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Herbert Boyer (UCSF) =
Discovered precise Mastered the extraction and
molecular cutting tools. reinsertion of cellular DNA rings.

Stanley Cohen (Stanford) —

A 4

A 1969 meeting in Hawaii merged these two discoveries,
transforming bacteria into living manufacturing plants.



Isolating the Molecular Scissors A
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The Subject:

By 1969, Boyer was studying highly \
specific restriction enzymes found
in the E. coli bacterium.
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The Action: The Result:
These enzymes don't just shatter DNA; they The DNA is cleanly severed, ready for
“inspect” the sequence and cut both the next phase of manipulation.

strands at highly specific, palindromic
target points.



The Precision of “Sticky Ends” A
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IG AT C . Why “Sticky"?
é | These overhanging stretches
CTTAAG ne_lturall_\,{ form hydrogen bonds
with their complementary cut
counterparts.
The asymmetrical cut leaves exposed, single-stranded tails.
The Significance:

This stickiness turns the random
splicing of DNA fragments into a
highly precise, predictable
exercise—like interlocking puzzle
pieces.

Complementary overhanging tails locking together.
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Plasmids as Data Delivery Vehicles A
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What they are: How they behave:

Plasmids are small,
autonomously replicating
ringlets of extra-

chromosomal DNA.
X Vs

They float freely in the

cytoplasm and replicate
independently from the
host's main DNA strand.
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Cohen’s Breakthrough:

He developed a reliable method to extract these rings from one
cell and successfully reinsert them into completely different cells,
essentially creating a biological flash drive.
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1972: The First Recombinant DNA A
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Step 1: Isolation Step 2: Ligation Step 3: Transformation Step 4: The Factory
s
Antibiotic
. - resistalru;e -lgene , "}_
; & K
A distinct piece of DNA The sticky ends of this gene The newly combined, The host cell uses its own
(labeled: "Antibiotic are perfectly locked into a circular Recombinant DNA polymerase to multiply the
resistance gene") is cut native plasmid extracted is inserted into a new host alien gene, acting as a living
using restriction enzymes. from Salmonella typhimurium. (E. coli, closely related to manufacturing plant for
A small wrench icon Salmonella). specific proteins.

represents "DNA ligase”
sealing the connection.



The 3 Pillars of Genetic Modification A

TopAll

Identify: Isolation of a specific DNA segment
containing the desirable target gene.

Introduce: Delivery of the identified DNA into a host
organism using a vector (like a plasmid).

Maintain & Transfer: Integration into the host's genome
(often via an ‘origin of replication’) ensuring the introduced
DNA multiplies and is passed to all progeny cells.

These three steps define the foundational discipline of all modern biotechnology.
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