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Biotechnology What is biotechnology

DR i T
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et

Bio?échnology

involves using living organisms (microorganisms,
plants and animals) to carry out process that
make substances that we want.

Take a gene from one organism and put it into a
different one genetic engineering (transgenosis)

biotechnology “EHIFAN
transgenosis 5 & &
Genetic engineering EF T F

HD
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What is biotechnology

Ny

S’

et

Why do scientists usually using microorganisms in biotechnology and

genetic engineering ?

Virus

—

DNAviruses  RNA viruses

'+ §

Enveloped viruses

£ Bacteria

Protists

\
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!._._._._._._._._._.: ............................................................. :_U ....... _i
____________ pr L e A A ¥ bacterial cells share the same of genetic |
¥ Phey are very small, not take up much space . material, DNA, with humans. _
. ¥ easy to grow in lab, reproduce quickly ¥ genetic code (triplet) is same for bacteria as it
' ¥ can make a huge range of different - 1s for humans '
o o e S ; e

..........................................

¥ bacterial cells have plasmids — '
little loops of DNA. These are
' easy to transfer from one cell to
“another. C)

......................................................................

genetic code IR{EZHY
ethical issue {SIE|AJRR \/
plasmid [Zfi
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& cell wall

cell W
membrane |

nucleus

cytoplasm

oil droplet

vacuole
mitochondrion

yeast FFEIER
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Using yeast

resource

anaerobic [REHY
aerobic IFF /Y
fermentation Az %

bioethanol =454
maize FTK

glucose @——> carbon dioxide

Yeast 1s able to respire anaerobically

This process is also called fermentation

. some arguments against growing crops to make biofuels.
¥ the crops take up land
¢ put up the cereal price (expensive)

\
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glucose @~ ——>  ethanol +€bﬂn diu@

Amylase enzymes break down some of the starch
in the dough to make maltose and glucose, which
the yeast can use 1n anaerobic respiration.

Flour contains a lot of starch and protein (gluten-
makes the dough stretchy)

flour ¥y

gluten EH
dough&EEH]
stretchy B5EERY ~
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& List three reasons why microorganisms, rather than animals, are often
used 1n biotechnology.

® which product of anaerobic respiration 1s used to make biofuels?

& which product of anaerobic respiration is important in bread-making?
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biotechnology YA JE—
- transgenosis 5 EEX] anaeégb;(ijrzéif_éﬁ’ﬂ
Genetic engineering F= X T FF R e
5 S = fermentation A7
bioethanol 4E4Es
maize 2K
genetic code I=H{E Y
ethical issue {SIR[a)gR
plasmid J&RFL
flour [E#)
== gluten BEH
yeast BRI doughZEH A
stretchy A58 4ERY
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& List three reasons why microorganisms, rather than animals, are often
used in biotechnology.
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& cell wall

cell W
membrane |

nucleus

cytoplasm

oil droplet

vacuole
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Using yeast

resource

anaerobic [REHY
aerobic IFF /Y
fermentation Az %

bioethanol =454
maize FTK

glucose @——> carbon dioxide

Yeast 1s able to respire anaerobically

This process is also called fermentation

. some arguments against growing crops to make biofuels.
¥ the crops take up land
¢ put up the cereal price (expensive)

\
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glucose @~ ——>  ethanol +€bﬂn diu@

Amylase enzymes break d of the starch
in the dough to mak&maltose and glucosgwhich

the yeast can use 1n anaerobic respiration.

Flour contains a lot of starch and protein (gluten-
makes the dough stretchy)

flour ¥y

gluten EH
dough&EEH]
stretchy B5EERY ~
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® which product of anaerobic respiration is used to make biofuels?

& which product of anaerobic respiration is important in bread-making?
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5 S = fermentation A7
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enzymes

How to remove blood stain effectively ?

~
L =

Right

Enzyme + Substrate Enzyme-Substrate
Complex

Enzyme + Products
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— enzymes o/
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S’
Through fermentation, the microorganisms can produce some enzymes.

Biological washing powder

--------
______________________

¥ enzymes + detergents

¥ first biological washing powders only
worked in warm, rather than hot
Now proteases can work at higher

temperatures. Enzymes in washing
powder are packed info
. microscopic capsules. The
detergent ZIE57! . capsules break down whﬂ/

that mixed with water.

)

Washing powder ;7c4<t9
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lactase

lactase
lactose ——> glucose + galactose

lactose Z#E
lactase Z ¥EHE
galactose F-Z| 1
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| Drop milk over
the alginate beads.
The beads contain

lactase

molecule  alginate

N - lactase. bead /
'
\Tactase
lactase
lactose ——> glucose + galactose
alginate beads
containing lactase
Enzyme + Substrate Enzvg'lc:!rf;zxﬁfﬁte Enzyme + Products gauze to stop beads 4‘
dropping out <
. Y "
SYENBe barrelij‘% . Using lactase immobilised. -
alginate bead BRATERERMIR | | ,ctase is trapped in tiny
gauze Zb7h : : . 04 2 Test the quid
s beads, rather than in solution. clamp b o o ®)
tap 7J(Z_E7k Enzymes do not get mixed - for glucose, using
tublng B ? y A test strip.

test strip M 5%
lactose-reduced milk

pZLAESID

up in lactose-reduced milk.
The little beads containing
the enzymes can be reused.
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Rectinase

break down pectin

Extraction of juice from fruit and making the
juice clear rather than cloudy.

pectin SRR
pectinase SRR

extractionfzHN

Making use of

-
........
-

cytoplasm nucleus

10 pm

middle lamella
— primary wall

— secondary wall

pectin hemicellulose cellulose
< ~ —
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- Antibiotics

S’

EFFECTIVE
AGAINST BACTERIA

INEFFECTIVE
AGAINST VIRUSES

Antibiotics are substances
which kill bacteria without
harming human cells.

— bacterial infections REDUCED
INFECTIOUS DISEASE
; MORTALITY RATE
Discovered
1928
Alexander Fleming Per 100,000 Population
ENABLED MODERN
MEDIGINE y
antibiotics FI4E
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penicillin

¥ made by growing the fungus Penicillium

hyphae , spore

structure containing
spores

hyphae making up
the mycelium

penicillin B&%
PenicilliumsS =
hyphae EE%4

spore fF

mold S
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© Penicillium mold € Scientists grow mold in © Scientists separate the © Penicillin is purified
produces the deep batch fermenters penicillin from the mold for use as an
antibiotic penicillin by adding sugar and antibiotic medicine

other key ingredients

AULIEK
PENILILEIN

B Fermentation Penicillin A”ﬁt_"*?ﬂﬁ
e tank molecule medicine

growth
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Penicillium an
sugar added +

Ny

Penicillin fermentation

¥ cllture medium

(carbohydrate, amino acid, Penicillium)
¥ stir continuously

(1. keep the fungus in contact with fresh
supplies of nutrients, and mix oxygen into the
culture

2. roll the fungus up into little pellets-easily
separate the liquid of the culture)

¥ small amounts of sugar have to be fed
into the fermenter all the time.

» A lot of sugar—no much penicillin
» No sugar — no penicillin

culture medium EZFHEE
pellet /]\Ek

Penicillium PL‘Q
steam or cold

culture, \
containing

water out

and amino =

acids

together

aaten <= air supply

8=

e

emperature

culture removed after
fermentation is complete
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$# how does pectinase help in the manufacture of fruit juice?

® look at the diagram of a fermentation in figure. Explain the
reason for each of the following.

a the addition of carbohydrates and amino acids to the culture ?
b the need to control the temperature in the fermenter

¢ the addition of air, containing oxygen, to the ferementer

-

Penicillium and

sugar added +

Penicillium /;:‘—‘-'-\L‘;:._\
steam or cold

culture, \
containing water out

carbohydrates ,_.\ HC— -

an_d amino /bubbles provide
acids // oxygen and mix

/ the nutrients

@ " / and Penicillium

s s together
ot = air supply
L

+
steam or cold
water to control

temperature
culture removed after

fermentation is complete

~/

- A J.
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~ | detergent
Washing powder

lactose
lactase
galactose

syringe barrel
alginate bead
gauze

tap

tubing

test strip

lactose-reduced milk

\&
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How Crops Are Genetically Modified

Traditlonal Mutagenesis RNA Transgenics

Breeding R Interference :
D4D4 a AN §
Crossing. Exposing seeds Switching off Inserting selected
e tochemicalsor selectedgenes | Eenesusing
 offspring e WIﬂ_l Bﬂﬂ methods

i1y
*%

o R

L

Almost All
Crops

1-4

esired gene(s) Random changes in Targeted gene(s) Desired gene(s)
inserted with other genome, usually switched off or inserted only at
- genetic material. unpredictable. ‘silenced”. known locations.
‘No safety testing No safety testing Safety testing Safety testing
requirements. requirements. required. required.

Sources: Blotechnology Provides New Toels for Flant Breeding, University of California Davis Publication 8043; Plant Breeding: Induced
| RACY PRO Mutation Technology for Crop Improvement, F]. Novak, H. Brunner, International Atomic Energy Agency. 1992; Atomic Gardens: Public

B0 TRIMPS AL Perceptions and Public Policy, B. Dick, M. Jones, Life Sclences Foundation Magazine; RNAi for Crop Improvement, International Service for the
Acquisition of Agri-Blotech Applications Pocket K No. 34. Infographic by XiaoZhi Lim
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Genetic engineering

Changing the genetic material of an organism by removing, changing
or mserting individual genes.

(Take genes from one organism and put the into another organism)
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plasmid

St

iNnsulin

bacterium

1 i 100 units/ml
insulin

e s e .
- human 1nsulin gene bacterim o — ‘
B oo om0 G0t O oI At A A R R SN — ﬁunl-““

. bacteria | &

o : e Lower the blood sugar

- Grow 1n vat, fermenter,
- produce insulin

Glucose

7 Purification

Glucose stored
_______________________________________________________________ > | and/or
» used in organs
1

insulin fR32= Ill TR - == V
diabetes HEFRIR e - * o B il
type 1 diabetes —BINEERTR R B \ww R
| IStriputio

ey Healthy
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Crop plants has been genetically modified
resistant to herbicides
resistant to insect pests
(cotton can produce a toxin called Bt)
D

genetically modified crop EEMUE(E4
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5 Nutrition Facts

Rice has been genetically modified

golden rice produce vitamin A

night blindness & S1iE

Serving Size
1/2 Package (142g/about 1 cup)
Servings Per Container 2

Amount Per Serving
Calories 300 Calories from Fat 35

% Daily Value*®
Total Fat 4g 6%
Saturated Fat 0.5g 3%
Trans Fat Og
Cholesterol Omg 0%
Sodium 10mg 0%
Total Carbohydrate 58¢g 19%
Dietary Fiber 3g 12%
Sugars Og
Protein 79

Vitamin A 0% « Vitamin C 0%
Calcium 2% * [ron 8%

*Percent Daily Values are based on a 2,000
) calorie diet.
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Bio-tech facilities in

order to keep genetic

biohazards outofo
food supply

Contact for Carpool Meet Up!

N/
Genetic engineering

GMO

gcu_san_jose@occupy-mensanto.com \/ V /
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ZEresistant to herbicides reduces the Z=farmers need to pay a premium to buy the
number of times that farmers need to spray  seeds, so increase the cost

herbicides onto their crops. L . , ,
. =herbicide resistance gene might spread

=reduces the number of occasions on from the crop plants into other plants ><

which the herbicide may harm to other

%ﬂ%ﬁuces labour costs

growing nearby — ‘superweed’

L Co —i—GM crops with resistance to pests.
=benefit biodiversity, because the farmer 7 = : b=
the crops contain a toxin that kill insects

does ggt have to spiayging grap g may harm human health and predators o
PR insect pests.

One issue
e.g. Some pest insects are evolving to become resistant to the Bt toxin.

~ 0\ 7
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How genetic engineering is done?

transgenics

. For more help, please visit www.cxampaperspractice.co.uk

N
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transgenics 3
~—’

base pair

_- hydrogen bonds

» Adenine (A)

.'\y
f

BT Thymine (T) '
B Cytosine (O N

Hydrogen bond S §#

. Guanine (G) '
.\ Y
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,trans genics The dog DNA and the bacterial DNA are complementary
~ as they have same sticky ends.

They will pair up with the sticky ends.

DNA ligase will links the two strands firmly together.

Double
stranded
DNA
DNA backbone Sticky End DNA insert

G AROUL

e p—

218101l :

Sticky End

‘LLigaﬁO" ligase enzyme

BN Ba | =
‘Sticky ends’ —J Recombinant DNA

f— JIRIRILIBIE
cllt = allal]s

restriction enzyme PEHIIEPRTIES sticky ends Fyi%E>Rim ligase ﬁf%ﬁ@Wup Eﬂ@ombinant Egﬁ
- X




\ / I Some human 2 Chemicals are added to make

i cells are the DNA precipitate.
= liquidised. 3 Restriction
Biotechnology
added to cut the Sy
DNA into pieces.
Insulin production using GE l
Ex@ctlon of the gene for insulin from human | N
iff;ffff;fff;f_':.'ffff;f_'f{f;fff;:f:fff_'f:f:;f_'ff;, o )
. Using restriction enzymes cut human gene for ' C D ")
. insulin with sticky ends | :
om0 mom0macomamemsme A a A A e P 4 Restriction enzymes
‘ ligase cut the plasmid DNA. 5 The pieces of human DNA

enzyme

containing the insulin gene are sticky ends
joined to the cut plasmid
using ligase enzymes.

Gain plasmid from bacterium and using same
restriction enzymes with same sticky ends

' Pair up the insulin gene with plasmids and fi

. link the two gene strands firmly with ligase. Wﬁ

. — recombinant plasmid

........................................ ! co AR N 4 ORI S Y 6 The plasmid acts as a vector

putting the human insulin
gene into a bacterium.

Add the genetically modified plasmids to a
culture of bacteria. Some of the bacteria are

put into the plasmids into cells. These bacteria i Smere ey mate e

are put into fermenters — insulin (extract R Lenga e ™
from the fermenters and purified)

:

i 7 The genetically
: engineered bacteria are

i
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insulin
diabetes
type 1 diabetes

genetically modified crop

night blindness

transgenics

restriction enzyme
sticky ends

ligase

pair up

recombglant |

\&
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The features of microorganisms that make them useful in biotechnology

The use of yeast to make biofuel and bread

How we use enzymes in biological washing powders

The use of pectinase for making fruit juice
The use of lactase to make lactose-reduced milk

How Penicillium is used to make penicillin

Some examples of genetic engineering

Arguments for and against the use of genetically modified crops

. N’



