat ch the cost of the present aninmal-origin vaccines.

In the Biotechnol ogy Foundation where we are worKking,
there are two systens considering how to produce vacci nes.
We essentially finally chosen the plant viruses, and | give
you the very gross distinction of the difference in case of
transgenic plants to integrate into plant genonme to express
t he nucl eus characters and is inherited.

In foreign gene -- and we're using plant viruses -- in
foreign gene plant viruses is not integrated into plant
genone, is located and expressed in cytoplasm and is not
inherited. And we have finally decided that to use nostly
this approach because we thought that would be from point of
view of purification easier and perhaps even a quicker
nmet hod to produce vacci nes.

Now, we use in our lab the alfalfa nosaic virions
al nost exclusively because they are very easy perhaps to
mani pul ate, and they have sonme advantages which | will read
to you. They are Plas RNA viruses. The particles are
encapsul ated and single-type protein. The size of particles



are dictated or determined by the size of virions RNA
conbi ned with them

I ndependent of the size encapsulated RNA, alfalfa
nosai ¢ virus was formed lip or back-formparticles. | wll
come to that to show you the difference when you use live
virus and when you use nodified virus.

Now, there are strategies to use to express foreign
gene, and we essentially accept or help to present the
advantage i s gene replacenent and gene insertion and
i mpl enmentation now nore recently and nore effectively than
bef ore.

Now, | would |ike perhaps -- is this focus? He was
prom sing that you would focus it, and it would be no fault.
It's getting nmore out of focus. Maybe it will disappear.
Al right.

This is alfalfa npsaic virus genone. It consists of
four RNAs, and in this case they are called the four
different properties. These are the replication,
Replications 1 and 2. Here you have the novenent brought
in, and here you have a code property.

And what is done here is that we have obtained a
defective replicate, and they were made by Dr. Ball in
Denmar k and even sent a P12 tobacco virus which has
replicate, defective replicate, at five prime and renove the
nucl eotides so that it cannot participate in production of
conpl ete infectious virus.

And then into that transgenic replicate transgenic
plant, we are adding a foreign gene, either linked with
coat property or with the novenent protein, and after it
enters and using the subgenonmi c promotor, it's possible to
obtain a virus which is not infectious. There are particles
unseen, but it cannot transmit it, soit's a
bi oquantitation, is bioprotective system |t cannot spread
fromone plant to another, and that was the advantage of
this system

Here you have again the sane explanation. Mybe we
can focus it. Al right. But again you have the sane pl ant
which | nentioned to you which is transgenic for Replicate 1
and 2, and we cone with our constructs here of foreign gene
or whatever you want to do, link this novenment, in this case
could be linked to the effective events occurring inside the
glass. Therefore, there is no inherit and there is no way
to transmt the virus fromone to another, one plant to
anot her .

Now, here is a electrom croscopy of live alfalfa
nosaic virus. If it would be in focus, you would see there



are cylindrical particles, and there are al so spherica
particles in the |live virus.

When you have a five-prinme isolate preparation
i sol ated already together with the foreign antigen and in
the plant that's transgenic for replication, you'll notice
extrenely few el evated particles and a | ot of spherica
particles which represent a noninfectious materi al

And this shows and this is another virus agent. And
know edge of recovery of infectious virus recall the system
i mpl ementation, and this is P12 transgenic tobacco for
replicate. And attention made to recovery of infectious
virus nmaking a second passage of this material into two of
t obacco and spinach

And you can see it is transitional virus expressed in
the plant, and here is some stop, a hornopne expressed in the
plant. It is after five passages, stability of expression
of no recovery of infectious virus fromthe material in the
course of the five passages. So material is stable after
passage -- can be passage of plant to plant, or you can
al ways a new seed lot to infect plants, but you can be
assured that it doesn't spread any further

Now, here is a beautiful spinach |eaves which carry,
in this particular case, rabies antigen

Now, there is inmediately when we start talking about
pl ant viruses, then | don't know how to classify this people
about this lunatic fringe which always finds sone fault with
anyt hing you do. They are objecting transgenic plants, and
now possibly they will object to the virus for the viruses.

So | had to find some argunent because disputed
scientific argunments won't help, so we found a paper here
where curious peopl e surveyed peppers fromstores in this
| ocation in California, and | just see you the nunber of
vi ruses which you have recovered fromthese peppers, and
assure you if you had sal ad today, you had your portion of
pl ant viruses, and | ooking at you, you seemto remain very
heal thy, no side effect after this neal.

So this will, I'"msure, convince sonebody that since
you eat plant viruses all the time in your life that if
you'll be eating such virus together with sone other
antigen, you will be safe, and you won't die terrible death

after your first feeding.

Now, here are results of some of the expressed
bi omedicals in plants. Now, in |lettuce Hepatitis B virus,
Will just turn to immediately, and it was not purified. It
was given in formof a |ettuce expressing Hepatitis B, and
this is the quantity which a fresh | eaf woul d show.



Rabi es virus was spinach and tobacco. It can be
purified and was again quantity of ten. Respiratory syncytia
virus, | don't expect to give you all l|ecture on virology,
so |'msure you know what Hepatitis B virus is, and probably
you know what rabies. You nay be nore difficult respiratory
syncyti a.

It is a disease of newborn, rather a dangerous disease
whi ch causes death among many newborn and for which there
doesn't exist an effective vaccine today. Therefore, we
t hought that here would be ideal material, a plant nmateria
whi ch woul d be incorporated in baby food. Now, that will
remain to be seen, but we still have to do some work.

GA- 733 is colorectal cancer antigen which | have
nmysel f di scovered was many, nmany years ago, and this has
been purified with tobacco. And next we have Ue A, and Ure
Ais attenpt Ure Ato put in plants in this case in carrots
because it will inmunize against Lyne disease, and it's a
pretty good antigen.

And this is an antibody, 17-1N, which nmy coll eagues
and | have first described years ago, and it is an antigen
anti body recogni zing an anti gen on col oi ntestinal tunor
cancer, and it has been used extensively in a clinical tria
in Germany by 30 percent of people who receive this antibody
for injection that 30 percent |ess netastasis and 30 percent
survival rate in conparison with the others. So we decided
to use this material.

HI 'V was nmore used for play because we don't have the
noney nor experience nor patience to go into this big milieu
with HV and try to show that we can grow in plants. So
will show you as a curiosity.

Now, here we are discussing efficacy. Now, Hepatitis B
virus was expressed lettuce. It was used parenteral in nice
and oral in mce and in hunan. Rabies virus in spinach
i muni zed nice parenterally, orally, and there is a tria
now di scussed with human.

Respiratory syncytia virus, we have a good
i mruni zation in mce, and AIDS, H'V, one of the things we
| ooked at it has been expressed in tobacco and has i muni zed
mce but didn't really go any further and will not go unless
our personnel increase.

Now, these results we obtained in a bioorganic
institute in city of COZE in Pol and who col |l aborates with
us, and these are results of theory of |lettuce expressing
Hepatitis B virus in this stage of the three vol unteers.



And you will notice in two out of three, you had very
strong, 150 grans of lettuce twice or three tines, very
strong anti body response. The antibody |evel corresponded
to those | evels which protected agai nst disease.

Now, the question -- this is a very inportant trial
and it is now repeated in 20 volunme here non-Hepatitis, was
the sane results because it shows one thing which bothered
all of us all the tine until this was done. |If we eat
| ettuce every day, then theoretically my not be able to
devel op anti bodi es and nmay be what i munol ogi sts woul d cal
tol erant adm nistration of |ettuce.

Therefore, it was very inportant to find out that this
is not the case, that if lettuce contains foreign antigen,
it's still capable to inmunize people, and this is probably
the first tine this was denonstrated and gi ven great
encour agenent to people who work in this field that it
doesn't matter, that they can use food as carriers in
expressi on of vaccines and on any biol ogi cal products
because even though this is a stable diet for them they
still will not be tolerant and can devel op anti bodi es, even
high titer.

And t his has been repeated by these people, and 20
volunteers felt again 150 grans of |ettuce expressing
Hepatitis B with the same results. They devel op anti bodi es.

So the chart is small, but inportance of the chart is
in the fact that you nmay i mruni ze people by oral feeding of
a staple food expressing foreign antigen.

Now, this is imunization with rabies of mce. |It's
parental inmmunization and then the results of chall enge.
Now, results of challenge indicate that -- and these are for
noni nuni zed. They all died. [It's lethal challenge rabies
virus, and out of these four mice died, and six survived,
| ate death, much later intubation period shown here in days
than of controls.

We will now forewarning to Dr. Rupprecht next week and
nor e spi nach-expressing rabies virus antigen, and we hope
that he will feed themto dogs and find out in the case of
dogs all the feeding will produce antibodies. | wll tell
you | ater about human trial

Now, here is oral inmune response of nucosal IgA in
mce after imunization with reconbi nant of rabies
LYPOPROTEI N wi th the plant.

Here is a very interesting trial, and | would like to
say a few words because it's conplicated. Wen after
negoti ati ons of the year, | would say a year negotiation
probably, of being able to feed spinach with rabies virus to
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humans, we have agreed, and perhaps justified, that the
first feeding would be done to people only the immunized
these. So you will evaluate the safety of the procedure
m nus rabies safety. And this was done.

Well, of course we paid the price of doing this
experiment on individuals because following first three
feedi ng of spinach-expressing rabies virus, we didn't find
any difference in |level of antibodies.

But then we canme, and we subjected these people to
commerci al vaccine, and here came a very interesting
results. This here are again sent to Dr. Ruprecht, and Dr.
Rupprecht gave us the results. These are the experinenta
nmeans dose were fed rabies, spinach with rabies, and those
wer e spi nach al one.

In this case only one showed a renmarkabl e boost in his
anti bodi es as conpared to controls, but in case of people
who before were fed rabies spinach, the booster was
remar kabl e and significant.

So now we are feeding volunteers who are not imunized

previously to rabies, and we hope that this will really
i ndicate that the feeding of such type of spinach in two or
three feedings will give us results.

We have not conmmitted ourselves yet to the dosage.
The dosage will depend whether should there be one feeding,
there should be constant feeding, or three or five feedings.
We have chosen the dosage of sone positive and will have to
be determn ned what happens with one feeding with snall
anount because there is a breaking of tolerance nore
superior to five feeding, or should we three feeding, you
need then to conduct a thorough clinical trial, and probably
we will not conduct it, but some will be interesting.

Now, these are respiratory syncytia virus.
Respiratory syncytia virus may constructs in tobacco and by
the inmplenmentation nmethod, and this is the dosage antigen
used to i mMmunize mce

Serumtiters are very high, and nice can be infected
wWith respiratory syncytia virus. And determ nation where
they were protected is made on potency and on exanmi nations,
the | ogi cal exam nation of |ungs.

In the case of controls, nost of the lung tissue
cont ai ned virus which can be visible even of certain
ANTOLOGY, and in the case of imrunization, you can see that
three out of the -- and four of the four nice showed that
they were imunized with respiratory syncytia virus.



This work will progress probably by putting another

antigen -- this was of a respiratory. W put G protein, and
then we will see by that tine the fear of feeding plant
material to infants with a biologic will still be problens.
This is actually curiosity. | told you that we are

preparing H 'V in plants and tobacco and here for immunized
nm ce and show you that the mice devel op anti bodi es agai nst
HI V.

Now, speaking of H'V, the only advantage of plant, if
you'd be able to use plant to produce what is so-called
different class of the H'V so that you will be covering a
| ar ge i mmunogeni ¢ conponent of the virus by imunization.
But again, as | said, it's a probably very tenpting proposa
to do but will have to be done by much bigger sources than
we have.

Now we are coming to this antibody history which
showed you which is now licensed in Germany for the use with
great success. W decided we will use it because possibly
by producing it in plants, we will decrease the cost of the
anti body which can be used in quite large quantities by
bei ng used with about four injections after operation.

Now, in this case the systemis still very simlar
aimed at the light chain is still virus, and the head chain
was another protein and both of themused to infect the sane
pl ant whi ch produced in the case a conplete anti body.

And again, it is the sane transgenic replicate
transgenic plant in order to prevent formation of conplete
honozygous.

And here are the results of this test. W can see
that we have detected full-length antibody after infecting
the plants. This was done in tobacco, and here are the
sinple chains, that light inhibit chain, and this is a
conpl ete anti body.

So this has been shown by putting fromtwo vira
constants from code parting, there is novenent parting. One
was heavy chain; one was |ight chain. A conplete antibody
can be produced, and that antibody is a plant from which you
can transmt the npsaic virus.

A very strange occurrence. This is the plant-derived
17- 1A anti body, and this is the conmercially produced 17- 1A
This one is nuch greater affinity. Now, this needs to be
confirmed, and of course, we will have to do the functiona
tests on the antibody. The functional test in case of
col orectal antibodies, inplantation of colorectal concept
under the mice and then treat it with antibody.

89



In this case this antibody prevent growth of the
tumor, and we expect that perhaps the same happen as the
anti body is now occluding sufficient material in order to be
used in functional antibody dose.

This is an analysis of a light chain of the sane
anti body plant-derived, and here is the standard anti body,
and here is the light chain of the plant anti body. These
are markers.

Well, finally, | have nmentioned to you that in case of
one plant, it is possible to probably produce antigenic
expressi on of several antigens and not only several antigens
but several conbinations.

Probably one of the tenpting conbinations will be
putting the same plant GNC of F, which is induced in
anti body i nduci ng nunerous response which they've given
vacci ne or antigen.

In this case, however, what was done is a conbination
of the HIV GP-120 particles and rabies. They were put in
the sane plant, and here you have the V3 | oop and the
antigen show rabies virus, and you can see that both were
expressed.

We have not pursued it anynore again. It is just to
tenpt your appetite that there is possibility to devel op
this, and this would be very val uable for inmunization and
for vaccination for even adm nistrati on of hornones or
drugs.

So now | just present you ny last slide, the new | ogo
for this period. Al right? Before it was Pasteur. Then
you' re convinced as children to Popeye, convince you to eat
spi nach. Now you eat spinach and have results as Pasteur

Thank you very much.

CAROLYN DEAL: Thank you very nuch, Dr. Koprowski.
As he's illustrated, sone of the tenpting new approaches for
this technol ogy also brings up sone very practical questions
for all of those of us in the manufacturing industries and
t he eval uation industries.

Dr. Richter is going to talk to us next about potency,
consi stency, and stability of sone of these products. Dr.
Ri chter got her Ph.D. from Bayl or Col |l ege of Medicine, and
she did a post-doctoral fellowship with Dr. Charles Arntzen
and she's currently a research associate at Boyce Thonpson
Institute.

Dr. Richter.



LI Z RICHTER: Good afternoon. Well, thank you,
Carolyn, for inviting ne to give this talk.

When | first joined the research group of Dr. Hugh
Mason and Dr. Charles Arntzen five years ago, they were
about to publish the first proof of concept studies on
edi bl e vaccines. That first paper described nouse feeding
segnments in which they sinply fed mice tuber naterial, raw
tuber material, that expressed the heat |abile enterotoxin
LT-B subunit.

Those studi es were successful, and since that tine,
several other groups have done ani mal studies and even
clinical trials. So there has been a |lot of interest in
this area of edible vaccines, and | think one of the true
strengths of the plant as a production system for
pharmaceuticals and proteins will be in the area where you
can have oral application, where you don't need to have a
purified product.

And that's what | want to talk to you about today, is
some of the practical aspects of producing sonmething in
plants for oral application. Can | have the first slide?

There are quite a few new therapeutics under
devel opnent, but not as nmany as we would |i ke are being
devel oped for oral delivery. There are sonme constraints
agai nst oral delivery. You have to be able -- or the
pharmaceuti cal has to be able to survive the digestive
envi ronnent of the stomach, and this may require nore
protein than if you were to deliver through injection.

We' ve heard di scussion about safety considerations are
i mportant for oral delivery, the cost of equipnment and
personnel, conpliance.

One thing that | haven't heard nentioned today is that
if you deliver a vaccine orally, it my be possible to
i nduce both rmucosal antibodi es and serum anti bodi es. That
may be inportant for diseases that infect through the
mucosa. You may induce the first |ine of defense against
t hose di seases.

But delivering edible vaccines, these products will
not be considered a dietary food. They are vaccines. They
are nedi cal products for which the dosage | evels and tining
of imruni zati ons nust be controlled.

Boosting strategies will have to be worked out for
each individual vaccine antigen, and the use nust be gui ded
by public health professionals.

I"'mgoing to talk about three areas of which potency
is the first one. Several factors can influence the potency
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of an oral vaccine: the anpunt of antigen that's delivered
that may survive through the stomach to get into the
intestinal tract where you have i mmune tissue that can

upt ake that antigen.

The antigen formnmay aid in that survival through the
digestive tract. And also, the antigen form my be very
i mportant in whether or not the imune cells will recognize
and take up that antigen.

Whet her or not there is an adjuvant that is delivered
with the vaccine can be very inportant. The pH sensitivity.
Again, this addresses, will it survive the trip through the
stomach to get into the intestinal tract? And resistance to
stomach digestion. All of these things are considerations
when you're trying to make an oral vaccine.

I'"'mgoing to give you exanples of three ongoing
projects fromour research group. The first exanple is the
vacci ne against travelers' diarrhea conposed of the B
subunit of the heat |abile enterotoxin

The B subunit forms a pendul ar as shown here, and that
pendul ar conbines to GW1 gangliosides. These gangli osides
are on the epithelial cells that line your intestinal tract.

So in this experinment the LT-B subunit was expressed
in tuber material, and it was expressed at a |level of three
to four mcrograns of B subunit with an extra signal at the
carboxy term nus that would allow that protein to be
retained within the endoplasmc reticulum

So it was expressed at three to four mcrograns per
gram of raw tuber. The mice were fed 5 grans of tuber on
Day 0, 4, 14, and 18 for a total of only 80 nicrograns of
antigenic material.

This graph shows in the black the |IgA response. The
white bars are the 1gG response of mice that are fed
different transgenic potatoes. In each case mice did respond
wi th both serum and mucosal anti bodi es against the LT-B
nol ecul es, and that's conpared to a bacterially produced
reconmbi nant LT-B shown here. So this was that first proof
of concept experinment that was published, and here we had
only 80 microgranms of the antigen

Those experinents used potatoes shown in the center
here that expressed .01 percent of their total protein as
the LT-B subunit. Since that tinme, our group has nade
synthetic gene that allows a |lot better translation within
the plant cells, and so now we can nake up to .5 percent of
the total protein in the tubers being the LT-B nol ecul e.
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So those first mce were fed tubers that expressed 2
to 5 mcrograns per gramtuber. Now we've increased the
potency to 10 to 20 microgranms per gramtuber. So these
type of experinents where we increase the antigen |eve
presumably will increase the potency of the edible vaccine

Anot her exanple | want to talk about is the Hepatitis
B vaccine. Here we're using the Hepatitis B surface antigen
protein. This is the same protein that is produced in a
yeast system and sold comercially for an injectable
vacci ne.

If we want to conpare plant production to yeast
expression, plants will disulfide bond the Hepatitis B
surface anti gen whereas in yeast, the nononmers nust be
purified and then processed to have disul fide bonding.

Plants will also glycosylate protein. Wth scal e-up
agricultural practices can be used. W are working on an
oral vaccine instead of a yeast-injected vaccine. W're
usi ng partial food processing versus purification fromthe
yeast .

Qur initial mouse studies for oral delivery started
with tubers that used 1.1 m crogram surface antigen per gram
of tuber. The mice were again fed 5 grans per dose, and they
were given a total of three doses on Day 0, 7, and 14 for a
total of only 16.5 m crograns.

This is the antibody response in M LLI-INTERNATI ONAL
units per mM serum and this is the weeks after being fed.
So they were fed at Week 0, Week 1, and Week 2. And then we
see an anti body response in the serum where the anti bodies
go up to 75 to 80 M LL-1 NTERNATI ONAL units.

And it's a short-lived response. |t comes back down,
as we saw with Dr. Koprowski's human data. The response did
not | ast that long, but that may be because the antigen
level is very low. |If you consider that the injected
vacci ne agai nst Hepatitis B uses 10 micrograns, and that's
injected, if you're using the oral route, you nay need 10 or
100 times as nuch material to get a conparable i mune
response.

At Week 10 we wanted to determ ne whether the inmrne
menory had been prined, and so we gave a suboptimal boost in
the intraperitoneal of .5 mcrograns of the comrercia
vacci ne, and here we see an inmediate high titer response.

So this shows that the i mmune nenory has been
stimul ated, and we can get a primary response, although it
is short-lasting. So perhaps for the potency of this
particul ar edible vaccine, it's very inportant to increase
that anmpunt of antigen for our initial dosage.
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And wor ki ng towards that end, we started with tubers
that produced 1.1 nicrogram per gram fresh tuber. W' ve
been able to increase that to about 10 microgranms per gram
in fresh tubers.

When | noved to tomatoes, ny initial levels were
around 10 micrograns per gram and this is using a nornmal -
size tomato that m ght be used for food processing. It's a
commercial variety that could be used to make tomato paste
pi ctured here from our greenhouse.

When | noved to a micro-tomato variety, ny |levels
increased to at least 40 micrograns per gram And here's a
pi cture of the micro-tomatoes. These are smaller than
cherry tonatoes.

And there nmight be several reasons that the mcro-
t omat oes have a higher |level of transgenic protein than the
normal tomatoes. There certainly is less liquid in these
tomat oes. There's a ot of nmeat conpared to liquid in them

We're currently crossing sone of the high-expressing
mcro-tomatoes to nornal tomato plants to see if we can get
a very high-expressing nornal tomato. But all of the
further studies |I'mgoing to describe in tonmatoes have been
done with the larger tomatoes. 1've only just started
working with the m cro-tomatoes because from any i ndivi dua
pl ant, you don't get very nuch material to work with.

This is a picture of one of our tomato greenhouses,
Boyce Thonpson Institute. Sone of the advantages of tomato
versus potato, we started -- well, actually Dr. Arntzen and
Dr. Mason before | joined the group started with tobacco and
then nmoved to potato as a nodel system because the raw tuber
could be fed to mice and humans for studies.

Fromthere we've noved to tomatoes, and sone of the
advant ages are that tomatoes are eaten raw by humans. They
can be grown in containment, grown in greenhouses. W can
use genetic crossing to conbine the different vaccines. W
can al so do genetic crosses to make male sterile plants.

We can cross theminto varieties that have identifying

colors. | understand that there's a rather unappetizing
white-colored tomato that m ght be good for a nedicina
tomato. | don't want these edible vaccines to be taken for

sinmply crops. W want people not to eat them except in the
correct reginmen. Tomatoes can al so be easily processed, and
"Il describe this in a later part of ny talk.

Anot her aspect of potency for the vaccines might be
their form whether the antigen can assenble into nultineric
forms. And here |'m showing a western blot of the Hepatitis



B surface antigen. On the left these have been boiled for
20 minutes in the process of 100 m |l DTT.

On the right these were heated to only 60 degrees for
five minutes. The center two | anes are 50 nanograns of the
yeast-derived Hepatitis B surface antigen whereas the outer
| anes are just a crude tomato extract fromthe mcro-
tomat oes that are expressing the surface antigen protein.

So we can see that if you boil the yeast material
you' d have nostly nmononers, sonme dinmers and a few trinmers.
The plant material |ooks very similar in that you have
nostly nononers, sone dinmers, sone triners, and you can see
a few larger nmultiners of the antigen.

If we heat it only at 60 degrees, we see this |adder
of subunits going up even higher. So the plant material is
ALI ZAMERI ZI NG t hese nmononer surface antigen proteins, and
that can be very inportant for the potency of the ADB
vaccine, especially if it's going to have to survive through
the digestive tract.

Thi s panel shows results from SUCROSE gradi ent where a
crude extract of the tomato, the extract was run on a
SUCRCSE gradient to try to deternmine how | arge were these
multimers. Were they indeed form ng virus-1like particles
that would be sinmilar to the yeast-derived material that's
i njected for the vaccine?

And can't really read this, but at |east one of these
is the positive control of the yeast-derived particles, and
the other sanples include sanple fromfresh tomato or
| yophilized tomato. However, |eaf extracts, dehydrated
tomato materi al .

In all of themwe can see that virus-like particles
are forned, and they're very simlar to what is found in the
yeast - produced vacci ne.

So | want to nove on to consistency of antigens
produced in whole fruit or vegetables. And here you' ve heard
alittle bit of information on this fromDr. Russell and Dr.
Craner about production in corn, how consistent from
generation to generation and crop to crop and within a crop
the production of the recombi nant protein is.

So what we found is that for consistency of antigen,
the health of the plants can greatly affect, and this is
nore true for potato than tomato. Wth potato if the health
of the plant has not been very good, then for the Hepatitis
B vacci ne, you do not get a very good |evel of antigen.

There are many factors that can affect the health of
the plants, and as we've had nobre experience with grow ng



them we are becom ng nore consistent with the health of the
pl ants, and we've been able to produce nore consi stent
bat ches of crops.

The pests that are on the plants can have an effect.
Whet her you're using sprayed pesticides or biologica
controls can be inportant. The growi ng seasons, grow ng
conditions in the seasons, can nake an effect on at |east
the potato that |'m using.

The tomatoes, what |'ve found recently is that trying
to grow tomat oes, even with supplenental lighting, | get a
decrease in yield over the winter. It has been very dark
this winter, so we've not had as nuch |light as we would
like.

We still get tomatoes that produce a good | evel of
vacci ne, but we just don't get as much tomato nass as we
could if they were grown during a different season. And
that may not nmeke any difference if you' re growing themin a
different part of the world where it's sunnier during the
winter. W seemto have w nter about nine nmonths out of the
year.

The genetic background can be very inportant when
you' re | ooking at consistency of production of a transgenic
protein in a crop. W started with a potato variety that is
not used for conmercial purposes. And now we have noved
into a different variety that is harder to transform It
takes longer to transform But hopefully, it will have nore
consi stent production.

Thi s graph shows the amobunt of Hepatitis B surface
antigen fromtubers that were harvested from severa
different pots fromone crop. So all of these bars
represent an individual tuber

These are all the sanme transgenic line. They were
grown at the sanme tine in the sane greenhouse but different
pots. And you see a variation, the average of 4.14 and a
variation of.94. So 25 percent variation fromtuber to
tuber, pot to pot.

When | say that would be one crop, that would be
potatoes that are all planted at the same tine and harvested
at the sane time. So you can see here's sone pots that have
been planted nore recently than these potatoes, so if these
pots were growi ng the same line as these, this would be
considered a different crop of that particular |ine.

And | want to show you sone data fromthe sane |line
but different crops now And this is showing results from
tubers that produce the LT-B antigen. Here we have
di fferent harvests but using the sanme transgenic line, so



each group of bars represents a different harvest, and there
were several different tubers harvested. Actually, two
tubers fromthis harvest was assayed. One tuber was
assayed, two tubers.

And the third exanple of an antigen produced in
transgeni c potatoes that | want to show you uses Norwal k
virus Capsid protein. The capsid protein has been expressed
in the baculo virus systemand can forma virus-1like
particle, and it's been shown to be stable at a pH of three.

In the plant-derived Norwal k virus capsid particles,
the plant-derived reconbi nant Norwal k virus capsid protein
mmc the bacul o —virus-derived material, including the
formation of virus-like particles.

So here |I'm showi ng you a bar graph of different
transgenic lines, and several of the tubers for each line
are fromdifferent harvests. |I'msorry. This is tonatoes.

So this bar would represent one transgenic |ine and
twenty different tomatoes. Sorry. You probably can't read
t hese nunmbers here, but for this one there's a standard
devi ation bar, and twenty different tomatoes were assayed.

Those twenty tomatoes were picked fromdifferent
plants fromdifferent harvests, so you can see the
consi stency of tomatoes through different transgenic |ines.
So this particular line, we've only tested one tomato. Also
for this line we've only tested one tomato, but sone of the
others, here we've tested thirteen tomatoes, and the
standard deviation is here. This was five tomatoes with a
smal | er standard deviation. Eight tomatoes. This is a
| arger standard deviation. Three tonmatoes and six tomatoes
were tested.

I"m noving into doing sonme ripening studies to test
for consistency of production of antigens in the tomatoes.
This particular line of Hepatitis B surface antigen tomto
uses a 35S pronmotor. This pronotor should express in nost
pl ant tissues, and it should be expressing even in the green
t omat o.

So when | assayed these tomatoes, | picked themall at
the sane tinme and did the assay at the sane tine.
Unfortunately, the green tomato is very hard, and | just use
a blender in the | aboratory to grind up the material, and
didn't realize until | was already pouring the material out
of the blender there were a lot of chunks left that were not
honogeni zed.

Up until that tinme | had been using the ripe tomatoes,

and if you blenderize a ripe tomato, it is made into juice
and puree within, you know, five seconds whereas the green
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tomato is very hard. And so unfortunately, | think this
data point is not correct, and I'lIl have to repeat that.

But if you | ook at the breaker stage tomato and the
orange tonmatoes and ri pe tomatoes, you see that the |evel of
antigen expression is fairly consistent for this particul ar
line of tomatoes.

|'ve gone on to do sone further studies with very ripe
tomat oes. These tomatoes can be picked ripe and kept on the
| ab bench at roomtenperature for at |east two weeks, and
still see a good level of antigen production within the
t omat o.

Of course, you keep a ripe tomato at room tenperature
for too long, it's going to start turning soft and squishy,
and at that point you do see a drastic reduction in the
antigen level, so certainly want to use our tomatoes in the
ri pe stage but not overripe stage.

So that leads into a discussion of stability of the
vacci nes and what affects that stability. The type of fruit
or vegetable that you're using in potatoes can be very
stable, and I'll show you data fromthat in a mnute versus
t omat oes which you can't keep sitting around for very |ong.

The storage conditions, if you want to keep the
pot at oes at 4 degrees versus keeping them at room
tenperature or if you want to try to put the tonatoes under
refrigeration, that m ght have an effect on the protein
content. And then finally, whether you're trying to use a
whole fruit or vegetable versus a processed fruit or
veget abl e.

Thi s graph shows in the black bars the amunt of
antigen in Hepatitis B surface antigen tubers when tubers
were first harvested fromeach pot. Then nine nonths |ater
| assayed two nore tubers, and those are shown in the white
bars.

So with nine nonths of sitting in the cold room these
tubers actually had nore antigen | evel after being stored,
and there are several possibilities as to why they neasured
a higher level of antigen.

The tubers do dehydrate somewhat upon storage. It
could be that the antigen nononers will assenble into dinmers
with storage. It may be that the antigen is nore

extractabl e upon storing the tuber.

The tuber is still a living entity. It is stil
produci ng proteins. And it could be that the 35S pronotor
is still cranking away, although very slowmy, so that there

is a higher accurul ation of the surface antigen protein.



Tubers seemto be very good for storing the proteins,
at least up to nine nonths. Now, after a couple of years,
three years, when |'ve | ooked at sone of our stored tubers,
they're really shriveled little unappetizing things, so
don't think that you could keep tubers much | onger than a
year and have them | ook |ike you' d want to eat them

So noving nore into partial food processing, | think
these are very applicable to the edible vaccines. W m ght
be able to use things such as freeze drying, dehydrating,
juicing as with the tomatoes, spray drying, or pul ping.

These are sone pictures of juicing the tonato NTB
vaccine. Here |'ve just picked several tomtoes and tend to
grind themup with a hand blender on ice. | strain the
juice to renove the seeds and peel. | keep the seeds. And
| weigh the juice.

Some of juice |l will freeze, and then I'Il |yophilize.
This takes one to three days to |yophilize anywhere from 50
to 100 grans, and I'll end up with a freeze-dried powder.

Now, through this process when | neasure the antigen
I evel s on the powder, | end up with about a 50 percent | oss
of neasurable antigen. But | still end up with levels up to
100 mi crograns per gram of powder.

If | want to try dehydrating the juice, what we do is
we use just a food dehydrator that we bought froma | oca
store. W put it in the cold room because it doesn't have
any tenperature controls. Wen we had it at room
tenperature, it went to 70 degrees, and one or two days of
heating the tomato juice to 70 degrees has a detrinenta
effect on the level of the antigens |I'mworking with, and
that's going to vary for whichever protein you're trying to
express. But for the Hepatitis B surface antigen, that much
heat for that |long does drastically decrease the antigen
| evel s.

Whereas when we put it in the cold room it heats to
50 degrees for 24 hours. And | see a little nore loss with
the flakes than | do in the powder. But I'mstill getting
very high levels of antigen, say, up to 60 micrograns per
gramin these processed fl akes.

So with partial processing techniques where | have not
added anything to this tomato, |'ve sinply juiced it and
then processed it, |'ve been able to nake a stable dry
preparati on which was all ow batch production, consistency of
dose, mcrobial testing, individual dose packagi ng, and
| ong-term storage.



My first lyophilized powder was made several nonths
ago last fall, and every tinme |'ve tested it, it has
remai ned stable. It is not losing anything with storage at
roomtenperature on the back of ny bench

Now, none of this has been optim zed other than noving
that food dehydrator into the cold roomto reduce the
tenperature, so | think certainly with the Hepatitis B
surface antigen, if we were to use a spray dryer where the
juice is sprayed out and as it falls the little droplets dry
into powder, there it's not exposed to heat for very |ong,
and | think that would increase the | evel of antigen that
survives through this process.

So for any individual protein that you want to do a
si npl e processing step, you're going to have to use
techni ques that are appropriate for it to survive that
processi ng. You know, whether it's heat stable or not will
be i nportant.

So | just want to cone back to nmy original slide and
say that these edible vaccines will not be considered
dietary foods, that they are nedical products, and our
current strategy -- instead of giving fresh tomatoes or raw

pot at oes for the vaccine, our current strategy is to use dry
food sanpl es or powders or concentrated extracts for adults
and children and then possibly a food puree for infants.

And our overall goal has been to devel op new
technol ogy for vacci ne manufacture via adaptation of
agriculture and food industries, sort of a nodern herba
medi ci ne.

Thank you.

CAROLYN DEAL: Thank you, Dr. Richter

We'd like to open this session up for questions. |If
you woul d conme to the microphones, have questions for Dr.
Koprowski or Dr. Richter. | think that we've seen an

exanpl e today of some very early results in this area and
some exciting new approaches.

WALTER GOLDSTEIN: Thank you. Walter CGoldstein from
Bi ol ex, North Carolina. | have a question. It relates to
anot her abstract of physiology in response of antigens or
mat eri al s when they pass into the gastrointestinal tract
beyond the stomach and they enter the nucosal |ayer, nore
response or passage in sone tissue. There can be response
that can be like a side effect besides the beneficia
response. It also could be a beneficial response.
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So I"'minterested in the kind of studies that might be
conducted to exanine that to nmake sure that the
gastrointestinal tract, you know, nmintains because of the
nerve endi ngs and all sorts of the supplenents that are
involved in that part of the -- either speaker. Thank you.

CAROLYN DEAL: Dr. Koprowski, would you like to
address that question?

HI LARY KOPROWSKI: If | understand this |ong question
you're really asking whether there is an infection in the
gastroi ntestinal mucosa?

WALTER GOLDSTEI N: I'"'minterested in a mani festation -

HI LARY KOPROWSKI: When we do biointestinal tunor and
find that there are any changes, it was not done.

WALTER GOLDSTEIN: Okay. It nmay be -- like, it could
be an inflammtory response, but it also mght be just a
response that you can't figure out why no special beneficia
as wel | .

HI LARY KOPROWSKI: All | can tell you, that no
what soever gastrointestinal synptons follow ng repeated
heating, but I can't answer your question that we saw no
nmucosal

Since | have the microphone, | mght be able to tel
you one nore thing. That -- sorry. 1'Il be done in a
second -- that there are two --

CAROLYN DEAL: Would you like to conme to the podiun®

HI LARY KOPROWSKI: 1'Il tell you one thing. There are
two i mune systens essentially in the oral tract, and we
shoul d not overlook them One is the saliva pockets, which
of course is our target, but the other are tonsils.

And what you shoul d not overl ook possibility that if
you find in saliva antibodies follow ng feeding of this
material that it is fromthe tonsils, the response of the
tonsils.

So it's not only the problemthat it goes through
gastric tract, but also it may be rather upper intestina
tract. Upper tract, it may produce vaccine. W have seen
it before in other antigens.

WALTER GOLDSTEI N:  Thank you.

BRUCE CARTER: My turn?
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CAROLYN DEAL: Yeabh.

BRUCE CARTER: This is for Dr. Koprowski also. | was
wondering in your spinach rabies -- |'mBruce Carter. 1'm
with CVB, Center for Veterinary Biologics. And | was
wondering for your spinach rabies dyco Protein G vaccine if
you intend that eventually to be a primry vaccination that
woul d require a booster with, let's say with human diploid
cell vaccine, or do you think that there would be a rapid
enough anamestic response that you woul d not necessarily
have to booster with it, and if that is the case, do you
think that you would ever conduct an ani mal vaccination
chal l enge study to see if feeding spinach al one woul d
protect people — be protected?

HI LARY KOPROWSKI: The first question is question
which | ask myself. | don't know whether it be primary --
primary and then booster vacci ne was needed either vice
versa or it will be sufficient. W don't know that.

As far as challenge, Dr. Rupprecht who sits here in
the second row, the antibody challenge adults, so we wil|l
know about it. The first question is a very good question

And ny col | eague, establishing nmenory, or is it
actually protected? And this is very good problem which we
will have to investigate

BRUCE CARTER: | don't know how much good this is
doi ng. Thank you.

CAROLYN DEAL: Actually, Dr. Richter, | had a
gquestion. Do you have to change the gene sequence any to
get the plant code on usage nore appropriate for any of the
genes that you've expressed in the plants?

LIZ RICHTER. Yes. For the LT-B gene it made a big
di fference producing a synthetic gene. For each of our
antigens, we now analyze the genetic code and | ook for
cryptic plant signals as well as code on usage, and sone of
the anti gens are somewhat plant friendly; others are not.

For the ones that are not that don't look Iike they

woul d express well in plant cells, we make synthetic genes
now.

GUY CARDI NEAU:. | have a question for both of you.
I'"'m Guy Cardineau. |'mparticularly concerned about dosage,

and so | had a question for you, Dr. Koprowski, with regard
to the rabies dosage.

You nentioned several different dosage regi nens that

you're considering, and | was just a little curious about
that. | know naybe Hugh was going to talk about this
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tomorrow. Wth the Norwalk virus trial, there were

di fferent dosage regi mens, and there seemto be a different
response whether you dose twice or three tinmes. So that was
Question No. 1.

And Question No. 2 for Dr. Richter was with regard to
the primary response in your -- | think it was the Hep tria
versus the secondary response boosting. It would seemto ne
that menmory is perhaps nore inportant than the initia
response, and |I'd like to get your feeling on that because
that's what we're really looking for. You're going to
vacci nate sonebody, and sonetinme down the road they're going
to get infected, and it's the menory that's the critica
i ssue.

H LARY KOPROWSKI: | have nentioned that it is a task
to establish proper dosage, and we will have not to base it
on mce. You have to do it what happens in man because this
is a different story.

So we will try -- we tried one type of dosage
essentially by 150 grans of fresh | eaves as one dose and
repeat it in case of hepatitis, | think, twice or three
times in case of rabies. W fed ourselves three tinmes,
bl eeding after -- collecting blood after each feeding.

So you will get information fromthat trial whether
one feeding is sufficient or whether three is sufficient or
insufficient. That will give sone information.

The thing which goes always in ny mind, and | wll
frankly share it with you, is that because we are dealing
with that sem -tol erance situation maybe we need to do one

small dose in all these dose. This we will try in nice, and
then we will have to conme to man and try again.
So at present we use the sanme dosage, but | wll be

the first to admit this is just taken fromindication how
you i muni ze orally. Please renenber there are very few ora
vacci nes avail able for man, very few. And those few the
dosage has been established from numerous trials.

LIZ RICHTER:. | think you're right in that
establishing i mune nenory is one of the goals for Hepatitis
B vaccine, and as Dr. Koprowski said, the dosing is very

i mportant, and different reginmens will have to be tried, but
I know that if | was vaccinating and | knew that my anti body
titers went up and then just dropped, | would wonder whet her

or not | had established any nenory cells.

And so | think studies need to be done, and it would
be nice to see a longer -- maybe even a higher imune
response fromthat primary feeding, and then we mnight fee
nore confident that we have established nenory.
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PAT SHEWEN: Pat Shewen, Ontario Veterinary Coll ege.
' m wonderi ng when you have | ooked at nucosal imune
responses in the intestinal tract whether you' ve | ooked for
or detected |GE response and if stinmulation of IGE is a
consideration for safety.

LIZ RICHTER: | don't think any of our studies have
| ooked for | GE response at this point.

PAT SHEWEN: Do you think you shoul d?
HI LARY KOPROWSKI : | GE or | gA?
PAT SHEVEN: E

HI LARY KOPROWSKI: We don't know. We know about |gA
responses, and they are neasured, and they are there.

PAT SHEWEN: The reason |'m asking is because food
allergies are not uncomon and oftentimes | GE nedi at ed, and
the stimulus could be across the intestinal tract. Thanks.

CAROLYN DEAL: Are there any other questions for our
speakers this afternoon? Yeah

YASM N THANAVALA: |1'd like to commrent on the data, if
I may, that Liz showed since it came out of ny lab. Just to
put that in perspective for the Hepatitis studies, these
mce were fed, as Liz said, a total of 16 nicrograns of
HBsAg across three feedings, and the peak titer in that
particul ar construct cane to about 73 MLLI 1Us of antibody
for m serum

Now, if you vaccinated with a Hepatitis B parenta
yeast -derived vaccine three times, 10 or 20 nmicrograns each
time, and you nake nore than 10 MLLI 11U per m of
anti bodi es, you woul d be successfully vaccinated. So that's
just to put it in the context of the human situation.

And when, of course, these animals are challenged with
a subi munogeni ¢ dose of reconbi nant anti gen, they nake
great gobs of antibodies. So it's short-lived, yes, because
it's 12 weeks, but still, it's seroprotective titer

CAROLYN DEAL: Thank you very nuch for that addition
In fact, that was one of the things, | think, from Dr.
Koprowski's | ettuce experinents.

One of the things that's always been difficult to see
in the delivery of sone oral vaccines is actually a good
serum anti body response, and | was wondering if you could
comment if you see that consistency with this delivery
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system and do you think plants have an advantage for
generating a serum anti body response via the oral route?

HI LARY KOPROWSKI: Well, you ask a difficult question
and the situation is conplicated because we have not
nmeasured sufficiently seroresponse. That's why | hedge to
tell you that the question about that.

We neasure antibody. W believe that antibody has a
role. | frankly today, even today nore than before, am
chal I engi ng everything can be expl ained by antibodies as
protection.

So this whole subject will have to be re perhaps
studi ed and neasured now in the Hepatitis case, the T and B
cells response, and this will all give you a picture of what

is inportant.

As far as in the case of Hepatitis B, in the al
volunteers in the second trial responses, and again, the
gquestion is, is it a prine sufficient for boost, or is it
sufficient for protection? That's a question which we ask
oursel ves, and we'll have to find out.

CAROLYN DEAL: Thank you very nuch. Well, there's no
further questions. 1'd like to thank both of our speakers.
I think we've seen a wonderful exanple of the new
t echnol ogy.

I think we have a break here for a half an hour
There's the posters in the back and sone coffee, and we'l
resune at 3 o' clock

(Short recess.)

JIMWHTE: MW nanme is JimWwite, and work for U S
Department of Agriculture, Plant Protection and Origin Unit
in Riverdale, which is a suburb of Wshi ngton

And it's quite an honor for me to be here, to work
with this working group of people from Food and Drug
Admi ni stration and our senior group at Center for Veterinary
Bi ol ogi cs.

I"ve worked at APHI S since 1987 when the first field
testing of transgenic plants occurred. And a few years
| ater, there were novenent ships to ship interstate or
i mport, you know, plant-derived biologics, and fromthat
about a decade of doing this stuff, this idea deriving of
bi ol ogics from plants was very interesting, and it's obvi ous
we've cone a long way. And it's quite an honor for ne to be
involved in it in the small way that | aminvolved in it.
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This afternoon's session is going to tal k about
environnental issues. And as you've seen sonme pictures from
our preceding speakers for field tests with transgenic
viruses or transgenic plants that these products are likely
to be grown in a field.

And that will be obviously sonething novel for
bi ol ogics. And |I'm sure everybody here has heard that in
the | ast several years batik foods and genetic engineering
is a very hot issue worldw de and i n Washi ngt on.

About a nonth ago we had a neeting with FDA, and one
of the people there said that, you know, at that tine the
commi ssioners' No. 1 and 2 priority was gene therapy
experinments in biotech foods.

And | know Secretary Gdickman, one of his five top
concerns is biotech and genetic engineering. So it's been
an interesting time in Washi ngton.

We have three speakers this afternoon. And our first
who's going to speak is M chael Hansen. M chael got his
Ph.D. in ecology at the University of Mchigan. He's been
at the Consuners Union for the past 12 years.

He's their point person on biotech issues and has
written a | ot about biotechnol ogy at Consuners Union

M chael .

M CHAEL HANSEN: Thank you very nmuch, Jim |'m
honored to be here. | also think that |I'msort of out of
pl ace here for two reasons: No. 1, | think I'ma token

critic of genetic engineering, but nore inportantly, No. 2,
"Il be the first to adnmit that |I'mnot real know edgeabl e
on sone of the technical details about biologics produced in
pl ants either as transgenics or being engineered into
viruses. This is sort of — and then those viruses put into
pl ants.

This is a new area for nme, and actually, | didn't even
realize until |ast week, because |'ve been doing a |ot of
traveling internationally, that | was even supposed to
speak.

So what | thought I'd do is just run through sone of
the concerns that | think consuners have about genetic
engi neering, and nmost of this actually refers to the first
wave of products that are out there.

"Il try to do that quickly and then at the end j ust
gi ve sone of ny inpressions for what | think sone of the
concerns about biologics in plants would be from an
ecol ogi cal concern because | would say one of the issues
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that's of inmportance, | think, to consuners is the whole
food safety issue.

And it is true that if you' re dealing with biologics
and plants, they're going to be treated |ike drugs, and
that's a very far stricter regulatory climate. And | think
the concern woul dn't necessarily be so nuch of the safety of
some of the biologics conmng out because we do have this
rigorous drug review, and | think that's why you'll also see
that anong the critics of genetic engineering, not many of
us actually tal k about nedical applications because while
the general inpression mght be that all critics of genetic
engi neering are anti-technol ogy or anti-genetic engineering,
it's not the case.

| actually think that there are many potentially
positive uses of genetic engineering, even in agriculture.
The whol e use of restriction fragnent |ength pol ynorphisns
or the use of marker-assisted selection in breeding process
or even sonme of the devel opnent of diagnostic kits for
detecting animal and pl ant diseases are all very positive,
useful applications.

The concerns that | have and | think nmany consumers
have as well and consuner organizations all over the world
have actually deals with the food processing and the human
heal th and environnmental inpacts of these engi neered crops.

And I'Il just very quickly say that the basic concern
that | guess we have is with the regulatory structure in the
United States. W don't think it's sufficient to adequately
revi ew these crops.

I will just take the Food and Drug Administration as
an exanple. The Food and Drug Adm nistration has argued --
wel |, they put out a proposed policy on how to deal with

transgenic plants in My of 1992.

They have still never finalized that policy and have
actually gotten -- back in '92 they got about 4,000
comments, and in this recent set of hearings that they held
in three cities in Novenber and Decenber in the U S. and
then they al so were asking for comrents at the docket, and
as of January 13, which was the final day, the coments were
supposed to cone in. The agency now tells us that they have
35,000 conments that they're actually going through

So the basic concern | think consunmers have about the
regulation in the food safety area is that it's not really
designed to ensure safety.

If you look at it, that policy was rel eased on May 27,
1992, to a biotechnology. It was announced at a
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bi ot echnol ogy i ndustry neeting that then-Vice President Dan
Quayle introduced it as a deregulatory initiative. Okay?

So it's been introduced as a deregulatory initiative,
and then years later they're trying to tell us that it
somehow i s going to protect consuner health.

And | think the basic concern is that the Food and
Drug Adm nistration policy basically says that genetic
engineering is very -- is not really that different from
conventional breeding. It's just an extension of
conventional breeding. Therefore, we don't need any new
regul ations to deal with this. W can use existing
regul ati ons.

And | think that's where npst of the problens that
peopl e have stemfrom was that this regulatory framework,
both at the Food and Drug Adm nistration and then nore
broadly by all three agencies, the USDA, the FDA, and EPA
the so-called coordinated framework, rather than realize
that genetic engineering rai ses questions and rai ses risk
guestions that are different than you get from conventiona
breeding -- rather than realize that those risks are
di fferent than you get from normal pesticides or
conventionally bred plants and trying to cone up with
regul ations to deal with that, what they've done instead is
try to pigeonhole things in various places.

So the USDA, they regulate under the -- in part under
the Plant Pest Act with the notion being that, well, since
some of these plants are using bits and pieces of either the
cauliflower nmosaic virus, the promtor, or bits and pieces
of Agrobacterium tumefaciens, both of those are plant pests,
so there might be a probability that the plant itself could
be a plant pest.

In the EPA we have the strangeness that transgenic
pl ants are organi snms regul ated under TSCA, the Toxic
Substance Control Act, the rationale there being that, well
t hese engi neers, these new bacteria, such as RI SOBI UM what
they really have is they have foreign genetic material in
there. DNA is just a chemical, so this is like putting a
new chem cal out in the environnent, so therefore, we use
TCSA, the Toxic Substance Control Act.

And that's, in ny mind, not very appropriate because
the kind of safety tests you ask about a chem cal are going
to be different than the potential questions you ask about a
living organismthat's rel eased and that can spread and nove
in the environment and exchange genetic material

We then al so have anpng the strangest categories is

fish, for exanple. There's a |ot of work being done now on
transgenic fish to make them grow faster, and if you | ook at
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the regulatory clinmate, there really is no appropriate
regul ation out there in the federal governnent.

So what they've come up with is the Food and Drug
Administration is arguing that genetically engineered fish
are new ani mal drugs and need to go through the new ani mal
drug provisions, which we think is sort of curious how you
can define a fish as a drug, but the agency scientists
deci ded or the agency | awers decided to take that so that
they could nmeke sure that all the organisns out there would
be covered under sone existing statute.

So | think we have this hodgepodge that if | go back

to the Food and Drug Administration for a nmonent, | told you
that their policy is one of treating genetically engineered
plants no different than ones that are treated from-- ones

that arise froma conventional breeding, which neans that
there is no mandatory requirenent for safety tests. Okay?
O for labeling or even premarket notification.

Now, it is true at this point that so far all the
products that are on the market, the industry has cone
forward and notified the agency and have done what they cal
the safety considerations, but there have been no rea
requi renents except for the Flavor Saver Tomato and the CAL
GENE AF that's tantanount to resistant market gene be
treated as a new food additive.

So we have the FDA that basically is not requiring
anything. It should be noticed that in 1994 after --
because these 4,000 coments that the agency got, actually,
many of them were highly critical of the agency, and the
three things that they were asking for that many of us ask
for, including the state attorney generals from ni ne states,
were premarket notification, mandatory premarket
notification, premarket safety testing, and | abeling.

And t he agency never really responded. It should be
poi nted out that in 1994 the FDA actually drafted a proposed
premarket notification rule, and in fact, Dr. Kessler at the
time when he was being interviewed for the head of the Food
and Drug Adnministration, he agreed that there needed to be
some form of premarket notification

They actually drafted a rule. It went to OVB. And
t hen what happened was the elections in '94. The
Republ i cans canme to power, and functionally, that premarket
notification rule disappeared.

So at the very basic level, | think people are arguing
t hat engi neered foods are different than conventional, that
genetic engineering is fundanentally different than
conventional breeding for a nunber of technical reasons
which we can get into later and that there should be
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mandatory requi renents on all three agencies but
particul arly under the Food and Drug Adm nistration

And I'Il just say we're not part of it, but in May of
1998 there was a coalition of groups sued the Food and Drug
Admi nistration saying that they're not follow ng the federa
Food Drug and Cosnetic Act, and they're asking FDA to renove
all genetically engineered plants fromthe market unti
they' ve been adequately safety tested. And the argunent is
that they should go through the food additive process, and
then anything that can go through that should be | abel ed.
So we have a |lawsuit there.

If we | ook on the Environnental Protection Agency
side, there's actually a lawsuit that's in progress right
now on the Bt crops that is brought fol ks and then a
coalition of other groups.

Again, | should say in both of these |awsuits,
Consuners Union is not part of either of them because we do
not associ ate ourselves with anything that involves -- well

we do not sign onto petitions or other things that involve
any for-profit entity, even if we agree with their
positions. Because the appearance of conflict of interest,
Consuners Union has very strict regul ati ons about that.

So there is this Environnental Protection Agency.
There is a |lawsuit agai nst them bei ng brought by organic and
ot her farners because the concern there is over the inpacts
of Bt.

The concerns organic farmers have is that that

resistance will evolve to the Bt. Wen that happens, since
organic farnmers can't use transgenic plants, that the spray
applications of Bt will becone usel ess, thereby destroying a

useful pesticide for organic farners.

It should al so be pointed out that there's econom c
i mpacts now. Now that a nunmber of countries throughout the
world are either demandi ng | abeling or segregation, the U.S.
has | ost about $200 million a year in export markets of corn
to the European Union, and it's because of RISING corn,
whi ch were approved here that are not approved over there.

So we're starting to see the market have an effect.
There was al ready an organi c conpany, the TERRA PRI MA t hat
had to destroy 180,000 bags of organic corn chips that were
goi ng into Europe because testing on the European side
detected the presence of the Bt endotoxin which -- well, |
shoul d say detected that they were genetically engi neered.

| think what they actually | ooked for was the CW

promotor. But they were able to denonstrate contamni nation
in those organic products, and so those were destroyed.
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So | think you have to -- fromthe vi ewpoi nt of
farmers or people that are trying to sell into either the
organi ¢ market or the non-GE market, pollen drift is a
serious consideration.

The TERRA PRI MA, we've talked to those folks. The
reason that they're not bringing -- fromwhat | understand,
| should say, the reason that a lawsuit isn't pending is
because it's unclear whether the problem was contani nation
of drift froma neighbor's fields, or there's some concern
that the seed itself at a very low | evel night be
contam nated as well

When | spoke in Decenmber at the National Sweet Corn
Breeders Associ ation neetings, they told nme that --
representatives of one of the seed conpanies told nme that
actually that they were having problens that there was
evi dence that sonme of the sweet corn varieties that are
bei ng grown for seeds are being contam nated as well at a
very low level, and this raises econom c considerations, if
not hi ng el se.

So |l think if we want to | ook at further environnenta
i mpacts, | think pollen flowis a very serious one on an
econom ¢ basi s.

On an ecol ogical basis, there's the probl em of
movenent if it's a -- for exanple, the Bt endotoxin, it's
going to be all the organisnms that eat the plant, and then
the natural enemies that feed on them are going to be being
exposed.

We now know that at least in the |aboratory, the
endot oxi n appears to be being exuded fromthe roots.
There's studies in the literature which denonstrate that
there can be effects on fungal and soil communities so that
they'll often see -- Kelly Donnigan and her partners have
actually denponstrated fromthe crops that are out there,
they' ve been able to denonstrate changes in the soi
m crofl ora.

Now, it is true that they haven't found changes at the
next trophic level, but they are finding sone effects which
we think should be | ooked at further.

If we go to the issue of these producing drugs in
plants, it seens to nme that you have nore problematic
guestions of environnental issues of gene flow that's either
vertical or horizontal, that you have that with transgenic
pl ants.

Now, hearing this norning and readi ng sone of the
literature that was sent to ne before the neeting, it seens
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to me a very interesting idea of the use of these transgenic
viruses and infecting plants with them so that you don't
have to worry about -- because of the instability of the
transgene, it's lost very quickly so that you don't have to
necessarily worry about nmovenent of or spread of those
traits via pollen flow, although frommy discussions with
virologists, they tell ne that so little is known in this
area that they wonder thensel ves whether they can accurately
do the appropriate environnental and safety tests on this,

al though | should say that fromwhat |'ve heard this norning

and what |'ve read, it seens to ne that you will have fewer
bot h environnmental problens and potentially fewer public
consi deration problens because -- nmaybe |I'm out of place

here, but it seenms to nme that the general public really has
very little idea that the plants are being field-tested that
contai n pharmaceutical products in them

We don't know which drugs they are, of course, because
that's confidential business information, and | actually
al so know the test that's going on with some ani mals that
are engi neered to produce pharnaceutical products as well or
actually to produce human proteins.

I think those are potentially — froman ethical |eve
you might find that the general public mght be very upset
about those, and the reason you're not hearing anything now
is that people don't really know this is happening.

How big an outcry there will be, | don't know, but it
seens to nme that the appropriate way to go here is to
require and to be very open about the whole range of
envi ronnental and safety testing that is being done.

Again, |'mnot speaking so nuch on the human health
si de because |'m assum ng that since these are biologics,
they're going through the drug approval process, which as |
said is a very strict process, and that's why you haven't
seen much concern or outcry over nmany of the genetic and
engi neered drugs that are out on the market because those
are contai ned use, and actually, there's a very strong
benefit.

But again, it's just nmy inpression. |'Ill have to read
nore and nore of this literature to sort of try to cone up
to speed on it, but it does seemto nme that there is a
potential range of ecol ogical problens that have to be dealt

with and that in general -- this is again off the cuff -- it
seens to me that using the transgenic virus approach and
applying that onto plants is inherently -- appears to be

| ess problematic than engineering the plants thensel ves.
And | also think there m ght be some kind of public outcry
when they hear about this going on.
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It seens to nme the way to deal with both of these
issues is for the agencies to be far nore up-front with what
tests they are requiring.

And on the USDA side, I'Il say since |I'malso on
G ickman's advisory conmmittee on ag biotechnol ogy, there is
a standing commttee of the National Academy of Sciences
whi ch has been set up. They will do an investigation of how
wel | the USDA regul ations are being inplenmented vis-a-vis
bi ot echnol ogy or genetically engi neered plants.

I will probably be on one of the small working groups
that is com ng out of this ACAB, and we will be sending
techni cal questions over to that safety -- I'msorry -- over

to that NAS conmittee so that we can ensure that specific
qguestions about the USDA' s -- what they've approved and the
data that they use to approve that. The NAS should be able
to look at that in detail and tell us how good a job the
USDA is doing. |'m sonmewhat confident that that committee
will do a good job, and we'll have to wait and see what they
come up with.

But again, ny final take-honme nessage is you need to
be open and as transparent as possible because there could
be sone kind of public backlash when people realize that
drugs are being produced in plants, that pharnmaceutica
drugs are being produced in plants, and m ght be being
pl anted out on fields sonmeplace because | think sonme of the
concern woul d be, how much can we really regul ate what
farmers do in their fields? How can you really ensure that
you won't see environnental inpacts? And this is, again,
just transgenic plants that are produci ng pharmaceuticals.

And I'I'l end by saying that the other thing that |
t hi nk ecol ogi sts are concerned about is there's a range of
ecol ogi cal inmpacts that cannot be seen in small-scale field
tests, that you can only see when you get to a | arger scale,
and that's another thing that's concerned us, that there
doesn't appear to be any internediate. You either have this
smal|l field-testing process or you have comerci ali zati on.

And | think the Ecol ogical Society of America actually
in 1989 did a fairly good report on what the ecol ogi ca
concerns are and pointing out that there are these scale
i ssues. There's certain ecological effects that you'll only
see when you get to |arger acreage, and those cannot be
predicted fromsnaller small-scale field trials.

So we need to have sonme way of having an internediate
step between small field tests and comrercialization so that
we can require and we can | ook at environmental data from
this medium sized -- fromthis sort of sem -commercialized
st at us.
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And that's something | think needs to be thought

about. It was not thought about or dealt with adequately by
this first wave of products, but | think that probably the
pl ant - produci ng pharmaceuticals, there will be far stricter

controls placed on this, and | think even anong the

i ndustry, because you are dealing with drugs and other

bi ol ogi cal |y active conpounds, and so you're going to be far
nore careful about how those are deployed than | think sone
of the first wave of products.

And | guess I'lIl end there and be avail able for
guestions |later.

JIMWH TE: Thanks, M chael. The good news is USDA
hasn't been sued |ike FDA or EPA or Biotech. The bad news
is the national acadeny is going to investigate us, so that
means | guess we're going to be answering | ots of questions
in the next few years.

M chael, | think, did a good job at raising two issues
that our next two speakers are going to be tal ki ng about.
Qur next speaker, John Hammond, is going to be tal ki ng about
gene flow and the novenent of pollen fromplants. You know,
pl ants have sex, and you know, they don't have safe sex
either. They have it, and | guess it's good that they have
it since we have food fromthat.

John is a plant virologist. He now currently works at
ARS in Beltsville where | worked before | joined APHI S.
John has witten a review article on risk of genetically
engi neered viruses. |It's enhances the virus research
Maybe M chael will be interested in reading that.

And John is going to tal k about shed and spread of
transgenes, both fromthe plant point of vieww th pollen
and from engi neered viruses.

So John.

JOHN HAMMOND: Thank you, Jim So as Jimsaid, | have
a background in | ooking at resistance to plant viruses in
transgenic plants and | ooking at the risks that sone people
have posited would result from depl oyment of those,
i ncl udi ng reconbi nati on and conpl enentati on effects.

|'ve al so expressed an epitope fromH V on the surface
of an engineered virus coat protein expressed in transgenic
pl ants and bacteria, so this gives nme sone kind of
background to tal k about what |'m going to deal with today,
which is the shed and spread of transgenes.

So I"'mgoing to talk about the relative advantages of

transgenic plants and plant viral vectors, tal k about
spatial gene transfer and tenporal gene transfer; in other
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words, spread out of the field within a season and spread in
pl ace over seasons, over tinme.

About the appropriate choices of crop plants for
di fferent purposes and where in the crop plant one should
best express the gene, both in terns of the type of
expression you want to get, the type of product it is, and
the i ssues of containment that are concerned with each

One of the questions under consideration is whether
you shoul d use food plants or nonfood plants. Obviously, if
you' re using edi bl e vacci nes, you want to express it in a
food plant and probably also in cases where we process
ti ssue, especially vegetable or fruit where a dosage needs
to be established.

If the product is going to be extracted, it could be
done in a food plant, or it could equally well be done in a
nonfood plant so that there would not be any issues involved
in the food chain with pharmaceutical products. But you
have to remenber that food plants do have a |ong history of
use. That's why they're food.

Anot her is the question of whether it's possible to
effectively use phenotypic markers to distinguish plants
expressi ng pharmaceuticals and for purposes of nonitoring
any escape.

And | think that this would be useful where it's
possible, so if you're starting up sonething, you m ght want
to consider using visual markers. However, | don't think
it's necessary. | think there are other ways of achieving
t hese ai s.

Possi bl e markers one coul d use, color markers such as
t he anthocyanin which is expressed, especially in sone |lines
of juvenile corn and pignents that are expressed in sone
varieties of fruit.

And for exanple, there are sone very red peaches and
whereas others have a nmuch paler color. So you should
choose an unusual colored nmarker in your appropriate crop

Then there are many norphol ogi cal markers such as
ligules, stipules, glandular hairs, and shrunken seed.
Shrunken seed, especially in nmaize it's not used so nmuch in
the comrercial varieties. This might be a good marker

Then herbi ci de resistance, which is better for nmany
reasons than using antibiotic resistance as long as there
are legally labeled alternatives available to eradicate
vol unteer plants. In other words, if you use a selectable
herbi ci de marker to select your plants, in order to be able
to eradi cate volunteer plants appearing in the field, you
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have to have avail abl e another herbicide that is legally
regi stered and | abel ed for use on that crop

One question that really would be useful is if you
coul d use auxotrophs, plants that can only grow with the
supply of a particular limting substance or nutrient. 1In
the absence of this substance, they're of low fitness. They
can't grow, certainly can't reach maturity and reproduce

Now, there is an orange pericarp nmutant in corn that
requires the addition of tryptophan. This can be done in
hydroponic culture in the greenhouse, but | don't think
this is practical in the field, neither practical nor
economi cal

And |I'm not aware of any crop auxotrophs that could be
used on a field scale economically. |It's possible, however,
that somebody nay be able to engineer a plant so that it
beconmes an auxotroph with a substrate that is econom cally
feasible for addition in the field and does have a
functi onal auxotroph.

Question of whether you express your protein in the
seed or storage organs, vegetative organs such as tubers, or
whet her you do it in just vegetative tissue or leaf nateria
whi ch i s nonreproductive.

For seed you can use, as has been denobnstrated, has
been tal ked about earlier today, field materials that can be
stored dry and processed at your leisure. It can be stored
and used nonths or potentially even years |ater without
protein deterioration. Simlar issues with tubers. You can
ship them and store prior themto harvest, prior to
extraction.

Leaf tissue with the exception of nega-pronotor system
that Carole Cranmer has tal ked about mnust usually be
processed i medi ately after harvest.

And this has to be thought about on a case-by-case
basi s, whether you need to contain on site versus your
requi renents for storage and processing later, and that's
goi ng to depend on what you're doing.

Anot her question is whether the plant in which you are
expressi ng your gene has weedy rel atives. Rapeseed does
have weedy rel atives and has propensity to interbreed with
them but there is a well-devel oped system using the oil -
body protein, protein that secreted into the seed oil bodies
and for efficient extraction and separation of these
materials later. And that's a significant advantage that
shoul d not be overl ooked. So one has to deal with this and
wor k out the appropriate contai nments conditions.
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Rapeseed is unlikely that it would be approved for
| ar ge- scal e usage because on a large scale, it's nuch nore
difficult to effectively use containnment. There are nuch
| ar ger popul ati ons of weeds that you would need to contro
and eradicate, and that's much nore difficult to do on a
| arge scal e.

But on a small scale within a geographic area in which
there are not related crops and all you have to worry about
are the weeds, | don't see why one should not use rapeseed.
But the question of scale is one that nust be exam ned.
There are differences between | arge and snmall populations in
| ar ge areas.

Okay. Coning back to the differences between
transgenic plants and viral vectors, and Dr. Koprowski
tal ked about sonme of these earlier. Transgenic plants have
st abl e expression over nmultiple generations. You have the
possibility of using promptors that are specific for
particul ar tissues or organs, are expressed at particular
ti mes during devel opnent, or can be induced by addition of a
chemical conpound to turn the expression on. Transgenic
pl ants take relatively | onger to produce and | onger to scale
up than do plant viral vectors.

Pl ant viral vectors have the advantage of biologica
contai nnent that over a period of time and especially as you
transfer fromone plant sequentially through other
generations of plants, tend to |lose the inserted gene, so
that's an effective biological contai nment nethod.

It can be done very fast. W've heard this norning
and from Large Scal e Biology that they can produce things in
a matter of 10 days and scale it up extrenely quickly to
field scale.

But these are expressed primarily in foliar tissue.
There are sone viruses that are spread nore specifically in
ot her tissues, but by and l|arge, viruses are expressed in
foliar tissue.

Definitely if you're going to use plant viral vectors,
you want to choose nonvectored viruses or isolates. Even
for many of the viruses that are normally vectored by aphids
or nematodes or white flies, there are nontransmi ssible
i sol ates available. You can take an isolate and engi neer it
to knock out the vectored capacity, and certainly one would
want to do this. And one would also want to avoi d seed-
transmitted viruses as this could have the potential for
escape through tine.

The other possibility that Dr. Koprowski nentioned

this nmorning was the use of transgenic host plants that
conpl ement a defective viral vector so that you can only
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have replication of the virus in that transgenic host, and
therefore, it's very limted in space and tinme to where you
can grow t he product.

And then there are viruses avail able that have
di fferent host ranges, and it would probably be preferable
to use one that has a narrow host range rather than a broad
host range.

You can grow the crop that the virus infects and avoid
having it near crops that it would otherwi se infect, so you
can limt it by growing a crop surrounded by unrel ated
crops.

Most viral vectors, | already nentioned, |ack |ong-
termstability. The introduced gene is deleted, and
typically, the resulting deletion is essential wld-type.

Most nodified viruses are sonewhat debilitated. They
don't replicate quite as effectively as the wild-type virus,
so when you do get the wild-type virus produced by the
elimnation of the insert, the wild-type virus wll
out conpete the nodified virus.

And using a nonsusceptible crop as a subsequent
planting will limt severely the possibility that the virus
can continue to exist in that place and, again, avoidance of
seed-transmitted viruses.

Weed control will mininmze the availability of
ultimate hosts. Large Scal e Biol ogy tal ked about this, and
Ji m nentioned how few weeds were found in those fields and
how little they were able to find evidence of transm ssion
within the field.

In order to nonitor, you can test using ELISA, which
is a serological procedure, or PCR or bioassay of any
synptomatic plants or selecting randomy from nonsynptonmatic
pl ants to deternm ne whether your virus is escaping into the
weed plants growing in the field.

Washi ng, bleach treating, or otherw se inactivating
virus on farm equi pnent that is used in the field before
that equi pnent is taken anywhere else will linmt the spread
Bi oSource, again, tal ked about that.

And then destruction of field residues by disking it
into the ground. When this material is conposted,
desiccated, or herbicide treated to burn it, the virus wll
likewi se lose viability. Viruses can only retain
infectivity in whole cells on surfaces for a very linmted
time. UV light will inactivate it quite quickly.
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And planting a nonsusceptible crop, especially after a
fall ow period with weed destruction will al nost guarantee
that there's not any virus carryover to subsequent crops or
years.

Now, novi ng back to transgenic plants, limting gene
transfer to sexually conpatible plants. One option is using
hi ghly sel f-conpatible plants that inbreed al nost
excl usively.

You can use plants with nmale sterility nechanisns,
crops without noncultivated relatives, crops that don't
readily overwi nter. There's not nuch in the way of vol unteer
pl ants from many crops because the seeds under nost
conditions will not overwinter. W have to harvest the seed
and replant themthe follow ng year, in part because they
don't overw nter.

Apomi xis. This is a state in which a plant wll
produce seed wi thout having sex. The seed is produced by
and is identical to the maternal plant, and in this case
there's no gene flows, only fromthat seed that is produced.
So if you harvest that or clean that up, kill any vol unteer
pl ants, you're essentially elimnating any gene flow.

Chl oropl ast transformati on has been touted as a nean
of containment. It's not conplete containment by any neans,
but in general the chloroplast is transmtted maternally,
and this does predominate in nost species, although in nmany
species there is sonme paternal transfer of chloropl ast
genones as well. The chloroplast transformati on has sone
ot her advantages that I'll conme back to | ater

And then this term nator technol ogy. Now, terninator
technol ogy has gotten an awful | ot of bad press from an
awful lot of different sides, and sone of that is justified.

But for the contai nnent of pharmaceutical products,
this is exactly the kind of application that term nator
technol ogy was designed for, to prevent gene flow. And this
is an ideal case for its application.

Okay. Highly self-conpatible inbreeding crops.
Soybean al nost exclusively inbreeds. The pollen fertilizes
the sane flower. Foundation seed requirenents are zero
separation because of this habit. The anthers mature in the
bud and directly coat the stigm of the sane flower.

Cross-pollination is less than 1 percent, and in nany
lines it's nmuch less than 1 percent. It's barely
detectable. The breeding |ines are pure breedi ng honbzygous
lines, and cross-breeding, cross-pollination, nmanual cross-
pollination is required in order to breed new soybeans.
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There are no sexually conpati bl e weed species or other
crop species present in the United States except for those
ot her species that are deliberately grown at breeding
stations for this purpose. You're not going to find that
out inthe field. And there's a very |low rate of seed-
produci ng vol unteer plants in subsequent seasons.

Now, in corn there are several male sterility
mechani sms known. The best of these is the Texas cytopl asm
which is susceptible to Southern corn |leaf blight, so
woul dn't suggest the use of this plant seed for production
because of the problemof |loss of yield and also the
potential contam nation fromthe fungus.

But there are two other types of cns: cns-C and cns- S,
which are resistant to the virulent race T of Southern corn
| eaf blight but have | ess than conplete sterility.

Now, male sterility only blocks gene flow out of the
crop. It doesn't block pollen flowinto the crop producing
a hybrid seed that can drop and remain in the crop. So
there's still a need to | ook out for volunteers and destroy
them but this does prevent, | guess, contanination of other
crops is the word that sonme people like to use.

Now, there's also a nuclear male sterility in corn.
This is recessive, and you're unable to nmaintain pure nmale
sterile lines. So this is of rather linmted usage, so it
woul dn't be a useful containment systemin this case. There
are simlar male sterility systens in several other crops.

Okay. There are several crops that don't have any
wild or weedy relatives within the United States. Corn is
one exanple of this. Teosinte, which is the closest relative
of corn, is only found in Central and South Anerica. It
does not occur in the United States. And corn is incapable
of sustained reproduction outside of cultivation.

You may see a few volunteer plants, but if those grow
to produce seed, it's unlikely that you will have -- you
don't find naturalized popul ati ons of corn anywhere.

Simlarly with soybeans. The related species are not
native to the United States. It grows essentially as an
annual plant, and there's little shed seed that gerninates
t he next season.

Apomict, those crops that can produce seed without
fertilization. There are a nunmber of crops that do produce
fairly readily seed without fertilization. Citrus is one
case in point. Meadowgrass is another. Sorghum can produce
seed apomi ctically but it is also readily outcrossed.



There aren't many najor field crops that are stable
apomicts, although there is the possibility of using genetic
engi neering or conventional breeding techniques to increase
the degree of apomixis and thus limt the degree of
outcrossing that is possible.

This has potential use to fix heterosis in hybrids, so
you can have essentially a |ine of permanent Fl1 hybrids and
not have to recreate your seed every year

And apomi xi s nmost commonly arises from breeding
progranms with wi de hybrids and pol ypl oi ds and perenni a
speci es rather than annual species.

Now, there are sone crops that are produced primarily
by vegetative propagation. Potato is one exanple of this.
Potato can be produced by true seed, but in npst seasons
there are relatively few fertile true seed produced in this
country in this environnment.

It is an allopolyploid genone, so the progeny from
such seeds in nost cases differ fromthe parental type and
are easy to spot. However, when you're dealing with a crop
that is produced vegetatively, volunteer plants are conmon.

If you grow a potato crop and you go back to the field
the next year, you will find a lot of potato plants com ng
up in between whatever the other crop is. And so it would
be necessary using a vegetatively propagated crop to go
t hrough and take care of these volunteers, either
mechani cal |y rouguei ng them out or using herbicides to
elimnate them

Sugar cane and banana are ot her exanpl es of crops that
are produced vegetatively; sugarcane from stem pi eces and
banana fromtrees. And banana is al nost totally sterile,
whi ch nakes it one of the nost difficult crops to breed.

Chl oroplast transformation. |It's possible to get high
copy nunber without so much of the silencing that occurs in
ot her systens, and thus, you can lead to very high
expression |l evels; also, because there are many copies of
the chloroplast within the individual cell

Mat ernal inheritance is the primary neans of
i nheritance in nost crops. However, especially anong
gymosperns and sone genera of angi osperns, paterna
i nheritance is also quite common, and it doesn't prevent
gene escape because there can still be pollination of the
transgenic plant. And then you have the chl oropl ast genone
fromthe transgenic plant serving as the parent and
provi ding the chloroplast to the next generation. So it's
only partial containnent, but it can be used in conjunction
with some of the other methods of containnent.
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As | nentioned before, pharnmaceutical - expressing
pl ants are an excellent application for term nator
technology. It prevents gene flow by either the pollen or
seed, at |east beyond the next generation, and it's entirely
appropriate usage to prevent uni ntended expression or
vol unt eer pl ants.

Physi cal neans of limting gene transfer. Wth corn
pl ants you can enmascul ate the plants readily by going
t hrough and detasseling, thus preventing pollen flow out of
your transgeni c bl ock

You can physically isolate your transgenic plants, and
the di stance necessary depends on whether they're w nd
pol linated, insect pollinated, or self-fertile.

You can do this by planting barrier rows of
nontransgenic plants to trap the pollen around the bl ock and
then either destroying those or harvesting those and using
them for sonme other purpose and by using barren strips of
| and between your transgenic plot and surroundi ng crops just
to provide physical distance, and that depends on the
pol i nati on mechani sm

And if possible, depending on where in the transgenic
pl ant you are expressing the gene of interest, you can
harvest plants prior to flowering or seed maturity and thus
prevent the possibility of volunteers being avail able
t hrough seed for the next season.

Okay. Corn is wind pollinated and, as a result, has a
relatively high distance that's required for separation of
foundati on seed, about 660 feet. The standard for
phar maceuti cal - expressing crops is double that, 1,320 feet.

Now, dependi ng upon the size of the block of plants,
the dilution effect is greater or lesser. |If you have a
relatively small nunber of transgenic plants, the effective
di stance which that pollen can travel and the effective
nunber of weeds within that radius that could be pollinated
is different fromif you have a very large block and a snall
nunber of nontransgenic plants which could be pollinated.
Those effects differ on whether you have a | arge block and a
| arge block or a large block and a small block or a small
bl ock and a | arge block. And that's been di scussed by Peter
Kareiva and Norm Elstrand. | can't go into that in any nore
detail .

For rice the distance required for foundation seed is
10 feet, and pharnaceutical requirenment would be 20 feet.
Soybean, there's zero space required for production of
transgeni ¢ seed, and what would be required for
pharmaceuti cal production woul d be barren-space separating



plots. So dependi ng upon the type of crop you're | ooking
at, the type of isolation, distance of isolation can be
quite different.

To limt transgene persistence in situ. If you're
expressing in vegetative tissues, you can harvest prior to
fl owering and destroy the crop residues, and that wll
essentially take care of things. You obviously need to go
t hrough and nake sure that there is no material surviving
the destruction using herbicide or nechanical nmeans to
destroy the planting.

For expression in seed or vegetative storage organs,
it would be necessary follow ng harvest to | eave the | and
fallow, treating it by irrigation if necessary to encourage
germ nation or sprouting, and then destroying all the
vol unteer plants that conme up.

Following in all cases by replanting with a clearly
vi si bly distinguishable crop and screening for and
elimnating any volunteer plants. And as | nmentioned
before, if you're going to use a herbicide resistance for
transgeni c sel ection, you nust have a legal alternative
avail abl e for destruction of any vol unteer plants.

Okay. Wthin corn, corn is wind pollinated, and it's
capabl e of both self and cross-pollination, depending on the
spatial relationship between bl ocks and ot her physica
factors.

The pollen is typically only viable for 10 to 30
mnutes fromthe time it's shed, and that's one of the
factors that limts the distance that effective pollination
can occur over. And the likelihood of pollination decreases
wi th distance, both because the pollen is nore likely to
drop to the ground and because there are less likely to be
plants within that range, and the pollen viability wll
dr op.

Det assel i ng of your corn will prevent gene flow out of
the bl ock but not gene flow fromthe outside in. So you
won't have transgene novi ng out, but you could have seed
bei ng produced on your transgenic plants that contain genes
from ot her sources.

There's no vegetative reproduction of corn. It occurs
only via seed, and seed rarely persists as volunteer plants.
And there are no sexually conpatible species that grow in
the U.S.

So these are sonme of the things that you can | ook at,
and there are similar considerations with -- or different
consi derations depending on the crop. Wth soybean, which
is highly self-fertile and essentially inpossible to



outcross, unless you are doing it manually, the
considerations are very different.

So what type of host plant and what type of
cont ai nnent shoul d you be using for your transgenic plant-
expressi ng pharmaceuti cal s? Everything is going to be case-
by-case determnm ned dependi ng on the type of product and the
degree of purification that is required fromyour crop

Seed expression has many advantages for storage prior
to extraction of the product because seed is stable under a
range of tenperature and hum dity conditions and can be
stable for long periods of tine, nonths or even years,
dependi ng upon the type of seed that you're dealing wth.

For | eaf or organ expression, it is generally required
to extract fromfresh material, and in one should harvest
prior to either flowering or seeding. And then the scale in
whi ch you are producing the transgenic crop influences
significantly the type of containnent that's necessary.

| nentioned rapeseed earlier. There are approved
trials of rapeseed in Canada in an isolated inter-nmountain
vall ey, well away from conmercial crops and on a relatively
smal | scal e, and under these conditions it should be quite
feasible to contain any weed hybridization that occurs.
This woul d not be possible on a |large scale, and thus, this
crop would not be appropriate for growing on a | arge scale
for pharnmaceutical purposes.

But all of these factors need to be dealt with case by
case. It's very hard to set up hard-and-fast rules by which
you can say this will work because it will work with one
crop, and it won't work in another crop

So all of these things need to be considered with an
i ndi vi dual product and an individual host plant that you're
growi ng and for viruses as wel |

(O f-the-record di scussion.)

JIMWH TE: Qur next speaker is Charles Rupprecht for
weed control. | think it's very appropriate that he's here.
As John has tal ked about field-testing, one of the
considerations for regulatory agencies is to be conpliant
with the National Environnental Policy Act, NEPA so we have
to consider inpacts on non-target organisns. And obviously,
Bi oSource nmentioned there are deer and rabbits and squirrels
and all those warm and fuzzy animals that are out there, and
if we have | arge scale growi ng of plant biologics, that's an
i ssue the regul atory agencies will have to address.
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And Dr. Rupprecht was involved when | cane to APHI S
and a forner organization -- | was in Biotechnol ogy,
Bi ol ogi cs, and Environmental Protection with Dave Espeseth
who's going to lead this public hearing, and Dr. Rupprecht
was involved in | ooking at non-target effects for the
Pseudor abies virus and on wildlife.

And so he's going to tal k about the research that has
been done based on ani mal vacci nes on non-target effects on
wildlife and comment on the potential for using plant-
derived bi ol ogi cs.

CHARLES RUPPRECHT: Not to correct mnmy elders, but it
was for rabies virus, not Pseudorabies virus.

If | could have the first slide, please. | would Iike
to thank the organizers for their very kind invitation to
participate in this synposium W've been very inpressed by
the expertise of the speakers and their presentations. Also
like to thank my coaut hor for sone of our nusings about
these i ssues of non-target species, and particularly because
of points over those entities that could either fly, hop
crawl, or otherw se burrow into sone of these experinenta
pl ots, which are not so nmuch of a problem when these are
done in containnment, but certainly when they're conducted
done via "less than containment”, | think someone needs at
| east to be raising some questions.

At this point | don't think there is any preconceived
notions anong the scientifically inforned that woul d
certainly raise any apocal yptic notions nor cause a burning
skid to a noratoriumon any of this research sinilar to what
was done in the '80s or suggested thereof when reconbi nant
technol ogy first came to be.

But on the other hand, | don't think that there are
the mpjority of know edgeable or informed sources that would
tomorrow vis-a-vis want to have the ad |ib plantings
everywhere for consunption of non-targets w thout prior
testing, particularly for biologics that could be viewed as
pharmaceuti cals for human or veterinary purposes.

There were comments about nost of us would assume and
agree that we've been consum ng over the course of our
lifetinmes relatively large amunts of viruses in uncooked
vegetables. | would think that al so one woul d agree that
for thousands of years, people have al so been consuni ng
fermented beverages, and sonme would still argue that those
could not have clinical effects.

Simlarly, our love for certain things fromcertain
countries that produce the best hand-rolled cigars as to
their clinical effects and some of the issues that have been
goi ng on and until one | ooked for that proverbial tree
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falling in the forest, there's still argunents about the
relative risks of things people have been doing for
t housands of years.

Simlarly, no one wants to rain on the parade, but in
our involvenent in the working group for 'xenozoonoses' from
the use of xenotransplantation may suggest otherw se, and
clearly there are brave new worlds that bring up whol e new
real ms of regulatory issues, previously not considered.

Al so from sonme discussions with our coll eagues that
deal with STDs, there are a variety of things that are going
on and probably have for thousands of years that give new
definition to the human animal bond, if you will, as to
I evel s of intimacy that oftentinmes we don't discuss in
public foruns, probably due to a conservative upbringing.

Thus, there are a variety of "risky" human behaviors
t hat have undoubtedly been going on and still do, but for a
variety of reasons, including limtations of technol ogy or
for even societal concerns, we haven't even questioned.

Simlarly, froman epideni ol ogi cal perspective, while
we' ve been consuming plant viruses daily we have no
docunent ation that plant biologics or plant viruses have any
notabl e clinical effects on people or other manmmal s, but one
has to ask the question, and to raise the issue, of how hard
one has | ooked.

From a virol ogi cal standpoint, there are many, many
nore uncl assified viruses than cl assified and many, many
nore uncharacterized viruses than those few that we dea
wi th, and one hopes that given the great intro that our
previ ous speaker presented that sone of those issues of
usi ng what's conmon and known woul d be supported as opposed
to using the truly novel because of sonme of those potentia
reper cussi ons.

And similarly, it would be very, very difficult to
ei ther have prospective or retrospective epideni ol ogi ca
studi es unl ess those questions have ever been raised as to
could plant viruses be involved in any clinical conditions,
be they human or other aninmal ?

In fact, it wouldn't be too difficult to predict that
now that we've got the tools available and given the real ns
of the majority of uncharacterized plant viruses that sooner
or |ater sonebody will put that connection together. It
just hasn't been done yet.

And so | think we have to keep sonme open minds because

if we don't, then surely we are open to criticismfor those
that apparently are | ess know edgeabl e t han oursel ves.

126



Why study wildlife at all? WlIl, one thing is because
they can serve as surrogates to humans and al so surrogates
to veterinary species as to potential free choice of various
bi ol ogi cs out there.

Moreover, wildlife are used whether they run, craw,
fly, hop, et cetera, for both food, fur, and fiber, in
consunptive uses. And simlarly, there are a variety of
wildlife in the broadest sense that consume these biologics
out there and for which we have little or no control

Some of the previous speakers have addressed issues
that some of these plants will be grown certainly with
little or no containment versus for biologics, be they
hepatitis, rabies, hepa-proteins, et cetera. They're only
vi ewed as bei ng grown under contai nment issues or
procedures.

There are also a variety of ecological and ethica
i ssues that one needs to raise if, in fact, we really want
to be good stewards and have answers for those that raise
some of these questions that maybe we haven't had enough
time to pause for concern. |'ve thought about these in sone
very broad ternms in terns of host agent environmental issues
along the lines of that broad epi dem ol ogi cal pyram d that
obviously it is going to depend upon what it is that one is
tal ki ng about.

What is the bug, the agent, the gene, the gene product
that one is talking about? Are we tal king about |ong term
as opposed to single season plants, plant for release? Are
we tal king about things that really can be consi dered under
t he standpoi nt of human or veterinary biol ogics?

What is our experience? Show us the data. Wat do we
know from experience, either because as we'll characterize
with TW, it's sonething that one has decades of experience
with as opposed to sonething that one has relatively little
to no experience wth.

There's also the issue over dose. Are we tal king about
exposures of picogram —anounts, or are we tal king about
exposures to potentially kilogram amunts of sonething that
particularly from an endangered speci es standpoint could
gai n access to?

Simlarly, what about spatiotenporal issues? How |ong
is that product going to be available to species X, Y, or Z
for which it's not intended? 1Is it going to be only in
pl ace, or how nobile, either fromw nd, water, or through
i nani mte nmeans woul d any of those products be expected to
nove or stay in place?
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And similarly, what does one project is the degrees of
exposures between GMOs and non-target species? Non-target,
again, in the broadest wildlife sense of not, what was
intending for it to come in contact wth.

As to the particular agent, ours was the vacci ne
rabi es gl ycoprotein reconbi nant, and obviously, there are a
whol e suite of considerations that were relevant to that bug
that aren't relevant by and |large to nost of the topic under
di scussi on today and tonorrow.

Simlarly, one has to recognize that it was in 1983
that we started first playing around with this reconbi nant
agent, and it was a pediatrician who then expressed to ne
that this bug would never be allowed out of the | aboratory.

As far as |'maware, it was the first Category 3
application, and eventual field test in 1990, to USDA at the
time, recognizing that pseudorabies GVO was not in the sane
category, as a deletion nutant. The V-RG had the
i ncorporation of rabies glyco-protein.

And so there were sonme great considerations that we
gave to that at the tine for which there were no guidelines;
i.e., there was not necessarily before | becanme a public
servant and certainly some of my colleagues in the audience
who al so were, there was no mandat ory governnent oversi ght
of saying maximally of what you had to do because these were
relatively new grounds.

Simlarly, it wasn't industry since we were in
acadenmia in that sense who was saying, "This is what we
really feel to be prudent." And so we struggled al ong that
way, along the lines of the acadenic regulatory as well as
i ndustrial environment at that tinme as opposed to if it was
only left to one of those entities in and of thensel ves.
There weren't firm guidelines.

Simlarly, we have to recognize that there are sone
viruses, hopefully none that are going to be used for
vectoring purposes, that have the ability to replicate in
plant or in aninmal tissue at |east invertebrate or
i nvertebrate and vertebrate tissues.

But again, at least to this point, |I'munaware of any
that have the ability to replicate in all three or fromthe
botanical to the vertebrate, at |east not that has survived
such introspection or lack of since there's not a great
pl ethora of data out there.

We know, for instance, of even anong the
Rhabdovi ruses, and there are other viral famlies that have
these abilities, again, sonme of which we hope won't be
sel ected for any vectoring purposes.
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Simlarly, when we're tal ki ng about effects upon hosts
that we're not just relegated to the control of |ooking at
the standard rodent or | agonorph nodel because it's
convenient, things that are highly inbred and that are
useful for tried and true experinental purposes that really
if we are concerned about wildlife, there are a variety of
wildlife out there for which we don't have to resort to just
ICR or mice, et cetera.

Now, obvi ously, these sorts of considerations are not
going to apply to the majority or even, we hope, to a w de
variety of applications that are going to cone into play
today or last week if the horse is already out of the barn
or certainly next year.

But if one has sone concerns, one would hope that
there is some regulatory oversight to bring up sone of these
i ssues such as which hosts are one going to deal with as far
as non-target effects? Are you going to try and adapt, for
exanple, a field nmouse, a raccoon, or a deer nodel, for
experinmental insight, as simlar as what's been done for
| ab rodents?

What about age, sex, reproductive effects? What about
i munosuppressi on effects? There was nobody telling us that
we had to ook at FIV mice. W felt it was incunbent upon
oursel ves because as Robin WIlliams taught us in Al addin,
that genie doesn't like to go back into the bottle
of tenti nes.

And so we felt that given the potential repercussions,
no matter how much science fiction, it was incunmbent upon us
to be good stewards and rai se those issues rather than have
them rai sed of us after the fact.

Qur ani mal nodel, of course, was the raccoon as per
our target species at the tine and also may or may not be a
rel evant one; for exanple, with corn is one of your target
pl ants or how one presents the introduction of those
ani mal s.

But we didn't limt it to our target species raccoon
Qbviously, in the course before one even field-tested in
1990, the gamut ranged all the way from nonplacental mamral s
to nontraditional terrestrial nmammals.

In fact, in some of our considerations early on, it
ranged nore than what would be likely to come in contact
with this product when vacci ne woul d be incorporated and
distributed for free choice uptake by sonehow.

There are al so environmental issues, |and use issues,
that have to be taken into effect as if one does sone tria



with sonme biologic out of the |ab, where are you going to do
it, and what other |and uses are going along at the tinme?

And so it may be all in containnment, or it could be in
segregated plots, as we've heard quite a bit about, or
dependi ng upon the relative benefits and the rel ative risks
of the agent in mnd and the hosts in nmind, it could be as
extreme as to even nore severe isolation as to where you
want to do this, if not to prove it to yourselves then at
|l east to prove it to society that's raising sone of these
guestions once they find out about what it is that we're
doi ng or hope to do.

There were al so i ssues of scale as well as we've heard
about and timng as to a single tine or seasonally or ad
infinitum et cetera, and what sort of call-back potentials
there are if, in fact, we find out that maybe we did
somet hi ng wrong.

As far as how one goes about nmking sone of these
consi derations, obviously, they' re going to be based upon
nmul tidisciplinary input as to things that in great
l'ikelihood we'll be consunming these products, either from
di rect observation or, simlarly, whether one ever needs to
go to the necessity of a true island environnment, whether it
is an actual island as we had to or whether one in 1978 that
the Swiss did when the first oral biologics were rel eased
for rabies vaccination and rather isolated ecosystens or, in
fact, if we feel confident enough that we can go ahead and
have sone of these trials take place ad hoc.

How does one go ahead and consi der some potentia
adverse events that can occur fromthe introduction of these
bugs, vehicles, plants, plant products over tinme such as
potential interactions or notable observations as to adverse
events?

What do we need to look for if it doesn't spring up
automatically and beat us about the head, if you will. In
ot her words, from an oni on skin approach that it's al npst
obvious to sone of us who do |lay awake at night trying to do
the Jack Nichol son of A Few Good Men so that others can
sleep well at night, obviously, if things die or if they get
sick or hopefully if one is doing necropsies, there are
gross lesions or mcroscopic lesions or ultra-structura
| esions or physiological alterations, et cetera, hopefully
sonmebody has at |east given this sone forethought and has a
means of beating the bushes | ooking for bodies that could be
out there or utilization of live trapping to |ook for
adverse events that could be related to rel ease of Product
X, Y, or Z

O are there any gross |lesions that beconme intuitively
obvious in your rel eased versus nonrel eased control areas
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for said non-target species? O upon necropsies of suitable
statistical sanple, are there any gross |lesions that can be
identified and sinmilar postnortemfoll owup for target
organs of choice, again, dependi ng upon what antigens,

bi ol ogi cs, et cetera, one should concentrate upon as to
organ systens.

And sinmilarly, whether or not if there are suggestions
as to sone adverse events if one actually has to go to any
ultra-structural levels to | ook for that degree of potentia
adverse events.

Simlarly, there are things that one needs to be
cogni zant of that may not present necessarily as over death,
say, the Calicivirus virus situation for a bug that wasn't
i medi ately supposed to be released in Australia or any of
the lesions that |'ve described so far. Even very, very
subtl e things such as, are we going to see changes in weight
bet ween control versus study areas?

And similarly, what's normal out there? Even with an
animal |ike raccoon that you think we knew everything there
was to know about, ne and ny colleague Dr. Hamir who now
wor ks for USDA, we still have papers on the draw ng board
pre-1990, and we thought just about everything there was to
know about raccoons. Well, that's not the case. So one has
to determ ne that what normal is in order to conpare what
abnormal is based on your facet of potential adverse events.

And beyond the biology of what it is that could be
eating, hopefully you've got sonme other studies that are
ongoi ng to actually docunent things that are com ng into
these plots and potentially are actually eating them

And if, in fact, from observations of nontransgenic
bugs, plants, et cetera, you get sone idea of what hosts one
shoul d go ahead and conpare and consi der under captive
conditions first.

In our situation we were enbarki ng upon Noah's Arc
with over 40 vertebrates that were tested before it was ever
released into the field. At the tine it was a pain,
har angui ng over sonme of these issues, and yet in retrospect,
| think we sleep a little bit better that we did sonme of
these studies in captivity before ever going into the field
and t hi nki ng about issues of hosts, bugs, environnents, et
cetera.

Simlarly, the kinds of techniques that one is going
to use to survey over tine, depending upon the nature of
one's release and the potential effects in that comunity,
utilization of live trapping, for exanple, and multiple mark
recaptures, issues related to nornmal paraneters, bl ood
physi ol ogy, et cetera, |ooking for antibody effects, how one
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goes about getting your sanple such as roadkill effects and
| ooking for lesions in sone of those target organs,
simlarly |ooking at non-target species for

hi st opat hol ogi cal | esions based on gross introspections for
a wide variety of species and also the possibilities, again,
dependi ng upon circunstance for radio collaring, telenetry.

We've certainly come a | ong way, even fromthe 1990s,
as to the ability to very inexpensively mark these animals
and nonitor them over distance and have both activity as
well as nortality indices that one gets a signal that, in
fact, your aninmal has died in a control versus experinenta
plots that one gets their hands on that carcass in a tinely
f ashi on.

And one could go ahead and al nost | ooking at
survivorship studied in Phase 1, Phase 2 human clinica
trials, simlarly, one can do these sanme kinds of
mani pul ations in wildlife popul ati ons and studi es of choice
as well as | ooking at sone nore nebul ous potential effects
as to effects on biodiversity, novenent patterns, et cetera,
of one's small mamml of choice.

We al so have to recognize that there are a whol e
variety of issues beyond the scientific ones that | think we
have cone a long way fromthose days in the 1980s and al ways
having to have adversarial relationships.

I think if we can consider what some of the probl ens
of perception are out there, we oftentines recognize that
scientists in ivory towers and gene jockeys oftentines don't
make the best spokespeople, that they want to be purists in
their research, that we have to have that need for outreach
that oftenti nes we have to have our data speak for itself
rather than nmere specul ation or subjectivity, and oftentines
those data aren't out there, and if one is not transparent,
then you really can't blame some nenbers of society to raise
some of these issues and oftentinmes very vociferously.

There are al so sone issues that have already been
rai sed about in whose backyard these things nmght be going
on versus obviously these really are going on in everybody's
backyard, so to speak, if, in fact, we can't call these
back.

And on issues of scale that after some rather
| abori ous hand-wringing and actual generation of data that
there really is anything to fear that it's not tonorrow that
you go from upscale of only having one or a fewtrials of
product under question to having the mllions of doses.

And so again, fromalong the Iines of what one has

been able to do with oral vaccines for rabies in this
country fromideas in the '60s to products, reconbi nant
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products, in the '80s to first field trials in the 1990s to
now mllions of doses being utilized in the U S. without
apparent consequence. But again, that's because people are
still looking for apparent consequences froma public health
or froma veterinary, both donmestic and wildlife avenues.

This was certainly not a random sanple, but | did
solicit sone opinions on these issues fromcoll eagues, not
random because t hese were very know edgeabl e individual s
with various |levels of expertise in nolecular virol ogy,

i mmunol ogy, wildlife biology, et cetera, veterinary
medi ci ne.

Moreover, it wasn't random because they knew t hey
could share their opinions regardless of what | was going to
think. And alnpst to the one, they had no grave concerns
over the topics of which we're under discussion today and
tomorrow, but that was with the caveat of with the proper
federal oversight and that by and |large, they were
unfam liar with the data as to what had been done to date,
either for the kinds of issues that are under discussion
here for which we laud both regulatory authorities to
bringing to greater light but also because of their by and
| arge i gnorance of the data that suggests that there were no
adverse events in sone of the populations that we're talking
about; i.e., wildlife.

And so there are a variety of professiona
organi zations that are out there, American Association of
Wldlife Veterinarians, Southeastern Cooperative of Wldlife
Di sease Studies, the Wldlife Disease Association, and on
that are nonfederal agencies whose job it actually is to go
ahead and | ook for potential adverse events because things
change. Stuff happens.

Continents who say they are free of a di sease
hi storically but never | ooked find out in 1996 as |ate that
t hey have a brand-new bug. Stuff happens. And so one needs
to have a dialogue not only with the public but with some of
those professionals out there whose job it is to try and
have sone oversi ght and good stewardship

inour little experinments with VRG over the years, it
was a nultidisciplinary international collaboration that
went way beyond just industry. In fact, it wasn't industry
that was pooling these things along. It was the consortium
bet ween acadeni a, industry, and governnent. And | think
that's the kind of partnership you're going to have to
maintain if, in fact, you're going to be able to build the
relationship with the greater public at I|arge.

I think in conclusion, putting these things in

perspective, that we need to be thinking outside the box
because if we're not, who else is? W need to be doing our
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homewor k as to how good we feel about these things. W have
to be questioning our own notivations.

I question these issues whether or not based on our
first speaker there ever really was going to be avail able
for the developing world. And so if, in fact, we're talking
about the kinds of orders of magnitude and put it in
perspective fromthe rabies situation, we know parenterally
somewhere down to the few microgramrealm we know
parenterally can be used to vaccinate an ani mal once.

And that's only on the order of about 25 cents, U S.
cents. And so really, are we going to be able to conme up
with a biologic that on the gl obal market en nmasse -- |'m
thinking froma dog vacci nati on standpoi nt or any veterinary
applications -- are you going to be able to conmpete with
t hat ?

Al so, in addition, zoonoses and the question of human
pharmaceuti cals, by and |l arge, we should be focusing on the
reservoir or reservoirs as opposed to worst case of having
to deal with humans.

But if, in fact, when things fail and hunmans do get
exposed to zoonotic agents that live in animals, are we ever
going to conpete with, again, fromrabies biologics as Dr.
Koprowski mentioned, these things are beyond the scope of
t he devel opi ng worl d.

And so although there's certainly the pronise,
real ly doubt because of regulatory issues and good
manuf acturi ng processes and QA, QMC if we're ever going to
see the reality of being able to provide these things, |I'm
t hi nki ng repl acenents for rabies i munogl obulins, for
exanpl e, which is sonething we grapple with all the tinme, |
just don't think that's a reality.

And if, in fact, for sone of these organs, because
nost zoonoses never make the Top 10 of diseases, then if
sonme forethought should be given to the not for profit use
of these or, in fact, devel oped world bear the brunt of
hi gher prices in order to make these nore available to
devel opi ng countri es.

Let's not be fooling ourselves that these things are
going to be as inexpensive as water because, by and | arge,
i ndustry is there not to be taking a | oss on these products
and, at the very mninmm have to recoup their |osses.

And similarly, | think it is very true that froma
regul atory perspective these are all going to have to be
handl ed on a case-by-case basis. There is no cookie cutter
approach to the kinds of discussions that we have here nor |
hope in the near future.
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| thank you for your attention.

JIMWH TE: [I'mgoing to open the floor for sone
qguestions for our speakers and John. | don't know where
John is sitting.

Does anybody have any questions? Wuld you conme to
the m crophone?

ALLEN M LLER: Yeah. This question is for John and
maybe Dr. Koprowski. W tal ked about nmaking transgenic
pl ants express the viral replicase as sort of the way to
control, so then you only need to put in the RNAs that get
replicated so that you don't have to worry about the virus
escapi ng and spreadi ng.

Do you think there's a risk, though, of RNAs evol ving
in the plant that beconme tenplates for the replicate or
i ncom ng RNAs that nay be defective that become DI RNAs and
replicate, and speaking kind of about the data | believe
that you expressed the replicase in the absence of any
tenplates is just finding one, starts making RNAs, and
that's not too good for the bacteria.

Have you thought of that?

JOHN HAMMOND: Certainly can't exclude the possibility
that somet hi ng woul d happen. The put in have | acked their
own replication signals, so they can't get out and do
anyt hi ng el se.

So while it's possible that sonething might replicate
within that plant, | don't see how it would get out except
in conbinati on with another virus.

ALLEN M LLER: Yeah. It nay not get out. |'m
thinking the main thing is you m ght see a nutation on those
pl ants. Mybe the plants that are thrown away earlier
really aren't |ooked at.

JOHN HAMMOND: Well, that's certainly containnment in
situ, and if you were to observe any odd phenotype, it would
be a relatively sinple matter to identify that. That would
certainly be one of the first things that you would | ook for
if you found sonething |ike that.

ALLEN M LLER: But, you know, there are sone logistic
i nterventions between viruses, and | was just sort of
thi nki ng that that m ght help along the incomng virus as
well. | don't know. It's just sonmething to consider

JOHN HAMMOND: There are cases where things have
arisen. Satellite in cucunmber nosaic, | think, is at |east
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presuned to arise de novo, that it may be a defective plant
RNA that is captured by the virus and replicated. And |I'm
sure there are other instances.

I'"mnot sure that those could also not occur in a
natural virus infection. | don't think that we would be
provi ding the opportunity for anything in a transgenic plant
that cannot occur already in a m xed infection in nature.

ALLEN M LLER: Ckay.

JOHN HAMMOND: And you nust admit that the preval ence
of mixed infections in nature is very high and has been
occurring in many species over many hundreds and thousands
of years. Why should a defective transgene in a plant |ead
to something that hasn't happened in natural situations?

ALLEN M LLER: Okay. Well, that's just the age-old
question then.

JULI AN MA:  Julian Ma. | have a question of Dr.
Hansen. But I'd |like to preface it with just a couple of
remarks.

Coming fromthe UK, I"'mwell aware of sonme of the
argunents that he's put forward. W have a very -- as
everyone knows, we have a very negative public opinion
agai nst GM foods and crops, although | should hesitate to
call it public opinion because | think the public has had
nothing to do with it, and it's nore of a public hysteria
whi pped up by the media and various public organizations.

Actually, it's the very attenpt to be open by the U K
government in putting a Website which described the
| ocations of the larger kinds of field trials that you
descri be and advocated that has led to them being targeted
and been closed down in the main, and | find that very
depr essi ng.

The other thing that | find depressing is the
regul ation of science in this whole debate. Mst of the
critics in the U K and Europe are quite eager to say that
they "don't really understand the underlying science, but."
And |I'malso a bit depressed when you prefaced your talk
with simlar comrents, although having heard your talk, |
realize that you are probably as aware of the science as any
of us are here.

So ny question is, firstly, do you agree that the
debate and the questions can only really be answered by
application of the scientific nethod? And if so, how do we
bring science back into the debate?
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M CHAEL HANSEN: Actually, | think those are very good
questions. "Il first start that -- ['ll first start out by
saying | think part of the problemyou have in the United
Kingdomis the lack of trust in the public of what
government regulators say, in fact, because the 10 to 12
years when the governnent said with BSE that there wasn't
any risk here at all. W have nothing to worry about. And
then they learned in '96 and |l ater that that wasn't true.

So | think that's a special case.

But in terms of -- | do agree that we have to try to
get science back into this, but | also think that there is a
role to play by the public and that -- | mean John Durront

at the public museumin London has done wonderful work
poi nting out that you have to have these consensus
conferences and do things in an, you know, open and
transparent fashion.

And in fact, at the OECD neeting in Edi nborough, John
Durront was very strong and basically said that you have to
explain this stuff to the public. They have to feel I|ike
they' re having sonme kind of input.

| actually agree. W should ook at this on a
scientific basis, and in part we don't see a lot of that in
the general nedia. W see things on both sides. W see the
extreni st statements of people tal king about apocal ypse, but
we al so see on the other side people saying that this is the
nost rigorously studied and regul ated, you know, plants in
hi story, and that's just not the case.

I think folks in Europe and el sewhere actually get
somewhat surprised when they hear that there is not a
mandat ory premarket review process in the United States for
food safety

So | say yeah. Let's open it up and actually get on
the board for EPA and FDA and USDA the kinds of questions
t hat shoul d be being asked. And | think sonme of the nore
technical critics of us have done that in comments that
we've submitted to the agency with very detail ed, you know,
techni cal considerations.

I mean |'Il talk with you afterwards about this, but |
agree that that's inportant, but we also have to allow the
public to have an input because there are issues that also
have to do with norality in a strange way.

| nean people in ternms of how risk-averse they are,
part of the consideration isn't just a technical one.
There's all these value judgnents that cone in such as
people tend to be nmuch less willing to take a risk if they
feel that it's involuntary and sonething that's inposed on
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themwi th no particular benefit than if they' re taking the
risk voluntarily thensel ves.

So there's all sorts of considerations that | think
are also not strictly scientific that have to be aired as
well, and | think the use of these consensus conferences as
has happened in the U K and Denmark and el sewhere woul d be
a very good nodel .

And | think part of the reason we're having probl ens
inthe United States is there really wasn't any kind of rea
public debate because we didn't have any regulation to talk
about it whereas in Europe with the, you know, novel food
directive, you do have that.

JIMWH TE: Guy.

GUY CARDI NEAU:. | have a question for Dr. Hansen.
It's inrelation to the TERRA PRI MA story about the 180, 000
bags of corn chips, | guess it was.

M CHAEL HANSEN: Yeah

GUY CARDI NEAU:. | testified at the FDA hearing in
Cakl and in Decenber, and | heard a simlar story. A |ady
from W sconsin tal ked about 65,000 bags of corn chips. And
as | sat there and listened, | wondered, is it the sane
story?

M CHAEL HANSEN: Yeah. Depending on -- the nunbers
are different, but it was 114,000 was the -- different
nunbers now but --

M CHAEL HANSEN: $114, 000 was the econonic cost.

GUY CARDI NEAU:. Al right. Well, here's nmy question.
Organi ¢ foods cost nmore because they're organic. So in this
i nstance either there was seed mixing or there was pollen
drift theoretically.

But, here's their plot of corn that's organic, and
here's their Bt corn plot where they m ght have gotten
pollen drift, or here's their grain storage with their
organic, and here's their Bt corn, and they got m xed
t oget her.

But now suppose this is a nonorganic field that's been
sprayed in which there is no transgene. Now, it suggests to
me that what we have here is either bad cropping practices
that allow pollen to drift into their organic field because
even if it's not a transgene, if that sprayed nateria
drifts over there, that's no longer organic. But | can't
deternmine that and |I'm paying nore for it.
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O if this sprayed crop is mxed in a seed bin with
their material, it's not transgenic, so | can't detect it,
yet |'m paying nore for that crop

So it strikes me that what this really showed us was
not the problemw th transgenics but the problemwth
organic practices, that they really don't live up to their
reputation, and in fact, they're contanmi nated all the tine.
It's just that we can't tell

Can you coment on that?

M CHAEL HANSEN: Yeah. Actually, with the organic
rol e, Consuners Union has been critical of the organic
i ndustry. W have said, for exanple, that there should be
required pesticide residue testing because since organic
foods do tend to cost nore, there might be an econonic
propensity to cheat.

And that has actually been found in the past. It was
found with one case with carrots. They were selling so many
-- | think it was Fresh Fields. One of compani es were
selling to many organic carrots on the Web on the East
Coast, sonebody actually did some cal cul ati ons and figured
out that the ampunt that that entity was selling was |arger
than the certified organic production of carrots U S.-w de.
So clearly, something was going on.

I think you could potentially say that this shows
problenms with the organic rules, but it's larger than that
now because since there are these markets in Europe and now
Japan for guaranteed GE free, that's when you're going to
have problens of also conventional farners who are trying to
grow t hese GE-free grains because we're already starting to
see a two-tiered grain market appearing.

And so that's actually one issue that is being
struggled with by the National Organic Standards Board, and
| think if you talk to folks within the organic industry,
there really is sone kind of concern over what they can do
about this pollen contam nation issue.

It wasn't a problemin the past because if you got a
conventional crop and you had pollen drift, that didn't make
the organic crop function nonsell able.

Wth this GE stuff, that's sort of true now If you
want to sell into the European narket, it doesn't have to be
organic. It can be conventional, but they don't want those
certain CGE corn varieties. And the sanme thing is happening
with Japan as wel |

So you start to then -- that's going to be a very
tricky question. And I'lIl just say that | notice that the
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i ndustry does deal with this. |If you | ook at cotton, for
exanple, in California, they prevented Sally Fox's Natura
Cotton fromactually growing it in plants there because she
has some col ored cottons which she's discovered, and they
woul dn't let thembe grown in California, and the reason is
that the conventional cotton growers didn't want any of

t hose genes appearing in any of their cotton varieties and
maki ng them not pure white.

So it's an issue that |I think is going to have to be
dealt with. There's sonme talk at Gickmn's panel of
perhaps there's sonmething that needs to be done on crop
i nsurance. But this whole issue of pollen flow has to be
dealt with because the econonic inpacts -- this is not even
t he ecol ogi cal inpacts but just the econom c ones.

JIMWH TE: Before Louise goes, | want to -- M chael
one of the joys of working in federal bureaucracy is reading
proposed rules, and | read the 500-page and now officially
out for 90-day comment on the organic rule.

I think 1"'mgoing to ask Mchael. 1s the Consumers
Uni on going to conment on the failure of this new AMS
nati onal organic rule to address pesticide testing in
organi cs and address pollen flow before the rule goes final?

M CHAEL HANSEN: |'Ill say in our first comments with
the first round which we think were bad, we did actually
rai se the question of that there needs to be sonme form of
pesticide testing for residues. W said that in our
comments in '97 or '98, and there's folks in the organic
comunity that are upset about that. They sort of
understand it.

So yes, we will comrent on both those things. And |
will say that from what we've seen of the rule and going
through the organic rule, it's far better than the origina
rule that canme out. It only |looks like -- there's sone

small m nor issues, but all the |arger ones and even --
there were 50 or 60 that | think folks identified, and
there's a nuch smaller suite here.

JIMWHI TE: You didn't address pollen flow.

M CHAEL HANSEN: Well, that's going to be a thing,
yes, that needs to be raised, and the whole pollen flow
i ssue -- because we don't know how to deal with it. W do
have some evidence fromthe USDA that there have been some
farmers that have asked about it under the federal crop
i nsurance program and it's interesting because they've
gotten letters back that say, "W can insure you agai nst
natural disasters, but we can't insure you agai nst manmade
disasters.”" And they likened it, interestingly, to toxic
cont am nati on.
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JIMWHI TE: Loui se.

LOUI SE HENDERSON: Loui se Henderson fromthe Center
for Veterinary Biologics. There's sone real issues about
risk analysis that are always raised here, and as a
regulator, I'mcharged with | ooking at products that are
brought to us for testing, and then you can actually do test
some of those kinds of products.

But what | would |ike to have anybody conment on that
would Iike to is how one can determ ne whether or not one
shoul d | ook at outregul ating the expression, thereby
limting the acreage, versus raising the |level of antigen.
And we all know that toxicity issues are often dependent on
concentration of expressed proteins or whatever the
bi ol ogically active elenent is.

Once it's in a final product, I'mnot so sure that
that's so difficult in the testing arena, but do you have
any suggestions for how one m ght go about | ooking at how we
woul d bal ance those two concerns?

JOHN HAMMOND: | think if you have sonething that's
bei ng produced that is toxic to the plant it's being
produced in, Carole Cranmer's system where you produce it
after the plant has been harvested is the obvious answer to
t hat one.

If it's not toxic to the plant you' re producing it in,
I'"'mnot sure that there's very nuch to tip the bal ance
either way. That's probably a question of the econom cs of
rai sing the expression level in the individual plant versus
pl anting greater acreage.

I'"'mnot sure that there's very nuch scientifically to
choose there. | think that's nore a matter of the economc
i mpact of one over the other.

JIMWH TE: W're going to have two questions.
M chael is going to ask a question, and Vldadi gets the |ast
qgquestion of the day.

M CHAEL HANSEN: The one question I'd |ike to ask,
since in reading some of the submissions that | did, |
notice that -- and in the discussion, John, that you did,
you tal ked about gene flow, but | was wondering, is there
much experinental data? Are people |ooking at horizonta
gene transfer fromplants to bacteria?

I know in the things | saw, people just referred to an
article in 1993 that says that this doesn't happen, and |'m
just wondering since it grew apart in 1998 in an article in
the Journal of Applied and Environnmental M crobiol ogy, we're
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able to denonstrate with a Sinetobactor novenent of
transgenes fromtransgeni c sugar beets into this soi
bacteri a.

It was in the | ab, but as they said, that -- and |'|
quote -- transformation of naturally conpetent bacteria by
transgeni c plant DNA, even with plant honpbgenates was
denonstrated for the first tinme.

And so since others have raised the horizontal gene
flow i ssue and not even critics such as nyself but on
G ickman's panel Marjorie Hoyt from Florida raised that
i ssue that she was concerned.

So |I'm wondering, are people doing experinents in the
field to | ook at mcrobial ecology and to | ook at horizonta
gene transfer so it's sort of the bel ow ground?

I think the stuff that the CDC tal ked about on
wildlife is done very well, but |I'mwondering if anyone is
| ooking at the soil and mcroflora and fauna?

JOHN HAMMOND: |'m going to have to refer that to Jim
because that's out of nmy realm

WHI TE: This discussion is going on recently in the
di scussion group from Switzerland, and we can't go through
that, Mchael. 1'lIl send you that. But the best system
that | understand is with Erwinia which can grow on
pot at oes.

Naturally, it causes di sease on potatoes. They did
testing on that so the Erwinia has to grow on pot atoes.
That's their own source, and they've shown no horizonta
transfer on that, so | think that's a better systemthan

these other systens, but I'll send you that information
VI dadi
VLDADI YUSIBOV: |'IIl just first conment on Allen's

guestion that we've been using transgenic P12 in plants that
replicate transgenics for four years now to produce
di fferent biological and as Dr. Koprowski mnentioned.

And | agree with John that hypothetically it's
possible that the replicate may indeed replicate sone of the
pl ant RNAs. Practically, it has to inprove them

On top of that we have done sone experinents. W did
consi der the question, but unfortunately, you have such a
huge question that which RNA or which nessenger to keep and
whi ch one to check in order to predict or at |east to prove
or disprove the replicate indeed does or does not replicate
t he plant nessages.
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But a final one we have done, we have purified the
viruses fromdifferent constructs over the four-year period
produced in this transgenic plants trying to see if any of
the plant nessages are attached with the plant virus by
i nocul ating even with the wild-type virus which has all the
conponents, and we never have been successful, or we never
succeeded to recovering the wild-type so-called plant RNA

It's encapsulates the viral RNA which really rolls out
sort of like even if it does replicate sone of the nmessages
at sone level, but the concern, it's not encapsul ated as a
part of RNA, and if it's not transnittable to the next -- to
the suscepti bl e hosts.

And second, | had a question just for Mke. | think
it's nore like insect biology question. There was a
guestion about the resistant bugs, resistant to the Bt.

| think there should be some sort of, like, a
di version. What you really had to look into will get into
the Bt which can becone resistant to the Bt-producing corn,
or are we |looking into the sanme probl em when you're spraying
the insect with the bunch of chenicals where you have much
nore chances to getting insects which will be resistant to
pestici des, herbicides, and you will be facing the problem
of not only having a single bond which could be resistant to
a Bt. You nmay face a problem-- | think some of you may
remenber this better than | do. | think there was a
nosquito problemin the Great Lakes. The nosquito
popul ati on was sprayed with Bt or sonething |ike that, that
t he npsqui toes becane resistant.

So inthis case | think it has to be discussed, but at

least to ny view, it will be much nore safer. And then we
have to go into the nutation rates, which what kind of
frequency the bug will nmutate, which is really -- | nean
question of, like, it's not going to be very frequent.

So we really have to choose and pick which will be the
better. | nean you may have the sanme probl em of obtaining

the resistant --Circo-Resistant bugs but in a nmuch wi der
popul ation of the insects by spraying themw th the
chemicals rather than just having a selective Bt corn which
really produces the Bt only in green part of the plant, not
in the part we consune, if you can comment on that.

JIMWHI TE: I'mgoing to interrupt. Okay? W're
supposed to be here at 4:30. There's a cash bar that's
going to be out here, and Vlidadi can buy M chael a drink,
and they can discuss Bt. And | want to rem nd everybody they
are invited to the banquet that's at 6:30. That's going to
be held on the second floor of this building. And if you
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want to talk to M chael about Bt-resistant insects, you can
do that then.

Thank you very much.

(Meeting concluded at 5:00 p.m)
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