#> Define biotechnology and explaini

ts importance.

# Relate biotechnology with genetic engineering and fermentation.

~# Define fermentation.
> Explain the method of fermentatio

Identify different fermentation products and their importance in duiig lifeie. -
bread making, making of cheese and production of alcohol.

yogurt making,

> Explain the use of fermenter in large-sca

their products.

Describe the advantages/profitab
products.

s &2

o Describe major achievements
improvement in agr
insect resistance).

# Describe major achievements

propagation (animal cloning).
> Describe the application of g
insulin and growth hormones.

icultural crops (herbicide resista

of genetic engineering in cur
(foot-and mouth disease, Coccidiosis, Trypo

enetic englneeri'ng in the

n by yeast and bacteria.

le production of microorganisms ond

Describe the procedure of using fermenters. -

ility of using fermenters in preparing medical

: Deﬁhe genetic en gineering and describe its objectives.

Describe how a gene s transplanted. )
of genetic engineering Wit
nce, Virus resistance’ und_.

h reference. to

al diseases

ing anim
a animal

nosomiasis) and |

pruductidn uj h

Describe single-cell protein and its importance.

»
24 Describe the significance of single
& . Statethe significance of
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-cell pfotein in animal ]‘eed.

single-cell protein in human food.
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SALER 7

Bioggchﬂﬂlogg has been !IDUH"'ISi'Iing" since
cehistoric times. It all started when, the first
puman beings realised that they could plant
their OWn crops and breed their own animals, | News, such
! ; \ as Dally th

These people were GPP'II_.’II'IQ biotechnology. | ©f the r.nm.rwe.-?t ;dﬂne{is.hup
Biotechm'“gg can be seen in action when milk is | modified wg"“?«;mn genetically
mmeﬂgdintol:heeseandl_.gngurt.ﬂrwhenwnegur therapy, s, Or gene
i prepar‘!d by fermenting solutions of sugar. In the Research the topic ond discuss your

‘:'J'hnt do you think of when gnu‘
h:zr the _wurd “biotechnology"?
4 be things you have seen in the

sgme way, long 090 bakers learned and used | findings end opini .
hiol.echnohgg to make soft, spongy bread. ‘:|ﬂssn?m¢5‘ opinions with your

More spec‘:jicallg, the term “biotechnology” refers g _

roducts for the welfare of human being:?t hu£ Ugr:.: utsh:P;ii;Iil':;‘::g ;g:rmsms 1ar their
as Therapeutics, Diagnostics, Processed Food, Waste Management, Ener en';]'iedds slur.h
Genetically Modified Crops etc. Many life saving drugs, higher gie!ldg. of E,g il .
and better breeds F’f animals and livestock, and a variety of processed food ops, stranger
of biotechnological advancements. s, ore ofl g result

¥A%) Importance of Biotechnology

In the 19th century after the discovery of Mendel's lows of heredity, scientists began to
:fp!are more about genes and charocters. It resulted in new advancements in
blintgchnuiogg. With the discovery of the structure and function of DNA in 1933, modern
utechnu!ogg emerged. The techniques being used.in modern biotechnology include
j;.mentut:nn, genetic engineering, and tissue culture.
P::t;:;:;noing}? has its positive impacts almost in every field of life. It finds out the best
P tEE miﬂgm.ul measures that prove beneficial for the humankind without
o g nature, Biotechnologists use microorganisms in Various Woys for obtaining
; fits related to food pmductinn,heu‘ith and the environment,

) ermentation 4
T'n m 'l'-'-_.1' : ?I” Vo
: ﬂn: ;T;"-' f_f"ml_!_ntu‘tlon is used for two concepts i.e. () as o type of cellular respiration,
Wasa tech_n'sq‘ﬂe in modern biotechnology.
17.2. .
At .1 Fermentation as a type of cellular respiration
Qi R
Pm:':blt respiration is also called fermentation. It happens
indiff s, glucose s oxidized incompletely and a little amount of ene
erent organisms and is of two types.

 the absence of oxygen. In this
rgy is released. It occurs
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a- Alcoholic fermentation by yeast cells Do You'Know?
Alcohalic fermentation is o two-step process. In this [ "c o0 o of fermentar:

fermentation, the glucose molecule is first broke_n known as zymology, lon
down into two molecules of pyruvic acid. This step is *
called glycolysis. In the next step, pyruvic acid is further broken down into carbon dig
ethanol. This fermenitation occurs in yeast (Saccharomyces cerevisiae). Scientists |5, thi
process to produce alcohol during the making of alcoholic products, ethanol fuel ang bread ’

I§

ide ang

b- Lactic acid fermentation by bacteria

The first step in this fermentation is similar b aticadd A
alcoholic fermentation. The glucose molecule is ;. o cLoloral ks
broken down into two molecules of pyruvic acid. In  gyercise or other hﬂrdjohs_'
the second step, hydrogen is added to pyruvic ocid ; :
(reduction), which changes it to lactic acid. This fermentation occurs in bacteriq eq.
Lactobacillus and Streptococcus. Lactic acid fermentation done by bacteria is used to turn

milk into yogurt.

For Your Information

0 oceurg
dUring

Aleohalic fﬁg:;’s" NADH NADH  GNADT?
fermentation -

000000 S<>:000><:00 - 0

Glucose Gleolysis Pyruvic acid Ethanol

(NADT>  NADH NADH  NADT

Lactic acid.
fermentation

D000 Mzgoo%zgoao
Glucose Glycolysis Pyruvic acid Lactic acid

Fig.17.2 Types of fermentation

b, Streptococcus thermophiles

Fig: 17.3 a. Lactobacillus bulgaricus
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Yogurt is Prodluced Jrom waIE or skimmed mik_ Itisinoculated with o

gsually contains Mc.m;mc""',m bulgaricus and Streptococens therm ?3“,” Clktegs Whrc.h
orment the lactose in th_e milk to lactic acid which acts on [h-e rni?k i ik n_m“ bacwr,'a
rexture and flavour. In this way milk is converted 1o curd and o Protein to give yogurt its
Fermentation Products Syogurt

The following are the most cansumed fermentation products worldwide-

1, Alcohol is made as a result of the v 3
fermentation of a natural source of
sugar with @ catalyst, which is Cheese, vinegar, pickles, chocolote, coffee, I
usually yeast. During fermentation, tnethane, and “liquor are just o j‘wla of lh‘: 1:::1:
the carbohydrates (starch and P"°d“¢9dIhroughjermenmt':un.Chemicalmmpunies
sugars) are the main source which are researching new woys to create vitamins
are converted into carbon dioxide - medicines, organic chemicals (acetic acid ethglem;
and ethyl alcohol. Alcohol is widely glycol, oming acids) through biological processes,
used in medicines.

2. Yogurt is lactic acid containing milk, fermented by bacteria. Loctose present in milk is

converted to lactic acid during fermentation.

3. Bread: Wheat dough is fermented to make bread. Fermentation plays an impartant role
in softening the bread and is dlso responsible for its aroma. This jermentation is mainly
carried out by yeast and sometimes by bacterig.

4. Cheese is formed when bacteria converts milk lactose into lactic acid, due to which milk
proteins are also coagulated. In this way, milk changes into cheese.

5. Pickles are made as a result of fermentation of fruits and vegetables. The by-products of
fermentation turn fruits and vegetables into pickles.

6. Soy sauce is made by fermentation of soybeans by fungi.
7. Chocolate is produced when cacao beans undergo the process of fermentation.

* 8. Many chemical products are also produced through the fermentation process e.g.

formic acid, glycerol and acrylic acid etc.

17.2.2 Fermentation in Modern Biotechnology

In I‘nudl_!m biote:hnalagg, the term “fermentation” means the large-scale production of
any product by the massive culture (population) of microorganisms. Such microorganisms
dre grown in a large container called o fermenter.

‘Fermenter

This is o large container in which populations of microorganisms are grown to P"’df’“ large
quantities of products. Fermenters (also called bioreactors) provide suit-:..uble environment
temperatyre and pH etc.) for quick’metabolism in microorganisms. It provides a Spﬂcml.l!efi
medium in which all essential nutrients of microorganisms are present. When raw material is
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Unit 17 Biﬂtt":hr.mlngu,

:ddm to the medium, microorganisms carry out metabolic reactions to make prodyey,
€rmenters are used for the manufacture of many products e.g. medicines (antibioticg

! ; n ,
Vaccines, interferon, hormones etc,), enzymes (cellulose, protease, lipase etc.), and othe,

products (ethanol, lactic acid etc.),
For Your Information

Procedure to use Fermenter

Discontinuous (Batch) fermentation In a fermenter, temperature, pH ang
In this fermentation, the whole process is divided oxygen meters ore linked to a computer
into batches. The tank of the fermenter is filled with Which monitors the conditions inside
the raw materials and nutrients. The population of the vessel. Paddle stirrers ensure that
microorganisms is added which performs the mr;:lrnc_:rg;msms, and raw material
fermentation and makes the products. During the RO,

reactions occurring in the fermenter, no microorganisms or nutrients are added or remoyeg
from the culture. The contents of the fermenter are taken out for further processing after the
required time has elapsed/passed. The fermenter is cleaned and the process is repeated.

Culture of
microorganisms

Raw material and
Nutrients

Air

Fig.17.4 Discontinuous (Batch) fermentation '

Continuous fermentation
In continuous fermentation,
fermenter for prolonged perTad? of t
:he fermenter once, raw material an

the- exponential growth of microbes is maintained in the
ime. While the population of microorganisms is added to
d nutrients are added continuously at regular intervals.

N\, NOT FORSATS

CTIRORISAER /ey

Thus unlike batch fermentation (aboye) the, co
petween and it continues to run for o ek
raken out continuously.

ntinuous fermentation process never stops in
period. The fermentation products are also

Raw material and—-ygs °.
Mutrients

Air

Paddle

] -o = Products
) Fig.17.5 Continuous fermentation
Advantages of a Fermenter
1. Fermenters have_and auto control system so environmental changes cannot harm
microbial growth.
2. Separation of products is easy and safe.
3. Inoculation of microbes is easy.
4. Wastage of materials in handling is minimised by fermenters.
5. They can be installed withiease and take up very little space.
6. Single fermenters can be used for production of a wide range of products.

_Fermenters enable the production of medical products, such as peniciliin, Insulin
Erythromycin, Streptomycin, Griseofulvin (Antifungal antibiotic) and hundreds of -othe
Products from microbes. '

1. Investigate the role of yeast in the j"grmentuﬁun of flour. Use flour, water, _su\f and
Jeast to perform your experiment. , '
2 Investigate the role of bacteria in the fermentation of milk.

Biolopy X
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LFg&) Genetic Engineeringiand its Uses. 7

Genetic engineering is considered as the area ForYaurllnfarmation
of biotechnology that induces DNA alterations,
artificial manipulation and transfer of genetic
material from one organism to another
Genetic engineers have' the ability to find
specific genes, to cut them away from
chromosomes- and’ insert them into the
chromosomes of other organisms.

Recombinant DNA technology is a method used in genetic engineering, This technolo

involves the selection of DNA of one organism (donor) and its introduction tq combine yiyp
the DNA of another organism (recipient). As a result, the recipient organism ﬁcqufres the
genetic abilities of the donor, and is called Genetically Modified Organism (GMmo), The
DNA that is a combination of genes from two different sources is called recombinant D,

The bacterium that is foung

bowels of humans namely Esch;n— J
coli is drawing the dttention of nch'f"
engineers. This bacteriym b t?:neu:
one of the most powerful tog)s km;:.u v
genetic manipulation, it

17.3.1 Objectives of Genetic Engineering
The main objectives of genetic engineering are;

1.

2.
3.

Identify and isolate genes that cause disease, with a view to repair or eradicate them sg
that their harmful effects are negated. i

Find remedies and therapies to treat non-genetic diseases. ;
Develop more sophisticated and effective medicine through genetic engineering for
example bio-engineered insulin and human growth hormone (somatotropin),

+ Genetically Modified Organisms (GMOs). GMOs are produced to enhance the food

production. Genetically modified crops and cattle produce more food in lesser time. They

5. aremade disease resistant so that losses due to pathogens can be reduced.
6. Plants are genetically modified to get substances which they.do not produce naturally
such as antibiotics, certain proteins, hormones, etc.
Fig.17.6 Genetically modified orange
156 J Biology X .
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" s identified. It is then isolated from the chromos
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17.3.2 Basic Techniques in Genetic Enginzering

Bacterial cells have different kinds of BnZymes. Some of these can eyt

and others can join such fragments. For exomple, restriction endonu
in cutting DNA at specific sites. Hence they are called malecular seissg,
ligase acts lle:a paste male:n._ule to Join DNA fragmens, Thus the res
and the DNA ligase are the basic tools required for genetic engineering
Basic techniques of genetic engineeﬂng are as follows, -

1.Isolation of gene of interest: The gene (DNA)

DNA into fragments
cleases are invalved
rs. The enzyme DNA
triction endonuclegse

of donor organism o gene of interest

i ome of the donar by using restriction
endonuc ¥

2. Making Recombinant DNA: The gene of interest is attachad 1q o suitable vector
(claning vehicle), to carry the gene to the host organism. The most common veetor used in
genetic engineering is plasmid. It is the extra chromosomal circulor DNA of Escherichia coli.
Bacteriophages. (viruses that can enter bacterio) are alsg used o5 vectors. The DNA of the
vector is cut into fragments by the restriction endonucleases; Using the enzyme DNA ligose
the DNA fragments .of the donor and vector are joined together. As o ra;ulc recnmbingn;
DNA is obtained.

3. Gene Cloning: The recombinant DNA is introduced into the host bacterial cell. The host
cell is treated with enzymes so that their cell wall becomes permeable for the recombinant
DNA. The host bacterial cell continues to multiply with the foreign DNA or gene of interest.
After a short time, this results in a colony of bacteria having the recombinant DNA, Each
colony is grown separately to- get a number of colonies having identical copies of
recombinant DNA. This is called gene cloning.

As aresult of the transfer of the donor's gene into the bacteria, the bacteria are genetically
modified. They start preparing the product by using the donor's gene.

1733 Major Ac'hl_evements of Genetic Engineering

Benefits of genetic engineering are experienced in many fields especially in agriculture, in the
Production of valuable proteins and vaccine production.

1 Achievements in the field of Agriculture

With fespect to agricultire, modern biotechnology is seen as the second phase of the green
revolution, Many genetically modified organisms (GMOs) have been produced. Some useful
bene.ﬁts of genetically modified plants are: improved nutritional quality; better nitrogen
mf"’“i virus resistance; herbicidal resistance; insect resistance; disease resistance; and
Enhu"“d efficiency to use minerals. Details on some of these are provided belaw.
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’ / Id!ﬂli‘rlmﬁm.l
T " _ Danors and
— j/ oy isalation
L of donar's gene
Piece of Step 1
Donor,s cell chrompsome  Attaching donor’s
gene with plasmid
Mlﬂllng
8 o Recombinant s
ecombinan Step 2
Bocterium
Putting Recombinant
Genatically ONA into bacterium
modified |
bacterium |
| !
Reproduction | 1
in bacterium | - |
' Cloning |
i ;

Preporation of the product

.
i

by using the donor’s gene v )
, ' ; , Fig.17.6 Transfer of a gene 16 an organism-and its cloning

Resistance against Herbicides _
Herbicide resistant genes have been incorporated into many crops of
cotton, Therefore, herbicides can be used around these plants to kill wee
the crops. -

158 l Biology X

(Step 3) ‘

sogbeuﬂ- corm,

ds without harming

and

Rgsistﬂnl:e ngﬂlr_ist Viruses '
Virus resistant traits have been introduced intg Fran
Statoes, tobacco etc. These plants are not offected b
Resistance against I"sfct" -
Wides pread use g:f |nsEﬂ|ﬂFdE?, _.fLII'I'QTCI-dQS and pesticides for crop protection has damaging
offects on the environment. It is important to improve the control of pests by genetic means.
Genetic engineers have introduced pest resistant genes into several crops, including tomato
and cotton, Such modified plants show resistance against pests.
2. Achievements in Curing Animal Diseases
Human Insulin was the first genetic engineering product, In 1982, the human gene for
insulin was inserted into o bacterium. Since then, the modified bacterin are providing large
amounts of human insulin.
Vaccine against hepatitis B virus has been produced from yeast through genetic
modification.
Human growth hormone was produced in genetically modified bacteria. It is used to treat
dwarfism. :
Interferon (anti-virus protein) is made in genetically modified bacteria,
Vaccine against Foot and ‘mouth Diseases are being developed for foot-and-mouth
disease, a highly contagious viral disease that infects cattle, sheep, and other animals,
Vaccine against Coccidiosis (a parasitic diseose of the intestinal tract of animals). This
vaccine kills protozoan that causes coccidiosis.

- Treatment of Trypanosomiasis (sleeping sickness) may be possible through use of
biotechnological techniques. Trypanosomiasis is a parasitic infection transmitted by a fly in
humans and other animals. Genetic engineers are doing research to develop such proteins
which can kill the parasite of this disease.

Gene Therapy enables the treatment of genetic disorders. Through this technique genetic
engineers treat genetic disorders by introducing a gene into the patient’s cells. Itis being used
to treat genetic disorders of the blood (e.g. thalassaemia).
Animal Cloning has become possible due to biotechnology. Genetic engineers have
successfully cloned mice, sheep, cows and other mammais. The basic idea behind cloning of
animals is to transfer the readymade DNA into the eqq and create an identical organism. in
this method, the genetic information from a cell of the animal to be cloned, is transferred to an
°99 whose nucleus has been removed. Then the egg with the new genetic material is
Stimulated to divide and make o multicellular embryo. When this embryo is sufficiently
eveloped, it is implanted into the uterus of a female host, who acts as its RITOgHE mother.
i :est of the development of the embryo happens just like a normal organism. "'"':'"E“ the
u::; tg:ment is complete, the new animal s the exact clone of the parent Whﬁ‘sj “‘;‘_*":t;’_’;‘;
- Dolly the sheep was cloned using this process by the Roslin Institute in Scotland in :

Y crops, including squashes, tomatoes,
Y viruses and survive viral attacks.
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Science, Ié'r:hjﬁf@jlggﬁ land Soclatl
Human beings rely on genetic engineering f

or many benefits such as medicines, i,

varieties of organisms with novel pmd::;tm tgﬂ;z:ﬁﬂtlr" Szi:ri‘;:i.!;ﬁfe\:f‘ir;ln}entnl th!e:-z
: oreign
ete. However, these benefits are tagged wi | 3N gen &
inserted, it may interfere with the normal genes and ltherejﬂrE,I;J%eﬁ the normal funetion,
’ nce in human beings as a plants <arry antiyiog
14

It may develop antibiotic resista o
i etically modified organism may affect the normal balgnee ;
Ot : thntj disease-producing organisms used in som, 'r"i;;:?e

ecosystem. Critics of rDNA fear : |
expegiments might défuelop extremely infectious forms that could cause worldwide epidemics

VY Single Cell Protein

For centuries microorganisms have been widely
used for preparation of o variety of fermented
foods, for example cheese, butter etc. Some. e
microorganisms have long been used as human FD":'::;Vt_’-r il";listmw" as :”Aitrnbim

lqa spirulino, and the Proteins. erm was replaced by ¢
food, e.g. the blue green alga sp ; bt y

fungi like yeasts. More recently, efforts have been :
made to produce microbial biomass using low-cost substrates. These are used us g

supplementary food for humans or.as feed for animals. The Isoiatedl protein or the total cell
material from microorganisms like bacteria, yeasts, filamentous fungi and algae used as food
or feed is called single cell protein (SCP). : _ ;
In view of the insufficient world food supply and the high protein content oj microbial cells, the
use of biomass produced in the fermenter or bio-reactor would-be an ideal supplement for
conventional food. Some of the major uses of SCP are as follows:
1. Itis a rich source of protein (60 to 72 %), vitamins, amino acids,
2. Itis a popular healthy food. 3. It provides valuable protein-rich sup
4. It lowers blood sugar level of diabetics and prevents the FRIELIL ‘
accumulation of cholesterol in human bedy. Nowadays, Spi_rulma tab:’m
In many countries, however people hesitate to use SCPas a | are pres:ribed as eﬂ!f::
major food source because of the following. vitamin for most peopie:
1. The high nucleic acid content (4 to 6 % in algae, 6 to 10 % in yeast of SCP) can causé

health problems like uric acid formation and kidney stones. * _ owth
2. Toxic or carcinogenic (cancer causing) substances absorbed from micrabial g

substrate may be present.
3. The slow digestion of microbial cell in the digestive tract may cause vomiting,

and allergic reaction.
High cost of production will also be a deciding factor in determining the u
SCFin the human or animal diet.

§ EoriYourInformation )
The term 'single cell protein’ y
coined in 1966, Previously, the dried
cells of microarganisms used g5 food
or feed for animals and they were

minerals and crude fibres.
plement in human diet.

indigestio”

timate placé of
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Unit 17 Biotechnology

A. Select the correct answer.
1. The enzymes which are used to cut the DN

o. Ligase b. Proteose
2. The DNA molecule in which the gene of interest is inserted f
a: Transforming DNA  b. Carrier DNA ¢ Phage DNA
3. Endonucleases used in genetic engineering are naturally present in:

o. Bacteriophages c. Plasmids

4. Fermenter is a machine which is basically used for:
b. Production of enzymes used in fermentation

d. Making the conditions optimum

A in specified sequences is:
¢. DMAase d. Endonuclegse
or carrying to the target cel| i,

d. Vector DNA

b. Bacterial cells d. Blue green algge

a. Increasing fermentation

¢. Production of microorganisms
Lactobacillus bulgaricus is a type of bacteria in the production of:

a. Alcohol b. Cheese c. Yogurt d. All of the above

6. In a technique for genetic engineering, rDNA stands for:
b. Replicative DNA c. Recombinant DNA d. Retro DNA

5,

a. Genetic makeup
7. Interferons are chemical which are used to:
a. Kill viruses b. Improve immunity

¢. Work as vaccine d. All of the above
8. Which is a molecule containing DNA from two different organisms?
a. Vector DNA b. DNA clone c. Plasmid DNA, d. Recombinant DNA

9. What term is used for inserting a healthy gene into a person who has a defective gené?
b. Gene therapy
d. Fermentation
10.Which of these can be used as a vector for inserting a gene into bacteria?
a, Plasmid b. Algae ¢. Yeast d. E. coli

B. Write short answers to the following questions.
Write about any four products developed through fermentation.
r microorganisms used in biotechnology. Also name the proces

g. Cloning

¢. Vaccination

s in whidh

" Name any fou
" they are used.
3. Why are vectors used in genetic engineering?
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94 1in the field of agricultyre

4. Write any five advantages
5. How isyo
A Tha Fohm el el
 The following diagram shqy, o Seufbintechnolngg?
W g
9

 structures labelled as 1 1o 5 e is transferreqd
3 ; "8G to bacterig|
cell, Identif
y the

of bistechn g,

Bacterium

C. Wri
rite detailed answers to the fulluwing
questions:

on the procedyre of recom
produced and what js their
ow does it work?

9es of using fermenters for

1. Write acom prehensive note
2. How are singlle cell proteins
3. What s a fermenter and h
4. Describe the advantg

modified organisms.
5. Describe haw br’atechno!ugy

E:_inunt DNA technology
significance? -

getting products from Genetically

is helpi
elping humankind i the fields of food and health

I- I”VESti {u] h f entatio (), ’io"l‘
g te the I"DlE i n
IIU‘ESt ate ﬂl ro b T rmen milk.

Sl:l'erl:e, Technolg
1. F".pplg knnwledge
Single-cell proteins.

3. _Detrefup av;rareness
4 Descrii)e the

qYland Snciétg

to identify di
ify different products of animal and human food having

of some social and ethical is

ways j .
L Ys in which soci fi
Nterpret the datg collected s o

Yielding yvqri from the iritern i i g
| it . et on viral i i
9 Varieties of agricultural crops in Pakistan TR L




