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Using Microbes for a Variety of

Everyday Applications
Food Products | K L .
Energy production in bacteria B0 —| s o
- . STEP 2.
Aerobic or anaerobic 8 —
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Using Microbes for a Variety of
Everyday Applications

(A) FERMENTATION LEADING TO EXCRETION OF LACTATE

Food Products =

Fermentation ?2 5
. . . e ATP z + 24" 2[NADT
(anaerobic respiration)

Lactic acid fermentation % J V!
Used to make Ly, B
Cheese’ yog u rtl etc - |(B) FERMENTATION LEADING TO EXCRETION OF ALCOHOL AND CO3

Ethanol fermentation =

2[nDF] 2[naD’]
Used to make beer  m— MO o 2
and wine 2 x pyvoe J
GWF/G NAD
| HC—=0 Sl
=T e ]
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8/17/2023 Engineers/Dr.V.Savitha CH,

2x COy 2 % ethanol



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!

SNSCT/CSE/Biology for
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Using Microbes for a Variety of
Everyday Applications

Therapeutic proteins
Recombinant insulin in bacteria

Refold and
oxidize cysleines
Bacterial fi-gal _ (ﬁg
promaoter, . o '
pr——————————
Active insulin
Insulin ' :
C A protein chain
i NH, 1 GO0k~ P
NH,, COOH., , .
B protein chain
Disulfide bond
Cultured cells Affinity column with Treat with
produce -gal antibodies to 3-gal CMNBr to cut
Transform intoe E. coli insulin fusion used to purify protein chains
proteins B-gal-insulin fusion from B-gal
protein
T
Bacterial B-gal Furify for A%ﬂ
Eori & I {g . injection (| - ||
S g Fg : a“? g into humans /d
/ B pratein ] !
Insulin @ A ::heun IIIP -jll
: B protein GTE%&Biology forPurity B r
775: chain chains
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Using Microbes for a Variety of

Everyday Applications

S e e—

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

Transcriptiorg Translation
Protein
mRNA

e Inhibition of
Inhibition of enzymatic
S

d

activity required
for cell

. metabolism
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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

o 1000 —
g -— Influenza Pandemic
S 600
T Last Human-to-Human
@ Transmission of the Plague
2 500 9
E T First Use of Penicillin
. 400 — First Salk Vaccine Introduced
= Continuous o
o Municipal Use Passage of Vaccination
L 200  of Chlorine in Assistance Act
Eo Water in the
0- United

1900 ; 1 ; 1980
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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)

SNSCT/CSE/Biology for
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Vaccines

Antigens stimulate antibody production in the immune system

Frimary response &  Antigen
{initial ancaountar ) 3'&";'
will antigan] o w0 & T
¢ o * %  Antigan binding
& @ o '
iz a raceplor an
* o T a B lymphooyla
W g |

Antigens

o
=1 v 1F
s o
l—‘—l l—‘j Antigen
Plasma cells " ¢ Memory ( Antigen-hinding fragment
@ B call
lr i r,

s B @ @2
| |
. ¥

T
slls)

Secondary response

can be years later) Clone of cells idantical £
to ancastral calls

Antibody
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Vaccines

Mechanism of Antibody Action

Agglutination {Clumping) Protective mechanism Activation of complement
Enhances phagocytosis and of binding antibodies (Complement fixation)
reduces number of infectious o antigens
units to be dealt with Complement
ﬁO/
Bacteria—| ﬁ? / Lesion -
Foreign cell Lysis
Opsonization
Coating antigen with antibody
enhances phagocytosis Inflammation
Disruption of cell by complement/reactive
/\ Macrophage protein attracts phagocytic and other
defensive immune system cells

J o

;’ ) - —
¢ e
Y Lysosomes

S A

Blood vessel
o= :-5.\ - oy

Neutralization - = LY

Blocks adhesion of bacteria | Blocks active Infecting cell- & @Macwmage

and viruses to body cells site of toxin

Virug i Antibody-dependent cell-mediated cytotoxicity
acterium s Antibodies attached to target cell cause
destruction by non-specific immune
system cells
Elrlf] Qlslo JO (}_\TOID
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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?)

SNSCT/CSE/Biology for
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Recombinant Vaccines

Vaccines — provide immunity to infectious microorganisms

Attenuated Vaccine Inactivated Vaccine Subunit Vaccine
— Antigens
/ \ Pathogen
Wembrana Eg?;-iiﬁ Membrane ﬁ:?:::';
Disease-Causing Measlas Virus Attenuated Measles Virus Live Poliovirus Inactivated Poliovirus

Chemically broken apart

SNSCT/CSE/Biology for ke gRthar antgars
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Recombinant Vaccin_es

- TR TN B

Recombinant Vaccines
A vaccine produced from a cloned gene

Pathogen
genome

el

i =
Vector Transformation «;', =

DNA < QG nh
cing: ’@ Purification

Amplification

®

Pathogen

Video: Constructing Vaccines
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Recombinant Vaccines

mam_ Clary i = o - e,

DNA vaccines

Direct injection of
plasmid DNA

containing genes
encoding specific
antigenic proteins

SNSCT/CSE/Biology for
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Bacterial and Viral Targets
for Vaccines

Capsid containing viral RMA genome and enzymes

1) Binding: Virus attaches 1o host cell.

HIV

2) Infection: The virus penetrates the cell.
The viral RNA and enzymes smply

into the cell. \
Wiral DNA ) Reverse transcription: HIV raverss
f transcriptase copies viral RMA 1o
Reverse ——"Zyxy A
Transcriptass
4} Geneme integration: Viral integrase
splices viral DMA into cellular DN
Mucleus
Viral
proteins
&) Protein synihesis: Cell usss Cefllular DNA

viral RMNA a3 a template for
synhesizing viral proteins.

y 5} Genome replication: Cell usas the viral
DA &= & lemplate for reproducing the
HIY BMA genome.

éf AN NSNS

\ -——._./
7| Protein cleavage: Protease '%‘% m\.r\ -_—--—"/

anzyma culs kong protain 4
chain Into individual proteins, i

8} Viral particles assemble and bud from
cell moving on to infect other cells,
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Microbial Genome Program
(MGP) —the goal is to sequence
the entire genomes of
microorganisms that have
potential applications in
environmental biology,
research, industry, and health

Sequencing Strategies—>

8/17/2023

SNSCT/CSE/Biology for
Engineers/Dr.V.Savitha

Microbial Genomes

1: Library Construction
{a) Isolale |:b]F gmem () Clone DA
DIMA

fra gment
i—
| — EEEEEE "

2: Random sequencing phase
{]Seq uuuuu DMNA

000 sequance: sn'mbj

- L

W ACTGET TG

'.'.\_ .,IEL TGACAAS
{E\Efé’/ = \',_l“ 1

Vector
3: Closure phase

(21 Assemble sequencas b} Close gaps

HEE [} (]
[ T 1] - |:| :||:| i ‘ ..-.l-. ::IDE:DD_

W

{c} Edit sequance

‘

4: Annolation and publication

A restriction
| mapofa

bacterial

chromosome
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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 €EXAMPLES 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 (SARS'C%NSC-lsF@SEVB‘?@?@@V‘T@Fdeme (SARS) 2003
8/17/202@riola virus EngineéerdfPr.V.Savitha 1992 17
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Microbial Diagnostics

Using Molecular Techniques to Identify Bacteria

RFLP
PCR and Real time PCR
Seq uenCi ng glgucﬂé;:;ng:hva} l’ = ___C)DC_{l;} Bacterial cells

sample based on DNA sequence
comparison to microbial genome databases

-, DMA
APV UT DTV
(a) GV DNA Fragments ® : ()
S after restriction NIVUOVWGVGN. Target DNA
LIPS, ENZyme digestion PR o ot pnamna =
%gﬁ B et oy e T extraction ||
EE?‘E Primer 1 Primer 2 |
% gﬁ. B % ] Tag polymerase L (.
8 g Eﬁ 5? s Specimen Bacterial DNA
=R Electrophoresis GluoE@s Amplification in (sterile site) amplification
=== | thermal cycler DNA
= - sequencing
l l GATC
i S Electrophoresis -—_="
T Membrane of PGR product et
Southern Blotting l T aJyze |
l v sequence data
£ ¢
+Membrane ag%gg% e
Hybridize blot 4. Probing E] 31 _ || | oiec
to radioactive or l E] _2.5 %E | [ [ input
nonradioactive- e L -E&,J—
labeled gene S.e = = { —
prabe czB e m
s igsd
égéggg SNSCT/CSE/Biology for  aabasesearchon
5 8d ; g; . . L
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Molecular Diagnostics

Application: Molecular Epidemiology

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

E.coli 057:H7

SNSCT/CSE/Biology for
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Microbial Diagnostics

o e

Microarrays for tracking

contagious disease T
PulseNet used to identify =, “, T
outbreaks

Identify host-response signatures to different pathogens
N. meningitidis SARS E. coli
| | |
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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

8/17/2023 21




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

: j\ Labeled
Proteins -
in blood T4 angpony
O é‘ ! o Antibody to an l';lgglr :g,cently . Protein from blood  Fluorescent Readou
o A At proteln antibodies | ¥ | —Anthrax antibody ~ SPot indicating]8
Antibody to a that anthrax  EEEEESEE
smallpox protein ( Unbound proteins are GG
antibodies present in the
blood sample

Antibody to an
influenza protein
”’: == Zo
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