Classical
Biotechnology

Bread, cheese, vinegar, marinades, wine
and beer have been made using
fermentations by
microbes — yeasts,
bacteria, molds and
—for
thousands of years.
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Food
Production

quality and new products with

reduced impact on the environment.

Examples include faster genetic

analysis of cattle, improved flavor of

vegetables and cheese-making

enzymes from bacteria instead of

from the stomachs of calves.

The Five ““Fs’’:

Developing improved livestock and
crops for greater yield and better

Fiber:
Biopulping

A new example of industial

(5]

biotechnology for fiber is biopulping

— using a fungus to convert wood
chips to paper pulp while reducing
energy use and pollutants. Other
fibers from plants and animals
include cotton, wool, silk, linen,
Teather, lumber and paper.

Food

WHAT ARE THE TOOLS
- OF BIOTECHNOLOGY?

Selection & Fermentation

Breeding

Manipulating microbes,
plants or animals an
choosing desirable
individuals or populations
as breeding stock for new
generations.

Genetic Analysis

Studying how traits and
genes for traits are passed
from generation to
generation and how genes
and the environment
interact to result in traits

Using microbes to convert
a substance such as starch
or sugar into other
compounds such as carbon
dioxide and ethanol,
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Tissue Culture Genetic DNA Analysis
Growing plant or animal Engineering / Polymerase chain reaction
tissues or cell in test tubes Recombinant (PCR) makes many copies of
or other laboratory DNA (rDNA) a DNA segment. RFLP

glassware, without other
contaminating organisms,
for propagation, chemical
production and medical

‘mapping (restriction frag-
ment length polymorphism)
detects patterns in DNA that
can indicate the presence of

Transferring a DNA
segment from one organ-
ism and inserting it into
the DNA of another organ-

research. jsm. The two organisms agene for a trait.
can be totally unrelated. Both PCR and RFLP
analysis can be use
“DNA fingerprinting” for
genealogical studies and
forensics.
‘
INDUSTRY & ENVIRONMENT
Fuel
Producing ethanol for gasohol,
methane for natural gas and

crops for biorenewable fuel. For
example, yeasts ferment cornstarch
to yield ethanol; bacteria decom-
pose sludge, manure or landfill
wastes to produce methane; and
firewood heats homes.

Lactic acid
bacteria

Feedstocks

Diagnosis

Using biotechnology to speed diagnosis
of genetic disorders or infectious diseases
and early detection of pregnancy.

For example, strep throat can now be
diagnosed in 20 minutes rather than i
two days.

Pharmaceutical
Prevention
& Treatment
Using vaccines, antibiotics and

therapeutics produced by microbes,
plants or animals.

Genetic
Counseling &
Gene Therapy
Prospective or current parents learn
about diagnosing and treating

inherited diseases and whether their
children may inherit such diseases.

@ Feedstocks:
Bioplastics

Instead of petroleum, biorenewable
materials such as starch from corn or whey

from cheese-making can be used
to make plastics. Industry uses
microbes or their enzymes to
convert biomass to feedstocks —
building blocks for biodegradable
plastics, industrial solvents and
specialty lubricants.

Pharmaceuticals



WHAT IS BIOTECHNOLOGY?

WHAT IS GENETIC ENGINEERING?

efined broadly, biotechnology
D isthe use of a lving organism

to make a product or run a

WHAT TOOLS DOES BIOTECHNOLOGY USE?

below to microbes microscope), plants, and animas
process. Narrow definitions often limit il PP
biotechnology to genetic engineering — T R o,
and recombinant DNA technology. X & Engineering/
Sha0| setection & A Genetic W™ rissue Recombinant
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tools”— s used in agriculture, food
processing,industrial production,
environmental cleanup and medicine.

HOW OLD IS BIOTECHNOLOGY?

production and medica reearch.

that can indicate the presence of a

gene for a trai,

Both PCR and RFLP analyss can

be used in “DNA fingerprinting”

for genealogical studies and
rensis.
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RECOMBINANT
—You

think of gene picing

like cutting a circle

cut it onee, insert a
diferent piece, and
Join both ends.

umans notonly use plants,
animals and microbes that
occur i nature, they also slect

and develop new varieties that have

desired aits. This seection has

WHAT WAS THE FIRST COMMERCIAL USE
OF GENETIC ENGINEERING?

et e

tie- used
stock and B microbe spl
T oo, 1565 gy e bl 3oy o i
i i by di “Those two microbes grew, then divided into
Pl types of disbetss injoct four, those four into eight, the eight into sixteen,
ing stock for new generations. * insulin, and so forth. the
tht new cells each had a copy of the gene for human
)y iques by the pancreas, insulin. And because the cells
that generate genetc varation. The ard s of daughtered animlssuchas i  opy of th genetc
more vaiation, suin insulin,  “ecipe card” forinuli, they

breeder can choose from. These
ods \nclune roducing o pans,

“To provide a eiable source of human insulin,

could make the insulin
protein. In this way,special

making mutans of mitoes— dmw
ing the genetic mateial of  cllto

carrying the gene with the informaion for
making humn insulin,

Many recent biotechnology methods
focus on manipulating DNA —
deoxyribonuceic acid. DNA s the
biological information tape that stores
Gt formation in organisms and
from generation to genera-
= sy, s e ho-

the DNA carrying
it

organisms. But such croses worked
only with individuals from refated
species.

e
reeders to move one or e
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from a bull t0 2 bacterium o from &
cellofa human Y

Bacterial Cell’s
Genetic Recipe

5,000 recipes.

(ecomiant DNA tehnology because
it results in new combinations of

» s

Human Cell’s
Genetic Recipe

Box
100 0

E. coli bacteria given copies of the genetic “recipe card” for human

insulin protein for diabetic,

strains
(€. ool bacteriaor yeast
given a copy of the nsulin
gene can produce human
insulin.

& ca pwre
sy o ElLily &
Congany.

Human C
Genetic Recipe

Box
100,000 recipes.

technique uses DNA patterns o speed up breed-
ing plants, animals o microbes. These DNA

patterns — DNA “fingerprin
bar codes found on packagesin the supermrket.
st as each item has ts own bar code patten 0

can use these patterns 10 ind and selct breecing

DO ALL MODERN BIOTECHNOLOGY
TECHNIQUES INVOLVE GENE TRANSFER?

o, notall uses of DNA technology involve:
ene wansfer. For example, one common

are like the

ok Wit trlts such as isease resistance,

HOW DOES BIOTECHNOLOGY HELP CLEAN
UP THE ENVIRONMENT?

g
M , ety na

Biopuiping

i s
e same time.

up waste water before it returns o streams lakes
and groundwater, Some sewage plnts also
collect methane the microbes produce to fuel
generators, digesers and ar compressors.

A cleaner alternative o using fosil uels i using
renewable resources such as whey and com to
produce plastics and ethanol (gasohol). And,
by selcting natural organisms to combat crop
Another use s inse diseases, e
microbes to cean up oil or chemical spils,such  pollution by using fewer chemicas.

as asoling leaking from an underground tank.

Athird use s biopulping — using selected

REGULATION AND FUTURE IMPACTS
WHO MONITORS BIOTECHNOLOGY?
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WHAT ARE SOME OTHER COMMERCIAL
USES OF GENETIC ENGINEERING?

engingering, 3) Can the quaity ofthe product be asured?
Agricultural 0y may be that

requiated federal

agencies: the U.S, Depertment of Agriculture  4) What ae the potentialor probable scial and

USDA) the Enonmena Pokction Ageny ot of e
(EPA), and the Fe

(FDA} “Together, these agencies are empowered

new legal, requla-
tory and ethical challenges, What you know
prepare y

Dmdum safty, This
means the agencies answer these questions for

the use of new technologies and their products

the insulin example,
researchers found and transtered &

(1BGHIBST)
to another stain of bacteia. And a copy of the
gene for chymasin — a protein enzyme from

for

i et con rocuce e
amounts of H

bacteria.
Four different strains of lab-grown bacteria and

e 10t s of
dvarfism,

“To increase milk production, other researchers
transferred a copy of the gene for bovine growth

produce human insulin, human growth
hormone, bovine growth hormone and
chymosin.

WHAT IS GENE THERAPY?

ome human diseases are caused by & defec-
ive gene. An example s cystic fbrosis,
disease of the body

0 n d
ing, diagnosing and teating cysic fbross
FIRST, geneticteting or “screening” enables
healthy people to know whether they carry one
copy of the CF gene. If both potential parents
have one copy each of the CF gene, then the
geneticcounselor can provide information and
elp asess hether the couple may have achild
who will develop cysic fibrosis.

SECOND, geneic testing can alert parents
thei child has two copies of the CF gene,
permitting diagnosi even before the disase
develops in the child

THIRD, children with cysti fibrosis can enjoy
some elef from the mucus buildup i their
Tungs by breathing in 2 mucus-breaking drug
made with recombinant DNA technology. The
drug contains  protein that chews up the DNA
50 the mucus s asir to remove from the lungs
by coughing.

FOURTH, o
Ifachild
Tung cells the defective
the CF — e

then the child will develop the disese.

Youvill

the protein that i acking in cystic firosis
patients,
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