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Biotechnology. as you would have learmt from ihe
previous chapler, essentally desls willl Industrial scale
production ol Mopharmaceaticals and blologicals using
genelically modtlled microbes, fungl, plants and anlmals.
The applications of biotechnology mclude therapeutics,
diagnosucs, genclcally modified crops [or agriculture,
processed [ood. Dioremedlation. waste treatment, and
energy- production. Three critical research areas of
htstechnology are:
il Providing the best calalyst in the form of timproved
organism usually a microbe or pure erzyme.
It}  Creaiimg gpiimal conditions hrough enginessing for
a calalyst o acl, and
(it} BDownsirenm processing jechnolagies to purty the
protein forgante compound.
Let us now learm how htiman beings liave used
biotechnology (o tmprove e guality of human itfe,
espectally tn the feld of food production sand heatth,

10.1 BioTECHNOLOGICAL APPLICATIONS IN
AGRICULTURE

Let us take a look at the iree opuons thal can be thought
for increasing food production
{1l agro-chemical based agriculiure;
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() crganic agriculture; and
()  genctcally engineered crop-based agriculiure,

The Green Revolution succesded in tripling the food supply but yet
it was not enough (o feed the growing buman population. [ncreased yields
have parlly been due o the use of improves] crop varielles, bul matrily
dhae (o the use of better mansgement practices and use of agrochemicals
{feritlisers and pesticides). However. for farmers tn the developing world.
agrochemicals are often oo expensive. and irther Increases (n yiedd with
existing varielles are not possible using conventional breeding,

As tradittonal breeding techniques falled (o keep pace wilth demand and
lo provide sufliciently [asi and efficient sysiems [or crop miprovemsnt,
another techmology called tissue culture gol developed. What does
Ussue culbure mean? [t was fearnt by scieniisis, durng 1950s. that
whole plants could be regeneraled {rom explants, l.e,, any parl of a
plant taken oul and grown In a test tube, under sierle conditions tn
special nuirient media. This capacily to generale a whole plant from
any cell fexplant Is called totipotency. You will learn how 1o accomplish
this in higher classes. 1L 1s tmportani Lo stress here that the nulrent
medinm must provide a carbon source-such as sucrose and also
Inorganic sdlis, vitamins, amino acids and growih reguialors ke auxins,
cytokinins ele. By apphicatton of these methods 1 s possible 1o achileve
propagation of a large number of planis in very shorl durations. This
melhod of productng thousands of plants through tissie cullure is
called micro-propagation. Each of these plants will be genetically
identical lo ihe original plant from which they were grown. L.e.. they are
somaclones. Many imporiani food plants ke lomalo, banana, apple,
ele., have been prdduced on commerclal scale using this method. Try o
visit a tissme culiure laboratory with your teacher (o beiter undersiand
amnd appreciate the process,

Another tmportant application of the method ts the recovery of
healthy plants from diseased planis. Even #f the plant s infected with &
viras, the meristem [apical and axillary) is [ree ol viris. Henice, onie
can remove the meristem and grow 1L in edro o oblaln virus-free plants,
Scieniisis have sucoeeded In culiuring merisienms of banana, sugarcane,
potalo, ele.

Sctentists have even solated single cells (tom plants and after
diresting thelr cell walls have been able (o isolale naked pmtoplasis
{swnrounded by plasma membranes]. [solated proloplasts [rom lwo
different varietles of planis — each having a destrable character — can be
fused o get hybrid protoplasis, which can be further grown Lo form a
new planil. These hybrids are called somatic hybrids wiitle the process
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Is called somatic hybridisation . Imagine a situation wiien a protloplast
of tomalo 1s fused with that of potato, and then they are grown — Lo form
new hybrid plants combining lomato and potato characterstics. Well.
this has been acliteved — resulting in formiallon of pomato; unfonunalely
this plant did not have all the destred combinatlon of chamecteristics for
li=s commercial nitlisation.

I= there any alternalive path thal our understanding of genelles can
show =0 thal Armers may obtaln maximum yvield mm (their fclds? Is
there a way Lo mirdmise {he use of ferttlisers and chemicals so (Hat ther
harmful effects on the envimimment are reduced? Use of genelically
modifled crops Is a possible solution.

Pilants, bacteria, ingt and antmals whose geties have been allered by
mantpulation are called Genetically Modified Organlsms (GMO). CM
ptants have been useful in many ways. Genettic modificalion has:

Il made crops more Wwlesanl 1o ablole siresss [oold, drouelil, ssll, heal)
1) reduced rellance on chemieal pesticides |pest-resistant crops).
) helped to reduce post harvest |hsses. \
v}  increased elficiency of mitneral usage by planis (s prevents early
exhauston of fertiiity of soll).
V) emhanced nuiritons] value of food, eg., polden fiee, Le., Vilamin A
enriched roe,

In addition (o these uses, GM has been used (o create lallor-made
plants to supply allermalive resouress (o mdustrless, inihe fomm of starches,
foels anid pharmaceulicals,

Some of theapplications of biotechnology in agrioulinre that you will
sty 1n detafl are (he production of pest reststant plants, winch could
decrease the amount of pesticide used. Bl loxin 15 produced by a
bactertim called Bacillus thumtnglensis (Bt for short). Bl toxin gene has
heen claned from Lhe hacleria and been expressed in plants to provide
resisiance o Insects without the nived for insecticides: tneffect created a
hlo-pesiicide, Examples are B ogllan, Bl cormn, rice, loinato, polalo and
sayabean elc.

Bt Cotton: Some sirains of Bactllus thuringiensis produce prolems that
kill certain insects suclras lepidopterans (tobacce budworm., armyworml,
coleoplerans [beetles) and diplerans {flles, mosquitoes). B, thuringiensis
[orns protetn crysials during 5 particidar phase ol thetr giowili. These
crysials conlain a toxie insecticidal protein. Why does thits toxin not kil
the Bacillhus? Actually, the B toxin protein extst as inactive profodns but
ance aninsecl ingest the tnactive toxin, i Is converied Into an active form
of toxin due Lo the alkzitne pH ol the gul wiilch solabilise the erysials.
The aclivaled loxin binds (o the surface of midgul epithelial colls and
creale pores thal canse cell swelling and lvsts and eventoally eause death
of the insect.
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Spectiic BL loxin genes were solaleéd from Dacillus thurfrigiensts and
Incorporaled into the several crop plants such as colton (Figure 10.1),
The chojee of genes depends upon the crop and the largeied pest, as
mosi Bl loxins are insecl-group speciic. The toxin 1s coded by a gene
crpiAc named ery. There area number of them, for example, the proteins
encoded by the genes erylAcand ergllAb control the collon bollworms,
that of crylAbeonirols corn borer.

Flgure 10,1 Cottom boll: ju) Hestroyerd by bolbworms; () o fully mature
ctiiion |l

Pest Reslistant Plants: Several nemealodes parasilise a wide vanely of
plants and antmals including human beings. A nematoce Meloldegune
trcogmiltia infects Uhe roots of tobscco plants and causes & greal reductlon
tn yield. A novel siralegy was adopted to prevent this infestation which
was based on the process ol RNA interference (RNA1). RNAI takes place
in all enkarvolle organtsms as a method of cellalar defense. This methiod
Involves stlencing of a spectic mRNA due 10 a2 complementary dsENA
molecule that binds (o and prevents translation of the mRNA (silencing].
The =ource of this complemeniary RNA could be from an infection by
virases having RNA senomes or mobile genelle elemerils |lransposons)
that replicale via an ENA intermediale.

Using Agrobacterium veclors, nemslode-specific sénes were
introduced tnto the host ptant (Figure 10.2). The miroduction of DNA
was such that 1l produced both sense and antt-sense RNA 1n the host
cells, These two RNA'S betng complementary Lo eagch other [ormed a double
stranded (dsRENA) that intUated RNAL and thus, silenosd the specillc mBENA
of the nematode. The consequence was that the pamstie conld not survive
in & lransgente host expressing spectiic interfering RNA. The ransgenic
plant therefore gol lisell prolecled [rom the parasile (Figure 10.2),

ZEER-2T



HIOTECHANCLOGY AND TS APPLICATRONE

Filgure 10.2 Host plunt-gemened daBNA ifgers protection agsdnst nemstode infestatome
(i) Roots of & typleal control plantsc (D) ansgenke plunt vosts 5 days afior deliberate

infection of nomalode but protectisd throughl novel mecluritsm.

10.2 BioTECHNOLOGICAL APPLICATIONS IN MEDICINE

The recombinanl DNA (eclhimological processes have made Immense impact
i the ares of healtheare by enabling mass production of safe #nd more
effective thempeuttc drugs. Further, the recombinant therapentics do nol
Induce unwanted mmunolegical responses as is common In case of
stmtlar products solated [rom non-human seurces. Al present, ahout
30 recombtnant therapeutics have been approved (or human-use the
world over. In India. 12 of these are m’:s-tfﬂﬂfr betng marketed,

10.2.1 Genetically Engineered Insulin

Managemenl of adull-onset diabeies |s possible by aking Insulin at
reoular tme inlesvals. What wonlkd a diabaetic patient do (Fenough luman-
msulin was nod mailable? If you discuss this, you would soon realise
that one would have (o isolate and use insalin from other antmals, Would
the insulin isolated from other andmals be fust as effeciive as thai
sicreted by the human body dsel) and would (L not eliclt an Gruroarie
response n e human body? Now, tmagine I bactedum were avallable
that could make human insulin, Suddenly the whole process becomes
so stmple. You can eastly grow a large quantity of the bacterta and make
as much msulin as you need.

Thirik about whether isulin can be omily administered 1o diahetic
people or nol. Why?

Insultn used (or diabetes was earlter exiracted from pancreas of
slanghtered cattle and pigs. Insulin from an antmal source, oogh caused
some patients o develop allerpy or other types ol reactons Lo Lhe [orelgn
protein. Insulin consists of two short polypeptide chains: chain A
antd cham B, thal are inked together by disuiphide bridges (Figure 10.3)
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[r mammals, Ineliding umans, tnsulti 1s sytithesised
as a pro-lurmone {likce 3 pro-enzovime. e pro-Hiomone
also nevds 10 be processed before 1L becames a [ully mature
and fanctional hormene) witch conitains an extra stretch

3 called the C peptide. This C peptide is nol present in the
. » A peptide mature msulin and s removed durng maturation into
ﬁ ) -

, ' tnsilin The miain challenee [or producion of insulin tstng

s Iheulin

rDNA technlques was geliing insulin assembled into a

~ * iR pepHtiR 4 mature form. In 1983, B Ldly an Amentcan company
prepared two DNA sequences corresponding to A and B,

Free O prptide

Figure 10.3 Maturation of
pro-insulin into instli

chatns of noman msulin and mtroduced them o plasmids
of E. coll Lo produce tisulin chatns. Chatns A and Bwere
prodiced separately, extracted and combined by creating

[sirplified) disulfide bonds to form human insulin,

10.2.2 Gene Therapy

If a persan is born with a heredilary disease, can a corrective therapy
be taken for such a disease? Gene therapy 1s an atlempt (o do this.
Gene therapy s a colléctlon of methods (thal allows cormectiaon of &
gene defect that has been dingnosed in a child/embryo. Here genes
are inseried Into a persam's cells and Ussues to (real a disease,
Correction of a genetic defect involves delivery of a normal gene into
the tndividudl or embryo Lo ake over the [unctlon ol and compensale
for the non-Ranetional gene.

The first chintesl gene (hermpy was given i 1990 (o0 5 d-year old gird
with adenosine deaminase (ADA) defictenicy. This enzyme 1s cructal for
the smune svsiemn o lmcton. The disorder 1s caused dae (o the deletion
al the gene for adenosine deaminase. [n same children ADA deficiency
can be cured by bone marrow (ransplantation: tn others ILcan be treated
by enzyme replacement therapy. in which unctional ADA s given (o Lhe
pattent by injection. But the problemawith both of these approaches that
they are nol campletely curattve. As a first slep towards gene herapy.
lmphocytes from the blood of the patienl are grown (n a culture oulside
the boidy. A functon:sl ADA cDNA (using a retroviral vector} ts then
iniroduced inlo these lymphocyies, which are subsequenily refurned to
the patienl. However, as these cells are nol immertal, the patient reguires
periodic infusion ol such genelleally enginessed ymphocyies. Howees, I
the gene tsolate from marrow oells producing ADA s introduced into cells

al early embryonic stages, 1t could be a permanent cure.

10.2.3 Molecular Diagnosis

You know that {or effective tuealment of a disease. carlv diagnosis and
undestandiog ils pathophysiology s very impartanl. Usiog convenlional
medhiods of diagnosis (serum and unine analysts, ele.) early delection s
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nol pessible. Recombinant DNA technology, Polymerase Chatn Reaction
(PCR) and Enzyme Linked Immuno-sarbent Assay (ELISA) are some of
the technigues that serve the purpose of early diagnosts,

Presence af a pathogen (bacteria, vinises., elc.) is normally suspected
oniy wien the pathogen has produced a disease symplom. By this tme
the concentrilion of pathogen s already very high in the bady. However,
very low concentration of a bacterta orvirus (ata tme when the symploms
of the disease are nof yet visthle] can be detected by ampliftcation of thetr
nucleic acid by PCR. Can you explam how PCR can detect very low
mmowris of ONAY PCR s now roulinely used Lo detect HIV In saspecied
AIDS patients. [t 15 being used to delect mutations In genes in suspected
cancer patlents too: I & & powerfol lechymigqoe to idenUly many other
genetic disomders,

A single stranded DNA or RNAL tageed with a radicactive molecule
fprobe) 5 allowed o hvbridise o s complethentary DNA 1o a clone of
cells [ollowed by delection using aulorsdiography. The clone having Lhe
mutaled gene will hence not appear on the photegraphic film, because
the probe will not have complementaniy with the muiaied gene.

ELISA 1s based on the principle of anlgen-antibody. interaction.
Infection by pathogen can he detecled by the presenice of antigens
(proteins, plycoproteins, elc.) or by detecting (he antbodies synthesised
against the pathogen.

10.3 TransceEmic Axmals

Animais Lhal have had thetr DNA manipaialed (o possess and express an
exira (forsign) gene are known as transgenic animals. Transgenic rals,
rabbils, plgs. sheep, cows and fish have been produced, although over
a5 per cent of all existing (ransgenic antmals are mice. Whiy are these
animals befng produced? How carn man benefil from such mocdifications?
Let us try and explore some of the comman reasons:

1) Normal physiology and development: Transgenic antmals can
be spectiteally destsned to allow the study of how genes are
regulated, and how they aflect the normal functions of the body
and lis developmeril, ¢, sindy of complex factors fivolved n growth
stuch as msulin-like growth [acior. By introductng genes froim other
specits that alter the formation of this factor and studying Lhe
biological effects that result. mfcrmation 15 obtatned about the
ological role of Lhe lacior in the body.

i) Study of disease: Many (ranssenic animaks are desiined 1o Increase
our understanding of how wnes coninbute to the development of
disease. These are specially made to serve &s models for human
diseases so thal investigation of new ireatments for diseases ts made
possible. Today ransgenic models exist for many human diseases
sich as cancer, cvatic Abrosts, dicumatold arthnitts and Alhetmer's.
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() Biological products: Medicines reguiied Lo freatl certaln human
discases can contain bialogical products, bul such prodocts ane
often expensive Lo make, Transgenic antmals st produce useful
hiological products can be ereated by the iIntroduction of ihe portion
of DNA (or genes) which codes for a partcular product such as
human protein (¢ ] -antirypsin) used Lo real emphyseima. Similar
altempts are betng nude for treatment of phenvikelonuna (PRU)
andd cystie Amosts. o 1997, the Arst transgento cow, Roste, produced
human prolein-enriched mitk (2.4 grams per ltirel. The mitk
contalhed the huinan alphia-lactalbumin and was nulrlliondlly &
more balanced produet for human bables (than natural cow-milk.

vl Vaeccine safety: Transgenlt mice are belng developed for use In
lesting the safely ol vaccines before they are used on humans,
Transgenic mice are being nsed (0 test Uhie safety of the poalio vaceine.
I successhud and found to be reltable. they conld replace the use of
monkeys to test the safely of balches of the vaccine.

v Chemical safety testing: This 1s known as (oxicily/safely testiing.
The procedure Is Lhe same as (hil used [or testlie woxteity of drugs.
Transgenic antmals are uade that camy genes-which make them more
sensitive to toxic substances than non-transgente antmals. They are
{hen exposed 1o the ioode substances and the elfects studied. Toxtcity
Lesting in sucly antmals will allow s (o obtati resulls 1 less tmie,

10.4 Exmcar Issues

The manipulation of iving arganisms by the human race cannol go on
any lariher, withowt regulation. Some ethical standasrds are required o
evaluate the morality of all lnuman activities that might help or harm ving
CIIGATHSITES.

Gotng beyand the morality of such 1ssues. Lthe blological stsntficance
of sich Lhirigs 15 also tmportanl. Genelle modtfication of organi=ms can
have unpredicatable resubts when such organtsms are intmoduced nto
the ecosystem.

Therelore, the Indian Governmerit has sef up organisatlons such as
GEAC (Genelle Engineering Approval Committee), which will make
dectstons regarding the validity of GM research and the safety of
introductng GM-organisms for public services.

The madification fasages of [Iving organisims for public services {as food
and medicine snpurees, for emmpie) has also creiled problens with palenis
granted for the same.

There 15 growing public anger that certaln companies are beilng
granied patenis for producis and techpolngles thal make use of the
geneltc maiertals, plants and olher Blological resources Lthal have long
been sdenttfied, developed and used by farmers and mdigenous people
of & spectiic re@on feountry.
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Ree 15 an importanl food gramn. the presetice of whitch goes back
thotsands of vears (n Asia's agricultural Insiory, There are an estimated
200,000 variettes of tice n India alone. The diversity of rice tn Indta 1s
one of the richest in the workd, Basmatl rce 1s distinct for its unigue
aroma and Navour and 27 dotumenited varleiles of Basmatl are grown
in India. There 1s reference o Basmatl in anclenl texts, folklore and
poelry, as 1l has been grown for cenluries: In 1997, an American
company got patent rights on Basmatt rice through the US Patent and
Trademark Office. This allowed (he company to sell a ‘new” varety of
Basmatl, m the US amnd abroad. This ‘new’ varety of Basmatl had
actually been derived [rom Indtan farmers vartelles. Indtan Basmat!
was crossed with semit-dwarf varieties and claimed as an invention or
a novelly. The pateril extends Lo functional equitvalenis, mplying theat
otlier peaple selling Basmall rice could be resttieted by the patent.
Seversl attempts have also been made (0 patent uses, products and
processes based on indian iraditional horbal medicines, e g, tumerio
nesm. 1IN we are not vigllant-and we do not mmediately counter these
patent applications, other countriss/individuals may encash an our
rich legacy and we may not be able (o do anyilimg about 1L

Biopiracy s the term used (o refer io the use of blo-resources by
multinational companies and ollier organtsalions withoul proper
autharisalion from the countifes and people concerned without
compensalory payment

Most of the indusinalised mattons are rich fnancially but poor 1n
odiversily and traditonal knowledge . In contrast the developing and
the underdeveloped warld 1s rich th blodiversity and  traditlional
knowledge relaled (o blo-resources. Traditional knowledge related (o
bhio-resources can be explotied (o develop modem applicallons and
can Also be used o save Ume. effort and expenditure durtng their
commercialtsallon.

There has been growing realisation of Lhe tnjustce, inadequate
compensalion antd benefit sharing between developed and developing
countres, Therefore, some nations are developing laws (o prevent such
unatthorised explollation of lhelr bilo-resourees and Lradilional
knowledgs,

The Indian Parllamenl has recently cleared the second amendment
of the Indian Patenis Bill. that takes such Issues into consideraiion,
including patent terms emergency provisions and research and
deelopmenl intlalive.
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SUMMARY

Biolechnology has given 1o himans several 1seefual prchuctls by using
mibernbes, plant, anhmals and their metabolie machinery. Teehnigues
of Ossue culiiife and soimntie hybcidisailon offer yoast poleatiEl for
manipling of plinds. @ vifro o produce mew sarietcs. Reecombinmol
IINA techpology bas mumde il possible o engincer micmbes, planis
mmd animals such that thoy have aovel capphilities, Genetically
Medlified (hgnnisms lave bevn eroted by using melbinds other than
nnturdl methods o tmnsfer one or mope genes: froun. one onsinkan. o
nnother. genérally osing lechnigues such 08 recombinant DNA
rectminiogy.

GM plonds hove been usefinl in incrensing eyop yiclds, wduee post:
larvest Josses and muke crops more tolenml of stresses. There ame
several GM orop plants with dmpeoved  notrbionnl value offpods aned
rivchaeed 1he reffanee on chemieal pesticiiles {pesl-redislanl éfaps).

Recombingnnt DNA technologicnl processes have muade immiensic
impact in the arca of healtheare by enmbling mass production of safe
and more elfictive thempeuties, Since the meombinunt themspeutics
arg bentieal to homan proleins. they doonot induee unwanieed
immuriological responses anid'ore free from risk of infection us ums
uhserved in case of simitnr prodocts solided from pon-homon sources.
Human msulin vy made i bagleda yet s sitocooe 15 absolotely
Rlentiesn] o U of the adum! molisoke

Transgenle animals are aldo wsed o understand how genes
contribiiie 1o the developmonl of o discise by’ serviaig us models for
hisman discases, such ns cmces ovsUe brasls fheowmnleid orthrtis
pod Alchetmors. B

Gene thempy is the nsertion of genes nin an individual's cells
and tssues o fneal Misenses espedially bhereditary diseases. (U does
=0 by meplhcing a defeeiive muolant pllele with 8 functionnl ene o
pene tmrgeting which imalves gene amplifiention. Viroses (hat altack
their hosts mod introduce thieir genotic moterinl intoe e host ecdl ps
part of their replication cyele are used as vectors o transfor healthy
s of more. rocenitly portions of genvs,

The citrmad interest i (he manipulation of tmicrobes, plants, sand
wrmols hos isod seriods elbiedl quostions,

EXERCISES

1. Which peri of Lthe plant 15best sailed for making virnis-iree plants and
winy?

2 Whal Is the major advaniage of prodocing planis by mlcropropagation?

3 Find out what the vaous components of the medium used for
propagation of an explant in pitro are’?

4. Crystals of Bl (osin produces) by some bacteria do pot kill the bacterin

Lthemscives bheconse —

{a)  bacterin nrr yesstant o the toxin
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10,

1L

12
13.

(bl toadm fs dmmniore;

il loxim s inactive:

{d), bacierin enclodes Loxin @ o speeinl sac.

What are tminsgenie bacleria? [Hustode using any one example.

Ciompare and contrist the advastoges wod disadvanbages ol groduction
of Emetically modified crops.

Whal are Cry proteins? Nome an organism (hat produce i, How has
man exploflod s prolein (o his beoefi?

Whetl I= gene therapy? Hustmte asing e example of adenosalme
denuminues (ADA) dellelency,

Nigrammatically ropreseni the experimeniial stops in cloning and
cxpressimg an human gme {say the gene for growih hormone) into o
bacterinm like £ coli?

Can you sngiest o method lo remove oil (Eydmearbon) from seeds bised
onp vour understanding of fINA technology end chemistry of oil?

Find ol Froim ndermel whal 1S goldin rice.
Docs our blood hooee protesses anmnd  noelisses?

Consult inlernot and Biod oul hew to ‘mnke ol netive prolein
phormaocentics), Whet is B mnjor problem (o be encounterced?
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