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Ever énce the days of Rene Descortes, the French philosopher.

mrematician and bickogist of saventeenti century, all humon
nowledgeespacialy notuni sciences wera dected to develop
technologies which add fo ths crealse comforts of human
fives, as also 'volue to human [ife. The whole approach o
understanding nolural phendmena bacame anthyopocantric.
Physics and chemistry gave fis2 fo anginessing. fechnalogias
and indushieswhich all workad for human comifon ard welfars.
Thia mialor wiflity of frie bisloglcal world i as a source of food.

‘Biotechnology. fhe fwentieth cenfury offshoat af moden

Biclogy, changed our daily fifa as its products  brought
guaiiattve improvement in heatth ond food produchon, The
basic: pinciples Undirying bictechnological prcessss and some
appiications are highlighled and discussad in this unit.
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Herert Boyer was bom in 19346 and brought up in a comear of westam
Perinsylvanio whers railtoods and minas ware the dastifty of most young
men. He compicted graduare work af the University of Pltisburgh, in
1%3 followed by three yeals of posi-graduate siudlies ot Yale.

In 1966, Boyat took over asistont professarshin af tha Univessity of
Cailifornia ot San Francisco. By 1969, ha performead studiesion Q' couple
ot restriction enzymes of the £ coll boctaium with especitlly ussful
properies, Bover observad fhat ess enzymes howe the capability of
cutiing DNA stronds In o garicuar fashion, which iaft what his bacame
known as “sticky ends’ on e sfrands, Thess clipped 2nds mode pasting
togeihet places of DNA apraclse exerciss

This discovety. In fum, Jed 1o a rich ant rewaiding conversaticn in
Hawall with & srmrmus:lemm named Stanley Cohen. Cohen had
bean studying small finglets of DNA called plosmids and which fiaat
abour frealy in the cytoplasm of cefain bactenal cells and replicate:
Indspendatily fiom fhe coding siond of DNA. Cohen hod developed
a method of femoving Thasa. plasmids from the call and then reinserting
them In other cells, Combining This process with that of DNA splicing
enabiled Boyer and CTohen To recombing segments of DNA In desired
configurations and Inssst-ihe DNA in bactesial cels, which could then
act ds manufaciuning plants for speciic profeins. This breakinough was
the basts upon which the dicipline of biofechnology was founded,

(1936 )
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CHAPTER 9

BIOTECHNOLOGY : PRINCIPLES
AND PROCESSES

a.1

2.2

03

Principles af Biotechnology

Toets of Recomnlvrcnt DIVA
Technology

Processes of Recaiibinagnd
DNA Technotogy

Blotechnology deals with technigues of using live
organtsms or enzyvmes from organisms o produce products
and processes nsefl W humans. In this sense, makdng
curd, bread or wine, which are all microbe-mediated
processes. gould also be thought as a form of

hiotechnology, However, Il 1s used tn a restricted sense
today, o refer o such of those processes which use
genelically modified organisms (o achieve the same on a
larger scale. Further, many other prooesses/ technilques ane
also inchided vnder biotechnology. For example, iniro
fertilisatton leading to a "test-tube’” baby. synthesising a
gene and using 1L developing a DNA vaccine or carrecting
a defective genie, are all part of batechnology,

The European Federation of Biotechmology (EFB) has
given a defimition of hiolechnology that encompasses both
tradittonal view and modern moleentar biolechnology.
The definition given by EFH Is as lollows:

The integmatton of natural selence and organisms,
cells; paris thereol, and molecular analogies for prducis
and services'.

9.1 PrmwcrrLes oF BroTecoanoLocy

Among many, the two core lechnigques Lhat enalded birih
of modern Molechnology are ;

[} Genetic engineering : Techniques to aller the

chemistry of genetic matenal (DNA and RNA),
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HCHDGEY

to introduce these into host organtsms and thus change the
phenotype ol the host ormnlsm.

() Bioprocess engineering: Mainlenance of stertle (milcrabial
contamination-free) amblence in chemical engineering processes
o enable growth of only the destred microbe /eukaryotc cell 1n
Lane qumntilles for (he manifaciure of biol sthriclogcal products
ke antblolles, vacoines, eneyviness, ele.

Let us now understand the conceptual development of the principles
ol genelle enginesiing

You probably apprectale the advantages of sexual reproduction over
asexual reproduction. The former provides opportunities for vanations
and [ormulation of umque combinations of genetic setup, some of which
may be beneficial to the organism as well as the population. Asexuaal
reproduction presesves the genciic Information, while sexaal fepriductiion
permils varation. Tradittonal hvbridisation procedures used tn plant and
animal breeding, very often lead (o inchiston and multtplication of
undesirable genes along with the desired genes. The teehmiguoes ol geneilc
engineering which include ¢éreation of recombinant DNA, use of
gene cloning and gene transfer. overcome this imitation and allows us
lo isolale and mimduce only one or a sei of desirable genes withoul
mtroducing undestrable genes Into the argel organis.

Do yvou know the likely fale of a plece of DNA, which 1S somchow
transfemed tntoan allen organtsm? Most Lkely, this plece of DNA would
not be able to multiply itself in the progeny cells of the organism. But,
whien 1L gets Integrated o the genome of the rectplent. 1L may muliply
and he tnhertted along withi the host DNA. Thits ts because (he allen plece
of DNA has beotme part of a chromosome, which has (he abtlity to
replicate, In a chromosome there 15 a spectiic DNA sequence called the
origin of replication. wlich Is responsible lor mitating replication.
Therelore, for the muluplication of any allen ptece of DNA In an organisim
It needs Lo be a part of a chromoesame(s) which has a specific sequence
known as ‘origin of replication’. Thus, an alien DNA 1s linked with the
origin of replication. so that, s alten plece of DNA can replicate and
multiply itsell 1n the host organtsm. Thils can also be called as cloning or
mitking multiple identicat coptes of any template DNA.

Let us now focus on the first instance of the comstruction of anartifictal
recaomiblinant DNA molécule. The conistiuction of the Iirst recombinant
DNA emerped from Lhe possibility of Inking a gene encoding antiblolic
reststance with & native plasmid (autonomously replicaiing cirmoular
extra-chromosomal DNA) of Salmonetia iyphdmurium. Stanley Cohen and
Herberl Boyer accomplished (lus in 1972 by 1solating the antiblote
resisiance gene by cutting oul a plece of DNA [rom a plasmid which was
responsthle for conferring antibiotic resislance, The cutting of DNA at
specific Incations became possthle with the discovery of the: so-called
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EOTECHNOLOEGT - FRINCIFLES AND FROCESSES

‘molecular scissors'- restriction enzymes, The cul piece of DNA was
then linked with (e plasmid DNA. These plasinid DNA act as vectors Lo
tranisfer the pece of DNA aliached (o 10 You probably know that mosgquoito
arls as an nsect vieclor (o iransfer (He malanal parasile nlo human body
in the same way, a plasmid can be used as vector to deliver an alien plece
of DNA into the hostorganism. The linking of antiblotic resistance gene
with the plasmid veclor became poassible with the enzyme DNA Hpase,
which acts on cut DNA molecules and joins thetr ends. This makes a new
combitnation of adreular antonomously replicating DNA created (n vifro
and 15 kmown as recombinant DNA. When ihis DNA is transierred inio
Escherichia coll a bacterium closely related to Salmonella. it could
repltcate ising Lhe new host's DNA polyinerase enizyme and make mulliple
coples. The ability Lo mulliply coptes of antiblolle reslstance gene in
E coii was callexd cloning of antibiotie resisiance gene in E. coll.
You can hence infer that (here are three basic sieps in genetically
modliving an organisim —
1 denltfication of DNA with desteable genes:
My Ietroduction of the identified DINA o the host;
i1} matnienance of ntrodhiced DNA tn the host and transfer of the DNA

(o ils progeny.
8.2 Toois or Recomumant DNA TecaxoLocy

Now we know from the foregoing discussion thal genelic engineering or
recombinant DNA technology can be aceomplished only if we have the
key tools. Le., restriction ertzymes. polymerase enzymes, lligases, veclors
and the hosl organisme Let us Uy to understand semeof these i detall.

9.2.1 Restriction Enzymes

In the vear 1963, the two enzymes respansthble for restricting the growth
of bacteniophage 1 Escherichia coll were tsalated. One of these added
melhyl groups (o DNA, while the other cut DNA. The later was called
resiriction endonuciease.

The Iirst restriction endonuclease—Hind I whose funeclioning
depended on a specific DNA mucleotide sequence was 1solaled and
characierised five vears fater. It was found that Hindg [ alwavs cut DNA
molecules al a parttcular polnl by recognising a speclfle sequence of
six base palrs, This specliic base segquence Is known as Lhe
recognition sequence for Hind Il. Bestdes Hind Il (oday we know more
than 900 restnicion enzymes \hat have been tsalated from over 220 strains:
of bacteria cach of which recosnise different recognition sequences.

The comventon lor namng these erzymes 15 the frst letter of the name
comes [ the genus and e second two lellers come from the specles of
the prokaryotic cell from which they were 1solaled, eo., EcoRl comes from
Escherichin coli RY 13. [n Ecoll. the letter 'R is derived from the name of
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Flgure 9.1

HCHDGEY

sirain. Roman numbers following the names indicate the order in which
the enzymes were 1solated from that strain of bactena.

Resiriction enzyimes belong Lo a larger class of enzymes called
nucleases, These are of two kinds: exonucleases and endonucleases,
Exonmuclesses remove nuclestides from the ends of the DNA whereas,
endonucleases make cuis al specilic postilons within ihe DNA

Each resiriction endonuciease lunctions by "inspectng’ the length of
a DNA seguence, Once I Ands (s spectfle ecognillin sequence, il
will bind (o the DNA and cut each of the two strands of the double
helix at spectiic points in thetr sugar-phosphate backbones
(Figure 9.1}, Each restriction endonucleass recognises a specific
palindromic nucleotide sequences i Lhe DNAL

At of Restr ofhie) ereyme

The enioynse cuts Lyently Lid EcoM] culs the DINA Lol e bk
wirindie ol (he smomis e Goanil A& ambv b Ty deiqueice
GAATTC k= present g the DINA
Vertar DINA Fraeign DNA

R

Stlcky erd

T ' I\,

Stk el
DNA fragmenls ol sl plicky eligls

|

Hecombinant LA

Steps I formation of rocombinont INA by sction of restniction. endonuclease
eryme - Ecooltl

Do you know whal palindromes are? These are groups of letlérs
that form the same words when read both forward and backward.
c.g.. "MALAYALAM™. As against a word-palindrome where the same
word 1s read in both directions, the palindrome in DNA 1s a séquence
of base patrs that reads same on the two strands when erlentation of
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EOTECHNOLOEGT - FRINCIFLES AND FROCESSES

reading s kepl the same. For example, the following sequences reads
the same on the two strands in 5' < 3 direciion, This ts also broe if
reid in the 3" 3 & dirgction,

5 CAATIC — 37

3 —CTTAAG 5

Resinction enzyimes cul e strand of DNA a lttde away from the centre
of the patindrome siles, bul beiween the same bwo hasés an the opposile
siranuls. This leaves single stranded portions atl the ends. There are
oyerlangng streichies called sticky ends on each strand (Fieure 9, 1), These
are pamed so becanse they form hydrogen bonds with thelr
complementary cul counterparis. This sticktness ol the ends factliiales
the actlon of the engyme DNA ligase.

Resiriclion endonucleases are used in genelle englneering (o fom
‘recambinant” molecitles of DNA, which are composed of DNA from
dilferent sources/ genomes.

Whien cuil by Uhe saime esiriciion segme, the resuliant DNA fagments
have the same kind of ‘sticky-ends’ and, (these can be jotned (ogether
(end-to-emd) using DNA Wgases (Figure 9 2).

F uﬁ,’ﬂ%r DNA

Same restrictlon enzvime cuttlng Lioth fHrelen™g
DNA uned veetor DNA al specific poll

& A

200 X HooDOC

Ligses Juin forelgn
DNA to plisemid

4

Recombinanmt DNA
Malecule

43‘ Translormalion

ey ‘ \\3
@&

Flgure 9.2 Magrmmmatic representotion of recombinmnt DNA technology
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You may have realised that normally, unless one cuts the vector and
the source DNA with the sarie resiriclion emsyvine, the recombinant veclor
muolecule cannol be created.

Separation and {solation of DNA fragments : The cutting of DNA by
restriclion endomuicieases resulis in the frammenis of DNA. These frapmienis
can be separated by a technlque known-as gel electrophoresis  Since
DNA fragments are negalively charged molecules they can be separated
by forctng them (o move towards (he anode under an elecinie feld through

“a medium/mairix. Nowadays the mosi commonly nsed matrix is agarose

which 1s a natural polymer extracted from sea weads. The DNA frmgmenis
separale (resolve) according Lo thetr stze through sieving effect provided
by the agarose el Henee. the smaller the fragment size, the fariher 1t
moves. Look at the Figure 9.3 and guess af which end of the gel the
sample uvas paced.
The sepamated DNA [mements can be
visualtsed only after statrng the DNA

Wells with a compound known as ethidiam
"ﬁﬂﬁ‘&d&_ﬁ‘ bromide followed by exposure to UV

y largest Simallest radiation [you cannot see pure DNA
7 8 rer Ny fragmenis n the visthle hght and

7

AN

without staining). You can see bright
orange coloured bands of DNA in a
clliidium bromide stalded gel

Flgure 8.2 A typheal aghirose il
electrophoresis shipwing
migration of ordisestod
(one 1] aned digested: set, of
DNA fmguents (lane 2 in-3)

exposed to UV light (Flgure 9.3), The
separaled bands of DINA are cut oul
from the agarose gel and extracted
from the gel plece. This siep is known
as elutton. The DNA fragmenls
purified In this way are used In
ernstructine recombinant DNA by
Joming themwith cloning veclors.

9.2.2 Cloning Vectors

You know thal plasmids and bactetophiages have e abilily to replicale
withtn bactertal cells independent of the control of chromosomal DNA
Hacteriophages because of their high number per cell. have very high
copy munmibers of their genome within the bacterial cells. Somie plasmids
may have only one or lwe coplés per cell whereas olthers may have
15100 copies per cell. Thetr numbers can go even higher. IFwe are ahle
o link an alien ptece of DNA with bacteriophage or plasmid DNA, we can
multiply 1is numbers equal (w the copy number of the plasmid or
bacterfophiage. Vectors used al present. are englneered in such 2 way
that they help casy Unking of foreign DNA and seleciion of recombinants
T nom-recombinants.
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The foliowing are the fealures that are required to factiitate cloning
Irilo & veclor.

i) Origin of replication (ori) : This Is 5 sequence from where
replication starts and any plece of TINA when Unked (o this sequence
can e made (o replcate within the host celis. This sequence is also
responsible for controlling the copy number of the inked DNAL So.
Il one watils Lo recover many coples of the Lsrgel DNA 1L shoiuld be
cloned tn a vector whose ortgin support high copy number,

()} Selectable marker ! In additton (o “ort’. the veclor requires a
seleciable marker, which helps inidentifving and eliminating non-
lranslormarils and selectively permiiting Lhe growth of the
lransiormants. Transformation IS a procedure through which a
plece of DNA 1s Introduced In a hest bactertum (vou will study Lhe
process In subsequent section). Nommally. the genes encoding.
resistance to antibiotics such as ampicillin. chloramphenicol.
tetracyeline or Kanamyctn, ele,, are constdered useful selectable
tnarkers lor E. coll. The normal E. coll cells do nol eany reslsiance
against any of these anlibiolics. :

) Cloning sites: in order to link the Beoi 1—Clal  Hind 11
alien DNA, the vector needs Lo have -
very lew. prélerably  slngle,

Mval |

recognition sites for (he commonly LS e L
wserd restriction enzymes. Presence ol
more than ane recognition stles within |

Lhe vector will generate several
fraemenls, which will complicale the
gene clomng (Fligure 9.4), The lgation
of allen DNA 1s carried out at a
resiviciion site present {n one of the two \
antibiotic resistence genes. For Pvii 11
exarmple, vou can ligate a loreign DNA

: 2l - e
al the BamH | slle ol letracveline gure: D4 -E. ool cloning veclor plitazd

showing  restriclion’ siles

restsiance gene in the vector pBR222. (it 11T, EcoR 1. Barndi 1. Sail 1,
The recombinant plasmids will lose Pou [, Pse ), Cla [}, ori ond
tetracyeline resistance due (o nsertion antiblotic resistance genes
of fureien DNA bul canstill be selected Gy s tet). op codes for
: i the proleins fmvelved in the
oul from non-recombinant ones by replication of the plasmid.
plating the transfermanis on
tetracyciine contlaining medium. The transformants growing on
amplctlin contatitng mediom are then ransferred on a miediom
containing letracyeline, The récombinants will grow in ampictllin —_—

contatning medtum but nol on that contatnimg etracyelmne. Bul,
non- recomidnants will grow on the medium coniatning both the
antthiotics. In this case. one antibtotic resistance gene helps n
seleciing the ransformants, whereas the olher anlibiotc resislarice
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genie gels tnactivated due to insertion’ of alien DNA, and helps in
seleclion of reoomblianis,

Seleclon of recombinants due Lo tnactivalon of antiblolics is a

cumbersome procedure because 1 requires stimullancous plating
on two plates having diffierent antiblotics, Therefore, altemmative
selectable markers have been developed which differentate
recomblrants from non-recombinants on the basts of thetr ability
Lo produce colour i the presence ol a chromogenie substrate. In
this, a recombinant DNA s inserted within the coding sequence of
an enzyme, f-galactosidase. This resulis inlo inactivation of the
gene for synthests of this cneyme, which 1s referred to as insertional
insetivation. The presezice ol a chroriogenic substraie ghives blue
coloured calonles I the plasmid m the bacleria does nol have an
insert. Presence of insert results inlo nsertional inactivalion of the
f-gatactostdase gene and the eolontes do not produde any colour,
these are identified as recombinant colonies.
Vectors for cloning genes in plants and animals : You may be
surprised (o lnow that we lave leaml the lesson of iransisming senes
trito plants and antmals from bactera and virases which have known
this for sges — how to detiver genes o transform eukaryotie cells and
farce them 1o do what the baclerta or viruses want. For example,
Agrobacterium tumtfactens, a pathogen of several dicot plants ts able
o deltver a plece of DNA known as "T-DNA Lo ramslorm normal
plant cells into 2 tumor and direct Lhiese tumor cells Lo produce the
chemicals nequitred by the pathogen. Stmilarly, refroviruses n antimals
have the ability 10 tmmsform normal cells inlo cancerous celis: A
better understanding of the art of deltvering genes by pathogens tn
their cukaryole hosts has genermled knowledge Lo tmns{orm these
Loals of pathogens into useiul vectors for delivering genes of Inlerest
to humens. The twumor inducing (T1) plasmid of Agrabecieriun
tumfactens has now been modified mito 4 eloning veclor which 1s no
more pathogenic to the plants it is still able to use the mechanisins
Lo deltver geties of our milerest o a vartety of plants. Stmillarly,
retroviniises hiave also been disarmed and are now used Lo delver
destrable genes o antmal cells. So, once a gene or a DNA rmgment
has beem lNgated mbo a sultable veotor it s transfermed mibo a bacteral,
plant or animal host (where it multiplies).

9.2.3 Competent Host (For Transformation with

Recombinant DNA)

Since DNA Is a hydrophille molecule, il cannol pass tirough sl
membranes, Why? In order (o force bactena to take up the [Haﬁmirl_ the
bacteri:l cells oost first be made ‘compelent” to ke ap DRA This is
done by treating them with a specific cencentration of a divalent eation.
such as caleium, which moreases the efficiency with winclh DNA enters
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the bacterium through pores tniis cellwall. Recombinant DNA can then
e foreed ke such cells by incubating the cells with recombinant DNA

an'1te, [ollowed by placing (hem briefly at 42°C (heat shoek), and then
putiing them back on tee. This enables the baclena o lake up Lthe
recombinant DNA.

This 1s ol the only way (o Introduce alien DNA mito hest cells. In a
method kiiown as micro-injection. renmbilaant IINA Is diecily injected
mito the nucleus of an animal cell. In anether method, suttable for plants,
cells are hbombarded with high velocity micro-pariicies of gold or inngsten
coated witht DNA In a method known as biolisties or gene gun. And the
last method uses ‘disarmed pathegen’ vectors, which when allowed to
mfect the cell, transfer the recombinant DNA into the host.

Now that we have learnt about the wais for constracing recombinant
DNA, el us discuss the processes faciliiating recombinant DNA (echnology,

9.3 Processes or Recomamant DNA TecasoLocy

Recombinant DNA (echnology involves several steps tn spectfic
sequence such as 1salation of DNA. fragmentation of DNA by
restriction endonucleases, Bokation of a desired DNA fragment.
lggatton of the DNA fragment Into a veclor, fransferring the
recombinant DNA inio the host, culiuring the host cells in a
medium at large scale and extraction of the destred producl
Lel us examine each of these steps in some delals,

43.3.1 Isolation of the Genetic Material (DNA)

Recall that nucleie actd 1s the genctic material of all organtsms
withoul excepllon. In majorily ol organisms this Is
deoxyrtbonucleic actd or DNA. In order to cut the DNA with
resiricion enzvines, (L needs Lo be n pure [orm. (tee rom other
macro-molecules. Stnce the DNA 1s enclosed within the
meintiranes, we have Lo break the el Gpen Lo releases DNA alono
with other macromolecules such as RNA. proteins.
polyssechandes and alsg iplds. This can be acliteved by trealing

the bactertal cells / plant or amimal tissue with enzymes suchas Figure 8.5 DNA (hat

lysozyme (bacleria), cellnlase (planil cells), chitinase |[ungus).
You know thal genes are Iocaled on long molecules of DNA
Interwined with proteins such as histones, The RNA can be removed by
treaiment with ribonmucléease whereas proleins can be removed by
treatment with protlease. Other molecules can be removed by appropriate
treatmienis and purtfied DNA ultmately precipitates oul afier the addition
ol chilled ethianol. This cén be seen as collection of One threads (o the
suspension (Figure 9.5),
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HCHDGEY

9.3.2 Cutting of DNA at Specific Locations

Restricton ensyvme digestions are perfomed by incubating punfed DNA
molecules with the restricton ereyme. at the oplimal condiitons for thal
specific enzvme. Agarose gel electrophoresis is emploved (o check Lhe
progressian of a restricton emyme digestion. DNA 15 a negsitvely charged
molecule, henoe i moves nwards Lhe posilive elecirode (anode]
(Figure %.34). The process 1s repeated with the veclor DNA also.

Thee Jointng ol DNA tnvolves several processes. Aller laving cul the
source DNA as well as the veclor DNA with @ spectfic restriction enzyme,
the cut out “gene ol interest” [rom the source DNA and the cul vector with
space are mixed and Ugase 1s added. This results in the preparation of
recombinant DINA

9,3.3 Amplification of Gene of Interest using PCR

PCH siands for Polymerase Chain Reaction. In this reaction. muliiple
coples of the gene (or DNA) of tnterest 1s synthesised in vifro using (wo

Hewiom G be sonplificd

e

L F, * ) 4
4 B
{},“"‘“'- Denaturation
& ; *
| EEERERM =N
o =3 Primers  Annesiing
- il Y
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PRA sl v ruasie
@' ﬂ'ﬂr;'p-nkjp'n_‘:_::mﬁrl
H dletvmvnuclentides
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EEE 2222 hn
E =8 Extension
o ¥
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.H-"'--.

Q Al pyales

Sanlifiedd

—

Figure 8.8 [Polymerase choin reaction (PCH) @ Each cycle has thoee steps: () Denatumtion:
() Primer anmenling: aod (1) Extmstm of prinirs
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scis of primers {small chemically synthesised oligonuclestides thal are
complementary to the regions of DNA) and the ercyme DNA polvimerase.
The enzyme exiends the primers using the micleolides provided th the
reaction and the genomic DNA as (empiate. If the process of replication
of DNA 15 repealed many tmes, the segment of DNA can be amplified
lo approxmately billion tmes, Le, | blllon coples are made, Such
Tepeated amplification 1s achieved by the use of a thermostabls DNA
polymerase (isolated from a bacterinm. Thermus aguaticus), which
remiain active durng the high lempematare Induced denaturation of
double stranded DNA. The ampltfied ragment I desired can now be
used Lo Hgale with o vector for further cloning (Flgure 9.6).

9.3.4 Insertlon of Recombinant DNA Into the Host
Cell/Organism

There are several methods of introduetng the lgated DNA inlo reciplent
cells. Recipient cells after making them ‘competent’ to recerve, take up
DNA present inits surmounding. 5o if a recombinant DNA beartng gene
[or resistance (o anantiblotle (eg , ampicilling 1s transferred into E. coli
celis, the host cells become Lranslommed o amplelilin-reststani cells. I
we spread the transformed cells on agar plates confatning ampletllin, only
transformants will grow, untransformed reciptent cells will die. Stnee, due
to ampteilin reststance gene, ane 15 able (o select a tramsiommed oell in the
presence of ampiotilin. The ampictlin restistance gene in this case 1s called
aselectable marker.

9.3.5 Obtaining the Forelgn Gene Product

Whien vou Inserl a pléce ol allen DNA mto a cloning veclor and (ransier i
inlo a bactertal, plant or anfmal eell. the allen DNA gets mulliplled. In
almost all recambinant technolostes, the ulttmate aim 1s Lo produce a
destrable protein. Hence, there 15 a need for the recombinant DNA to be
cxpressed. The foretgn gene gels expressed under appropriale condiifons,
The expression of forelgn genes i host cells Involve understanding mamy
Lechmtcal detstls.

Alter having cloned the gene of interest and having oplmised the
conditions (o twhuce the expression of the targel proteln, one has to
consider producing 1L on a large seale. Can you think of any reason
whyy there (s a need Jor lnrge-scale production? If any proiein encoding
gene 1s expressed in'a heterologous liost. 1L 18 called a recombinant
protein. The cells harbouring doned genes of inlerest may be grown
oh a small scale'n the laboratory. The cultures may be used for
extracting the destred protein and then purnifying it by using different
scparation lechnlques.

The cells can also be mmuliiphied In a continmons cultare system wherein
the used medivm s diained oul from’ one side whitle [resh mediam is
added from the other to matniain the eeils tn ther phvstologically most
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-active log/exponential phase. This type of culturing method produces a

larger blomass leading to Higher yields of desired protetn.

Small valiime cullures cannol yield apprectable quantilles of products,
To produce tn larse quantitles, the developmient of bloreactors, where
laree volumes {100- 1000 tres) of culture can be processed. was reguitred.
Thus, bloreactors can be thought of as vessels tin which raw malcrials are
bilologtcally coriverted nto spectiic products, tndividual enzymes, ele.,
using microblal plant, antmal or buman cells, A bloreactor provides the
optimal conditions for achteving the destred product by prviding.
aptimum growth conditions (femperature, pH., substrate; salts. vitamins,
oxyget),

The most commondy wsed oreaciors are of sitming wpe, which are
shown tn Flgure 9.7,

for pH
conirnl

Steam {or
atirilisation

=Flal Taliiled ‘é' . - : " 5=
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RIS ~Cultare ﬁ% o™ el =t

. f-"' '-11.
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Figure 9.7 (o) Stmple stirred Lotk borchctor: (b) Sparjed stirred-tarik bloreactor through wilch

sterile nir bubbles nre spoorged

A stirred-Lank reaclor Is usially cylindrical or wilhi 6 cunved base o
facilitate the mixing of the reactor contents. The sttmmer fmellitates even
mixing and oxygen avallabilily thronghout the bloreactior Altermatively
alr can be bubbled through the reactor. If you look at the ligure closely
vou will s= (hat the bloreactor has an agiialor system, an oxyeen delivery
systan and a foam control system. a lemperature control system, pH
control system and sampling ports 50 that small volumes of the cullure
can bewithdrawn periodically.

9.3.6 Downstream Processing

Mier completion of the blosynthelle stage, the product hias (o be subjected
through a serfes of processes before 1L 1S ready for marketing as a fintshed
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product. The processes tnclude separation and purfication, which are
collectively refermed Lo as downstream processing. The product has (o be
formudated with suttatle preservatives. Such formutalion has (o undergo
Lthorough climieal trals as i case of drugs. Sincl gquality control testing
for cach product 1s also required. The downstream processing and quality
comitrol lesting vary from product (o product

g

SUMMARY

Bintechnology denls with large scale production and marckotng &f
products anld processcs using Hve organisfos, celld or crisymes:
Modern biolechnology using dgenetically modified orgnnisms was
made pessibic anly when man learmit to altor the chemistry of DNA
und vonsiruct eeasmbinant DNA. This key process 15 called
rocombinanl DNA lechnology or genetle englneering. This: prooess
Involves the use of restrictton endonucleases. DNA ligase,
approprinte plasoid af viml veclors o Bojote pnd Gy the foreign

INA intp host organdsms, expression of the forvign gene, purilication
if e gene product. Le Ui fonetlomd: pratein aoed Sinanlly muking i
sullable formubatian for murheting. Large scale production invohes

use ol hlomaciors.

EXERCISES

Can you Ust 10 reeombinant proteins which e userd in medical
practice’? Frnd oul where oy ane used as therapeutios (use the intermet),
Make a chanl fwith disgrammatic represeniation) showing a restriction
vozyme, the substrate DNA on owihilgh il nets. the site 5t which | cuis
DNA ond Uie praduock i produces:

From whal vou hove learnl. e yion el whelher imeyimes ure blgiter or
DNA 5 blager tn moleeutar stioe? How did you know?

What would be the molar concentmtien of human DNA g s baman
enll? Comsull your teacher

D cudmiryetic cells hove restriction endonoelcases? Justify your areswor.
Bissides botber aoration and mixdng prepenles. whal other nibrantages
do siirmed ik blomesciors linve over shobe (osles?

Colject 5 examples of palitedromice IINA sequenoes by consulting your teacher
Hettor try to enrate a palindromic sequenee by following base- p=ir niles,
Can you reciall melesis and mdicate of whot siagy n recombinnnt DNA
is muorfe’d

Can you' hink oiid imswer ow a fepérier cioomie can be usdd b monltor
trunslormmtlen of host cells by forctgn DNA i addition o o selectable
marker?
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10, Ihescribe bricily the following:
] Origin of repliction
(b} Blerenddors
[} Dowmslovam proscossing
11, Explain hriclly
im "I
() Restrietion cnzymes o TINA
{¢] Chiliiruse
12 Disenss with your leacher and find out how to didtinguish belwren
{n) Plasmid DNA and Chromosomad DNA
{b) RNA and DNA
(e} Exonuclense omi Endonoclease
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