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Biotechnology

Cloning

* Whatis it?

— The production of multiple
copies of a single gene
(gene cloning)

* How is it used?

— For basic research on
genes and their protein
products

— To make a protein product
(insulin, human growth
hormone)

Transformation

* Whatis it?

— The ability of bacteria to pick up naked foreign DNA from
the environment

* Howis it used?

— We can engineer plasmids which bacteria will take up
and express the gene of interest
gene from
recombinant
other organls
plasmid

cut DNA
I glue DNA

transformed
bacteria
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Restriction Enzymes

* Whatis it?

— evolved in bacteria to cut up foreign DNA for
protection against viruses other bacteria

* How is it used?

— cut DNA at specific sequences called
restriction sites which are symmetrical
palindromes

— produces protruding ends called sticky ends
which will bind to any complementary DNA

—video
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Polymerase Chain Reaction

* How s it used?
— intube: DNA, DNA polymerase enzyme, primer, nucleotides
— denature DNA: heat (90°C) DNA to separate strands
— anneal DNA: cool to hybridize with primers & build DNA (extension)
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http://www.dnalc.org/view/15476-Genetic-engineering-inserting-new-DNA-into-a-plasmid-vector-3D-animation-with-with-basic-narration.html
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Gel electrophoresis

* What s it?
— Amethod of separating DNA
in a gelatin-like material using
an electrical field

AP > > > > > > >
S =D S o

- +

“swimming through Jello”

Gel electrophoresis

* How is it used?

— size of DNA fragment affects how far it
travels

» small pieces travel farther
* large pieces travel slower & lag behind
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Restriction Fragment Length Polymorphisms (RFLPs)

* CSI DNA DATABASE

Fiske From Blue Jean
Cloth SEARCH




Restriction Fragment Length Polymorphisms (RFLPs)

= What is it?
= differences in DNA between individuals
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(b) Electrophorosis of restriction fragments

RFLPs

* How is it used?
— many differences accumulate in “junk” DNA
— change in DNA sequence affects restriction enzyme “cut” site
— creates different fragment sizes & different band pattern
— DNA fingerprint. Used in forensics. paternity testina
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Chapter 19.

Viral Genetics

2010
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What is a virus? Is it alive?

* DNAor RNA enclosed in a protein coat

» Viruses are not cells

* Extremely tiny
— electron microscope size
— smaller than ribosomes
— ~20-50 nm

1stdiscovered in plants (1800s)
= tobacco mosaic virus
= couldn’t filter out
= couldn’t reproduce on media like

bacteria
Variation in viruses
plantvirus pink eye
® Parasites =2
# lack enzymes for ;
metabolism

+ lack ribosomes for
protein synthesis
+ need host “machinery”

Variation in viruses

influenza bacteriophage

» A package of
genes in transit
from one host
cell to another

“A piece of bad news
wrapped in protein”
— Peter Medawar




Table 18.1 Classes of Anhlathl_Ases, Grouped

Viral genomes .. "

dsDNA®*
Papovavirus  Papilloma (human warts, cervical cancer);

polyoma (tumors n certain animals)

. Vira| nuc|eic acids Adencvirus  Respiratory diseases; some cause tumsors in

certain animals
Herpesvirus Herpes simplex | {cold sores), herpes.
— DNA e o B
(¢hicken pos, shingles); Epstein-Bare virus

+ double-stranded SO et
* single-stranded 1l sDNA
Parvvirus i(a[smpu muslx V:!‘rvmlmsts d;md al; co-
_ [Fer s
R NA I, dsRNA
« double-stranded Reovires Disshesy i sspiatoey disees
. IV, 5sRNA that can serve as mRNA
* single-stranded Pomaivs s s Common i
—_ L|near or C|rcu|ar Togavirus ‘If:\bl:iawmx. vellow fever virus; encephalitis
. Sma”est V”—uses A\ 15:::\?\“ wsai?::laiehrmRNA
have only 4 genes, Pamppovirus Mensls mumps
while largest have e
SSRNA that i a template for DNA synthesis
several hundred g e

HIV (ALDS virus)

Viral protein coat

ey ™ Capsomere
3 3 DNA

+ Capsid : . { :
— crystal-like protein shell sees’.

—1-2 types of proteins

— many copies of same
protein

~
Capsomere 14 i
of capsid ~Glycoprotein

100m "soam
(a)Tobacco (b)Adenoviruses
mosaic virus

Viral envelope

envelope

* Lipid bilayer membranes
cloaking viral capsid
— envelopes are derived from “‘m e
host cell membrane Glycoprotein
« glycoproteins on surface

50 nm
(¢)Influenza viruses
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Generalized viral lifecycle

Entry

— virus DNA/RNA enters host cell

Assimilation
— viral DNA/RNA takes over host """""‘/'“'*“‘\

— reprograms host cell to copy viral Oz

nucleic acid & build viral proteins
+ Self assembly

— nucleic acid molecules &
capsomeres then self-assemble
into viral particles

— exit cell

Viral hosts

» Host range
— most types of virus can infect & parasitize
only a limited range of host cells
« identify host cells via “lock & key” fit
« between proteins on viral coat &
receptors on host cell surface

— broad host range
« rabies = can infect all mammals
— narrow host range

+ human cold virus = only cells lining upper
respiratory tract of humans
 HIV = binds only to specific white blood cells

Bacteriophages H‘é

« Viruses that infect bacteria
« ex. phages that infect E. coli
* lambda phage
— 20-sided capsid head encloses
DNA
— protein tail attaches phage to
host & injects phage DNA
inside

(d)Bacteriophage T4
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http://www.youtube.com/watch?v=Rpj0emEGShQ

Bacteriophage lifecycles
* Lytic o L9

¥
— reproduce virus in B %
bacteria (TR
— release virus by P &
rupturing bacterial host X

* Lysogenic )
— integrate viral DNA into
bacterial DNA

— reproduce with
bacteria

Lytic lifecycle of phages

@ The T4 phage uses its tail fibers to @ The sheath of the tail contracts,
stickto speci thrusting a hollow core through
the wall and membrane of the
cell. The phage injects its DNA
into the cell.

© The empty capsid of the
phage s leftas a “ghost”

" Guterds the cell. The Gells
\ DNA s hydrolyzed.
3

© The phage then directs production of

zyme, an enzyme that digests the \ 7 4 <

bacterial cell wall. With a damaged O The cell's metabolic machinery, 7

wall, 0smosis causes the cell to swell directed by phage DNA, produces @ g /\f\r

and finally to burst, releasing 100 to phage proteins, am nucleotides from

200 phage particles. the cell’'s degraded DNA are used to 4 1 4
make copies of the phage genome. (s J;. N
D E e 4 W
separate sets of proteins assembl RS
form phage Reace e, ane t lore. = ~

Lysogenic lifecycle of phages
Pnage%

The phage attaches Occasionally, a prophage exits
to host cell and the bacterial chromosome,
Phage DNA Injects DNA.

initiating a lytic cycle.

Many cell divisions
produce a colony of
bacberla Infecbed

ge DNA The bachrlum nprodueas
circularizes normally, copying the prophage
and transmitting it to daughter

=

The cell lyses, releasing
phages.

(BN

New phage DNA and Phage DNA integrates into
proteins are synthesized and the bacterial chromosome,
assembled into phages. becoming a prophage.
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Defense against viruses

Bacteria have defenses against phages
— bacterial mutants with receptors that are no longer
recognized by a phage
« natural selection favors these mutants
— bacteria produce restriction enzymes
« recognize & cut up foreign DNA
* It's an escalating war!

— natural selection favors phage mutants resistant to
bacterial defenses

RNA viruses

* Retroviruses

— have to copy viral RNA into host DNA
* enzyme =reverse transcriptase
* RNA - DNA - mRNA
— host’s RNA polymerase now transcribes viral
DNA into viral mMRNA
* mRNA codes for viral components
* host’s ribosomes produce new viral proteins

transcription translation

DNA RNA mmmmmp- protein

replication
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