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Biological Challenges of the 215t Century

 How will medical biotechnology change
our lives in the years ahead?

— Nanotechnology
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containing
therapeutic drugs

°%  Cancer cell

« Applications that
Incorporate extremely
small devices

« Small particles that
can deliver drugs
to cells



Biological Challenges of the 215t Century

 How will medical biotechnology change
our lives in the years ahead?

— Nanotechnology
slo landy adlly dgdans Loy Lay Gl g1 (g5 1 5all g il g S8
Uaes (x degradation 4l sa: L glis nanoparticles Jss
&) el Al Ll 5 o€ g adlly Gl guiW) lard 285 jaid Baeall
Y e A panie

4,500 drug delivery J guady gé



Biological Challenges of the 215t Century

 Gene therapy technology

— Replacing or augmenting defective genes with
normal copies of the gene

« Still have barriers to overcome before this
technology becomes safe and effective
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Biological Challenges of the 215t Century
 Gene therapy technology

* Obstacles include:

— How can normal genes be delivered to virtually all cells in
the body?
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— What are the long-term effects of introducing extra genes
In humans?
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— What must be done to ensure the proper protein is made
after the genes are delivered to the body?
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Biological Challenges of the 215t Century

 Small interfering RNA (siRNA) Is
emerging technology to silence genes that
are involved In disease progression
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Biological Challenges of the 215t Century

« Stem cell technology
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— Stem cells are immature cells that grow and divide to
produce different cell types

— Most stem cells are from embryos called embryonic
stem cells (ESCs) but they are controversial since the
process involves death of an embryo

— Some stem cells are from adult cells (ASCs)

 Either type of stem cell can be coaxed to grow into cells of
interest to replace damaged tissue or failing organs (liver,
pancreas, retina)

e Embrvonic vs. adult stem cells?



Biological Challenges of the 215t Century

« Embryonic vs. adult stem cells?
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Biotechnology in the 215t Century

« ESCs can giverise to many types of

differentiated cells @ o el e
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Transplantation to replace damaged or defective tissue
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Restriction Enzymes

J Restriction enzymes are endonucleases (Endo
(inside), nuclease(cuts nucleic acid), which catalyze the
cleavage of the phosphodiester bonds within both

strands of DNA.
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Restriction Enzymes

 They require Mg*? or MgCl2 as co factor for activity
and generate a 5 prime (5') phosphate and a 3
prime (3') hydroxyl group at the point of cleavage.
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1 The distinguishing feature of restriction enzymes is
that they only cut at very specific sequences of
bases. This specific DNA sequence is called

recognition sequence.

recognition auouwis ueo USo o by silgace JSaiuw ghin b wloypVl Sl
daic o Lasug sequence

 Restriction enzymes are traditionally classified
according to the subunit composition, cleavage
position, sequence-specificity and cofactor

requirements. sauizs agll ) S Sl agalazs



JA restriction enzyme requires a specific double

stranded recognition sequence of nucleotides to cut
DNA.

JRecognition sites are usually 4 to 8 base pairs in
length.

6 base pairs sl sh (s5S aealana

d Cleavage occurs within or near the site.

recognition site J) sy ) die juay adadll agalazs
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ATGAATTCGCATCGGATCCGAATCCGCTCTTTCAA
TACTTAAGCGTAGCCTAGGCTTAGGCGAGAAAGTT

Recognition Sequence

GGACGCTAGCT
CCTGCGATCGAC

ATCGGATCCGAATCCGCTCTTTCAA
TAGCCTAGGCTTAGGCGAGAAAGTT

Cleavage
CCGACGCTAGCTCGATG AATTCGCATCGGATCCGAATCCGCTCTTTCAA

CCTGCGATCGACTACTTAA GCGTAGCCTAGGCTTAGGCGAGAAAGTT



Biological Function

 Restriction enzyme is part of the cell’s restriction-
modification system in bacteria. Jix LSl _a &l
aby

d The phenomenon of restriction modification in
bacteria is a small scale immune system for
protection from infection by foreign DNA.
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Biological Function

[ Bacteria can protect themselves only after foreign
DNA has entered their cytoplasm (as
bacteriphages).




Biological Function

Restriction enzyme

DNA backbone Sticky End DNA insert
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Biological Role of RE

J Restriction Modification System -restriction
enzymes are paired with methylases.

J Methylases are enzymes that add methyl groups to
specific nucleotides within the recognition
sequence. The methylation prevents recognition by
the restriction enzyme.

[ Therefore, the restriction enzyme within a cell
doesn’t destroy its own DNA. However the
restriction enzyme can destroy foreign DNA which
enters the cell such as bacteriophage.



Naming of Restriction enzymes

m Restriction enzymes are named according to the
organism from which they are isolated.

m This is done by using the first letter of the genus
followed by the first two letters of the species and
additional letter or number represent the strain or
serotypes.

m Only certain strains or sub-strains of a particular
species may produce restriction enzymes.




Example of restriction
enzymes

EcCORI| Escherichia coli R

BamHI| Bacillus amyloliquefaciens H

Hindlll Haemophilus influenzae Rd

Pstl Providencia stuartii

Pmel Psuedomonas mendocina

G/AATTC

G/GATCC

A/AGCTT

CTGCA/G

GTTT/AAAC



Recognition Sequences
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Digestion Conditions ..ok oo
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- Buffer 2: (10 mM Tris-HCI, 10 mM MgCI2, 50
mM NaCl, 1 mM DTT, pH 7.9 at 25 °C.

- 100 ug/ml BSA
- Incubate at 37°

5 ) ad) da jad dn LA of b i€ pa Lo penliing DIlE 4GY -
£ on IV G pedl il

— 1 Unit digest 1 ug DNA in 1 hour
Cileaa) Vo aasiiais Dlle Lin/ o 4818 )5S0 30a) 9 508 5 =
L gplhol) L0l

- Heat inactivate 65° for 20min




Typical RE Reaction

20 ul reaction.
10 pl DNA (~1 pg total)

7 ul water
2 Ml 10X reaction buffer

1 ul RE 10units/pl

Incubate 1 hour at appropriate temperature
Note:
1. 10 fold excess enzyme ensures complete digestion.
2. Enzyme should never exceed 1/10% of reaction.
3. BSAIs often recommended because it stabilizes the enzyme.
add 0.2 pl of BSA stock for 20 pl reaction.
VI powz) passiun juc 99 oy W stablization JossBSA -
HSA oo WLe 8l o &,%iwe Y
1. For plasmid minipreps — add 1 yl RNase the last 5 min of
digestion.
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o s sJl LMl (sddoubling Jl o080 & i

Double Digest

Enzyme Supplied NEBuffer %inBl | %inB2 | %inB3 | %in B4
+ BSA 100 50 10 100
25 75 10 100
+ BSA 0 0 100 0
75 50 0 100
+ BSA 100 50 10 100
50 100 100 100
75 50 0 100

Double Digest Option
1. Mix the enzymes in the same compatible buffers
2. Conduct sequential digest

Caution: some enzymes display star activity in certain buffers which causes
them to digest the DNA at sites other than the standard recognition site.



http://www.neb.com/nebecomm/products/productR0156.asp
http://www.neb.com/nebecomm/products/productB7001.asp
http://www.neb.com/nebecomm/products/productB7001.asp
http://www.neb.com/nebecomm/products/productR0157.asp
http://www.neb.com/nebecomm/products/productB7004.asp
http://www.neb.com/nebecomm/products/productB7004.asp
http://www.neb.com/nebecomm/products/productB7004.asp
http://www.neb.com/nebecomm/products/productR0138.asp
http://www.neb.com/nebecomm/products/productB7003.asp
http://www.neb.com/nebecomm/products/productB7003.asp
http://www.neb.com/nebecomm/products/productB7003.asp
http://www.neb.com/nebecomm/products/productR0569.asp
http://www.neb.com/nebecomm/products/productB7004.asp
http://www.neb.com/nebecomm/products/productB7004.asp
http://www.neb.com/nebecomm/products/productB7004.asp
http://www.neb.com/nebecomm/products/productR0169.asp
http://www.neb.com/nebecomm/products/productB7001.asp
http://www.neb.com/nebecomm/products/productB7001.asp
http://www.neb.com/nebecomm/products/productB7001.asp
http://www.neb.com/nebecomm/products/productR0165.asp
http://www.neb.com/nebecomm/products/productB7004.asp
http://www.neb.com/nebecomm/products/productB7004.asp
http://www.neb.com/nebecomm/products/productB7004.asp
http://www.neb.com/nebecomm/products/productR0642.asp
http://www.neb.com/nebecomm/products/productB7004.asp
http://www.neb.com/nebecomm/products/productB7004.asp
http://www.neb.com/nebecomm/products/productB7004.asp

Double Digest
Enzyme Supplied NEBuffer %inBl | %inB2 | %inB3 | %in B4

+ BSA 100 50 10 100
25 75 10 100

+ BSA 0 0 100 0
75 50 0 100

+ BSA 100 50 10 100
50 100 100 100
75 50 0 100
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Many recognition sequences are palindromic
5-3 (e a3 strian J) osSe G358 J striand) 4 Siza
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For example,

5 GAATTC &
3 CTTAAG Y

palindromic: read the same In the opposite
direction




Not all restriction endonucleases cut
symmetrically and leave blunt ends Sticky and

~ Blunt end cutters )
las &ay 0y 19S50 S @l S, 850 gladlly byl Geolblunt I @l laylw LuSs> Lo os;

VI 5 20 Lod
Many endonucleases cleave the DNA PR e

backbones in positions that are not directly
opposite each other or can make staggered
cuts, which produce single stranded “sticky-
ends”

DNA from different sources can be spliced

easily because of these sticky-end overhangs
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Example of RE that produce sticky end cutters:
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Uses of Restriction Enzyme

1. Recombinant DNA technology

lasans elzapd) aall LOIA cra g Llle (sl (e dna cunis O sa s sl s Ol st s (5

J Discovery of enzymes that cut and paste DNA make
genetic engineering possible.

J Restriction enzyme cuts DNA and generates
fragments

1 Ligase joins different DNA fragments

J DNA fragments from different species can be ligated
(joined) to create Recombinant DNA




1. Recombinant DNA technology
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2. Cloning
Replicates a sequence Inserted into a

host cell
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3. %’Mggﬁ%ﬁt'%tﬂ@%ﬂ%tlon enzyme cleavage

sites on the DNA molecule. o e

electrophoresis
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* Electrical current
carries negatively-
charged DNA through
gel towards positive
(red) electrode
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Separating Restriction Fragments, |l

Agarose

 Agarose gel sieves
DNA fragments
according to size
— Small fragments
move farther than
large fragments

Power Supply



e ey S yoladdl gy pleis cj
pCr

POLYMERASE
CHAIN REACTION
(PCR)




Polymerase Chain Reaction
(PCR)

PCR is a means to amplify a particular piece of DNA
m Amplify= making numerous copies of a segment
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PCR can make billions of copies of a target sequence of
DNA in a few hours

PCR was invented in the 1984 as a way to make
numerous copies of DNA fragments in the laboratory
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Its applications are vast and PCR is now an integral part
of Moleciilar Rinloov



DNA Replication vs. PCR

m PCRis a laboratory version of DNA Replication in cells

m The laboratory version is commonly called “in
vitro” since it occurs in a test tube while “in vivo”
signifies occurring in a living cell.




DNA Replication in Cells (in vivo)

DNA replication is the copying of
DNA

It typically takes a cell just a few
hours to copy all of its DNA

DNA replication is semi-
conservative (i.e. one strand of
the DNA is used as the template
for the growth of a new DNA
strand)

This process occurs with very
few errors (on average there is
one error per 1 billion

nucleotides copied) puwu=llg
a=lay

More than a dozen enzymes and
proteins participate in DNA
replication

Key enzymes involved
in DNA Replication

DNA Polymerase
DNA Ligase
Primase
Helicase
Topoisomerase

Single strand binding
protein



DNA Replication in Cells (in vivo)
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