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Why this chapter matters

Biotechnology is the highest-yield molecular biology chapter for NEET — ex-
pect 3-4 direct questions every year on restriction enzymes, vectors, PCR, and
bioreactors. Boards lean on short-answer questions covering pBR322 fea-
tures, steps of recombinant DNA technology, and downstream processing.
Master the tool-list (enzymes + vectors + competent host + PCR + bioreactor
+ DSP) and you have answered 80% of what this chapter ever asks.
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1 Introduction — What is Biotechnology?

Biotechnology is the use of living organisms, cells or enzymes to manufacture
products and run processes useful to humans. Making curd, bread or wine is tech-
nically biotechnology, but modern usage restricts the term to processes that use
genetically modified organisms (GMOs) for industrial-scale output. Test-tube
babies, DNA vaccines, gene therapy and recombinant insulin all fall under this
umbrella.

European Federation of Biotechnology (EFB) definition: the integration of nat-
ural science and organisms, cells, parts thereof, and molecular analogues for products
and services.

1.1 The Two Pillars (NCERT Section 9.1)

Two enabling techniques transformed traditional fermentation into modern
biotechnology:
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Biotechnology: Principles and Processes 3

1. Genetic engineering — techniques to alter the chemistry of DNA/RNA, intro-
duce it into a host organism, and thereby change the host's phenotype. This
is the molecular pillar.

2. Bioprocess engineering — maintaining sterile (contamination-free) condi-
tions in chemical-engineering equipment so that the desired microbe or eu-
karyotic cell grows in large volumes for antibiotics, vaccines, enzymes etc. This
is the industrial pillar.

Why traditional hybridisation is not enough

Conventional plant-and-animal breeding shuffles whole genomes. Along
with the one desirable gene, dozens of undesirable genes also enter the off-
spring. Recombinant DNA technology surgically extracts only the gene of
interest and inserts it into the target organism — precision that hybridisa-
tion can never match.

1.2 Birth of Recombinant DNA — Boyer & Cohen (1972)

Stanley Cohen and Herbert Boyer accomplished the first artificial recombinant
DNA molecule in 1972 by linking an antibiotic-resistance gene from a Salmonella
typhimurium plasmid into another plasmid that could replicate inside E. coli. Three
things made it possible:

+ Discovery of restriction enzymes (“molecular scissors”) that cut DNA at spe-
cific sequences.

+ Discovery of DNA ligase that glues cut ends back together.

* Plasmids that act as vectors — carriers ferrying foreign DNA into bacterial
cells.

When the resulting recombinant DNA was introduced into E. coli, the bacterial DNA
polymerase multiplied it, producing many copies of the antibiotic-resistance gene.
This multiplication is called gene cloning.

Three steps to genetically modify any organism

1. Identification of DNA carrying the desirable gene.
2. Introduction of that DNA into a host.
3. Maintenance and transfer of the introduced DNA to all progeny.

This three-step framework holds for every recombinant DNA application dis-
cussed in Chapter 10 (insulin, Bt cotton, gene therapy).

Why Boyer and Cohen matter to your medicine cabinet

The first commercial product of recombinant DNA technology was human
insulin (Humulin, 1982) — made by inserting the human insulin gene into
E. coli. Before this, diabetics relied on insulin extracted from pig or cow pan-
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creas, often causing allergic reactions. Recombinantinsulin removed that risk
and made supply unlimited.

Quick Tip

NEET fact: the founders of biotechnology — Cohen and Boyer (1972 recombi-
nant DNA), Kary Mullis (PCR, 1985, Nobel 1993), and Hamilton Smith (Hind
IT discovery, Nobel 1978) — frequently appear in name-the-scientist MCQs.

2 Tools of Recombinant DNA Technology

NCERT Section 9.2 lists five essential tools. We treat each one in detail because
every NEET / board question on this chapter ultimately tests one of them.

The five-tool toolkit

1. Restriction enzymes — molecular scissors that cut DNA at specific palin-
dromes.

2. DNA ligase — the molecular glue that joins cut ends.

3. Cloning vectors — plasmids or phage DNA that carry foreign DNA into
the host.

4. Competent host — bacteria (or plant / animal cells) made willing to take
up foreign DNA.

5. Polymerase enzymes — including Taq polymerase for PCR amplification.

2.1 Restriction Enzymes — Molecular Scissors

In 1963, two enzymes were isolated from E. coli for "restricting” the growth of in-
vading bacteriophages. One added methyl groups to DNA (a methylase); the other
cut DNA (a restriction endonuclease). Five years later, Hind II became the first re-
striction enzyme found to cut DNA at a specific six-base sequence — the recogni-
tion sequence. Today over 900 restriction enzymes from 230+ bacterial strains
are known.

Nomenclature — decoding an enzyme name

The standard nomenclature was given by Smith and Nathans. Example: EcoRI.

+ Eco — first letter of genus (Escherichia) + first two letters of species (coli).
* R — the strain (RY13).

« I— Roman numeral indicating the order in which the enzyme was isolated from
that strain (the first restriction enzyme from E. coli RY13).
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Two types of nucleases .

Exonucleases — chew nucleotides off the ends of a DNA strand.
Endonucleases — cut at internal positions inside the DNA.

Restriction endonucleases are a special class of endonuclease that recog-
nise a specific palindromic sequence and cut there.

Palindromes — the secret to “sticky ends”

A palindrome in normal English reads the same forwards and backwards (e.g.
MALAYALAM). A DNA palindrome reads the same on both strands when both are
read in the 5 — 3’ direction. The EcoRI recognition palindrome is:

5 —GAATTC—-3
33—CTTAAG-—-Y

EcoRI cuts the bond between G and A on both strands, leaving four-base, single-
stranded sticky ends (AATT) that are complementary — and therefore re-anneal
to any other fragment cut by the same enzyme. This stickiness is what makes the
ligase’s job easy.

Action of Restriction enzyme

The enzyme cuts both DNA EcoRI cuts the DNA between bases
strands at the same site G and A only when the sequence
GAATTC is present in the DNA

Vector DNA Foreign DNA
] {
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Sticky end
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DNA fragments join at sticky ends
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Recombinant DNA

Figure 9.1 Steps in formation of recombinant DNA by action of restriction endonuclease
enzyme - EcoRI
Fig. 9.1 (NCERT): Steps in formation of recombinant DNA by action of the restriction
endonuclease EcoRI. The enzyme cuts both vector and foreign DNA at the GAATTC palindrome;
the complementary sticky ends re-pair; DNA ligase seals the nicks; the recombinant DNA
molecule is born.
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EcoRI cuts the GAATTC palindrome between G and A on each strand, leaving four-base
5’ sticky ends (AATT). These overhangs base-pair with any other fragment cut by EcoRL

Quick Tip

Remember sticky ends always come from a palindromic six-cutter that
cuts off-centre. If the enzyme cut at the exact centre of the palindrome it
would give blunt ends (e.g. Hind II, Sma I). NEET MCQ: “EcoRI produces
ends” — answer sticky / cohesive.

Separation by Gel Electrophoresis

After digestion, the DNA fragments are sorted by size using agarose gel elec-
trophoresis. Agarose (a seaweed polymer) forms a porous gel matrix; an electric
field is applied across it. Because DNA is negatively charged (phosphate back-
bone), fragments migrate towards the anode (+). The agarose gel acts as a molec-
ular sieve: smaller fragments move faster and travel farther from the wells;
larger ones lag near the wells.
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Figure 9.3 A typical agarose gel
electrophoresis showing
migration of undigested
(lane 1) and digested set of
DNA fragments (lane 2 to 4)

Fig. 9.3 (NCERT): A typical agarose gel electrophoresis showing migration of undigested (lane
1) and digested DNA fragments (lanes 2-4). The sample is loaded at the wells (cathode end);
fragments separate top-to-bottom by size.

To see the bands, the gel is stained with ethidium bromide (EtBr) and viewed un-
der UV light, where DNA-EtBr complexes glow bright orange. Pure DNA without
staining is invisible in ordinary light. The desired bands are sliced out of the gel
and the DNA is recovered — a step called elution.

Common Mistake

DNA is negatively charged and so migrates to the positive (anode) elec-
trode — NOT to the cathode. Students routinely flip this. Mnemonic: “Nega-
tive DNA loves the positive plate.”

Memory Aid

“Smaller Sprints, Bigger Bums” — Smaller fragments travel faster (sprint
farther from the wells); Bigger fragments lag near the wells. The wells are at
the cathode end.

A cloning vector is a piece of DNA (usually a plasmid or phage) that can replicate
inside a host cell and carry inserted foreign DNA along with itself. Bacteriophages
can sit at very high copy numbers per cell, while plasmids range from 1-2 copies
(low-copy) to 15-100 copies (high-copy) — some go even higher.
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Five features every good cloning vector must have

1. Origin of replication (ori) — the sequence from which DNA replication
starts. Without an ori, the vector and any attached foreign DNA will not
multiply inside the host. The ori also controls copy number.

2. Selectable marker — usually an antibiotic-resistance gene (amp¥, tet%,
kan®, chI?). Lets us pick out transformed cells from untransformed ones
by growing them on antibiotic-containing medium.

3. Cloning sites — preferably single recognition sites for common restric-
tion enzymes. Multiple sites would fragment the vector during digestion.

4. Small size — short vectors enter cells more efficiently.

5. Low copy or high copy options — match copy number to whether you
want lots of protein or stable maintenance.

The model plasmid: pBR322

PBR322 is the most-taught E. coli cloning vector. “p” = plasmid, “BR” = Bolivar and
Rodriguez (the scientists who built it), “322" = serial number.

Pvu 11

Figure 9.4 E. coli cloning vector pBR322
showing restriction sites
(HindIIl, EcoR 1, BamH I, Sal I,
Pvu II, Pst 1, Cla I), ori and
antibiotic resistance genes
(amp® and tet¥). rop codes for
the proteins involved in the
replication of the plasmid.

Fig. 9.4 (NCERT): E. coli cloning vector pBR322 showing restriction sites (Hind III, EcoR I, BamH
I, Sal I, Pvu II, Pst I, Cla I), ori and two antibiotic-resistance genes (amp™ and tet?). rop codes
for proteins involved in the replication of the plasmid.
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Key features of pBR322 (highly testable):

* ori — origin of replication.
« amp?® — ampicillin-resistance gene.
* tet” — tetracycline-resistance gene.

+ Unique restriction sites: Hind III, EcoR I, BamH I, Sal I, Pvu II, Pst I, Cla I — each
cuts the plasmid exactly once.

* rop — a small gene encoding proteins involved in plasmid replication.

Selecting recombinants by insertional inactivation

To identify which colonies carry your insert, use this trick:

1. Ligate the foreign DNA into the BamH I site, which sits inside the tet” gene.

2. Insertion of the foreign DNA destroys the tet® gene — the bacterium loses
tetracycline resistance.

3. Transform E. coli, then plate on ampicillin medium. Only cells that took up the
plasmid grow (amp? is intact).

4. Replica-plate onto tetracycline medium. Recombinants grow on ampicillin
but NOT on tetracycline; non-recombinants grow on both.

Insertional inactivation in one line

Insert breaks one antibiotic-resistance gene; the surviving one selects trans-

formants, while loss of the broken one identifies recombinants. Two antibi-
otics, two purposes.

The colour-based alternative: blue-white selection

The two-plate method above is laborious. The modern alternative uses the g-
galactosidase (/acZ) gene. Insertis placed within the /acZ coding sequence. When
plated on medium with a chromogenic substrate (X-gal — a NEET extension;
NCERT just says “chromogenic substrate”):

* Non-recombinant colonies — intact /acZ, produce S-galactosidase, cleave X-
gal — blue colonies.

* Recombinant colonies — insert disrupts lacZ, no $-galactosidase, no colour —
white colonies.

Pick the white ones. This is called insertional inactivation of 5-galactosidase.

Quick Tip

“Blue = wild, White = wow!” — in blue-white screening, the white colonies
are the ones you want (recombinants). Blue ones are non-recombinant re-
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jects.

Vectors for plants and animals

10

Bacteria are easy. Eukaryotes need cleverer vectors — often borrowed from nat-
ural plant- or animal-infecting agents:

Host

Vector

Mechanism

Plant cells (dicots)

Animal cells

Eukaryotic cells

(any)

Bacterial cells

Ti plasmid of Agrobac-
terium tumefaciens

Retroviruses (dis-
armed)

Yeast Artificial Chro-
mosomes (YAC) (NEET
extra)

PBR322, phage )\, cos-
mids

Naturally transfers “T-DNA”
into host genome; dis-
armed for safety
Reverse-transcribe RNA, in-
tegrate into host genome
Carry very large inserts (~1
Mb)

Plasmid / phage replication
in host

The plant tumour that became a tool

Agrobacterium tumefaciens normally causes crown gall disease in dicots —
the bacterium injects a piece of its tumour-inducing (Ti) plasmid into the
plant cell, forcing the cell to make opines (food for the bacterium) and to di-
vide uncontrollably. Plant biotechnologists disarmed the Ti plasmid (deleted
the tumour-causing genes, kept the gene-delivery machinery) and turned an
agricultural pest into the most widely used dicot transformation vector. Bt
cotton, golden rice and herbicide-tolerant soybean all enter the plant via this
re-engineered Ti plasmid.

DNA is a large, hydrophilic, negatively charged molecule. It cannot cross a phos-
pholipid bilayer on its own. The host must first be made competent — transiently

permeable to DNA.

Methods for bacteria

Chemical (heat-shock) transformation — treat E. coli with cold divalent cal-
cium (CacCl,) which neutralises the negative DNA charge and creates transient
pores in the cell wall. Then:

1. Mix bacteria + recombinant DNA on ice.
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2. Sudden heat shock at 42°C for 90 seconds.
3. Back to ice immediately.
4. Recover in nutrient broth, then plate on antibiotic-selection medium.

The heat shock briefly destabilises the membrane and DNA slips in.

Why 42°C, why divalent cation?

Divalent Ca?* bridges the negatively charged DNA to the negatively charged
lipopolysaccharide outer wall, allowing close approach. The 42°C heat pulse
expands the lipid bilayer just enough to let the DNA through; the immediate
return to ice closes the pores and locks the DNA inside. Without Ca?*, no
bridging. Without heat shock, no entry.

Methods for plant and animal cells

* Microinjection — recombinant DNA is directly injected into the nucleus of an
animal cell using a fine micro-pipette. The cell of choice for transgenic-mouse
work.

+ Biolistics (gene gun) — DNA-coated gold or tungsten microparticles are
fired at high velocity into plant cells. Particles penetrate the cell wall; the DNA
peels off inside. Standard for monocots (rice, wheat, maize).

+ Disarmed pathogen vectors — disarmed Ti plasmid for dicots, disarmed
retroviruses for animal cells.

* Electroporation (NEET extension; not in NCERT body but cited in NCERT mar-
gin) — a brief electric pulse opens transient pores in the membrane.

[Heat shock (E. coli)] [Microinjection]

Ca?t, 42°C
/ Target cell \

Biolistics (gene gun) Disarmed Ti / retrovirus
Au/W particles — plants

animal cells

plants / animals

Four routes to make a host cell competent: chemical heat shock for bacteria,
microinjection for animal cells, gene gun for plants, and disarmed pathogen vectors
for either eukaryote.
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Common Mistake

Biolistics = gene gun (plants). Do NOT confuse with microinjection (animal
cells). Biolistics fires solid metal beads carrying DNA; microinjection pushes
liquid DNA through a hollow needle. Different techniques, different host
types — a favourite MCQ trap.

3 Processes of Recombinant DNA Technology

NCERT Section 9.3 organises rDNA work as a six-step pipeline. Memorise the or-
der; questions about “arrange these steps” come up almost every year.

The six-step rDNA workflow

Isolation of the genetic material (DNA) from the source.

Cutting of DNA at specific locations using restriction enzymes.
Amplification of the gene of interest using PCR.

Insertion of recombinant DNA into the host cell / organism.
Culturing the transformed host on a large scale (bioreactor).
Downstream processing — separation, purification, formulation.

Solve the NCERT Exercises [

3.1 Step 1 — Isolation of the Genetic Material

ounkwn-=

DNA is locked inside cells, wrapped around histones in the case of eukaryotes,
surrounded by RNA, proteins, lipids and polysaccharides. To extract pure DNA:

1. Lyse the cell wall using a wall-specific enzyme:
+ Lysozyme for bacteria.
+ Cellulase for plant cells.
+ Chitinase for fungal cells.
2. Treat with ribonuclease (RNase) to digest RNA.
3. Treat with protease to remove proteins (including histones).

4. Add chilled ethanol — pure DNA precipitates as fine, white, thread-like fibres
that can be spooled onto a glass rod.
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Figure 9.5 DNA that
separates out can be
removed by spooling

o T

Fig. 9.5 (NCERT): DNA that separates out after ethanol precipitation can be removed by
spooling — the long thread-like molecules wind around a stirring rod, giving the classic
“cotton-candy” appearance.

Memory Aid

“LCC + RP + chill ethanol” — Lysozyme (bacteria), Cellulase (plant), Chitinase
(fungus), then RNase, Protease, and finally chilled ethanol to precipitate.

3.2 Step 2 — Cutting DNA at Specific Locations

The purified DNA is incubated with the chosen restriction enzyme at its optimal
buffer, pH and temperature. Aliquots are run on agarose gels to confirm the di-
gestion went to completion. The same enzyme is also used to cut the vector DNA
— ensuring matching sticky ends.

Once both source DNA and vector DNA are cut, the desired insert fragment is
sliced out of the gel and eluted. The insert and the cut vector are mixed; DNA lig-
ase (usually T4 DNA ligase from phage T4) seals the nicks. The result: recombinant
DNA, ready for amplification.

Quick Tip

Always use the SAME restriction enzyme on insert and vector. Differ-
ent enzymes produce different sticky ends; they will not anneal. NEET trap:
“Which of the following pairs of enzymes can be used together for cloning?”
— the answer pair must share an identical recognition site OR produce com-
patible overhangs.
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3.3 Step 3 — Amplification of the Gene of Interest using PCR

PCR (Polymerase Chain Reaction) was invented by Kary Mullis in 1985; he won
the Nobel Prize in Chemistry in 1993 for it. PCR makes a billion (~10°) copies of a
target DNA sequence in a test tube within a few hours, using just a thermostable
polymerase, two short primers, nucleotides and the template DNA.

Reagents needed

+ Template DNA — contains the gene of interest.

 Two primers — short (~20-nucleotide) chemically synthesised oligonu-
cleotides complementary to the regions flanking the gene of interest.

+ Taq DNA polymerase — thermostable polymerase isolated from Thermus
aquaticus, a hot-spring bacterium. It survives the 94°C denaturation step that
would inactivate ordinary E. coli polymerase.

+ dNTPs — the four deoxyribonucleotides (dATP, dTTP, dGTP, dCTP) used as
building blocks.

« Buffer + Mg®>" — cofactors for the polymerase.

Three steps per cycle, repeated 30+ times

PCR cycle — denaturation — annealing — extension

1. Denaturation (~94°C, 30 s) — the double-stranded DNA melts into two
single strands; hydrogen bonds break.

2. Annealing (~50-65°C, 30 s) — temperature is lowered; the two primers
hybridise to their complementary sequences on the single strands.

3. Extension (~72°C, 30-60 s) — Taq polymerase extends from the 3’ end
of each primer, synthesising the complementary strand using dNTPs.

After 30 cycles: 23° ~ 10° copies — one billion copies of the original target
region.
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Region to be amplified
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Figure 9.6 Polymerase chain reaction (PCR) : Each cycle has three steps: (i) Denaturation;
(ii) Primer annealing; and (iii) Extension of primers

Fig. 9.6 (NCERT): Polymerase Chain Reaction (PCR) — each cycle has three steps: (i)
Denaturation, (ii) Primer annealing, (iii) Extension of primers. 30 cycles amplify the target
sequence about one billion times.

Why Taq polymerase is the magic ingredient

Ordinary E. coli DNA polymerase denatures at 94°C. If you used it, you would
have to add fresh enzyme after every denaturation step — impractical. Ther-
mus aquaticus (Taq), discovered in the hot springs of Yellowstone National
Park, has a polymerase whose active site is stable up to ~95°C. Add Taq once,
run 30 cycles, walk away. The thermal cycler (PCR machine) automates the
temperature changes.

Where you have seen PCR in real life

* COVID-19 RT-PCR tests — the same PCR principle (with a reverse-
transcription step first because SARS-CoV-2 has RNA) is what told you you
were positive or negative.

* Forensic DNA fingerprinting — amplify trace DNA from a crime scene.

* Prenatal diagnosis — detect single-gene disorders (sickle cell, thalas-
saemia) from a few foetal cells.

* GMO detection — check if your tofu came from genetically modified soy.

Memory Aid

“DAE" (like the word day) — Denaturation, Annealing, Extension. The tem-
perature pattern: high, low, medium (94 — 55 — 72°C). Or remember: “hot,
cool, warm”.
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Once amplified, the recombinant DNA is introduced into a competent host cell
by any of the methods listed in Section 2.3 (heat shock for E. coli, microinjection
for animal cells, biolistics for plants, Ti or retroviral vectors for eukaryotes).

The transformed cells are then plated on antibiotic-containing medium. Only
cells carrying the recombinant plasmid (with its antibiotic-resistance selectable
marker) grow; everything else dies. Surviving colonies are picked and used to
seed the next stage.

A laboratory flask holds millilitres of culture — enough for research, useless for
production. Industry needs bioreactors: large stainless-steel vessels of 100-1000
litres (and up to 100000 L for some products) capacity, where transformed mi-
crobes are grown under tightly controlled conditions to manufacture the desired
recombinant protein.

What a bioreactor provides

A bioreactor maintains the optimum conditions for microbial growth and product
formation:

+ Temperature — usually 25-37°C, tightly controlled by a water jacket.
+ pH — continuously monitored and corrected by acid / base addition.

+ Substrate (food) — supplied continuously in fed-batch or continuous-culture
mode.

+ Vitamins, salts, minerals — added to the medium.
+ Oxygen — the trickiest parameter; aerobic cultures need constant aeration.

Stirred-tank bioreactors — the workhorse

The most common type is the stirred-tank reactor — cylindrical, often with a
curved base for mixing, fitted with an agitator (impeller) that ensures even dis-
tribution of cells, nutrients and oxygen. NCERT shows two variants:

+ (a) Simple stirred-tank bioreactor — an impeller stirs the broth; air enters
through a sparger at the bottom.

+ (b) Sparged stirred-tank bioreactor — sterile air is bubbled in as fine sparge
bubbles that dramatically increase the gas-liquid surface area, boosting oxygen
transfer.
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Figure 9.7 (a) Simple stirred-tank bioreactor; (b) Sparged stirred-tank bioreactor through which
sterile air bubbles are sparged

Fig. 9.7 (NCERT): (a) Simple stirred-tank bioreactor — shows motor, foam breaker, flat-bladed
impeller, culture broth, sterile-air inlet, acid/base inlet for pH control, and steam port for
sterilisation. (b) Sparged stirred-tank bioreactor — fine sterile-air bubbles are sparged
through the broth, vastly increasing oxygen transfer area.

Standard parts of every stirred-tank bioreactor

Agitator (impeller) system — for mixing.

Oxygen delivery system — sparger + air filters.

Foam control system — foam breaker / anti-foam.

Temperature control system — jacket with circulating water.

pH control system — acid / base inlets.

Sampling ports — to withdraw small volumes without contamination.

Batch vs continuous culture

Batch culture — fixed volume of medium; product accumulates; harvest
when growth stops.

Continuous culture — spent medium is drained while fresh medium is
added at the same rate; cells stay in log phase indefinitely, giving higher
biomass and higher product yield per litre per day. Industrial penicillin and
insulin plants run continuous mode.

o kN~

Common Mistake

“Bioreactor” and “fermentor” are NOT synonyms in NCERT usage. In
Chapter 8 (Microbes in Human Welfare) NCERT used “fermentor” for antibiotic
production. In Chapter 9 the word is bioreactor, and the design includes
pH, foam, temperature and oxygen control, not just fermentation. Read the
question wording carefully.
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After the culture has produced the desired protein, the biosynthetic phase is over
and the product must be made fit for market. Everything that happens after the
bioreactor harvest is collectively called downstream processing (DSP):

1.

Separation — cell harvesting by centrifugation or filtration; cell lysis if the
product is intracellular.

Purification — column chromatography (size, ion-exchange, affinity), precip-
itation, ultrafiltration.

Formulation — add suitable preservatives, stabilisers and buffers; convert
to tablet, lyophilised powder, or solution.

Clinical trials — mandatory for drugs (phases I, II, III).

Quality-control testing — strict, product-specific. Purity, potency, sterility,
endotoxin levels.

DSP varies from product to product — insulin needs different purification chem-
istry than penicillin or streptokinase. DSP is the most expensive part of a biotech
production line (often 50-80% of total cost).

Quick Tip

“Downstream processing” is everything between bioreactor harvest
and finished product. The product enters DSP as a soup of cells, debris,
broth and a tiny fraction of target protein; it leaves DSP as a sterile, formu-
lated, dose-controlled medicine. NEET MCQ: “The most expensive step in
biotech productionis __ " — downstream processing.

4 Putting It All Together — The Full rDNA Pipeline

The six steps connect into a single production line. Here is a stylised flow chart of
how a recombinant protein (say, human insulin) reaches a patient:

1. Isolate DNA 2. Cut DNA 3. Amplify 4. Insert into host |
lysozyme, RNase, restriction PCR — Taq + heat shock /
protease, ethanol enzyme (EcoRI) primers, 30 cycles microinjection

Th

Finished drug 6. Downstream 5. Bioreactor
insulin, vaccine, separate — purify 100-1000 L,
biopharma — formulate — QC controlled pH, T, O,

e six-step recombinant DNA pipeline as applied in industry — from DNA isolation to
a vialled, market-ready biopharmaceutical.
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5 NEET/Board Extras — Commonly Asked but Often

Missed

Hind II (NOT Hind III) — the first restriction enzyme to be characterised (1968).
Six-base recognition. Blunt ends.

Hind III, EcoRI, BamH I — six-cutters; sticky ends.
Sma I, EcoRV — blunt cutters (NEET extension).

Type II enzymes (what NCERT calls “restriction enzymes” without qualification)
— recognise a palindrome and cut within it. The other types (I and III) cut at
variable distances from the recognition site and are not used in cloning.

Enzyme Source / Role Where in rDNA work
EcoR1I E. coli RY13; restriction | Cuts source DNA & vector
Hind III Haemophilus influenzae | Cuts at AAGCTT site

d; restriction
BamH I Bacillus  amyloliquefa- | Cuts inside tet? of pBR322

Taq polymerase
T4 DNA ligase

Lysozyme
Cellulase
Chitinase

RNase

Protease
p-galactosidase

ciens; restriction
Thermus aquaticus
Phage T4
Egg white; bacterial
wall hydrolase

Fungi (Trichoderma)
Bacteria, fungi
Pancreatic / microbial

Various sources
E. coli lacZ

PCR extension at 72°C

Seals nicks in recombinant
DNA

Lyses bacterial cell wall

Lyses plant cell wall

Lyses fungal cell wall
Removes RNA during DNA
isolation

Removes proteins / histones
Blue-white screening re-
porter

Common Mistake

 Hind II was first; Hind III is the more popular cloning enzyme. Do not
confuse them.

« Sticky ends require off-centre cutting of a palindrome. A blunt cutter

(SmaI) does not give sticky ends even though the site is palindromic.
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5.4

Calcium chloride alone does not transform cells — you still need the
42°C heat shock to complete entry.

Biolistics fires gold or tungsten particles, not DNA-coated bacteria.
The bacterium-based delivery is Agrobacterium.

PCR makes copies in vitro — no cell needed. Cloning into a plasmid
makes copies in vivo (inside a cell). NEET MCQ: “Which technique amplifies
DNA without a living cell?” — PCR.

Numbers Worth Memorising

Two-minute revision numbers

Restriction enzymes known today — >900, from 230+ bacterial strains.
EcoRI recognition site — GAATTC (six bases).

PCR amplification factor after 30 cycles — 23° ~ 10° (one billion).

PCR temperatures — denaturation 94°C, annealing 50-65°C, extension
72°C.

Heat-shock temperature for E. coli transformation — 42°C.

Bioreactor volumes — 100-1000 L (industrial scale).

Year of first recombinant DNA — 1972 (Cohen & Boyer).

Year of PCR invention — 1985 (Kary Mullis); Nobel in 1993.

First commercial recombinant drug — human insulin (Humulin, 1982).

6 Quick Reference Summary

6.1

One-Page Tool — Function Table

Tool / Component Function in rDNA technology
Restriction endonu- | Cuts DNA at specific palindromic se-

clease guence

Exonuclease Removes nucleotides from DNA ends (not
used for cloning)

DNA ligase (T4) Joins cut DNA fragments at sticky / blunt
ends

Cloning vector (e.g. | Carries foreign DNA into host; replicates

pBR322) inside host

Origin of replication | Initiates vector replication; controls copy
(ori) number

Selectable  marker | Distinguishes transformed from un-
(@mp?, tetf) transformed cells
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Insertional inactiva- | Distinguishes recombinant from non-
tion site recombinant cells

p-galactosidase / X- | Blue-white screening to identify recombi-
gal nant colonies

Competent cell

Host cell made permeable to DNA uptake

CaCl, + heat shock | Standard  bacterial  transformation

(42°Q) method

Biolistics (gene gun) | Fires DNA-coated gold/tungsten into
plant cells

Microinjection

Ti plasmid (disarmed)
Disarmed retrovirus
Taq DNA polymerase
PCR primers

Direct injection of DNA into animal cell
nucleus

Vector for transforming dicot plants
Vector for transforming animal cells
Thermostable polymerase for PCR
Define start & end of amplified region

21

Agarose gel elec-
trophoresis
Ethidium bromide +

Separates DNA fragments by size

Visualises DNA bands on the gel

uv

Bioreactor (stirred- | Large-scale culture vessel (100-1000 L)
tank)

Downstream pro- | Separation, purification, formulation, QC
cessing of product

+ Biotechnology — use of live organisms, cells or enzymes to produce useful
products / processes; modern usage implies GMOs.

+ Genetic engineering — techniques to alter DNA / RNA chemistry and change
a host’s phenotype.

+ Recombinant DNA — a DNA molecule formed by joining segments from dif-
ferent sources.

+ Cloning — making multiple identical copies of a DNA template (in vivo, in a
cell) or via PCR (in vitro).

* Restriction endonuclease — enzyme that recognises a specific DNA palin-
drome and cuts inside it.

* Palindrome (DNA) — a base-pair sequence that reads the same on both
strands in the 5 —3' direction.

+ Sticky ends — single-stranded overhangs left after off-centre cutting of a
palindromic site.

* Vector — a DNA molecule (plasmid or phage) that carries foreign DNA into a
host cell.

+ ori — origin of replication; required for the vector to replicate inside the host.
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+ Selectable marker — a gene (usually antibiotic resistance) that lets us identify
transformed cells.

+ Insertional inactivation — destruction of a vector gene by insertion of foreign
DNA,; basis of recombinant selection.

+ Competent cell — a cell artificially made permeable to DNA uptake.
+ Transformation — uptake of naked DNA by a competent cell.

* PCR (Polymerase Chain Reaction) — in vitro DNA amplification using Taq
polymerase, two primers, and 30 cycles of denaturation, annealing, extension.

+ Taq polymerase — thermostable DNA polymerase from Thermus aquaticus,
used in PCR.

+ Bioreactor — a controlled vessel (typically 100-1000 L) for large-scale micro-
bial / cell culture.

+ Downstream processing (DSP) — post-culture separation, purification, for-
mulation and QC.

+ Gel electrophoresis — size-based DNA separation in an agarose matrix under
an electric field.

+ Spooling — winding precipitated DNA onto a glass rod to recover it.

Memorise these names & numbers

Cohen & Boyer (1972) — first recombinant DNA.
Hamilton Smith (1968) — first restriction enzyme (Hind II).
Kary Mullis (1985) — PCR invention; Nobel 1993.

EcoRI site — GAATTC palindrome; cuts between G and A.

PBR322 — plasmid by Bolivar & Rodriguez, serial 322. Has ori, amp¥%, tet”,
rop and 7 unique restriction sites.

Heat shock — 42°C for ~90 s after pre-treating E. coli with cold CaCl,.
Three PCR temperatures — 94, 55, 72°C.
Ti plasmid from Agrobacterium tumefaciens — dicot plant vector.

Stirred-tank bioreactor — impeller + sparger + foam control + pH + tem-
perature + sampling port.

10. Downstream processing = separation + purification + formulation + QC.

DU B

© 0 N O

Quick Tip

1. Memorise the five tools — restriction enzyme, DNA ligase, cloning vec-
tor, competent host, polymerase — and one example of each. This alone
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answers 50% of MCQs.

2. Memorise the six-step pipeline — isolation — cutting — PCR — inser-
tion — bioreactor — DSP. Most board long-answers ask for these in order.

3. Drill the pBR322 diagram and PCR three-step cycle. Both are diagram-
mandatory questions in CBSE and asked-as-MCQ in NEET.

The big picture

Every recombinant drug in your local pharmacy — insulin, growth hormone,
hepatitis B vaccine, streptokinase, monoclonal antibodies — came out of this
six-step pipeline. The Chapter-10 “applications” build directly on the tools you
have just learned. Without Chapter 9's restriction enzymes and PCR there is
no Bt cotton, no golden rice and no Humulin. Master Chapter 9 and Chapter
10 collapses to “what got produced and where”.

Related Collegedunia Resources

Same chapter — other resources: Continue learning:

* NCERT Solutions « Ch 8: Microbes in Human Welfare
« Formula Sheet « Ch 10: Biotechnology and its Appli-
* NCERT Book PDF cations

« Exemplar Book PDF * Class 12 Biology — All Chapters

« Exemplar Solutions
« Handwritten Notes

(.
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