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The Central Dogma
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Molecular Biology

DNA: four nucleotide bases (GC,AT) (2 bits)
genetic code in 3 base ‘codons’
information storage and propagation,
genetic regulation

Protein: folded polypeptide of 20 amino acids
motility, metabolism, reproduction,

genetic regulation, transport, etc.

Manipulating DNA — Protein Relationships:
Revolutionized biological research (e.g. crystallography,
fluorescent proteins as markers) and medicine (e.g. drug
manufacture)



Overview of Cloning
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Cloning into a plasmid



The tools of basic subcloning

1) Plasmids

2) Restriction Enzymes
3) Ligase

4) PCR

5) E. coli

(and many more)



S0, what's a plasmid?

Plasmid: circular piece of DNA with
origin of replication that propagates mRNA transcript
as separate genetic material in :

bacterial cells. Promoter
Plasmids have key features such as: N
origin of replication, promoter for \ e RNA

gene of interest, antibiotic polymerase

resistance,... » o/
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Plasmid Structure

Direction of transcription

PLtetO1
(promoter)

\ Kpnl
P —_ site

YFP
/

Direction of transcription

Kanamycin

; — Hindlll
resistance

site

pZE21-Venus(YFP)

colE1
(Origin of replication)

Promoter — RNA polymerase binding site,
transcriptional regulator

Origin of Replication — site where plasmid
replication begins for division, controls
copy number and hence regulates

Restriction Sites — sequence-specific
enzymatic DNA cleavage sites, leaves
sticky ends for proper insert ligation

Kanamycin — encodes gene for
Kanamycin (fungal) antibiotic resistance,
imparts severe selective advantage in
proper media

Non-descript DNA — contain other
restriction sites for gene insertion



Building A Stock of Plasmids

double-stranded

recombinant many copies of purified
_plasmid DNA plasmid isolated from
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hundreds of millions of
new bacteria

Figure 10-22 Essential Cell Biology, 2/e. (© 2004 Garland Science)



Molecular Biology By Cut and
Paste: Building a Plasmid

+ In order to construct the relevant fusion, we need to do a variety of cutting,
amplifying and pasting operations.

+ Once that is done, we need to do a series of controls and checks to make sure
we produced what we think we did.

circular DNA fragment
double-stranded to be cloned
plasmid DNA

(cloning vector)

N
\/l recombinant DNA

CLEAVAGE COVALENT
WITH LINKAGE
RESTRICTION BY DNA

NUCLEASE LIGASE

Figure 10-21 Essential Cell Biology, 2/e. (© 2004 Garland Science)



Molecular Biology By Cut and
Paste: Bundlng a Plasmid

+ Another view of the procedure

http://fig.cox.miami.edu/Faculty/Dana/chimericDNA.gif



Restriction Enzymes and
Cutting

cIeavage site sugar—phosphate backbone
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Figure 10-4 Essential Cell Biology, 2/e. (© 2004 Garland Science)



New England Biolabs Website

s www.neb.com

+ This list shows the sites on the
phage lambda genome that will
be cut by various restriction
enzymes.

waw.neb.com - info@neb.com TECHNICAL SUPPORT

Lambda DNA: Location of Sites
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The Idea of Ligation

+ When we have our fragments
(YFP and protein) to insert into
the plasmid, we have to glue
them in using an enzyme called
DNA ligase.

+ In living cells, this is relevant to
supercoiling, recombination,
DNA repair, replication, etc.

(A) JOINING TWO COMPLEMENTARY STAGGERED ENDS

(C) JOINING A BLUNT END WITH A STAGGERED END

+ deoxyribo-

nucleotides ~2_@_@_@_0_< nl"l“ :
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Figure 10-18 Essential Cell Biology, 2/e. (© 2004 Garland Science)



Aph 162 Subcloning

Genotype

E. coli expressing protein E. coli expressing fluorescent
f-galactosidase protein from jellyfish (YFP)



Subcloning
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Subcloning
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The First Cycle of PCR

+ Once we have some copies of our DNA fragments of interest, we need to
generate a huge number of copies of these fragments for the purposes of
actually generating large quantities of the insert.

(A)
) ][ |7—~ T S S R
+DNA polymerase DNA
— S*E'f,ﬁgl% HYBRIDIZATION +dATP SYNTHESIS
- OF PRIMERS +dGTP +dCTP FROM
double-stranded \STRANDS +dTTP PRIMERS
DNA
STEP 1 STEP 2 STEP 3
l FIRST CYCLE !

Figure 10-27 part 1 of 2 Essential Cell Biology, 2/e. (& 2004 Garland Science)



Polymerase Chain Reaction
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Polymerase Chain Reaction
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Polymerase Chain Reaction
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PCR Revisited: Constructing
the Insert

(B) separate DNA
separate DNA strands and
strands and anneal DNA
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Figure 10-27 part 2 of 2 Essential Cell Biology, 2/e. (& 2004 Garland Science)



Plasmid Restriction
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Plasmid Structure
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Vector / Insert Ligation

Vector + Insert + Ligase

Success! No digestion or Empty vector
re-figation (not to scalel)
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fluorescent cells blue cells white cells



Polymerase Chain Reaction
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Figure 10-27 part 2 of 2 Essential Cell Biology, 2/e. (& 2004 Garland Science)



