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Using Microbes for a Variety of

Everyday Appllcatlons
Food Products - ENET -
Energy production in bacteria B0 —| s o
- - STEP 2.
Aerobic or anaerobic _{_
@®oHe o  cH,0@)

fructose 1,6-

H
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Using Microbes for a Variety of
Everyday Applications

Food Products - E—
Fermentation ii )
(anaerobic respiration) -

Lactic acid fermentation O\\(O" T 0\?’
Used to make Ly ;Ew
cheese, YOgUIt, EIC. . o oo e

Ethanol fermentation =

ADP 2[NaD]
Used to make beer rg% ——
and wine 2 % s
N’
|_ HC=0

C

Q
A h
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Using Microbes for a Variety of
Everyday Applications

Field Applications of Recombinant Microorganisms

Ice-minus bacteria (remove ice protein producing
genes from P, syringae)

P. fluorescens containing the gene that codes for the
bacterial toxin from Bacillus thuringiensis (Kills insects)
Bt toxin!
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Using Microbes for a Variety of

Everyday Appli

oW e = o - T T B

cations

Recombinant insulin in bacteria
Refold and
oxidize cysteines
Bacterial B-gal . ng\
promoter. q - >,
Purify A =
chains Adtive insuli
Insulin ctive insulin . )
AmpP 3‘ Z:tein ::2 . COOH~ A protein chain
700, B protein chain
Disulfide bond

Cultured cells Affinity column with Treat with

produce (-gal antibodies to [3-gal CNBr to cut
Transform into E. coli insulin fusion used to purify protein chains

proteins [-gal-insulin fusion from B-gal

protein
Bacterial Purify for /%
PeRomE i injection r : 1&
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Using Microbes for a Variety of
Everyday Applications

Using Microbes Against Other Microbes
Antibiotics

Act in a few key ways
Prevent replication
Kill directly
Damage cell wall or prevent its synthesis

Inhibition of cell wall synthe Inhibition of protein synthesis

activity required
for cell

. metabolism

Damage pIasmaE E E

membrane



Vaccines

First was a vaccine against smallpox (cowpox
provides immunity)

DPT-diphtheria, pertussis, and tetanus

MMR —measles, mumps, and rubella

OPV- oral polio vaccine (Sabin)

Crude Death Rate for Infectious Diseases

1000 —
<— Influenza Pandemic

Last Human-to-Human
Transmission of the Plague

(6)) (o2}
o o
o o
| |

!

400 — First
Continuous

Municipal Use
200 — of Chlorine in
Water in the
Uni

First Use of Penicillin
Salk Vaccine Introduced

Passage of Vaccination
Assistance Act

Morbidity Rate per 100,000

1900 1920 1 SE% E 1960 1980
ear



Vaccines

A Primer on Antibodies

Antigen- foreign substances that stimulate an immune
response

Types of leukocytes or white blood cells
B-lymphocytes: antibody-mediated immunity
T-lymphocytes: cellular immunity
Macrophages: “cell eating” (phagocytosis)
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Vaccines

Antﬁgens stlmulate antibody production in the immune system

Ty response ¢ . Antigen
{initial ancounter 8‘ -

with anhgen) =Y g |
o A 1g nbmd g
\:0 a B rymphocyle
W o (,“ * 4 "*

P Iiferation (call di o
. bnf|n£w°] Antigens

b mohotiss 7*{ w w v
"—‘—J Antigen
Plasma cells . "¢ Memory Antigen-binding fragment
B cell
> \ g
\\

cells)

{antibody- :
preducing - S

Secondary response

(can be years later) Clone of cells identical }
to ancastral celis

Antibody
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Vaccines

e e

Agglutination (Clumping) Protective mechanism Activation of complement

Enhances phagocytosis and of binding antibodies (Complement fixation)

reduces number of infectious to antigens
units to be dealt with Complement

Y i O/
Bacteria—{ gﬁ)ﬁy / Lesion .°
Foreign cell Lysis
Opsonization
Coating antigen with antibody
enhances phagocytosis Inflammation
-y Disruption of cell by complement/reactive

Macrophage protein attracts phagocytic and other

defensive immune system cells

o Blood |
{ ood vessel
& .'..o. ’¢¢\ Ga ~n
\LJ\/—-—\/ Lysosomes (@) 5 S <@>O S O
0 op =
Neutralization - o > A Y
Blocks adhesion of bacteria | Blocks active Infecting cell-™ § %@’ Macrophage
and viruses to body cells site of toxin
Virus ) Antibody-dependent cell-mediated cytotoxicity
Bacterium Toxi Antibodies attached to target cell cause
XIn o PP
destruction by non-specific immune
system cells
Ozo Q!0 JO QO]O
O\® o
0.\o
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Vaccines

How are vaccines made?

They can be part of a pathogen (e.g. a toxin) or
whole organism that is dead or alive but attenuated
(doesn’t cause disease)

Subunit (toxin) or another part of the pathogen

Attenuated (doesn’t cause disease)

Inactivated (killed)

What about flu vaccines (why do we have to get
a shot every year?)
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Recombinant Vaccines

— .

Vaccines — provide immunity to infectious microorganisms

Attenuated Vaccine Inactivated Vaccine Subunit Vaccine
Antigens Aoigans
/ \ Pathogen
Membrane 3:?::::, Membrane s:?:tﬂiacl
Disease-Causing Measles Virus Attenuated Measles Virus Live Poliovirus Inactivated Poliovirus

Chemically broken apart
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Recombinant Vaccmes

Recombinant Vaccines
A vaccine produced from a cloned gene

Pathogen
genome @
o \
% lIsolated @ 4
gene @ @ .
3 2 ED on : /
Vector Transformation ,*i :B @ D
Fathogen hA ;;i.":;; Extraction o ‘ : /
@ ' Vaccine
, ﬁ ' I Purification

Amplification

Video: Constructing \VVaccines
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http://highered.mcgraw-hill.com/olcweb/cgi/pluginpop.cgi?it=swf::535::535::/sites/dl/free/0072437316/120078/bio39.swf::Constructing%20Vaccines
http://highered.mcgraw-hill.com/olcweb/cgi/pluginpop.cgi?it=swf::535::535::/sites/dl/free/0072437316/120078/bio39.swf::Constructing%20Vaccines

Recombinant Vaccines

T e

=3

DNA vaccines

Direct injection of
plasmid DNA

containing genes
encoding specific
antigenic proteins
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Bacterial and Viral Targets
for Vacmggi __

Capsid containing viral RNA genome and enzymes

1) Binding: Virus attaches to host cell.

'JHY
Protein receptor
The virus pe the cell,

2) Infecti
The viral RNA and enzymes emply
into the cell.

V’lal DNA 3) Reverse mnmbﬁon HIV reverse
tmnsctptase copies viral RNA to
lon: Viral int:

4) G
splices viral ONA into cellular DNA.

( Nucleus
Celiular DNA

5} Genome replication: Cell uses the viral
DNA as a template for reproducing the

©) Protein synthesis: Call usas
viral RNA a3 a template for
synthesizing viral proteins.

3 RNA genome.

7) Protein cleavage: Protease
a’

enzyme culs long protein
chain into individual proteins.

pro(ems

8) Viral particles assemble and bud from

cell moving on to infect other cells.

19G



Microbial Genomes

1: Library Construction

Microbial Genome Program R
(MGP) —the goal is to sequence ~mm- )
the entire genomes of j'.;“““’""‘“
microorganisms that have ‘o W
potential applications in o

environmental biology, pioi e g =
research, industry, and health

Sequencing Strategies—> i

4: Annotation and publication

- \\“. = ‘ .-ﬁ')'
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Microbial Genomes

Why study viral genomes?

Decipher genes and their products so that agents
that block attachment, block replication can be made

Table 5.4 €XAMPLES OF MEDICALLY IMPORTANT VIRAL GENOMES THAT HAVE BEEN SEQUENCED

Virus Human Disease or Illness Year Sequenced
Ebola virus Ebola hemorrhagic fever 1993
Hepatitis A virus Hepatitis A 1987
Hepatitis B virus Hepatitis B 1984
Hepatitis C virus Hepatitis C 1990
Herpes simplex virus, type I Cold sores 1988
Human immunodeficiency virus (HIV-1) Acquired immunodeficiency syndrome (AIDS) 1985
Human papillomavirus Cervical cancer 1985
Human poliovirus Poliomyelitis 1981
Human rhinovirus Common cold 1984
Severe acute respiratory coronavirus (SA&Sg‘@/ETZ?ﬁw;gggﬁafﬁfﬁ/ﬂpmme (SARS) 2003
Variola virus SmalppxE 1992

Copyright © 2009 Pearson Education, Inc.



Microbial Diagnostics

Using Molecular Techniques to Identify Bacteria

RFLP
PCR and Real time PCR
Seq UenC|ng gug.cﬂ ;:g?;::“va); )—’%@ Bacterial cells

J l DNA
DOV
(a) NOVRN. DNA fragments ® . (c)
NARRN after restriction NEDGAWGIGN Target DNA
NARDORGVFN digesti ot
enzyme |ge<s on X0 _T;r_gs‘_ e () DNA/RNA 7 )
53 3’ —i5' | | extraction
2 Primer 1 Primer 2 |© -
E
g Taq polymerase 2 w
g _ Specimen Bacterial DNA
S— 5 G Amplification in (sterile site) amplification
Electrophoresis thermal cycler ONA
E - sequencing
l l GATC
p— L =l=1=] |- t ; i
Gdl Electrophoresis -_="
"~ Membrane of PCR product T
Southern Blotti -
" l Analyze
l < sequence data
23k
+—Membrane & % Ee
i i3 gg § ST
ybridize blot . Probing FH 3 2253 = | Direct
to radioactive or 4 e $ BE | | input
nonradioactive- e L
labeled gene ="=H ey
probe el

Bacterial DNA from
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..... Identification of bacteria in clinical
sample based on DNA sequence
comparison to microbial genome databases

P, aeruginosa DNA



Molecular Diagnostics

Application: Molecular Epidemiology

Pulse Net monitors disease outbreaks related to different
strains of food-borne pathogens

E.coli 057:H7
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Microbial Diagnostics

T e

— .

Microarrays for tracking
contagious disease

PulseNet used to identify
outbreaks

Identify host-response signatures to different pathogens
N. meningitidis SARS E. coli
I L |
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Microbial Diagnostics

Combating Bioterrorism

The use of biological materials as weapons to harm
humans or animals and plants we depend on for food
Examples in History

Throwing plague infected dead bodies over the walls of their
enemies




Microbial Diagnostics

Using Biotech Against Bioweapons
Postal service x-raying packages
Antibody tests in the field

PCR tests in the field
Protein Microarrays for detecting bioweapon pathogens

; x Labeled
Proteins .
in blood T4 anpory
o é)‘o Antibody to an Egglf(jscently ‘ Protein from blood  Fluorescent e
o A anthrax protein anfibedies G‘ Anthrax antibody ~ SPOt indicating [BS{E et
that anthrax 2888888

Unlgouqd proteins are  [66.0056.6¢
antibodies present in the
blood sample

2

Antibody to a
smallpox protein

Antibody to an
influenza protein
=
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