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NVBEC Workshop Activities

* Day 1
— Micropipette practice
— Bacterial transformation

* Day 2
— Analyze transformation results
— PCR

— Sickle cell anemia — protein (dye
electrophoresis) and DNA profiling



What is molecular biology and biotechnology?

* Molecular biology is the study of macromolecules and
their activity in living things 2

« Biotechnology is the use of cells and biological
molecules to solve problems or make useful products
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Micropipette

1 1 Control button
2 First stop (measuring stroke); the
3 aspirated volume is dispensed.

Second stop (blow-out); the liquid
remaining in the tip is blown out.

4 2 Setting ring
To set the volume
For fixed-volume pipettes, this ring is
for adjustment purposes only.

3 Ejection button
Tip ejection.

4 Adjustment opening
:r 5 For inserting the wrench to make
volume adjustments.

5 Ejection sleeve
To extract liquids from long vessels, the
gjection sleeve may be pulled off when
the ejection button is held down.

i CEPRAP 2002
i http:eeprap.uedavis.edu

Figure 1: lllustration of a generic micropipette.



Micropipette volumes
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Micropipette

E. Small Volumes Technique: With small
volumes, especially the 1-10 ul range vsad in
molecular biology protocols, you must keep
track af the droplets you pipet. Carefully
expell the liquid droplet on the side wall of
the tube so thatvou can seeit, drawing the
tip away/out carefully BEFORE releasing the
plunger.
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Recombinant DNA

Recombinant DNA technology: the
process of cutting and combining
DNA that contains genetic
iInformation from two different
species of organisms

Restriction enzyme: an enzyme
that recognizes a specific short
DNA sequence and cuts DNA
iInternally on both strands

DNA ligase: an enzyme that joins
DNA molecules

Bacterial cell DNA containing
gene of interest
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Green Fluorescent Protein (GFP)

Protein from jellyfish Aequoria victoria

Aequoria victoria



Plasmid

 circular DNA molecule found in bacteria
» contains antibiotic resistance gene
e can contain genes from foreign organisms
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Bacterial transformation

* Process in which bacteria takes up and
expresses DNA from outside the cell

Figure 3
4 J




Bacterial Transformation

Mix E. coli cells in CaCls

—Elrru:nR £ooafi cells are transferred
to cold CaCls solution.

Foreign plasmid
with ampF gene 0

Add plasmid DNA

Pearson LabBench Activity
http.//www.phschool.com/science/biology place/
labbench/lab6/tranproc.html



Bacterial Transformation

Heat shock: short, sudden
exposure to heat to induce intake
of DNA

Flasmids carrying the amph gene
enter the £ &7 cell

Aampicillin-sensitive (—ampR}
£ oadiocell

Recovery: allow E. coli cells to grow

Transformed bamp®) - Pagrson LabBench Activity
http.//www.phschool.com/science/biology place/
labbench/lab6/tranproc.html



Bacterial Transformation
Plate cells on ampicillin medium

Aampicillin-sensitive (—ampR}
£ oofiocell

Transformed Non-transformed
Cell Cell

| iy A i 4 s
) o, > e e a
L] ' i
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: N Nutrlent medium
' amplcﬂlln
Transformed {+ampR}
£ owfiocell

Overnight Growth

Ampicillin-resistant colonies

Pearson LabBench Activity
http.//www.phschool.com/science/biology place/
labbench/lab6/tranproc.html

Only +amp®™ £ oa/7 cells
grow on agar containing ampicillin.



Bacterial Transformation

2.ampP plasmids

are added to | 3.Cells are heat -
experimental shocked at 42°C.
cells only. Some of the

1. &Ampicillin sensitive
Eoooff cells in log f
phase af growthare
transferred to

cold CaCls competent cells
solution, take up the ampF
plasmid and are
transformed.

4. The treated

cells are spread
aonanagar plate
containing
ampicillin.

Starter plate

5 The cells are
incubated for
24 haurs.

Armpicillin kills the
cells that lack the

LE ¢ Ampicillin 2355
ampP gene.

&. Only calaonies of £ o577 that have
been transformed by the amp® gene will grow.

http://www.phschool.com/science/biology place/
labbench/lab6/tranproc.html



Recombinant bovine growth hormone
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Transformation efficiency

Number of final vol at
Number of
transformants recovery (ml)
% = transformants
pg of DNA vol plated (ml) per ug
Example:
40 colonies

0.05 ug (50 ng used)
0.5 mL total volume
0.25 mL plated

Example:

Assume you observed 40 colonies:

40 1600
transformants s 0.5 ml _ (1.6 x 10%)
0.05 pg 0.25 ml transformants

per pg



DNA Profiling (DNA fingerprinting)

* Analysis of fragments
prepared from the DNA of
an individual, which can
then be used to distinguish
that individual from
another.

1 2 3 4 5 6



DNA Profiling by PCR

 PCR = polymerase chain
reaction

—Analysis of DNA sample

by making many copies of ey
specific DNA sequences irEieisEs




PCR

* Denaturation
* Annealing
* Elongation
* Repeat cycle
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PCR Steps

1. Denaturation of Template DNA

2. Annealing of Primers

3 |ATGGGCTACCATCGGCTTTGCAGGCACATCGG | 5
5 | TACCCGATGGTAGCCGAAACGTCCGTGTAGCC | 3

l Heat to 95°C

Reduce heat
3 |ATGGGCTACCATCGGCTTTGCAGGCACATCGG | 5  to hybridize

cecats - Primers
“hccchcH SO

5 | TACCCGATGGTAGCCGAAACGTCCGTGTAGCC| 3




PCR Steps

3. Incubate with DNA Polymerase and Nucleotides
4. Repeat Cycle

3 |ATGGGCTACCATCGGCTTTGCAGGCACATCGG | ¥ G

A
c  EEERE ~AGGCACA ¢ oA

G 5 |[TACCCGATGGTAGCCGA CCGTGTAGCC | =

Incubate at 72°C
for elongation

3 ATGGGCTACCATCGGCTTTGCAGGCACATCG(b
ICEEEATES TAGCCGAAACGTCCGTGTAGC

QGGGCTACCA TCGGCTTTCEAGGCACA

5’ CCCGATGGTAGCCGAAACGTCCGTGTAGCC| &




PCR amplification

dth evele

—_<3th i;}ft;lu{:
<

wanted gene

Exponential amplification

Ist cycle -------- = 35th cvele
template DNA < -:::
' = ) = < < y
! copics 4copies  Beopies 16 copies 2 =34 billion copies

{Andy Vierstracte 2001




PCR temperature cycling
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PCR components

i 1

( DNA ph*;:-l;'n'uerasEjl (DNA primers) (dATP, dCTP, dTTP, dGTP)
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PCR components

— DNA polymerase — enzyme involved in
replication (heat-stable Taq polymerase - from
Thermus aquaticus)

— Target DNA - DNA molecule to be replicated

— Primers — short, single-stranded DNA
sequences complementary to the ends of the
region to be amplified

— Nucleotides — bases incorporated into new
strand of DNA (A, T,C,G)



PCR Applications

— Cloning
— Sequencing

— Forensics
— Diagnostics (disease and infection)

i
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Dolan DNA Learning Center — Biology
Animation Library

The source for timely information about genes in your life

GENE

ALMANAC

WEBSITES FEATLIRES MEWS RESOLURCES | CE H TER

RESOURCES Biology Animation Library
Biology Animation Library animations can be viewed within your web browser {the Macromedia Flash
plugin is required’ or downloaded for play from your computer,
Chromosome 11 Flyover
DWW HLOAD FOR:
Mucleotide Seguences of PLAY PC raC
pakiP, plAN, 8 pBLU Plasmids How Embryaonic Stem Cells Lines are Made ] [ | ]
Products DMA Restriction | u |
Gel Electrophoresis | | |

Dolan DNALC Internet Sites:  DMN& Transformation 1 n n n

) DM& Transformation 2 | | |
Bioservers
DM from the Beginning Polymerase Chain Reaction | | |
DM Interactive .
Genetic Origins Sanger Sequencing | | |
Greenomes Cycle Sequencing [ ] [ | [ ]
Image Archive on the

American Eugenics Movement DA ArTays u u u
M@ancer GeneChip (RY | | |
ry DM _
¥our Genes, Your Health Model Organisms n u n

http://www.dnalc.org/ddnalc/resources/animations.html



Electrophoresis

* Technique that uses an electric current to

separate molecules based on charge, size, or
shape.

« Semi-solid matrix through which molecules
migrate o 1, ¢




Electrophoresis

» Agarose: polysaccharide derived from red algae.
— Purified form of agar

Escherichia coli
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Agarose gel electrophoresis
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Agarose gel electrophoresis

* Visualization of DNA
— Ethidium bromide

* Intercalates between
DNA bases

* Fluorescence by UV light

— OR other fluorescent dyes
(EZ Vision Dye)




DNA Electrophoresis

3 different restriction
enzyme digests of
plasmid DNA

size marker

DNA migration




Dolan DNA Learning Center
Gel electrophoresis

Biﬂlngy Animation Librar}r
Cel Efﬂ'.:‘rqpﬁarﬂz'.r

In the early days of DNA manipulation, DMNA fragments were |laboriously separated by gravity. In the 1970s, the powerful
tool of DMA gel electrophoresis was developed. This process uses electricity to separate DMA fragments by size as
they migrate through a gel matrix

The gel is submersed in a tank filled with a salt solution that conducts
electricity.

POWER SUPPLY

http://www.dnalc.org/resources/animations/ Download for PC ¥ Download for Mac ¥
gelelectrophoresis.html




Sickle cell anemia

Most common inherited blood disorder in the
United States

Red blood cells form sickle cells

Sickle cells caused by abnormal form of
nemoglobin (hemoglobin S)

 Hemoglobin S results from mutation in
nemoglobin beta gene




Sickle Cells

* Normal red blood cells vs. sickle cells In
blood vessels

National Heart Lung and Blood Institute
http.//www.nhlbi.nih.gov/health/dci/
Diseases/Sca/SCA_ Whatls.html




Salmonella

« Salmonella — group of bacteria that can
cause gastrointestinal iliness

* Most common in US — Salmonella
serotype Typhimurium and Salmonella
serotype Enteritidis s '

CDC Public Health Image Library &



Salmonella
April — August 2008 Outbreak

» 1442 people infected
* At least 286 hospitalized
* Possibly two deaths

First multistate study _ MNational lomalto alert
45 {started May 26) [June T}
o i _
35— CDC notified
vy £2) Second multistale study
§ a0 1 I _ (started June 26)
o -
; 25— MNatonal jalapeno pepper alert
[} 1 h {July 9)
s 1
20—
I Household-based study
15— (started July 11)
10
£
. | qﬂ]
T T T T 1 I L]
1 8 15 2 3 13 20 27 3 10 17 24 1 B
Apr My Jun

Date of illness onset

" Includes cases with onset information recelved as of August 25, 2008, Some liness onset dalas (n = 368) were estimated by sublracting 3 days from the
specimen dale. lliness that began during July 29—-August 25 might not yet be reported.



Salmonella outbreak 2008

FDA Statement

Media Inquiries:

Karen Riley, 301-827-6244
Consumer Inquiries:
888-INFO-FDA

FOR IMMEDIATE RELEASE
Statement
July 30, 2008

FDA Extends Consumer Warning on Serrano Peppers from Mexico

Jalapeno Pepper
Serrano Pepper

Source: Photos by Luis A. Solorzano, FDA.



Westhampton
Weltevreden
Typhimurium
Tyvphi
Thompson
Stanley

Saint Paul
Paratyphi B
Poona type 3
Poona type 2
Poona type |
Oranienburg

m Ohio
Newport
Munchen
Montevideo
Markers

a

-

Salmonella DNA profil



DNA Profiling (DNA fingerprinting)

* Analysis of fragments L pomngm
prepared from the DNA —— ... __
of an individual, which .l .. o
can then be used to
distinguish that
individual from another. .o e

* RFLP = restriction
fragment length -
polymorphism o Wt




RFLP = restriction fragment length

polymorphism

* Analysis of DNA
fragments by using
restriction enzymes to

cut the DNA.
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Restriction enzyme

* An enzyme that recognizes a specific
short DNA sequence and cuts DNA
internally on both strands

GA AT TC
e N

Eco RI recognition sequence Leilianonannonnonn ”JWSI
CTTAAG
* ST Lrnas

GAATTC TONNITTD I L ol
CTTANG s allklannn 10002000,

EcaR, restriction endonucleassa
6 & AATTC "
5';!”.,{. .,“17713' PEERREREEEEREERYDE

i Jdaananmon l.lﬁﬁ.
3.I:l_l.J_l..l A m@EMEDO ]5, 3
CTTAA G

http://www.scq.ubc.ca/wp-content/endonuclease?2.qgif



Examples of restriction enzymes

* EcoRI and Pstl produce sticky ends
* EcoRV produces blunt ends

GIAATTC | G AATTC
ECoR CLI"T‘A‘KIG CTTAG G

5'...GAT|ATC...3" GAT  ATC
EcoRV CTA  TAG

3'...CTA|TAG...5"'

5....CTGCAG....3

Pst| CTGCA G

3...GACGTC....5 G ACGTEC



Sickle cell anemia mutation

Copyright @ The McGraw-Hill Companies, Ine. Permission required for reproduction or display.
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RFLP — Sickle cell anemia

Mstil
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